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DIMETHYL ETHER:
A SAFETY EVALUATION

By John J. Daly, Jr. and Gerald L. Kenyiedy, Jr.

Dimethyl ether (DME) has been
used as an aerosol propellant for
over 50 years. Its importance has
markedly increased in the United
States and Western Europe within
the last decade and has prompted
extensive toxicologic evaluations.
In a number of animal studies,
DME has shown a low order of
acute and chronic toxicity, and no
mutagenic, teratogenic, or carcin-
ogenic behavior.

Based on results fram a recently
completed animal lifetime inha-
lation study, the Du Pont Com-
pany has approved the use of Dy-
mel A propellant {dimethyl ether)
for general aerosol usage, includ-
ing personal products.

In this paper, we are presenting
a safety evaluation for dimethyl
ether propellant, not only from
the viewpoint of the results of tox-
icity tests carried out, bul also
from the viewpoint of the objec-
tives of a typical Du Pont toxicol-
ogy program. These objectives in-
clude the implementation of the
specific tests we feel are impor-
tant in various stages of the de-
velopment and commercializa-
tion of a product and how these
toxicity tests relate to commercial
status. We will, also, in this dis-
cussion, present new information
on the toxicity of dimethyl ether
propellant and the business impli-
cations of this new information.

Texicity Program
Objectives

“The principal objective of tox-
icity work in Du Pont’s Freon
Products Division is to provide in-
formation on our commercial
products for continued substanti-
ation of their safety-in-use. A sec-
ond objective is to determine if
candidate  development com-
pounds can be safely used in our
general business areas, which in-
clude propellants, solvents, blow-
ing agents, and refrigerants. Spe-
cifically, we in the Freon Products
Division and personnel from Has-
kell Laboratory work jointly to es-
tablish a priority list for testing
which is based on business poten-
tial and the extent of human ex-
posure. Prolocols are developed,
the necessary authorizations are
obtained, timetables are set, the
work is done, and results are
reportedin the usual fashion. Im-
portantly, there are business im-
plications which are based on tox-
icalogic -findings and these are
pravided fo management.

Typical Toxicity Testing
Program

Table I lists a typical toxicity
testing program for an aerosol pro-

pellant. This program may not be
the same for Freon Division prod-
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TABLE |

Typical Toxicity Testing Program for an Aerosol Propellant

Level 1—Completed early in product and process evaluation of a compound
e Acute inhalation—establishment of ALC or LCsgp
® Mutagen—bacterial study (Ames)—indicator of DNA interaction potential
® Skin and eye—determination of irritation/sensitization
Level 2—completed prior to serious market development
® Subchronic inhalation—preliminary measure of systemic toxicity {two-week test)
e Cardiac sensitization—determination of tendency to sensitize heart to epinephrine (Adren-

alin)

Level 3—completed prior to commercialization

¢ Inhalation teratology—determination of developmental toxicity (embryotoxic/teratogenic

effects)

® Prolonged inhalation—more complete measure of systemic toxicity (90-day test)

Level 4—completed or in progress prior to commercialization for certain uses
o Lifetime inhalation—determination of carcinogenicity, chronic toxicity, effect on life span

(two-year test)

ucts that are directed to other uses
or for other compounds that are
developed, tested, and commer-
cialized by other divisions of the
Du Pont Company. We developed
this protocol about a decade ago
in our search for alternative com-
pounds during the initial phases
of regulation of chlorofluorocar-
bons by federal agencies. It’s a dy-
namic program, not a static pro-
gram. As new tests are developed
within and outside Du Pont, we
continue to add evaluations that
we believe are essential for the
safety-in-use of a compound as it
proceeds from the research and
development stage to commer-
cialization or, for that matter, for
compounds that are commercial
and require additional testing.
Not surprisingly, this toxicity pro-
gram is heavily oriented toward
inhalation studies because that is
the principal route by which ha-
mans will be exposed to an ac ro-
sol propellant.

