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ABSTRACT

UBTL performed acute (30 minute) whole body inhalation toxicology
exposures of animals to test atmospheres generated from each of ten
industrial chemicals. The test and control animal groups consisted of
20 animals each, including 10 rats and 10 guinea pigs, with equal numbers
of each sex.

Test animals were exposed simultaneously to a given test atmosphere
by use of an inhalation chamber equipped with a drawer-type door which
allowed rapid entry and exit of all animals concurrently. At the same
time, control animals were exposed to air lacking the test compound in a
similar, but separate, inhalation chamber. All animals were caged
separately during and after the exposures.

Samples of the test atmospheres were collected with charcoal ad-
sorption tubes, silica gel adsorption tubes, midget impingers or an
inertial cascade impactor f@r subsequent chemical analysis. The chemical
analyses were conducted using electron capture detector or flame ioni-
zation detector gas chromatography, colorimetric, or specific ion electrode
methodology.

The industrial chemicals evaluated were: 2-aminoethanol (mono-
ethanolamine), 2-diethylamincethanol, diisopropylamine, ortho-toluidine,
para-anisidine, ortho-anisidine, Aroclor 1254, phosgene, stibine and
diazomethane.

Exposure of the test animals to the various test atmospheres resulted
in manifestations ranging from minor irritation to ataxia, tremors,
respiratory distress, and/or death during, or soon after, exposure.
Irreversible pathological lesions were found in organs of some test
animals, however, some of those lesions apparently were not related to
the inhalation exposures.
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PROJECT SUMMARY

This project entailed the acute (30 minute) whole body inhalation
chamber exposure of groups consisting of 10 rats and 10 guinea pigs,
each animal individually caged, with equal numbers of both sexes, to
various test compound concentrations in air. This work was performed by
UBTL under contract to the National Institute for Occupational Safety
and Health (NIOSH). The initial exposure concentration for each test .
compound (estimated IDLH level) was stipulated in the contract. However,
subsequent test compound levels were determined on the basis of data
collected from the initial exposure level of a given test compound.

This project was a study to determine test compound concentrations
which will produce "no effect', a "minimal effect," and a ""frank effect"
in exposed test animals as definéd in the contract and listed in Table
1. Visual observation of the test animals during the acute exposure and
subsequently for 14 days was used to determine gross physiological
effects such as: eye and nasal irritation, respiratory difficulties,
central nervous system aberrations, incapacitation, and death. The body
weight of each animal was monitored and on the 1l4th day after exposure,
all surviving test and control animals were sacrificed. The weights of
eight body organs in each test and control animal were determined and
histopathological examination was performed on sections from these
organs on 3 animals per sex per species for each exposure concentration.

A summary of experimental data collected from the animal exposures
which were used to categorize the effect level of each experiment is
given in Table 2. '

The concentration of each test compound in the inhalation chamber
test atmosphere was monitoréd by appropriate analytical methods at
intervals during the exposure.

UBTL attempted to produce exposure vapor concentrations of several
liquid test compounds which would produce the required effects in test
animals, however, a "frank effect level" and/or a "minimal effect level"
for some test compounds (2-aminoethanol, ortho-toluidine) appeared to be



Table 1

Definition of Effect Levels for Categorizing
Responses of Animals to Acute Inhalation Exposures

Exposure Effect Terminology Definition*
No Effect A '"no-effect" concentration produces

none of the following treatment-

related effects in any animal:

1. Death

2, Irreversible pathological lesions

3. Impaired escape ability during the
exposure.

Minimal Effect A '"minimal effect'' concentration produces
one or more of the following treatment-
related effects in one (1) or two (2)
[different]** animals regardless of sex
or species:

1. Death

2. Irreversible pathological lesions

3. Impaired escape ability during the
exposure.

Frank Effect A "frank-effect" concentration produces
one or more of the following treatment-
related effects in three (3) or more
[different]** animals regardless of sex
or species:

1. Death

2. Irreversibie pathological lesions

3. Impaired escape ability during the
exposure. :

* Letter dated August 22, 1978, to William G. Yates, UBTL, from Trent R.
Lewis, NIOSH.

**Authors' insert per discussion with Richard W. Niemeier, NIOSH Project
Officer, 15 February 1979. In determining the number of treatment-
related effects, the different types of effects (i.e., death, irrever-
sible lesions, or impaired escape ability) were added if they occurred
in different animals; however, multiple effects found in the same animal
were counted as only one effect.
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unattainable because of their relatively low toxicity at concentrations
approaching their vapor saturation levels in air. In these cases, a
combination of vapor and aerosol was used to produce a higher concentra-
tion. With the combination of vapor and aerosol generation systems
available at UBTL, a "frank" effect was produced with 2-aminoethanol and
2-diethylaminoethanol, but maximum generation capacity did not allow the
Production of a "frank™ effect with ortho-toluidine.

Three test compounds (para-anisidine, ortho-anisidine, Aroclor
1254) were specified by the contract to be presented as aervsols. Two
of these were produced at high enough concentrations to obtain "minimal"™
effect levels, but "frank" effect levels were not produced for any of
them. This was due to the limitations of the aerosol generation apparatus
available at UBTL and to the relatively low acute inhalation toxicity of
those test compounds.

Of the three gaseous test compcunds (stibine, phosgene, diazomethane),
a 'frank" effect was not produced for diazomethane due to its explosive
nature when produced as an isolated compound. (See Results for more
detailed discussion of this problem.) )

The chemicals which were tested are listed in Table 3, along with
each chemical formula, molecular weight, NIOSH Registry of Toxic Effects
of Chemical Substances [1] (RTECS) reference number, some relevant
toxicological data from the RTECS, the specified initial exposure con-
centration, and the threshold limit value. Aroclor 1254 was substituted
by the Project Officer for the allyl propyl disulfide originally specified
in the contract.
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INTRODUCTION

‘The UBTL agreed to perform inhalation toxicity {ests in animals of
ten industrial compounds for NIOSH under Contract CDC-210-77-0048.

Background

The induStrial chemicals tested at UBTL were reported to be imme-
diately hazardous to a worker exposed to sufficiently high concentrations
in air. This hazardous air concentration of & particular chemical is
known as the "Immediately Dangerous to Life or Health" or "IDLH" level.
This level is defined as the highest known concentration of the chemical
which does not cause impairment of the ability to escape, nor irreversible
adverse health effects, nor subsequent death, for up to 30 minutes of
exposure. The logic behind this regulation is that if a worker were
exposed to air concentrations up to the IDLH, for instance after failure
of a respirator, he would have up to 30 minutes to escape. If a person
were, however, temporarily required to work in an environment in which
the ambient air concentration exceeded the IDLH level, it would be
manditory that he wear a respirator which had been tested and approved
as "highly reliable."

Objective

' The purpose of the animal experimentation was to generate heretofore
uhavailable-acute inhalation toxicology data in laboratory animals on
ten industrial chemicals. The resultant data will be useful in setting,
or verifying, IDLH values for the compounds tested.



METHODS

Procurement of Test Compounds
The contract required that the test compounds used to generate the
inhalation atmospheres be of "commercial technical grade." UBTL contacted

various chemical manufacturers concerning the procurement of test compounds
which they manufactured [2]. The manufacturers from which we received

the technical grade test compounds are listed in Table 4. We acknowledge
the cooperation of those companies in supplying test compounds and '
relevant product information.

Design and Operation of Inhalation Chambers
UBTL constructed two inhalation exposure chambers in 15876, and used

them in performing the acute inhalation exposure studies for this project.
These chambers were patterned after those developed by R. G. Hinners of
the National Center for Air Pollution Contrel in Cincinnati, Ohio [3,4].

These chambers (see Figures 1, 2, 12 and 13) are constructed of
stainless steel and glass, are essentially cubical in shape with conical
top and bottom sections, with dimensions of approximately 1.0 m (3.3
feet) on a side, and contain a total volume of approximately 1260 liters
(45 cubic feet). One chamber is equipped with a sliding-drawer system
for rapid, concurrent insertiom or removal of individually caged animals
(10 rats and 10 guinea pigs). This chamber is used to exposé_the test
animals to various test compound atmospheres. A second exposure chamber
of similar construction is used to expose control animals to an atmosphere.
lacking the test compound. Visibility of the test animals is afforded
by windows on all four sides of the exposure chambers. A windshield
wiper inside the chamber aids visibility during exposures to atmospheres
which condense on windows. -

Gate valves on the bottom cones of the chambers facilitate the
removal of residual test compound and animal waste material. The chambers
are cleaned by scrubbing with hot water and detergent.

As shown schematically in Figure 2 prior to entering the chambers,
the air supply passed through an absolute filter and then through an air

10
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conditioning system which maintained a mean temperature of 24.4°C and a
mean relative humidity of 37%. Air flow is adjustable over a moderate
range (20-900 liters/minute) and in this study was supplied at 600
liters/minute or less. The altitude of UBTL is 4838 feet and thus the
mean barometric pressure for the exposures was 641 torr. All concentration
computations in this report were based on ambient UBTL conditions of
temperature and pressure [5,6].

An exhaust fan draws air through the inhalation chambers and into
a filtering system consisting of an absolute particle filter (HEPA) and
an activated charcoal bed filter (Westate Carbon) before exhausting to
the outside. A negative pressure of approximately 8 to 19 mm of water
is maintained within the chamber and exhaust system in order to reduce
the possibility of contaminating the work area from system leaks.

Monitoring of the inhalation chamber intake air flow is performed
by the use of an air mass velocity meter (Sierra Instruments, #441) with
its sensing probe placed in the inhalation chamber intake duct upstream
from the vapor generator dispersion nozzle. The air flow in the duct is
calculated by multiplying the air mass velocity reading by the ratio of
the density of air under standard factory calibration conditions (21.1°C,
760 torr) to nominal ambient UBTL conditions (25°C, 640 torr) and by the
cross-sectional area of the intake duct [7]. Then, by addition of the
gas flow from the vapor generator, the total flow into the chamber was
estimated.

The inhalation chamber pressure is indicated by a dial pressure
gauge (Dwyer, "Photohelic" #3302; 0 to + 1 in H,0) equipped with set
point contacts connected to an alarm and an automatic electrical supply
cutoff relay system. If the chamber pressure varied outside preselected
limits, then the electrical supply to the vapor generator would be cut
off and a bell alarm would sound. '

Generation of Test Compound Atmospheres

The test compounds utilized in this study encompass all three
states of matter at room temperature (See Table 5), and thus different
methods of vaporization and/or dispersal were employed.

14 ' .
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Liquid Compound Atmosphere Generation

Three of the test compounds (diisopropylamine, 2-diethylamino-
ethanol and ortho-toluidine) had sufficiently high vapor pressures to
allow them to be vaporized to generate the initial low level concen-
trations required by the contract. However, 2-aminocethanol had a vapor
saturation level below that for the estimated IDLH concentration (1000
ppm), and an atmosphere at that level was not generated.

The vapor generation system shown in Figure 3 consisted of a 1.9 m
x 6 mm glass tube (Pyrex) wound in a helix. Stainless steel tees were
connected to both ends of the glass tube with Teflon ferrules. The tee
on the input end of the glass tube was connected through a rotameter
with metering valve to a source of nitrogen for flushing and to the
metering pump (Fluid Metering, Inc., ¥#RPISY/CSC) with Teflon tubing.

The Teflon tuhihg (0.8 mm ID x 1.5 mm 0D, Altex #200-31) extended through
the tee to distance of about 20 cm into the glass tube insuring delivery
of liquid compound into the heated portion of the glass tubing for ‘
vaporization. The tee on the output end of the glass tube was connected
through a rotameter with a metering valve to a source of compressed air
for initial dilution of the compound vapor prior to entering into the
chamber intake line [5,8,9,10,11].

The temperature of the glass vaporization tube was controlled by a
pProportional controller (RFL Industries #76RTD). That device indicated
the temperature of the vaporization chamber on a meter display and
provided the power for a heating tape wrapped around the glass vaporiza-
tion tuhe. The vaporization tubing was maintained at a temperature
several degrees above the boiling point of the test compound being
vaporized.

When necessary, liquid test compound mass flow was determined by
Placing the test compound container on a top loading balance (Mettler,
#P1210N) and measuring the weight loss over a known time interval.

The concentration range of each test compound was limited by the
Physical and chemical properties of that test compound and the operational
characteristics of the UBTL vapor generation system. The rate of vapori-

16
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zation of a liquid test compound is dependent on the area of the contacting
surface, the temperature of the contacting surface, the heat capacity of
the liquid, and the flow of flush gas. For each test compound, there
was a maxinum concentration that could be produced, above which unvaporized
liquid test compound would be present in the vaporizer output line.
However, even with this limitation, this system allowed the production
of test compound levels ranging from a few ppm to several thousand ppm,
depending upon the compound. |

A further limitation on the maximm test compound concentration
generated was safety. It was mutually agreed by NIOSH and UBTL that
generation of test compounds at concentrations within their known
explosive limits would present undue hazard and should not be conducted.*

Gaseous Compound Atmosphere Generation

Phosgene was available commercially in cylinders, while both diazo-
methane and stibine were generated as needed for the exposures.

Phosgene was removed from the cylinder and accumulated as a liquid
in a reservoir as shown in Figure 4. The liquid phosgene in the reservoir
was maintained below room temperature (15-20°C) to prevent condensation
of vaporized phosgene in the metering system [5,12].

The dilution air rotameter and chamber airflow were adjusted.to the
appropriate range and the phosgene supply rotameter was adjusted to
produce the desired concentratiom.

Stibine is not commercially available as a compressed gas, thus it
was necessary to generate the stibine as needed during the exposures.
Stibine was initially generated by reacting two liquid solutions (A&B)
in a glass reaction vessel as shown in Figure 5, and flushing the resulting
gaseous stibine from the reaction mixture with compressed air [13,14].

Solution A consisted of the following reagent grade chemicals added
to two liters of distilled water: 200 g potassium hydroxide, 20 g
tartaric acid, 300 g potassium antimony tartrate [K(SbO)C4 " G'EHZO]
and 28 g sodium borohydride. The sodium borohydride was added to the
other ingredients last hecause some decomposition of the mixture begins
immediately after its addition. The sodium borohydride is a source of

*Letter dated April 26, 1977, addressed to A. U. Daniels, UBTL, from
Trent R. Lewis, NIOSH.
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SOLUTION A
RESERVOIR

Figure 5. Stibine Atmosphere Generation System Used During First
Exposure,
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hydrogen for the subsequent reaction to produce stibine, but some
hydrogen appears to be produced even in the highly basic solution since
a darkening of the solution occurs. During and subsequent to the
addition of the sodium borohydride, solution A is kept in a fume hood
due to the potential for the evolution of stibine. Some particulate
matter was present in solution A and this material was allowed to
settle for a few minutes prior to using the solution for generation of
stibine.

Solution B consisted of 8 molar sulfuric acid which was prepared by
dilution of reagent grade concentrated sulfuric acid with distilled
water.

The first stibine atmosphere was generated by placing an aliquot of
the sulfuric acid solution in a 500 ml reacticon flask, and adding solution
A to that flask at a constant rate with a metering pump while a flow of .
2 liters per minute nitrogen flush gas was maintained. The second and
third exposure levels were generated in a different manner since they
required the reaction of much lﬁrger quantities of the solutions A and
B, the apparatus shown in Figure 6 was used. This apparatus allowed
high flow rates of both solutions A and B (20-40 ml/min) without increasing
the average reaction mixture volume nor the depth of the reaction mixture
as did the initial generation‘system, thus a more uniform concentration
was maintained with time.

Some potentially toxic impurities might have been present in the
effluent from the stibine generation apparatus in addition to the stibine,
Therefore, control animals were exposed to an atmosphere generated with
that apparatus under the same conditions as the test animals, except the
solution A did not contain potassium antimony tartrate. The control
animals were exposed first, and then the test animals were exposed in
the same chamber with a stibine test atmosphere.

Diazomethane is highly reactive and has explosive potential. Thus,
this material is not available commercially as a compressed gas, and it
must be generated as needed [15,16].

21
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For generation of the first diazomethane atmosphere, two solutions
were prepared. Solution A consisted of 21.5 g N-methyl-N-nitroso-p-
toluene sulfonamide (Diazald, Aldrich Chemical Company) dissolved in 200
ml of anhydrous diethylether. Scolution B consisted of 6 g potassium
hydroxide, 10 ml distilled water, and 35 ml of 2-(2-ethoxyethoxy)-
ethanol. Solution B was placed in the reaction flask of an apparatus of
the same design as that used initially to generate stibine (see Figure
5). This apparatus was constructed with ground-glass-free parts (Clear-
Seal, Wheaton Scienitific Company) to reduce possibility of explosions
that can be caused by contact of diazomethane with ground glass surfaces.
Solution A was metered into the reaction flask with a syringe pump
(Harvard Apparatus). The reaction vessel was maintained at 70°C and
constantly flushed with a 2 1/min flow of nitrogen. The resulting
diazomethane atmosphere contained a small amount of diethylether which
was.calculated to be well below the threshold limit values of 400 ppm.

The second and third diazomethane atmospheres were generated in a
different manner in order to produce higher concentrations. A solution
of diazomethane in ether was prepared by reacting solutions A and B in a
glass reaction-distillation apparatus (Clear-Seal, Wheaton Scientific).
The diazomethane generated was collected in 200 ml of anhydrous diethyl-
ether in an ice bath (v4°C). This solution of diazomethane in ether was
maintained at 4°C until used. An aliquot of the solution was removed
for analysis and the apparatus shown in Figure 7 was used to vaporize
the solution. to produce the diazomethane atmosphere.

A pressure of 100 torr was applied to the diazomethane/ether
solution to reduce the formation of bubbles (diazomethane) in the meter-
ing pump system. During the second exposure, 4 1/min of compressed air
was used to flush the vaporized component into the chamber intake line
to be mixed with the chamber intake air flow. However, during the third
exposure, the compressed air was used as the only source of dilution air
for the atmosphere in order to produce a higher concentration of diazo-
methane in the test atmosphere.
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Since significant amounts of diethylether were present in these
last two diazomethane atmospheres, the control animals were exposed to
atmospheres with similar concentrations of diethylether without the
diazomethane.

Aerosol Atmosphere Generation

Ortho-toluidine, 2-aminoethanol, and 2-diéthy1aminoethanol atmos-

Pheres at their maximum vapor phase concentrations did not produce
sufficient toxicity. Therefore, higher mass concentrations of these
compounds were produced by using the vapor generation system in combina-
tion with the ultrasonic nebulization system as shown in Figure 8. The
vaporization system was operated under the conditions which had previously
produced the highest vapor concentration of a given compound and the
ultrasonic nebulizer operated at a pressure of 100 psig. Using the
combination of vapor and aerosol generation systems, it was possible to
generate atmospheres of sufficient concentration to produce "frank"
effects in test animals with 2-aminoethanol and 2-diethylaminoethanol
but not with ortho-toluidine.

Three of the test compounds were specified to be delivered as
aerosols (ortho-anisidine, para-anisidine and Aroclor-1254) [10,17,18].

Both ortho-anisidine and Arocler 1254 were aerosolized with a jet

nebulizer (De Vilbiss #841) for the first exposure. A single stage
inertial impactor was placed in series with the output of this nebulizer
to insure that the majority of the aerosol particles would be within the-
respirable range (~0.1-10 um equivalent aerodynamic diameter) [11,18].
Dilution air was mixed with the nebulizer output to produce a total flow
sufficient to make the impactor function properly (Figure 9). The
aerosol passed through an aerosol charge neutralizer (Heat-Systems Inc.
#3054) prior to final dilution with the chamber intake line air.

The atmospheres for the second and third exposures of ortho-
anisidine and Aroclor 1254 were produced using an ultrasonic nebulizer
(Heat-Systems Ultrasonics #501) as shown in Figure 10. The ultrasonic
nebulizer has a greater aerosol particle output than the previously used
jet nebulizer. It was determined with the aid of a cascade inertial

25
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Figure 8. Combination Vapor and Aerosol Generation System. This
system was used to produce the higher mass concentrations of 2-amino—
ethanol, 2-diethylaminocethanol, ortho-toluidine and ortho-anisidine.
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impactor that tpe inertial impactor was unnecessary because the ultrasonic
nebulizer produced a majority of its particle output within the respirable
size range, For the second and third exposures, the Aroclor 1254 was
heated to 90°C in order to reduce its viscosity and allow it to be

pumped for delivery to the ultrasonic nebulizer. It was not necessary

to heat the ortho-anisidine for nebulization since it was not a viscous
liquid at room temperature. In order to maximize the concentration of
ortho-anisidine during the third exposure, a combination of the ultrasonic
nebulization system and the vaporization system as shown in Figure 8 was
used. Generation of a sufficiently high concentration of either Aroclor
1254 or ortho-anisidine to preduce '"frank" effects was not possible with
the equipment available at UBTL.

Para-anisidine is a solid at room temperature (MP 57°C), and the
first atmosphere of this compound was generated using a Wright dust feed
apparatus (L. Adam, Ltd., #WDF-1) on loan from NIOSH in Cincinnati,

Ohio. The solid material was initially pulverized using a mortar and
pestle. Further reduction in particle size was accomplished with the
use of a cryogenic vibration mill (Spex #6700) cooled with liquid

nitrogen. This pulverized material was then sieved with a 250 um mesh
sieve (Tyler #60) and then placed in the Wright dust feed apparatus
cylinder. The material was compressed with a force of 600 psig. The
cylinder containing the compressed para-anisidine was attached to the
Wright dust feed apparatus and compressed air at 20 psig was used to
disperse the material. The gears on the apparatus were arranged such
that the cross shaft turned at 2 rpm (gears 72:36:72:36) [19,20]. The
output from the dust feed apparatus was connected directly to the aervsol
neutralizer as shown in Figure 1ll.

Due to the relatively low output of the Wright dust feed apparatus,
the second and third exposure atmospheres were generated by a different
procedure. Solid para-anisidine was placed in a cylindrical stainless
steel pressure vessel. This pressure vessel was heated to 90°C by a
heating element tape wrapped around the outside of the vessel and connected
to a variable transformer. The melted para-anisidine was then fed from
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the pressure vegsel through a particle filter into the ultrasonic nebu-
lizer apparatus (Figure 12) under a pressure of 60 psig. The temperatuyre
of the filter and nebulizer was maintained at 150°C with a heating tape
element wrapped around them. This setup maintained the melted para-
anisidine as a liquid until it was aerosolized by the ultrasonic nebulizer
which was operated with a compressed air pressure of 100 psig. The
comparison of gas chromatographic patterns of the original material and
the material that had been nebulized as described did not indicate any
change in the composition of the para-anisidine. :
A "minimal™ or a "frank" effect concentration for para-anisidine
was not achievable due to limitations of the equipment available at
UBTL. Also, experiment number 30-PA=3 was intended to produce a higher
atmospheric concentration than number 29-PA=2, but a buildup of solidified
para-anisidine around the uebﬁlizer orifice reduced the efficiency of
the nebulizer sﬁtem thus causing the concentration to drop below that
of the previous experiment (29-PA-2). )

Sampling of Test Compound Atmospheres ‘
The test compound atmospheres were sampled for subsequent chemical

analysis by drawing knowm volumes of atmosphere through adsorption tubes
(SKC Inc. #226-09 or #226-15) or midget impingers (Wheaton #75332)
containing an appropriate collection medium (Table 6). The volume of
atmosphere sampled was controlled by use of a vacuum sampling system
(Figure 13) consisting of a rotameter equipped with a metering valve
(Matheson #7632T-W/603), an activated charcoal and silica gel column, a
vacuum pressure regulator (Matheson #49), and a laboratory vacuum pump
(Sargent Welch #1400). The vacuum sampling system flow (1/min) was
calibrated for a given rotameter setting by using a soap film flowmeter
(Alltech Associates Inc. #4047) and an electric timer (Precision Scien-
tific #69230). The total volume (1) sampled was calculated by multi-
plication of the sampling flow (1/min) by the sampling interval (min)
[21,22,23].