For a new compound, for ex-
ample, we require the develop-
ment of an ALC (approximate le-
thal concentration) or LCs,, some
in vitro mutagen testing, and skin
and eye irritation and sensitiza-
tion to be completed early in the
product and process evaluation of
the compound. This information
is important, first, because it re-
lates to the exposure of our own
employees to the compound at an
R&D level, and, second, it is an
indication of potential commer-
cial value from a toxicologic view-
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point. Obviously, if a commercial
compound exists that we would
like to market as an aerosol pro-
pellant, these tests will be critical
at an early stage in our interest.

Level 2 testing, which should
be completed prior to serious mar-
ket development, involves a sub-
chronic inhalation study and the
determination of the cardiac sen-
sitization threshold for the com-
pound. Since the cardiac sensiti-
zation phenomenon was first rec-
ognized 15 to 20 years ago, this
testing finds its way into nearly
every Freon Division Protocol for
product testing.

Prior to commercialization we
need information on develop-
mental toxicity as it relates to pos-
sible embryotoxic or teratogenic
effects. We also need advanced
systemic toxicity testing and that,
generally, will be in the form of a
90-day inhalation study.

And, finally, for an aerosol pro-
pellant, a lifetime inhalation in
animals is necessary for the deter-
mination of the absence of carcin-
ogenicity, a complete picture of
chronic toxicity, and the effect on
mammalian life span.

Physical Properties

Table II shows some of the es-
sential properties of DME. Di-
methyl ether is a high-pressure
propellant with a vapor pressure
of about 63 psig at 70°F. It is the
most water-soluble, liquified gas
propellant available in the world

today with a solubility in water of
34 wt. % at 70°F under autoge-
nous pressure. Its density is low,
as would be expected from its
chemical structure. It is a very
strong solvent with a kauri-bu-
tanol value of 60, and is flamma-
ble with explosion limits ranging
from 3.4 to 18%.

Prior to 1982 Dymel A was not
commercially available in the
United States. DME was commer-
cially available from a number of
companies in Europe and Japan.
Many of the toxicity tests outlined
in Levels 1, 2, and 3 were com-
pleted or in progress.

In December 1982 Du Pont
made dimethyl ether available as
Dymel A propellant for aerosol in-
secticides, paints and coatings,
household, industrial, and auto-
motive uses in the United States.
From our viewpoint, this was pos-
sible because Levels 1, 2, and 3
testing had been completed and
satisfactory results had been ob-
tained. Our internal philosophy
was not to commercialize Dymel
A for personal products such as
hair sprays or antiperspirants un-
til we had completed a lifetime
inhalation study in animals. We
began a chronic inhalation study
in rats (4) in May 1982 for the
purpose of obtaining data in Level
4. Because that study has been
satisfactorily completed, Dymel A
propellant is now commercially
available as a general aerosol
propellant.

Testing for Toxicity

Before explaining the toxicol-
ogy program developed for di-

TABLE I
Dimethyl Ether—Physical Properties
Formula CH30CH,
Molecular weight 46.07
Boiling point (F) -12.7
Vapor pressure (psig)
70°F 63
130°F 174
Solubility in water
70°F—autogenous 34
pressure (wt%)
Density (g/cc) 70°F 0.66
Kauri-butanol value 60
Flammability limits in air 3.4-18
{vol. %}
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methyl ether, we want to redefine
the word “risk assessment.” At Du
Pont, we prefer to use the word
“hazard assessment,” because risk
assessment becomes a buzzword
that too frequently is made syn-
onymous with the evaluation
only of cancer potential. In our
laboratories, through the program
from Levels 1 to 4, we were con-
cerned with not only cancer but
all of the other biological events
that can occur that we would pre-
fer not to occur. Our job was 1) to
define levels at which events oc-
curred and 2) to determine what
tissues or organs first responded
for reasons of setting limits, both
internal and external, for han-
dling the material safely.

Level 1. At Level 1 we really
were getting into the basics for
this material, finding out how
much material it takes to produce
a response using standard tests
such as LCs or approximate lethal
concentration studies. Table III
shows that in 15-minute expo-
sures to mice or four-hour expo-
sures to rats, you need atmos-
pheres of 16% to 49% of dimethyl
ether before any mortality occurs.
The dose response is rather steep
and the approximate lethal con-
centration really approaches
these numbers.

The major sign of response to
dimethyl ether, as one might ex-
pect, is sedation and narcosis as

TABLE 1l
Level 1 Testing

Acute inhalation toxicity
® LCso Mice 1/4 hr 490,000 ppm (49%)
1/2 hr 380,000 ppm (38%)
Rats 4 hr 164,000 ppm (16.4%)

e Signs of response: sedation; narcosis

Skin and eye irritation/sensitization
® DME exists as a gas; skin/eye contact
only from vapor phase

Mutagenic potential

e Not genetically active in salmonella as-
say either with or without metabolic
activation

e Not active in V79 Chinese hamster
cells (gene mutation)

® No increase in DNA-repair synthesis-
rat liver cells

e Not active in sex-linked recessive lethal
mutation assay (Drosophila)

e Not active in host-mediated assay in
mice
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TABLE IV
Level 2 Testing

Cardiac sensitization
o Weak cardiac sensitizer in dogs

5-min exposure to 200,000 ppm produced response in two of 12 dogs
5-min exposure to 300,000 ppm produced response in two of six dogs

Signs of DME toxicity seen at this level
Subchronic inhalation toxicity

0, 10,000, 50,000 ppm
10,000 ppm—slight sedation

All changes reversible

Rats, 6 hr/day, 5 days/wk X 4 wk
0, 100, 1,000, 10,000 ppm
No toxicologic changes

Hamsters, 6 hr/day, 5 days/wk X 4 wk
0, 2,000, 10,000, 20,000 ppm
No toxicologic changes

Rats, 6 hr/day, 5 days/wk X 2 wk (+ recovery)

50,000 ppm—sedation, body weight gain suppression, hematologic and organ weight
changes, no histopathologic organ changes

the levels get higher up to a point
where mortality occurs.

Because the material exists as a
gas, studies of skin and eye-irri-
tation were not conducted, al-
though in animal exposure sys-
tems one can measure to some
extent the amount of eye/skin
damage to an animal that’s been
exposed to a gas.

Early in our Level 1 testing, we
looked at the possibility of this
material having serious biological
activities, perhaps the ability to
interact with macromolecules
such as deoxyribonucleic acid
(DNA). We did a series of muta-
genic studies to measure the po-
tential of DME to produce genetic
damage (Table III). We studied at
least five bioassay systems all the
way from bacterial systems such
as those used in the Ames assay
to in vivo systems where we used
mice exposed to high, but surviv-
able, concentrations of DME; (in
these studies we used indicator
organisms that gave us enhanced
sensitivity to determine whether
the material could or could not
interact with DNA to produce ge-
netic damage). We found DME to
be inactive in all of these test sys-
tems.

Level 2. We looked at the abil-
ity of this material to produce car-
diac sensitization. This phenom-
enon is seen with many halogen-
ated hydrocarbon materials. We

found that DME was, at worst, a
weak sensitizer in dogs (Table V).
Doses of 20 or 30% for five-minute
exposures were able to sensitize a
small percentage of the exposed
dogs. We got a dose response and
at those levels the dogs were def-
initely sedated, maybe to the
point of narcosis. However, the
material is a weak cardiac sensi-
tizer compared to materials such
as chloroform, carbon tetrachlo-
ride, and benzene, which are
more potent cardiac sensitizers.

In the classical toxicology pro-
gram, we looked at the biological
response of rats to short-term ex-
posures (Table IV) at concentra-
tions up to and including 5% or
50,000 parts per million (ppm). As
you exceed 50,000 ppm for ex-
tended periods of time, the
amount of skdation seen becomes
extensive and the animals are
asleep most of the time. At 10,000
ppm the only sign of a response
was slight evidence of sedation,
the spontaneous movement in
these animals being somewhat
less than seen in unexposed ani-
mals.