Preliminary generation and sampling of test atmospheres were conducted
prior to the days of formal exposure. During these preliminary experi-

-
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ments, small groups of animals were exposed to atmospheres to obtain an
indication of what effects would occur during the formal exposures.
Also, potential problems with generation, sampling and analysis of test
atmospheres were determined and attempts were made to correct those
problems prior to performing the formal exposures.

After the test animals had been placed in the chamber for a formal
exposure, three approximately 10 minute samples of the atmosphere were
collected with either adsorption tubes or midget impingers. When appro-
priate, a cascade impactor sample was also taken during the exposure.

Adsorption tube samples were collected by the following procedure.
The ends of an adsorption tube were scored, removed and the back-up
section end was connected to the hose of the vacuum sampling system
(Figure 13). The rotameter was adjusted to a previously determined
setting for each tube, as necessary, prior to inserting the adsorption
tube into the chamber to a point just above the animal cages. Upon
removal of an adsorption tube from the chamber, the end was sealed with
a polyethylene cap and the sampling interval was noted [S5,23].

Samples of the more volatile compounds (phosgene, diazomethane,
stibine and diisopropylamine) were collected with two midget impingers
in series connected to a glass tube extending into the chamber above the
animal cages. However, to improve the sampling ability of the less
volatile test compounds (2-aminoethanol, 2-diethylaminoethanol), the
impingers were placed inside the chamber on a rack and connected to a
vacuum sampling manifold. This arrﬁngement allowed the impingers to
sample the atmosphere directly and the test compound which condensed on
the inside of the inlet tube to be readily rinsed into the impinger for
analysis [23]. '

The collection efficiency for the first section of a given sampling
system and compound was estimated by dividing the amount of material
found in the first compartment by the total amount of compound found in
both the first and second compartments. The overall collection efficiency
was estimated by assuming the same collection efficiency for both collec-
tion compartments. Then the collection efficiency for the first compart-
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ment was subtracted from 100%, and the difference was multiplied by the
collection efficiency of the first compartment, and finally this product
was added to the collection efficiency of the first compartment to yield
the overall collection efficiency for that sampling system. The overall
collection efficiency for the sampling system of all compounds was at
least 99.5%, except for ethyl ether which was 98.3%.

When appropriate, a HNU #201 continuous gas monitor was used to
monitor changes in the test atmosphere concentration before and during
the animal exposures. However, the HNU #201 monitor was not a very
satisfacfory monitoring device for some compounds due to its lack of
sensitivity for the compound, due to a prolonged response to residual
test compound, or because an aerosol was present [24].

Thase atmospheres which were produced as aerosols were sampled with
a cascade impactor (Sandia Research Corporation, 5.0 1/min nominal
sampling flow) in order to estimate the aerosol size distribution and
verify that the majority of the particles were within.the '"respirable”
size range. The cascade inertial impactor was a larger vérsion of one
designed by T. Mer;er [25,26] and consisted of seven collection stages
each designed to accept a glass coverslip (22 mm diameter) upon which
the test material particles were collected. After a sample had been
collected, the coverslip of each stage and the final filter were placed
in a separate vial and eluted with an appropriate solvent. The amount
of material collected onr each stage was determined by the same chemical
analysis that was used to determine the atmosphere concentration.

" The aerodynamic resistance cutoff diameter for each impactor stage
was estimated by use of the following equation [26,27]:

ECD (um) = 1.257 x 10° "Wo/F
where W = jet diameter in cm, F = volumetric flow in cmslmin, and ECD =
aercdynamic resistance cutoff diameter in um. The cumulative percent of
the amount of material found on each stage was plotted against the aero-
dynami¢ resistance cutoff diameter for each staée using logarithmic
cumulative probability paper to determine if the aerosol particles were
log-normally distributed. From this plot, the aerodynamic resistance
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diameter value corresponding to the 50% cumulative probability value was
taken as the mass median diameter. The geometric standard deviation of
the aerosol particle distribution was estimated by dividing the aero-
dynamic resistance diameter at 84% cumulative probability by the aero-
dynamic resistance diameter at 50% cumulative probability (mass median
diameter) [28,29].

Chemical Analysis of Atmospheres

As shown in Table 6, a variety of chemical analytical methods were
employed to determine the concentrations of the test compound atmos-
pheres. Gas chromatography was used for the majority of analyses, while
colorimetry or a specific ion electrode was used for the other analyses.

Calibration Standards
High purity chemicals were used in the preparation of calibration

standards for each analysis. When compounds were needed at low levels,
were viscous liquids, or were solids, stock solutions were prepared by
weighing out the compounds in volumetric flasks with subsequent dilution
in an appropriate solvent. Standards of non-viscous liquid compounds at
relatively high concentrations were prepared with microliter syringes
rather than by weighing. Standards for the gaseous compounds were
prepared from secondary analytes which were the resultant products of
the reaction of the gaseous compound with materials present in the
collection medium. Standards for the solid or liquid compounds were
prepared by the addition of the analyte directly to the collection
medium {activated charcoal, silica gel, ethanol) over a range such that
atmosphere samples were bracketed by standards [30]. The calibration
standard samples were treated in the same manner as the test atmosphere

samples.

Diisopropylamine and 2-Diethylaminoethanol

Impinger samples of diisopropylamine on 2-diethylaminoethanol in
ethanol were transferred to volumetric flasks, an aliquot gf internal
standard solution was added, and the samples were diluted to volume with
95% ethanol. The primary and back-up impingers were treated aé separate
samples to check for collection efficiency [31,32].
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Duplicate 5.0 ul aliquots of each sample or standard, along with
2.0 ul flush solvent, were injected into a gas chromatograph equipped
with a flame ionization detector (Hewlett-Packard #5750B). The gas
chromatographic conditions are listed in Table 6 for each test compound
along with other sampling and analysis information. The peak areas were
quantitated by a digital electronic integration system (Hewlett-Packard
#3351A). Comparison of the peak area ratios (test compound/intermal
standard) of the atmosphere samples with those of the calibration standards
was used for quantitation of the test compound [33,34,35]. The total
amount of test compound found per sample was divided by the total volume
of atmosphere sampled to determine the concentration of test compound in
the atmosphere.

2-Amincethanol
Impinger samples from the first 2-aminoethanol exposure were analyzed

by the similar method as described above for diisopropylamine and 2-
diethylaminoethanol. However, due to intermittent problems with 2-
aminoethanol interacting with components of the gas chromatograph, the
method of analysis described below was used on subsequent analyses of 2-
aminoethanol.

Impinger'samples of 2-aminoethanol in 95% ethanol were transferred
to volumetric flasks and diluted to 25.0 ml with 95% ethanol. An aliquot
of each sample was then further diluted with 95% ethanol as necessary.
Duplicate 5.00 ml aliquots of the diluted samples or standards containing
a total of 0 to 100 ug 2-aminoethanol were transferred into 25 x 150 mm
test tubes, and 10.0 ml of 0.04% ninhydrin in anhydrous pyridine was
added with thorough mixing. All samples énd standards were simultane-
ously placed in a water bath at 75°C and incubated for 10 minutes.

After the incubation, all samples and standards were immediately cooled
to room temperature with a cold tap water bath and then transferred to
cuvettes. The spectrophotometer (Coleman #54B) was set at 417 nm and
adjusted to 0.000 absorbance with a cuvette containing a reagent blank.
The absorbance of each sample and standard was then measured [36].
Comparison of the absorbance of samples with that of standards was used
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to quantitate the amount of 2-aminoethanol present in each sample. The
total 2-aminoethanol found per sample was divided by the total volume of
atmosphere sampled to determine the concentration of 2-aminoethanol in
the atmosphere.

Ortho-Toluidine, Para-Anisidine and Ortho-Anisidine

The contents of silica gel adsorption tubes which had been used to
sample atmospheres containing ortho-toluidine, para-anisidine or ortho-

anisidine were placed in septum capped vials (Wheaton Scientific #223713
and 224222). The primary and back-up sections were kept separate and
collection efficiencies were determined to be 100% for ortho-toluidine,
99.7% for ortho-anisidine and 99.4% for para-anisidine. Standards for
their analysis were prepared by adding various amounts of test compound
to adsorption tubes. Atmosphere samples and standards were desorbed in
1.00 ml of 95% ethanol containing an internal standard [37,38,39,40,41].

Desorbed samples and standards were analyzed by gas chromatography
procedures as described previously for diisopropylamine and 2-diethyl-
aminoethanol. Since the desorption efficiency of these compounds in 95%
ethanol is concentration dependent, a plot of standards prepared by
addition of material to-silica gel with subsequent desorption was used
for quantitation of samples.

Aroclor-1254
The contents of florisil adsorption tubes provided by NIOSH which
had been used to sample Aroclor-1254 atmospheres were separated into

primary and back-up sections and transferred to separate vials. Iso-
octane was added to desorb the -Aroclor-1254, and after 30 minutes aliquots
of the desorption solution were transferred to other vials and further
diluted with iso-octane containing an internal standard. The mean
desorption efficiency of Aroclor 1254 from the florisil into iso-octane
was 96.6%. Calibration standards were prepared by addition of various
amounts of stock solution of Aroclor-1254 in iso-octane to florisil
adsorption tubes. After several hours, these standards were then processed
in the same manner as the atmosphere samples [42,43].
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Duplicate 5.0 ul aliquots of each sample or standard along with 2.0
ul of flush solvent were injected into a gas chromatograph equipped with
an electron capture detector (Hewlett-Packard #5750B). The detector
responses were quantitated by peak area or peak height ratios. Comparison
of the responses of atmosphere samples with those of standards was used
to determine the amount of Aroclor-1254 per sample. The concentration
of Aroclor-1254 in each atmosphere sample was determined by dividing the
total Aroclor-1254 per sample by the total volume of atmosphere sampled.

Stibine

After collection, the contents of each impinger were carefully

-

transferred to 25.0 ml volumetric flasks with several rinsings. The
samples were diluted to volume with 6% HgCl2 in 6N HC1, and a 5.00 ml
aliquot of this solution was placed in a 50 ml volumetric flask and
diluted to volume with 6N HC1l. Calibration standards were prepared in
the same manner from a stock solution of potassium antimony tartrate in
6% HgCl, in 6N HC1 such that 5.00 ml aliquots contained a range from 0
to 25 ug antimeny.

For amalysis, duplicate 5.00 ml aliquots of each sample and each
calibration standard were added to 25 x 150 mm culture tubes with Teflon
lined screw caps. The following step required precise timing with a
stopwatch and was performed individually on each sample. With an auto-
matic pipette, 0.50 ml of 0.1N ceric sulfate was added to the sample,
and the sample was vigorously stirred with a vortex mixer and allowed to
stand for 1.0 minute, afterwhich 0.2 mi of 1% aqueous hydroxylamine
hydrochloride was added to quench the oxidation reaction. A small
stream of compressed air was bubbled through the sample for about 15-20
seconds to expel any residual chlorine. Twenty milliliters of isopropyl
ether was added to the sample and thoroughly shaken with a vortex mixer
for 1.0 minute in order to extract the oxidized antimony into the ethereal
phase. Each sample in a given analysis run was individually processed
in this manner and allowed to stand until all other samples were processed.