Also at 50,000 ppm, the animals
grew less well than did their un-
treated counterparts, and we saw
the beginnings of hematologic and
organ weight changes. The he-
matology changes were minor: a
small increase in the number of
leukocytes, perhaps a decrease in
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the number of red blood cells.
Kidney and liver weights ap-
peared to be somewhat increased
on a body weight basis. This find-
ing may indeed reflect more the
fact that the animals grew less
quickly than did the controls.
That conclusion is strengthened
by the fact that after these expo-
sures, looking at the tissues under
a microscope, there was no evi-
dence of any histologic damage in
any of the tissues. All of the
changes seen during the two-
week exposure period were com-
pletely reversed following a two-
week recovery period.

We followed this experiment by
extending the exposure period.
The animals were treated with
doses of zero, 100, 1,000, and
10,000 ppm for four weeks. We
saw no evidence of a change in
these rats. We conducted the
same experiment in hamsters
with exposure levels of 2,000,
10,000, and 20,000 ppm (Table IV).
In that experiment there were no
toxicologic changes, particularly
no signs of sedation.

Level 3: Pharmacokinetics. We
then looked at the pharmacoki-
netics of the material (Table V).
Using radiolabeled ¢oempound,
rats inhaled the material for up to
six hours. Steady state in tissues
and organs is reached within a
half hour. When the rats are re-
moved from DME exposure, the
tissue declines, an exact mirror of
the tissue uptake. They rapidly go
back to background levels with
biological half lives in blood de-
scribed by a two-phase system—
ten minutes for the « phase, 90
minutes for the g phase. The most
important result in this experi-
ment was that no tissue storage
was seen, which is what you
would expect from a material that
rapidly enters and rapidly leaves
the body.

Concentrations tested range
from 750 to 2,000 ppm and all of
the statements above hold for that
range of concentrations.

Level 3: Developmental Tox-
icity. At Level 3, we looked at the
potential of this material to be a
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developmental toxin, that is, to
interfere with the successful re-
production cycle of a female ani-
mal. We used our animal model,
the rat (Table V), exposed during
Days 6 through 15, which is the
period of rapid organogenesis in
this species: six-hour-a-day con-
centrations ranging from 1,250 to
40,000 ppm.

In these tests, one looks at the
maternal animal in terms of over-
all response, not really toxicologic

TABLE V
Level 3 Testing

response other than body weight
gain. In other words, one doesn’t
do a complete histopathologic ex-
amination on these animals, but
focuses particularly on the fe-
tuses, looking for congenital mal-
formations and/or embryo mor-
tality produced as a result of ex-
posure looking very carefully at
the skeletal structure, internal de-
velopment of the organs, and gross
outer appearance of the animals.
This is to determine whether the

Pharmacokinetics

® In rats inhaling DME, tissue concentrations rise quickly, reach steady state in 1/2 hr
o When exposure ceases, tissue decline rapid (inverse of uptake)

No tissue storage

studied)
Developmental toxicity
e Rats, days 6-15, 6 hr/day
e 0, 1,250, 5,000, 20,000, 40,000 ppm
o Maternal response
Narcosis, 5,000 ppm or greater

Biological half-life (blood): « phase, 10 min; 8 phase, 80 min
Steady state tissue concentrations proportional to dose from 750-2,000 ppm (range

Weight gain suppression, 40,000 ppm (toxicity)

o Fetal response
No terata
No increased resorption

Fetal weight lower, skeletal variations increased 20,000 ppm or greater

Rats, days 6-15, 6 hr/day

0, 20,000, 28,000 ppm

Maternal response; nothing observed
Fetal response

Increased number of supernumerary ribs (skeletal variation)

No terata
No increased resorption
Extended subchronic inhalation toxicity
Experiment 1
e Rats, 6 hr/day, 5 days/wk x 13 wk
e 0, 2,000, 10,000, 20,000 ppm

@ Increased number of neutrophils, 20,000 ppm, males only

o No other toxicologic changes

Experiment 2
e Rats, 6 hr/day, 5 days/wk X 13 wk

e 0, 5,000, 10,000, 20,000 ppm

o Increased neutrophils, males, all levels (no dose-response)
® Consider 10,000 ppm to be no-observed-effect level in rats