Finally, 10 ml of 0.01% rhodamine B in 0.SN HCl was added to all
.samples, and each sample was thoroughly shaken for 15 seconds, and the
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upper ethereal layer was poured into a cuvette. The absorbance relative
. to a reagent blank was then determined for each sample and calibration
standard with a spectrophotometer (Coleman #54B) at 565 nm [13,44,45,
46,47,48].

The absorbance values for calibration standards for each sample
were compatred to determine the equivalent amount to stibine per 5.00 ml
aliquot. The total amount of stibine collected was then found by multi-
plication by the appropriate dilution factor. The atmospheric concen-
tration was determined by division of the total test compound found per
sample by the total volume sampled.

Phosgene
Samples from the first exposure of phosgene were collected with

impingers containing 15.0 ml of 0.25% 4(p-nitrobenzyl) pyridine and 0.5%
phenylbenzylamine dissolved in diethylphthalate. The collection soluticn
was transferred to a cuvette, and the absorbance of each sample was
measured with a spectrophotometer (Coleman 54B) relative to a reagent
blank at 475 nm within an hour after the exposure [47,48,49]. Calibration
standards for this method were prepared by addition of aliquots of a
stock solution of phosgene in diethylphthate to 15.0 ml aliquots of the
collection reagent. The concentration of phosgene in the stock solution
was determined by analysis of hydrolyzed aliquots of the stock solution
for chloride with an argometric method [50].

Due to the complexity of calibrating the above analytical procedure,
the second and third exposures were analyzed by a different method.
Samples were collected with impingers containing 0.IN sodium hydroxide
{aqueous). After collection, samples were diluted to a total volume of
15.0 ml and then adjusted to pH=4 with concentrated nitric acid.
Standards were prepared with sodium chloride in 0.1N sodium hydroxide
and adjusted to pH=4 with concentrated nitric acid. The potentiaf
difference between a chloride ion selective electrode (Orion #941700)
and a double junction reference electrode {Orion #500200) was measured
with a millivolt meter (Corning #130 pH meter) for each calibration
standard and each atmospheric simple [51]. The chloride concentration
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in atmospheric samples was determined by comparison of their potential
difference with those of the standards. By use of a conversion factor
and the volume of atmosphere sampled, the concentration of phosgene in
the exposure atmosphere sample was calculated as with other compounds.

Diazomethane

Samples of diazomethane atmosphere were collected in a solution of
either p-nitrobenzoic acid (10% saturated) or benzoic acid (5 mg/ml)
dissplved in xylene. The benzoic acid was used for collection of high

concentration samples and p-nitrobenzoic acid was used for collection of
low concentration samples. In both cases, the methyl ester of the acid
was formed by the reaction of the acid with diazomethane in the aliquot
of the atmosphere sampled. The p-nitrobenzoate methyl ester was analyzed
by electron capture detector gas chromatography, and the benzoate methyl
ester was analyzed by flame ionization detector gas chromatography
[52,53,54]. _

Impinger samples taken from test atmospheres were transferred to
volumetric flasks, an internal standard solution was added and the
samples were diluted to volume with xylene. Duplicate 5.0 ul aliquots
of samples and standards were injected into a gas chromatograph (Hewlett-
Packard 5750B). Comparison of the peak area ratios of the samples with
those of the calibration standards was used to quantitate the amount of
methyl ester present. Multiplication of the amount of methyl ester
found by the appropriate dilution factor and by a conversion factor gave
the total amount of diazomethane collected. Division of the total
amount of diazomethane collected by the total volume of atmosphere
sampled gave the concentration of diazomethane in the atmosphere sampled.

As a preliminary check on the above-mentioned sampling and analysis
methods for low levels of diazomethane, an ethereal solution of diazo-
methane was prepared from Diazald as prescribed by the Aldrich Chemical
Company. ‘Several sets of dual impingers connected in series containing
15.0 ml 10% saturated p-nitrobenzoic acid in xylene were set up with a
sampling tate of 0,150 1/min. A 25.0 ul aliquot of the diazomethane/ether
solution was carefully added to the inlet port of each primary impinger,
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and air was passed through the impinger sets for five minutes, thus
total volume of 0.750 liters was swept over the diazomethane/ether '
solution and through the impinger sampling medium. To serve as control
samples, 25.0 ul aliquots of the diazomethane/ether solution were also
added to each of several vials containing 15.0 ml of the collection
medium. Analysis of the samples by Ni.63 electron capture detector gas
chromatography revealed that the levels of methyl p-nitrobenzoate in the
primary impinger samples were within 5% of those found in the vials to
which the 4iazom3thane/;ther solution had been added directly. Also, no
methyl p-nitrobenzoate was detectable in the backup impinger samples.
Thus the analytical method appeared to be working satisfactorily, and an
approximately 1000-fold increase in the sensitivity of the analysis for
diazomethane was achieved by using the p-nitrobenzoic acid method over
those employing benzoic acid or octonoic acid [52,53]. This method
allowed the quantitation of low levels of diazomethane with a sampling
time of approximately ten minutes as required by this contract.

Stibine, phosgene and diazomethane are gases, and the analytical
techniques described were calibrated by weighing out aliquots of secondary
standards rather than by weighing out aliquots of original gaseous
compounds as was done with the solid and liquid compounds. These secondary
standards were the compounds produced by the reaction of the test compound
with the collection medium when a given gaseous atmosphere was sampled.

As a check on the analytical methods for the atmospheres generated from

the gases, the Project Officer requested the comparison spectrophotometric
recordings of the absorbance versus wavelength for-both test atmospheric
samples and analytical calibration standards of stibine and phosgene be
made under the same conditions. Gas chromatographic recordings of the
diazomethane calibration standard and a diazomethane test atmosphere

sample were also made under the same conditions for comparison. In all
three cases, the responses of the analytical method to both calibration
standards and test atmosphere samples were essentially the same. The
phosgene concentration was also determined by collection in 0.1 N NaOH
with subsequent analysis of the chloride hydroysis product by ion selective
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electrode methodology. In this case, the response éf the electrode
appeared to be the same for both calibration standards and test atmospheric
samples.* o

The chemical analyses provided the mass of material collected (mg
or ug) from a given sample volume (1) of a test atmosphere. Thus, the
primary analysis data are in mg/l or ug/l, and the parts per million
ratio values (ppm) were calculated by multiplying the mg/l or ug/l value
by an appropriate conversion factor. All values of concentration were
rounded to three significant figures and then the means, standard devia-
tions, and coefficients of variation were calculated and rounded to
three significant digits. Some differences in the coefficients of
variation between the mg/l and ppm concentrations for some experiments
were observed and are due to round off error.

The results of chemical analysis of each test compound atmosphere
are listed in the Results section of this report.

Project Safety
Due to the potential hazards associated with the compounds studied,

measures were taken to insure the safety of participating personnel
[55,56,57].

When transfer of test compounds from shipping containers to smaller
containers was necessary, such transfer was done in a fume hood. Safety
glasses, rubber gloves and a plastic apron were worn by personnel during
those transfer operations to reduce exposure to compounds.

A large rectangular plastic cabinet was constructed to house all
apparatus needed to generate a given test atmosphere, The enclosure
prevented the accumulation of test compound that might escape from the
generation system.

When animals were inserted or removed from the exposure chamber,
some test compound atmosphere would escape from the chamber. Thus, a
plastic tent was constructed and placed around the drawer area of the
chamber to prevent contamination of the room around the chamber.

*Letter #78E490 dated September 6, 1978, to Richard W. Niemeier, NIOSH,
from William G, Yates and Neil H. Price, UBTL.



As additional precautions, hose-supplied compressed air respirators
were worn during inhalation chamber operation and gloves were worn when
handling the test animals after exposure.

Procurement and Handling of Test Animals
UBTL procured Hartley albino guinea pigs from Buckberg Lab Animals,
Tomkins Cove, New York and Sprague-Dawley rats from Talonic Farms,

German Town, New York. All animals were shipped by air carrier and
checked upon arrival for normalcy before being appropriately caged. All
incoming animals were isolated in a room separate from the exposed
animals for a period of two weeks to check for latent health problems
and to condition them to the UBTL emvironment.

The animal cages were cleaned and bedding was changed twice weekly.
All animals were caged separately during and after exposure. Both food
and water were available to all animals continually except during the
inhalation exposure. _

Extra animals were procured in each shipment to allow for animal
deaths for use in preliminary exposures, and to increase the probability
of having all animals within the weight range limits specified. The
upper and lower weight range limits specified in the contract were
expanded by ten grams after consultation with the Project Officer. The
animal weight ranges used were: male rats 200-230 g, female rats 180-
210 g, male and female guinea pigs 200-250 g.

Exposure of Animals to Test Compound Atmospheres

Four, multicompartment stainless steel wire mesh cages, having ten
separate compartments each, were used to house the animals during an
inhalation exposure. Twenty animals were test animals and twenty were
controls. The animals exposed to a given atmosphere consisted of five
male and five female rats placed alternately in one multicompartment
cage, and five male and five female guinea pigs also placed alternately
in a different multicompartment cage. The test chamber was equipped
with a sliding drawer system which allowed all 20 test animals to be
concurrently placed in the inhalation chamber (see Figures 14 and 15).
A similar group of control animals was placed in an inhalation chamber
having similar airflow, but without test compound atmosphere.
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individual cages within the test chamber.

Figure 15,




After the animals had been placed in the exposure chambers, they
were observed continuously during the 30 minute exposure interval and
observation notes were recorded on data -sheets. The animal observation .
data are sumnzed in 'l‘abla 2 and are detaxled in the Results section
of this report. . ' ’

At the end of the 30 minute exposure interval the animals were
immediately removed from the chambers and examined for signs of toxicity
by observers. Later they were transferred to an animal holding room
where they were observed and weighe& before being placed in individual
cages for the post-exposure observation period (see Figure 16).

The day of animal exposure was denoted as Day #1, and the day of
animal necropsy was denoted as Day #15.

Weighing and Necropsy of Animals )

In order to have an approximately even distribution of test animls
between test and control groups with respect to weight, the following '
procedure, designed by John A. Burkart, Ph.D., UBTL Biostatistician, was
used on the day prior to animal exposure. At least ten animals of &
‘given specj.‘es' and sex were weighed (example, 13 male rats). Next, the
body weighté of those ten animals having body weights nearest the mean
of the weight range were ranked in pairs by decreasing weight. One
animal of edcl; pair was randomly selected to serve as a control, and the
other member of the pair served as a -t‘est animal. Thus, each test
animal had s corresponding control animal of similar weight. The process
was repeated until all four groups of animals had been randomized with
respect to weight. At this time, each test animal was assigned a number
which corresponded to the inhalation chamber multicompartment cage
section in which it would be exposed. This number also served as an
identification number for a given animal throughout the remaining data
. gathering processes, as. shown below:

Coding: (Expt. ¥) (Species) (Usage) (Animal Cage #) (Sex)
» - in Group
Example: - 1 R Cc 1 M
Explanation: 1lst Expt. Rat Control Rat #1 of Male
S Control Group

48



*jouuoq I93ITI ® YITM PaIdA0d ST aded yova syl pue
Peded ATTSNPIATPUT oI STEW{UE Oyl IBYI 90N °*7LL4N IV swooy BuyploH Juopoy oyl 3o oup ‘91 oindyy

P ticahand .
H e -y
PR v

“ -

e A R I it S R T T
T ey .

Mf;.w v




All animals were weighed on the day prior to their inhalation
chamber exposure. Then, they were all weighed immediately after the
. exposure, and again 2 days, 5 dﬁ)r:s1 9 days, and 14 days after exposure.

All animals were observed daily for signs of toxicity, and those
animals found dead were placed in a refrigeraﬁor until necropsy cculd be
performed. : ' I g

All surviving test and control animals were necropsied 14 days
after expoﬁn‘e. On the day of necropsy, a given animal was sacrificed
with an overdose of ethyl ether. Then, the animal was weighed, dissected,
and examined grossly for pathological lesions. The following whole
organs were removed and placed in 10% neutral buffered formalin: kidneys,
adrenals, spleen, gonads, lungs, heart, liver, and brain. After at
least 48 hours, the organs were trimmed and weighed. The paired organs
were weighed together rather than separately. Also, gonads refer to
- both the testes and the epididymides in males and both ovaries and the
uterus in females. The organ specimens of three test and three control
animals per sex per speciés per exposure level were sent out for histo-
pathological examination, and the remaining spocimens were stored for
possible fm::ﬁ-e evaluation. Thus for a given experiment, 12 test animal
specimens and 12 control animal specimens out of the total 40 animals
Per experiment were evaluated histopathologically.

Histopathology of Test Animal Organ Specimens

The histopathological preparation was done by a certified histoloéist
at Intermountain Laboratories, Midvale, Utah; and the prepared slides
" were read by Kent R. Van Xampen, DVM, Ph.D, Veterinary Pathologist. Dr.
Van Kampen has had several years of experience in evaluating histopatho-
 logical lesions in rodents and he is board certified by the American
College of Veterinary Pathologists. Dr. Van Kampen indicated on the
histopathology report all lesions that he observed and he specifically
stated those lesions that he judged to be 'irreversible.”
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Statistical Evaluation of Body Weight and Organ Weight Data

After all the body weight, organ weight, and animal death data had
been collected for a given experiment, the data were analyzed by John A. -
Burkart, Ph.D., UBTL Biostatistician. Dr. Burkart and his assistant
made comparisons of orgén-to-body weight ratios (at the time of necropsy)
between control and test amimal groups, using Student's t-test. In
addition, weight changes during the post-exposure interval were computed
by subtracting pre-exposure weight from each post-exposure weight on
specific days, and those changes were analyzed using an analysis of
variance for repeated measures design [58]. The differences between
test and control animal data are shown in the summary tables in the
Results Section of this report.

Project Schedule : .

During the first exposure of each test compound, we attempted to
produce 2 concentration near the IDLH values estimated by NIOSH; but in
some cases, actual exposure concentrations were either higher or lower.

The second and third exposure concentration lesvels for a given compound
were based on the effects observed in test animals and histopathology at
"the initial exposure concentration, on the toxicity data available from
previous studies made by other investigators, and the exposure level
catagorization criteria. UBTL personnel discussed the results of each
experiment with the Project Officer and followed his recommendations for
subsequent exposures when possible.

Categorization of Exposures

The criteria for categorization of exposures with respect to "effect
level" are listed in Table 1, while the assigned "effect level" for each
exposure and the criteria upon which that assignment was made are shown
in Table 2 and in the Results section.

Animal death during an exposure was sometimes difficult to determire
conciusively, however, death was readily verified at the end of the
exposure when the animals were removed from the chamber.
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Not all of the irreversible lesions reported by the histopathologist
appeared to be related to exposure of the test animals to a test atmos-
Phere. In some cases, similar lesions were found in both test and
control animals, and thus they were not considered to be exposure related.
In other cases, lesions observed could be classified as processing
artifacts or congenital defects and thus were not considered exposure
related. Also, when all the histopathology results for a given test
compound were available, it was possible to check for trends in various
histopathological lesions with respect to increasing concentration. In
dose related toxic effects, increasing incidence of a given lesion may
correlate with an increase in concentration, however, due to the relatively
small numbers of animals involved in these experiments, such trends were
not always conclusively identifiable. _ .

Deciding whether or not impairment of the ability of an animal to
escape was present or not was sometimes difficult. During some exposures,
the animals would appear not to nove during the exposure, but upon
removal from the chamber, they would immediately resume essentially
normal activities. Thus in such cases, no impairment of the ability to
escape was considered to be present. In other cases, the test animals
would close their eyes for long periods of time presumably due to irri-
tation caused by the test atmosphere. If they did not open their eyes
and move about when given a sharp auditory stimmlus created by striking
the external sheet metal of the chamber with a hard, plastic rod, then
an impairment of the ability to escape was considered to be present.
Animals which were ataxic, narcotic, dead or otherwise unable to move in
a normal manner immediately after the exposure were considered to have
an impairment of the- ability to escape.
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RESULTS -

A brief summary of the experimental results is shown in Table 2 of
the Introductory Summary. This RESULTS section presents additional,
more detailed data not shown in the Project Summary (Table 2) on chemical -
analyses, observations used to verify the impairment of ability to
escape in test animals, animal deaths, irreversihle histopathological
lesions, and the differences Between control and test animal organ and
body weight data. ' ‘

In order to facilitate comparison, experimental data for a given
test compound are listed in increasing order of exposure concentration.
The data for each compound are listed in tabular form in the following
order: summary of chemical analyses, summary of exposure data used to
categorize the type of effect, and summaries of the differences between
test and control animal weight data.



2-Aminoethanol
Test animals were exposed to 2-aminoethanol at concentrations

ranging from 0.346 to 0.887 mg/l1 either as a vapor or vapor-aeroscl
mixture in air (Table 7). Only a minor response was observed at the
lowest and intermediate levels, while the highest level produced ataxia
and death of seven guinea pigs during exposure and death of two guinea
pigs within one hour post-exposure (Tables 2 and 8). No trend in the
incidence of irreversible histopathological lesions was observed with

increasing levels of exposure, however, probable irreversible damage to
the adrenal medulla was found in a male guinea pig at an intermediate
level.

A summary of the statistically significant differences {a=0.05)
bemeen the test and control gToups with respect to total body weight
and organ-to-body weight ratios is included (Table 9) along with more
detailed summaries of the results (Tables 10-12).
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Table 7

2-Amizoetimael Acmosphere Analysis

Tast Concentration:
Experimmt No. 51eEAed L-BA-} 14-EA+2 23-EA-3
Dats 3-9-78 12-21-7 4-12-78 1478
e Cons. | 32.100 /T *mm | 137w 6 ppm | 0.842mg/1 0O ppR | 210681  ppe
Firsc Sample 0.301 mg/} ‘ppe | 047w/l  22ppm | 0.4TSmg/t 225 ppm | 0826 mg/l *ppm
Second Sample | 0.298 mg/L pom | 0.392 ag/1 106 ppu | 0.398 ng/) 1Mo ppm | 0.947 ng/2  *Ppa
Third Sesple 0.438 »g/1 ‘ppm | 0.193wg/l 1¥ppm | 04T mg/I AT ppm | 1080w/l pem
Nean 0.346 wg/1 ‘pom | 0377w/l 17 ppm | 0.445mg/l  210pm | o1 mg/l  pem
std. Dev. 0.080 mg/1 ‘pom | 0.0780wg/l 3Toppm | 0.0395 sg/l 1.2 ppm] 0,127 /I “Pem
Coef. Var. 3.1% 20.7% 20.7 529 5.95% 1.4 .

AsTosel Size Distribuciom:**

Experiment Ne. 23-EA.3 I1-EA-4

Impactor Stage Neo. D (ym) Cum % I (o) SumLS

H s.7a wa.0 5.08 100.0

2 5. 100.0 3.19 ”.3

3 2.27 9.9 1.97 .8

4 1.0 4.3 1.22 9.0

5 0.87 52.5 0.76 51.4

5 0.58 1.8 0.48 8.1

7 0.3¢4 .0 0.3 5.6

Medisn €

Dismater () 1.0 0.7
" Gecawtric Standard )
Deviation 1.4 1.5

*Asrosol/vapor sixture, thus ppm definition not spplicsble.
**Aarosol site distribution mnalysis ot performed om Experimsmt No. 1-EA-1 and 14-BA-2.

55




1peguyea-ansode oq 03 pefpn{ ‘el0zeaiyy ‘sen 370330 oY PUY Ueys) fem yavoadds
oAt Y off P SIYRINE JO ZequUNY T1VNS 8§3 03 NP SATSNIOWODU] $IF B(nsex oY) tpesntes-samsodxe vy J0u [om 30 Avm 330339 ey) "

(*dequeyd 30 epys 19 19 Aresoyd twwpue yove SupAzesqo uy A1{ndY33Tp ewos

s sieys ‘eseydtonys Jo sanv tosciew o3 eng) “xeipst SupayBya ey pus eA7109 03eA 5381 ‘leasnol 'Xegze: Buriyfri oW yIyA ofxEIs BxeA QT puv

9 '1o puy fpyep oden g pEw § L 'S ') 'S *I9 sansodre 1e3)e Apeiegpesmp -Fupyo1e1ds {RUCTIEII0 X0f ydeoxe ylpadn pue sgequoyjon peuysmes gyvy

*opin wo Jupht Glen § pu9 ¢ °f 20 50InMEW S Ag  TITI0 A1eA elem put wedo sede poy sivy ‘Ot ‘B '8 ‘L ‘Y 'L ‘O W) esead sen syxeyy  qaeeaq

203 Tepdsst sen gD ‘sIusmsAcE POTIOIINOIWN PYY (D ‘ePIS WO Sugdy sen zn ‘wsdo sefs pay p (8 vesnwpu oF Ay “AITATIOV pessesdep Fupmoys weya zeq10
Pe1dezvun peseedds sivy  “SINGNSA0E Pef1oATHOONN NITA D1XEIR 28R /9 put £9 ‘eprs wo. Jupdy sen rn "Bupqivesq peroqel peroys gl seamifM i Ag ¢

wpset smojaaezuy wv Aquqoad,,
‘stnsodxe #3 peaviea 10w Ayyeqoad wotseq o yiveg ¢
‘o1qeoridde Jo¢ wopaiwisep wdd snyy *exmyxpm sodeasjosoxey,,
, *sinsodre-150d wivp §1 Asdoacen 103 pedyzracey

-t

sansodee Suping  SgI0EE
sangodee Suging deLinte
 eanjodre Sugang  gsiofe
eansodxe Fugang  gunte
‘dte-9s0d ‘wyaE gf  HolintE
¢ansodxe Surang 1ot
‘dxe-ysod Aep {  MoLoSR2

sstonjus o dnoal syql eansodxe Puying  MpIOtT . /8 tis°0
ey Wp punoj suoyse] epqysisaeiiy of dansodwe Suping  NZIOEZ ] °o o 0 wdd 4 0 14 -9
. , : 1/8n Sh'0
o . ‘punoy buoy . s ] ] ] ] wid o1 t-vi-rt ’®w-0-y
*gpoliouep uje1q
-ﬁuzogiou-uo-qwl sAgje2oddng [ L . e
, *oS1Inpen : /0 Lice
Nl towespd 03 ofvurp efgjeaensaat erqeqory g dxo-wod ehop 3 wornt ® o o 0 - udd geq a1 e-1e-u
*#WoTIvIINON0Y Ineyliy Jxew
ohy ey3 3¢ penzekqe sen Bupups
weopiyelys otqpssod suo Arwo . 1 sy
ol ssneceq prezojaed Jou fBotoyindossti . - é b (] (] wid ,, »-va-1g ”-s-t
5T ST , Wi v Vio o W
o edls junog swopseq Sfqieaeastay ne WOTIvIIWIN0) § vempredry .n1eg

SUCESOT STQISISARLII] 0] SUOR] t3 i L] 283 pedf . f GARY Of
welip Jo vopamysAy (esiotoyrudorsiy pus Syideqg (eapwy pelprp syemywy 3501 30 Zequny