Experiment 3

e Hamsters, 6 hr/day, 5 days/wk x 13 wk

0, 5,000, 10,000, 10,000 ppm

® Leukocyte counts (lymphocytes primarily) decreased at 20,000 ppm

e 10,000 ppm, no-observed-effect level

Experiment 4
e Rats, 6 hr/day, 5 days/wk x 30 wk

e 0, 200, 2,000, 20,000 ppm

¢ SGPT values marginally elevated at 20,000 ppm, 24 weeks, not at 27 weeks (effect in

2,000 ppm, males, suggested)

e No-observed effect level 2,000 ppm

Males, 20,000 ppm, elevated liver weights, no pathology
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fetuses derive from females ex-
posed during gestation are or are
not normal.

In the first experiment, animals
exposed to DME at 5,000 ppm or
more showed some evidence of a
narcotic effect, again, somewhat
proportional to dose. At a concen-
tration of 40,000 ppm these female
animals showed a suppression of
body weight gain; this is evidence
of toxicity, whereas the narcosis
is probably the expected phar-
macologic response to this mate-
rial.

There was no evidence of any
teratogenic effect on the fetuses.
There was no increase in fetal re-
sorption. What we found at con-
centrations of 20,000 and 40,000
ppm is some evidence that the
fetuses were somewhat smaller,
measured in terms of body
weight, and that fetal variations
such as ossification of the thoracic
cavity, the rib bones, and some of
the phalangeal bones in the ex-
tremities of these animals was
somewhat retarded. These we
consider as variations reflecting
developmental delay rather than
a specific effect on the fetus.

A second study conducted in
another laboratory used the same
animal model, the same dosage,
and time—six hours a day—and
tested at 20,000 and 28,000 ppm.
Those researchers did not find
any signs of narcosis in the mater-
nal animals. Maternal body
weight gain was normal, so they
found no evidence of toxicity. As
in our experience, they found a
slight increase in the number of
extra ribs in the fetuses at both
levels tested; the increase was sta-
tistically significant, yet there was
no dose-response. No gross mal-
formations were noted in these
offspring, and the embryo mortal-
ity was not reflected by increased
resorption.

From these studies, we con-
clude that the material is not a
specific developmental toxin: as
expected at doses where one is
incurring maternal toxicity, one
gets some sign of a response in the
fetuses—an increase in fetal var-
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iations and some reduction in fe-
tal weight. There are no terata or
embryo mortality.

Level 3: Subchronic Inhalation
Toxicity. Expanding the data base
as the usage patterns expand, we
extended the inhalation toxicity
experiments to 13 weeks (Table
V). We looked at the rat twice and
the hamster once, testing at con-
centrations from zero to 20,000
ppm. These are complete experi-
ments; we look at the total in vivo
response of the animal: the he-
matologic profile; liver and kid-
ney function; we look at all of the
tissues and organs after the test
under the microscope to deter-
mine whether there is or is not a
treatment-related change.

In the first subchronic inha-
lation toxicity experiment—at
20,000 ppm, 13 weeks of exposure
(Table V), male rats showed a sig-
nificant increase in the number of
neutrophils at the top level tested.
All other results were normal and
there was no evidence of narcosis
in these rats. No tissue changes
were seen.

In Experiment 2 (a duplicate of
the first) we found marginal in-
creases in neutrophils in males at
all three test levels, but no dose-
response. The researchers who
ran this test compared the neutro-
phil response to the historical
control rather than just this spe-
cific control; they concluded that
the observation is probably unre-
lated to treatment and that 10,000
ppm was a no observed-effect
level for the rat. They also con-
ducted the study in hamsters (Ex-
periment 3) and reached the same
conclusion.