190333 Jo edAL sxpaofe3ey 03 petp 319q exnvodry

tourqasouywy-2
*g o1qeL

56



*Aydde 3j0u seop uoyijuryep wdd

sny3 ‘oanixym I0deA/[OSOIOV,,

POAI9SQ0 sdnox3d 1oxju0d pus 3ISO] UGOMIOG SOIUSIVIFTIP OIqeIieA = (3)
dnoa8 toxjuod usyy oxow dnoad 3sol = (+)
dnoad joxjuod usyy ssey dnoxd 3sol = (-)
81d souny = 9
jey = Y
oTewoy = 4
OTBH = W
eansodxe-3sod 1y3yom Apoq uy oBusy) = MgV
Asdoane e y3om Apog = yMd {SUOTIBTAOIGQY 4
9M(-) ‘uW(+) peuoy
¥4(-) teucapy
94 (+) Asupyy .
94 (+) xoAy] 1/3w 156°0 .
94(+) ‘on(+) 3um UN(-)vne wdd ., €-va-SZ  8L-¥1-9
UH(+) T0ATT] ‘puUnoj QIUSIOFITP 1/3w syp°0
on(+) Bum juedyyjuldys oN wdd 012 T-va-yl  BL-T1-¥
ni(+) peuoy
ON(-) TeueIpy
. 9d(-) uyeag ‘punog 9dusIeyFIP 1/3w Li£°0
(=) “un(-) oAyl juedpytudys oy wdd 6.1 1-va-1 8L-1Z-21
¥4(-) uoords
UH(-) Koupry ‘punog OdULISIITP 1/3w 9450 .
94(-) ‘on(-) ZeAy] juedyyrudys oN wdd 4 £-vd-1€  8L-6-8
»50738Y JYSToN 34T 10N Apog U0FIBIFUSIUC) 3 Juowjlodxy 038q
Apog-03-ussdag 18301

UooM1ag SOOUGXOFFFQ IUBdTITUdTS A11BOTISTIVIS JO Aivwmng

sdnoxg toxjuo) pue 31so)

Tousy3oouTEy-7

6 91qeL

~

5



100 e 100 SBOE 1%
.
PIZZT G262 LGV E919° 9SS Z6w' 612"  MEI1C W6SL NWA-d
€. 22~ - I et- wr- £9'2- 821~ - D1ASILVLS 183-L
s s s s s 3 s s S N
&1 P W oG8l SI'Y 62 W K8 268 isal
5 ) 8 5 s 8 s s s N
&8 Y o g fEY W2 W w6 e NG IWEI  B1d YIIM
) »
O8I 81°  sMEE'  ZEIET 108 6v92°  GOvVET  loEe°  gery MNWA-d
98°1- ' £0°1-  09°1- E8°Z- 1. S£Z- 2= 9E  OJMASLivLS isii-)
8 r s s § s 8 8 s "
$1°0  ee'r SET eI 6P S5 'L 01 0UE6l isat
s s s s s 8 s s s N
;WU 4T WL Y. S5 S el 9ee2 WHINGD TR 914 EINS
: . Y
£E08°  O50P*  pOSIT  eszlt 120 SOt WK1 eelt 1iEl INWA-d
£1°v-  £2°-  66°1-  6b'l- BE'- - §9°'1- A°1-  SE'  MiSIluLS ASA-L
s s s ] s & s s s ]
&' vST W . 62 ST 'Y s Wl vez s
s ) 4 s s v s s s N
9 mrT K W' 1R WS st s et wulN0) WS uw
. .’ "
2510 608 Zow2 W06 weEy'  2910°  BIvE'  £ivy' Ber2’ nwA-d
89'1  §i'-  g£€° 20°-  £8°  Eee- 10°1- 18" b= JLASIAWAS ASAU-L
s s 8 $ 5 C s s s N
S2°2  SIEl  ®I° er's  62'E 069 9°ME 66’9 2982 asal
s 8 s s s s 5. & s M :
BT SRl 20wt LAt M2 66 199 W6 s IW uw
NITWS SEUHDI STONINY  NINE  LSUIN SAINGIN  WIAIT  STHMT  (Svm) anoEs . x3B RUIW

JHIIIN

A (0001 %) O1AVYN LHIIIMN ACOE-0L-NUSYO WU
SISXTVNV IHOTIHM TVWINV 20 AMVWRNS GATIVIAA “IONVHIZONINV-Z ‘Y-vA-T¢ INTWI¥AAXA °VOT F14VL

58



29t°6£2

£E1°8EC
809 e

wioL

. S20°¥2

- ¥8E£01° 0pRG°2
'y 21°688 °ZJgzet
100 05°922
"N p82I1°  @8c°16

YOS
IONVOYAENDIS OILYd-4  NUM

(

800°262 00S°£92 800°BYZ PBZ°PZZ 00O°SeZ eBL°28Z @I wioL

002°862 60Z°292 0V0° 92 BOY° 222 POV°SeZ POZ°202 § 2 153t
000°£62 098°P92 BOZ°6P2 BOV°9ZZ 009°98Z PO2°EBZ S | 0ULINDD
9 s ] £ 2 t N 1SIN0NY
CI AUG OV AYE 9 AUE EAUC 1§ AU O AYg
1S}IL
SN
,
*$9589 6S . T T .
90°£96 ov SJNOYY NI 8L23rens X SJIL
ees 2! s SJNONT X SIIL
o ~:"{}] s SJIL
e°2129 () SJNOW9 NI 81J3rens
0es°16 i SdNo¥Y
SINN0S HOd3INS

40 UnS 40 S3N9a HOLLUIWUA 40 3JMN0S

SIVE TIVN 40 IHOIEM X004 NO NOISIA STUNSYI (ALYIL 304 I0UL IIMVIAA 40 SISATNY

SISKIVNV IHOIZM 'IVRINV 40 XUVINS QTTIVIAA “TONVHLAONINV-Z ‘Y-VA-T€ INAWIWAdXE °€0T 3T4Vi

59



212°¢61

299°p61
292°261

wioL

. , 002° 1t
$°N 18-36£226° ©900°E
100' v d £85°89 ©0°96b2
2

'¢°N 29¥11°  ©90°bG

2AYN0S
HINVOL4INDIS olLvd-4  NYUM

002°6812 601°Z0Z 082°661 900°981 B0S°621 BOE'B21 ©1 = WioL

0P °0ZZ 0VB°£0Z 0BY°"661 9OB°981 9BB°6L1 088°8 & 2 1531
809°21Z 0o epZ 0B8°B61 BBZ°SBI B0Z°621 @88°21 & 1 T0ULNOD
9 s L4 £ (4 i N 154N0YY

Sl AU 81 AYE 9 AUd E£AYd | AYG O AVd
t1SHMIL

‘82621 65 Mi0L

9°6b9l o SJNOY¥Y NI SL33rans X SH]IL
000°61 s . SdNO¥9 X SMIL
*8erZi s SIIL
8°69L8 -8 SdN0¥9 NI §LI3FANS
800°bS i : Sdno¥9
S39UN0S [LEEY

J0MWNS 40 539N NOLLYISYA 40 33905

SIVY TIVREd J0 IHDIAM XAOH NO N9IS3d SIMNSUIH (ILYIJTY 40J FTBYL IINVINA 40 SISATUNY

SISATVNV IHOIAM IVHINV 40 XUVWHNS QA1IVIAA “TONVHIAONIRV-Z ‘9-vA-T¢ INFHI¥AdXd °D0T F14VY

60



1 X 44 X4

0a8°2e2
298° 182

‘8N ¥6962°
o' »d 698° 20

'g*N  28-32£590°

HONVOLAINDIS o11u%-3

wi0L

01°261
ez°s21
*SheET
¢°2est
000 £l

HYM

8A2° 162 99S°652 002°8E2 @0£°912Z 88S°961 BBE"661

000°£62 898°£92 999°2£2 BAZ°01Z 988°961 899°6E)
089°68Z 00Z°SSZ 00D°6cZ BOY°ZZZ 0VZ°961 808°661

9 s v £ 2 1
SLAUE B AUWI 9AYI EAUE | AUD @ Aud

1] Wi0L

S ¢ 1S3
s 1 T04LNOD
N 1SJN0YY
1S3
SN

‘S1620 6$ wioL

8°p8es o SJN0YY N1 8123rens X SlL
80°929 s SIN0¥T X SMIL

- *h2689 S SHMIL

‘etezi 8 SJNOYY NI SLI3rens
eve £l 1 SJNOAY
S3WYNUS HOG3344

30 WS 20 S3RNVM NOLLYINUA 40 33¥N0S

SO1d VANIND ATVK 40 IHOIAM XA0d NO NOISIA SIMNSYIN (3LYIJF 404 I78UL IINVIAUA 40 SISATONW

'SISKTVNV IHOTAM TVHINV 40 X4VWROS aT1IvVisa IONVHLAONINV-Z ‘%-VE-TC INAWI¥AdXd °doT F14Vi

61



£91°9¢g2

29E°See
296°9¢£2

wiol -

.. n«.vw.
.m.u mmamv.s..hm
Yo' » 925°86  '6£221

. 85°£29
‘!N 10-W912¢°  685°6E

FUN0S
2ONVIL JINDRS otivy-4 WY

801°162 AVO°¥9Z BBV EEZ 809°'02Z 0NZ°E0Z BOL°PBZ O wioL

892°68Z 0998°£9Z 000°2£Z POZ°61Z 08B 661 @BZ°'EBE S 41531
088°£62 ©AZ P92 BBB°6TC BBV 222 009°902 BVZ 98 S | W0ULNOD

9 S v ot 2 t H 1540080
SIAUE O1 AYE 9 AU EAUE | AYUD @ Avd .
_ tSIL

‘p2012 65 ML0L

8°696b o SdNoY9 N1 §173rans X SMIL
85°582 s SINO¥D X SMIL
*£6119 s SH1L
9°88ES ) SdNOA9 N1 SLI3rANs
80S°8g 0 SdNONY
SIUN0S HOa3N4
~40MNS 20 S33W93E NOLLVINUA 40 309N0S

$O1d VANIND ATVRAZ A0 IHOIEM X404 NO NIIS3A SRNSYIH dILUIJTY 303 I3M0UL JONVIVA 40 SISATNY

SISATVNY IHOIEM TVRINV 30 X4VHHNS nﬂ.u..nﬂ-.u_a “IONVHIAONINV-Z ‘¥-VE-Tf INIRI¥AJXd °HOT FATEVL

62



100°)

192 SO°>% O1°) (o)

]
poZS° g2’ PEEY 2218° 1189 SOrS° 6926°  8202° sa6r* NWA-d
99° zet e 06°2- £~ »9° es’ 6t J11814U18 1831~
L] L] S L ] L s s ] N
29°1 %z 9 s 200 9%9°¢ SIS e 9°922 1531
] £ 8 L] L] ] s $ ] ]
&1 19t L 06°Et 22V 126 Pi'er 608 o°rs2 WULHOD TS 91d YINIM
L] (*®) (L))
2662° 19p° sete’ »899°  e00°t ££00° 6.0 OSIS ZEES INWA-d
R’ te° §8°e- - 00 'z~ 4T 0 9 Jl18i1vis 185211
L4 .4 14 L4 » L4 1 4 L4 L4 N
L @'t 4 3 s8°91 se'v o8 Wty 02 WAl 1831
S 3 ] ] L) ] L] ] s N
e o't [ o L ) B - > ' 822 (8] WHLNGD T 914 YNIN
ok
slee°  e262° w9 aIee  sise 199C° 609"  PpOL° e0a°t INTA-d
LN g'l- ®- 61 £9°- oy~ o % J11814uis 1830-1
s £ ] s S L] ] $ S N
a£°CT 9Nt 2 %y o't £9'9 et S2°0 922 isaL
L) L) ] ] L] L] ] L] ] N
’T e e ¢ 't ' e sl sz WALNOD TS v
= =
999E° IS’ oz foeg*  2121° ££01°  ori0°  BI91° sres INWA-d
2%* 't (E4d } 0%~ Rt Pet-  11°E-  »s°1 29°-  J1isliuls ssau-i
] 8 £ 8 L] 8 S ] ] N
't  u'rt .”n- £9°'8 95t 669 11°6t 22 eIk 1831
L] ] L4 L] L] S ] ] ] LJ
|z uu 140 ey o2 £9°¢ 4% &9 90 WULNDD W siw
HITWS SEUNDD STWHRAY  NIVNE LW SATGIN  ¥3AIT  SINM  (BUY9) 4N0Y3 X33 I

. dHa1an
N

(0081 %) 011V AHSIIN AGOE-0L-HUBN0 WU

SISATVNV IHOIEM TTVHINV 40 AYVARNS QATIVIAA “IONVHLAONIWV-Z *T-VI-T INAWI¥AAXE °VIT 19Vl

. van

63



g£€6°052

££8°6F2
ggetise

wioL

£12°082

‘S°N 86516° 882°92
Log*> d £6°985  °SSSi
_ 29°v£9

‘g'N 10-WEVIP°  B85°62

JINVILJINOIS

YNDS
01LUY8-4 NY

601 °pBE BBS'ZBZ BOE' 252 BBY° 252 001°SIZ 889° 962 el i T

@B2°16E 80P ° 182 9L0°8SZ BOB°6EZ BOZ°VIZ BAZ°SKZ S ¢ 1531
000°0F 899°£62 809°952 6BB°SEZ 00D°91Z eop‘BeZ S | 04LNGI
9 ] 14 £ 4 1 N tSIN0A9

61 AUT O1 AUE S AYE EAYE | AYd 0 Aud

1SMUIL

*£9162 65 101

s epll oy S4NON9 NI S133rENS X SMIL
s 1El - s SdNo¥D X SIMIL
*92222 S SMIL
0° 2208 8 SdN0¥S NI SLI3CBNS
805°62 1 SdNON9
S39UN0S TEET ”
JOMNS 40 S33893a NOLLYINUA 40 229n0S

SIVE ATVH 40 IHOIAM XA0H NO NOISIC SIWNSUIN A3LY3d3¥ 404 JTGYL IINVINUA 0 SISATUNY

SISATVNV IHOIAM 'TVHINV 40 zzi:a QI1IVIEA “TONVALIONIHV-Z ‘i~VE-1 ININIW2dX3E g7 TIGVL

64



‘S°N 6£e9s"

100°> d ze°6l}

"S'N  1e-3g5502°
IINVILJINOIS

01193-4

29%° 161

££0° 261
006061

™LOL

G20°61
001 " 21
9°69¢¢
2£°922
ees el

\

NIYNOS
N

909°21T 802°S0Z 0or°"S61 PBB°EBI BA2°921 006°S21 Ol wi0L

889°Z1Z 6eN°20Z 008°BGI 0O6°ZBI BBO°9L1 608°S2l S ¢ 1531
609°21Z 00>°"£6Z 008°Z61 OVZ°E6I 8OV 241 000" S 1 T04LNOD
9 S L4 £ 4 ! N 1S4N0YY

Sl AUE O1 AUd 9 AV EAYd T AUC © AW

ISHIL
SNY

‘6E6Y1 65 wial

08°S62 oy SdNOAI N1 SLJ3rens X SIL
005°S8 S SdNOoY¥9 X SMIL
‘ezelt s SMIL
etz 8 SdNodd NI SLJ3rens
08s°61 ! SdNoAD

S33uNos WOd334d
40 Wns 40 S$33493d ' NOLLYIdUA 40 3339N0S

- SIVY TTVRAL 40 LHOIEM X409 NO N9ISIM SIVNSUSW QIALYIJIN ¥04 IGUYL JINUVIAUA 40 SISATUNY

SISATVNV IHOIAM ‘IVRINV 40 X4VRHNS QATIVIAA ‘TONVHLAONIRV-Z ‘T-VE-T INAWI¥AdXE °O11 F18V1

65



111°6c2

299°2ee
292°9¢ed

wioL

e 9 agl
S'N  cB99s°  go°cit
100°>d 225t *2i66l
. , 9°2822
C'S°N 28561 @@°9vS

JONVITAINOIS

3¥UN0S
01198-3 Nu3

B22°BOE B22°ES2Z 299° 42T 299°Z1Z 688°Z61 688°821 6 wL0L
9AS° 21 952°652 BBO'VEZ VAG°I1Z 9S2°E61 GBS 6 b 2 1531
980" 165 899°6bZ 009°7ZZ BA9°E1Z @AZ'26) GaP°B21 S 1 0MINGD
9 S % R - | N - . 15dnoND
Gl AUG O1 AUG 9 AUE EAUG 1 AUG ©AYD
tS;IL
: SN
se+vp2lT  £8 wioL |
gzoy | & SdN0¥D NI SLI3rens X SM1L
00°C9G g SANoNs X SIIL
*B5566 g "7 saL
. *g1561 2 SJNONI N1 SLI3rens
88°9vS ] SdNOND
S3W9N0S ‘Hoa33Nd /
J0MNS 40 53393 NOLLUI¥UA 40 33AN0S .

S9Id VANINOD FIVH 40 LHOIAM XAAOE NO N9IS3 SIUNSUIN 3LY343H 304 378YL JONUINUA 30 SISATUNY

SISKIVNV IHOTAM 'IVHINV 40 XAVIHNS aFA1IVIHG ‘‘IONVHINONIRV-Z ‘T-Vd-T INSWTHAAXd ‘dTT T14VL

RA



0s9°s12

EFE° 1722
296°68¢

wioL

9¢ *paw
5o 84
. 2€°92
_Sv._ a.m_a

‘S°N Z2E10°1 @°seé6l

JINVILIINOIS
339n0S
011Y3-4 N

@OE°C9Z 0O6°9EZ 89S 612 001 ° 202 885°061 089°v21

@89°922 08Z°EbZ 0B9°9ZZ BBy BIZ 808°vEl B8P ° 9.1
6O8°PSZ PB9°0EZ Ber°-ZIZ GuB £6Z BOC 981 @88 22l

9 s 14 £ 4 1

"G AUG BT AYd 9 AUd EAUd T AYd @ Aud

ISMUIL

*£0220 68 w10l
52191 o SdN0ND NI SLI3FANS X SIIL
05996 s SANOYY X SIMIL
“z2288 S SMIL
*Z0ESH 8 SINOY9 NI SLIArENS
9°8g61 i SdN0NY
S39UN0S PNEET

40 WNS 40 53393 NOTLUINUA 20 333n0S

SO1d VANIND TIVHEA 20 IHOTAM XA0U NO NO1S3d SIMISUIH d3LYIJIN 404 3TBUL JINUINUA-J0 SISATUNY

SISATVNV IHOIAM 'IVHINV 40 X4VWHNS GFTIVIAA ‘'TONVHLIONIWV~-Z °T-VA-T INIWI¥IdXE

1531

*3lT T19VL

W g9



(")

100°) s

10°> . CO°) »

9 ()

P11 AN x 2 1858° e18s° 296t° gbe9°  6212°  £56S° 2029° MNTAN-d
oa'y- 20°- 122 62° 26°- - (2 | sg°’ | A J11814VLS 25301
S 15 S S S [ S [+ S [}
ey 19°2 H4-}d 83°tt  Eb‘Y z0°'8 60°9%C ©06'8 8222 1841
] 1] ] 1] 1] < [ S S ]
02t [ 3 o 6L°'1l o9y g6°0 'Yy 6 2 202 WHINOT WSS 914 UM
(=) =) ) ] :
000° @892i° 6268° 8268° 65SE° 2968° 06O8° 06" 1459° MM A-d
[ > 12°1 %’ 19 4 4 081 £6°3 28°¢ 8L~ J14814VAS 283L-)
[ ] ] [ -] 8 ] e S ]
N or’ T 9°6  PEvs el g 62t 1831
8 ] [ [ [ ) [ $ e (]
| /4] 022 " el oy t+ M | sy »e o'set WULNDI Ml 814 YNIM
£C12° o8t L 1] M 1eEE* p2¢° 6668 - J1E1°  tesee 8gae’ MTN-d
[ £6°= »2° £0'l- E£6°~ £ 09’} 21°= ) LITUTTUTT T X TR
[ 1 | S ] ] ] s -] N
€'z e st WO 5L 'S £9SE £ 068! 1831
8 1 [ ] ] L 3 s e . N
 « o | 758 4 [ 4 3 190 - M ”®y L' L0 g'66t . TWAUINGT M4 T
ok
2658° 2890’ Wy2° 8242° 1002 otz 200° vt 9220 M WN-d
M- a8 °?2't 098 ol um..c nn £ 60~ aHn- J1A8140L8 1830-1
[] [ s [ [ [ 3 N
P22 [ M 4] 12 a98° - 4 1e° o : »® 62 v i82 1830
s ] S s S 8 ] [ s ]
x'e ' ' 4 A s2't _.u.u [{4F. S -} ] 9282 “WVALNDI W {10
H3TWS SAUNDD SWHRNY  NIVNE  LudaH BAMMEN  ¥A1Y  Som .ﬂﬂww... noyy N3 HIW
[ F ] '
(0081 %) O11vY LHOITN ACDE-OL-HUYSHD WU
SISXTVNV IHOIHM IVHINV 40 AHVHRAS CATIVIAA ‘TONVHLAONINV-Z “Z-VA-9T INEWI¥AIXA

*VZ1 19V

68



© ggeteve

988°6%.c
299°ep2

wioL

003°St

um-z NN\-N“- gr.-o— ’

. 99°16s B°2€%6
100°>d 21°21E
. vg°N 10-3vba9E® WOS° It

3UN0S
AONVOLJINDLS Ollbd-4 MU

008°cBZ BOE°99Z GOE BKZ B0BL°222 BOE"1IZ BBO°SeC 01 wioL

08t-"18C 999° 292 AB9°BPZ BUCZ°22Z 0BB°6AZ B09°SBZ S T 1534
809°26Z 089°S9Z 006°6bZ BBZ°62Z PB9°EIZ GE0°98Z S | TF0ULNDD

9 ] 14 £ 4 LI N 154089
Gl AUG 81 AUd 9 AUE E AUE 1 AYG 0 AW

ISHIL
SNY

*£806P 65 M0

80°2£9 ey - SdNOYI NI SLJ3rans X SMIL

085S °£S L] SdNo¥3 X SMULL

°6899% S . SMIL

8°26b2 8 SJNOY¥3 NI SLI3rens

ees‘11 ! SdNoYAY
SRIYNDS HOa3394

40 WnS 40 S33¥934a NOLLUIdUA 40 304N0S

SIVM TTVAH 40 IHOIHM ACQOH NO NIIS3A SIMNSYSH dILUIJIY 304 ITYL FONVIYUA 40 SISATUNY

SISAIVNV IHOIAM IVWINV 40 X4VRRNS QATIVIZA ‘‘IONVHIAONINV-Z ‘Z-VA-9T INAWI¥AIXZ ‘42T T14Vl

69



.m'
100°>

‘S°N

JONVI14INOIS

a5z 'set

££6°val
295°501

£65hte°
635°¢9

10-39969€ "

0lLu¥-d

TUL0L

888 °bi
8051 °S
85°1£6
1£°291
8080°9

J¥YN0S
NY3Y

@0S°661 900 161 801°881 0BE°181 00p°921 @ov°v2l Ol

wioL '

9uB° 661 B809° 161 BOZ 6B PB9°6G21 08P 921 @PR°b2l & 2 1531
802°661 0UV° 261 BYO°6OI BBV £B1 09P 921 @89°'P2l & 1 041802
9 5 v 3 2 1 N 1SdNONS
Gl AU OT AYE 9 AUE £ Avd T AUQG 0 Aud
1SIIL
SNYM
2°£6%9 65 wioL
05°565 oy SdNO¥9 NI $123rans X SMIL
88252 S SdNOY¥9 X SMIL
S°JGob S SMIL
s g2t e S4NoA9 N1 $133rens
09009 ! SdnNoN9
SIUUNS HOa3INN .
40 unS 40 5333934 NOLLUI&UA 40 30¥n0S

SIVE TIVAEA 40 IHOTHM AC0H NO NOISIA SIWNSUSH dILUIJI ¥04 319YL IIMNVIAVA 20 SISATONY

SISATVNV IHOIAM 'IVRINV 40 XHVHWIS AATIVIAA “IONVHIFONIRV-Z ‘Z-VA-9T INIWIWFAXA °J2T F14VL

70



£€6°692

888°292
299°692

wiol

$8°252

'S°N  28260° . @8 shl
100°> @91°€S @SSl
) gz a8
S'N  £1069°  @a'eas

. YNS
m"!<u-=zc—m.n-hculm zc!