Extending the rat study (Exper-
iment 4), we used the same ex-
posure conditions, for 30 weeks
this time, using doses from 200 to
20,000 ppm. At 24 weeks, liver
function, as indicated by in-
creases in serum glutamic pyruvic
transaminase, appeared to be ele-
vated. The animals had been
studied prior to 24 weeks and
were again examined at 27 weeks.
There was no evidence of change
in the white cells, the neutrophils,

TABLE VI
Level 4 Testing

Lifetime inhalation toxicity
e Rats, 6 hr/day, 5 days/wk x 104 wk
e 0, 2,000, 10,000, 25,000 ppm
® No evidence of an increase in cancer
® No specific tissue damage
e Females only—slight decrease in mean
survival at 10,000 and 25,000 ppm
o Hematologic, clinical pathology normal
e No-observed effect level, 2,000 ppm
e Not carcinogenic

or the lymphocytes, as seen ear-
lier in the shorter term studies
and the liver function tests were
normal.

At 20,000 ppm in this particular
study, liver weights in male rats
were marginally elevated but
there was no pathology when
studied under the microscope.
The conclusion of this experiment
is that the no-effect level for 30
weeks in the rat is 2,000 ppm.

Level 4. In the lifetime inhala-
tion study (Table VI), the three
additional parameters looked at
are chronic toxicity, effect upon
life span, and carcinogenic poten-
tial. In this study, rats again were
the animal model, six hours a day,
five days a week for the lifetime
of the animal, or 104 weeks. We
tested concentrations of 2,000,
10,000, and 25,000 ppm. There
was no evidence of any increases
in cancer in any of the tissues or
organs of these animals. Again,
there was no specific tissue dam-
age, as indicated by either clinical
function studies or morphologic
studies of the tissues taken at the
end of the study.

Female animals in both the
10,000- and 25,000-ppm groups
showed a slight decrease in mean
survival time. The decrease is not
statistically significant, but it is
different than that seen either at
the low level or in the control
subjects. These animals, for some
reason not known to us yet, were
somewhat heavier than the cor-
responding groups. Hematology
and clinical pathology studies
conducted at three-month inter-
vals during the two years showed
no evidence of change.

Continued on page 54
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ence of pesticides listed on the
Groundwater Protection List, the
statute directs CDFA to conduct
soil and groundwater monitoring
in areas where listed pesticides
are primarily used.?” CDFA must
commence such monitoring one
year after a pesticide is placed on
the Groundwater Protection
List.”

Conclusion

As stated above, the effects of
this statute are only beginning to
be felt. Its impact on pesticide use
in California could be enormous,
but will depend largely upon
CDFA’s enforcement objectives.
CDFA’s handling of the atrazine
and simazine cases will give an
indication of its objectives, How-
ever, because the act is limited to
groundwater contamination from
“agricultural use,” the nonagri-
cultural pesticide industry, which
manufactures  pesticides  for
home, lawn, and garden use and

for industrial and institutional
use, is not subject to the act.

Addendum

On November 4, 1986, the peo-
ple of the state of California
passed Proposition 65, the Safe
Drinking Water and Toxic En-
forcement Act of 1986. The act
prohibits the release of carcino-
gens and reproductive toxins into
water or onto land in any manner
by which the chemical may pass
into any source of drinking water.
The act also appears to mandate
extraordinary label warnings for
products containing such chemi-
cals. It is a far-reaching piece of
legislation and is likely to signifi-
cantly affect the operations of
business in California. Analysis of
this act will be the subject of the
next “Letter of the Law.” O
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Continued from page 44

In this study, we've concluded
that the no-observed-effect level
is 20,000 ppm and stress that we
find no evidence of real chronic
toxicity. DME is not carcinogenic,
and the only finding might be a
slight decrease in life span in the
female rats.

In summary, DME’s combina-
tion of high-pressure characteris-
tics, good water solubility, and
good solvency cause it to be tech-
nically and economically effec-
tive as a liquified gas propellant.

Dymel A propellant is now ap-
proved for general aerosol use,
principally because DME has
demonstrated in a variety of tox-
icologic testing a low order of
acute and chronic inhalation tox-
icity, and that it is not a carcino-
gen, teratogen, or mutagen. O
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