802 PEE 08062 BAG°ES2 POY BSZ @02°SEZ BOS°I1EZ 01 wi0L

PBZ°67E 9889°102 009°6vZ GBB 2T 0BZ°282 BOP°IEC S 2 1
B02°6EL 9N2°66Z 0BZ°'BSC DOB°ESC @VZ°EEZ BB9°1EE S | 04L
1S

9 s p £ 2 1 N
SIAUI OI AU 9AVI EAUD 1 AYd O Avd
1SMIL

12526 65 wioL

w1211 o SdNOY9 NI SLI3rans X SMIL
89°622 g SJN0U9 X SMIL
"25224 S SMIL
98529 8 SJN0N9 NI SLI3rans
80°06S i SNONY
SIS WDAIZNS

JOMS 40 533D HOLLUI¥GA 40 333008

$O1d VANIND TTVW 40 IHOTEM XA0S NO NIIS3Q SIMNSYI dALYIJIS Y04 ATBYL FONYIAUA 40 SISATUNY

SISATVNV LHOTEM 'IVHINV 20 X4VRRAS AFTIVIAA “IONVHLIONIHV-Z ‘Z-VA-%T INAHI¥AAXA °AZT 379Vl

71



££0°622

£eP 922
££9°62¢

™10L

. Pb1°662

‘St 882er’ 8s°921
100°> 929°2¢ ‘822N
. 8'65.2
S°N a9p9y * 6°6921

NS
JONVOIJINOIS eriU¥-4 NYd

00S°c82 692°2P2 BO2°BBZ BOAD°SIZ BA6°661 @B 961  O1 Wwiol

008° /222 BBB°9EZ BBP°9BC BU9°EIZ OB L6l BBZ°P6l S & 153L
892° 282 089°652 @00° 112 Bev°91Z @00°98Z 0e9°'86l S 1 T0¥LNOD

9 s

v £

(4 ! N 1SN0

Gl AUd O AUd 9 AUE E AYd 1 AV O AYd

*99£26
89611

85°2E9-

ZSE9S
‘9veee

§°6921 -

S3¥YNDS
40 uns

"'Qlﬂlﬂs

HOA3344
40 53339934

1ISMIL

WL0L

SdNOYI NI SLI3rans X SMIL
SdNo¥9 X SMIL

SMIL

SdNO¥D NI SLI3raens

SdNoYd

NOLLYINUA 40 328n0S

SO1d VANIND TIVHAA 40 LHOIEM X009 NONIISIA SIMSUSH AILYI4IN ¥0J ITGUL JINVINYA 40 SISATUNY

SISKIVNV IHOTAM 'IVHINV 40 AMVAHNS QFTIVIAQ "IONVHLAONIRV-Z ‘Z-VA-YT INEWI¥FAXd ‘T 14V

72



00> e (0> C8)>e O1°) (W)
L) ] »
S108°  Z20vS° o olis: Godr° gIs”  1we°  2600° oere’ INWA-4
st Y- °2’- 9 = L1 - X 4 €' £€f"- J14814¥18 ASAU-L
] ] s < S ] s $ S N
ot "2 s 'yt 128 E1°8l WS  »e'S2 oene 1S
s L ] L] S S S S S "
12 4l 6°2 $s° (-0 { B 7 N »e’e %'ty I5°08 0 0z WANDD TS 914 YINIM
. L ad
1oL pi2e° 1S’ 656" v 19%° J280° o9me° e62L° E L]
(4 2 92~ 40 LN " - ) si°- . erm %" - N111VAS 18302
s S L] < L L) L L] s N
91 1z s’ el of's Pecot 20018 €862 I s
$ s L] < s S S L) s L
st | T2 se’ g2°St 9I°S 109l el 12°Y 90T WULNDD T 91d YININY
L]
2816°  oefr” s’ 9S1° 009y Stet”  2We0° £ 1081 INTA-J
9= 29°1- S0°E- ;%'l- - 26°- <z’ 2= @80 14814V18 2331-4
$ s S L] L ] S S ] "
e 2 " e "’e ®g'y e 9 M4 s
$ L] L] S L] S S ] ] N
L ¢ LL M L e 't e e TN 26! WUINOT  ITAISY §nw
L] .
28 soe’ 12 4 AN MR Shp HSST SZEe° Seve’ A4
L 2 4 a8t 14N | a8°t s 9"~ €0 o2~  JLAS1AVAS 18214
] s S L] L L S 8 ] N
we  f2et (1} "'y ”we "ne 9 t9°¢ 0992 s
] S S L S L s ] L )
e eau a8 18°9 ot 'y % N 9°9%82 WALNDD E L uw
HITWS SEUNDT STUNTHEY NIVNE  AWWIH SANEIN  S3AIT  STNAT (S JNoud X3S e
AN
Lk

SISATVNV IHOTAM TVHINV 40 A¥VHHAS nu..=<hun “’IONVHIAONINV~-C ‘€-V3A-£7 INIWI¥AdXd °VET F14VL

(0001 %) DILU¥ INI1IN AGDE-OL-NUIN0 WU

73



'S'N AL

100" >d 8SE°19

‘S*N 18-36£255°
JONVDIAINDIS 011083

8es sze

£96°92¢
£E0°PTC

TwioL

gz ept
089°65
6°98.28
- £°SEE
o621

NIYNOS
NYM

008° 292 ©69° 162 001 622 POG 212 BBS°S61 08S°961 @1

8080°99¢Z 0992°9SZ 089°2Ee @cc.e—w 902°961 @90°9%61 S 2
889°69Z 808" L2 089°SZZ 9BZ°01Z 6BB°Y6T BBB°261 S |

S1 AUd 81 Avd

*£2209

8°624S
09°862
‘pE6ED
28981

ee‘eet -

SIAYNDS

40 HNS

v £

AU E AW

[ EELE
40 S3aNVIA

w108
1531
041N0)
2 i N 1540049
1 AYE 8 AV
1SIMIL
SHYZ
wioL
SAN0ND NI SL73rens X SMIL
SINOYY X SI]IL
SMIL
SIN0Y9 HI SL33raNsS

SdNoY9

NOLLYIdUA 40 3J¥N0S

SIVY FTVA 4O LHOIAM XA0¥ NO NIISIA SIUNSYIM dILYIJIN 804 IWBYL FINUIAUA 40 SISATUNY

SISKAIVNV IHOIAM 'IVHINV 40 A¥VHWAS (ATIVIAG “TONVHIAONINV-Z ‘€-VI-CZ INAWI¥3dXA °4€T1 A14vVL

74



ge1°cel

006°621
et ° 981

wioL

626°06

'S'N - p2les®  @@9°sv
100'>d vz v viez
s G 2ETL
S'N zzevs* es v19

AYNDS
HONVOIJINDIS O014b3-3 NY

099°S02 969°26! 000°£61 00I 621 098°021 085291 @I WioL

. 000°28Z 002°201 900°621 6PB°S21 800°291 QOP°891 S 153l

00Z°60C 000°B61 8PV°201 BBY°201 809°P21 009°991 & 1 W0ALNDD
9 s 14 £ Z 1 N 1SJN0AI
Sl AUQ O1 AUG - 9AUG EAUd 1 AYA 0 Avd
ISHIL

g 15 X4 6S Wi0L

8°6£9¢ 4 SdNDYY NI S1J73renS X SHIL
80 ez S SJIN0YI X SMIL
*2leel S SMIL
0°0016 e SJIN0AT NI SLI3rens
e5°v19 i SJINOAI
SIANDS (LU EELE)

40 WS 40 S33¥9M NOLLYIWUA 40 3JMN0S

SIVY A1VHId 40 IROTIAM X4OH NO NIISIC SIMNSUI GILUIIN Y04 I7GUL FINVIRUVA J0 SISATNY

SISATVNV LHOTIAM 'IVRINV 40 AMVRWNS QATIVIAA “TONVHIFONIWV-Z ‘€-VA-£¢ INAWIMAAXA °*O€T A19VL

75



NOTE

Tables 13D and 13E are not presented here, since a majority of the test
guinea pigs died during or after the exposure, and therefore the rate of

growth analysis was not performed.
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Diisopropylamine

Test animals were exposed to diisopropylamine vapor at concen-
trations ranging from 3.35 to 17.9 mg/l ir air (Table 14). At the
lowest level, nasal/lacrymal irritation, eye closure and dyspnea were:

present; but no deaths occurred and no irreversible lesions were observed
(Table 2 and 1S). During the intermediate level exposure, nasal/lacrymal
irritations, eye closure and dyspnea were present; oﬂe rat died and one

was found to have pulmonary congestion, inflammation hemorrhage and
edema. A few minutes after the exposure, a guinea pig died. Corneal
opacity was noted in one guinea pig 14 days post-exposure., At the
highest level, 21l animals died during the exposure with apparent respir-
atory distress. The histopathology of the rats revealed degeneration of
the proximal tubular epithelium and bronchial epithelium, while the
guinea pigs showed vacuolar degeneration of the hepatocytes as a common
lesion.

A summary of the statistically significant differences (a=0.05)
between the test and control groups.witﬁ respebt to total body weight
and organ-to-body weight ratios is included (Table 16).alon§ with more
detailedvsummaries of the results (Tables 17-19).
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NOTE

Tables 19B through 19E are not presented here, since all test animals
died during the exposure, and therefore the rate of growth analysis was

not obtainable.
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2-Diethylaminoethanol

Test animals were exposed to concentrations of 2-diethylamino-
ethanol ranging from 2.27 to 8.77 mg/l as a vapor or vapor-aerosol
mixture in air (Table 20). At the lowest level, nasal/lacrymal irri-

tation, dyspnea and tremors were observed; but no irreversible histo-
pathological lesions were found (Tables 2 and 21). The intermediate

level also produced nasal/lacrymal irritation, dyspnea, tremors and eye
closure. During the post-exposure interval, six rats developed corneal
opacities, all of which were subsequently judged to be reversible by the
histopathologist. At the highest level, nasal/lacrymal irritationm,
severe dyspnea and eye closure were observed during exposure. During
the post-exposure observation period, some rats had swollen, bloody
eyelids; and six rats developed corneal opacities. One rat died one day
post-exposure and was found to have reversible congestion of the lungs
and the heart which appeared to have caused death. Of those animals
submitted for histopathology, one rat was found to have an irreversible
ocular lesion, while another rat had a reversible ocular lesion. Also,
one rat had nephritis which would cause scarring.

Although all of the corneal lesions found in the test rats at the
intermediate level and all but one at the highest level were judged to

be reversible by the histopathologist, the occurrence of such lesions in
humans might be of sufficient consequence as to be considered a 'frank
effect"” in its own right,

A summary of the statistically significant differences (o=0.05)
between the test and control groups with respect to total body weight
and organ-to-body weight ratios is included (Table 22) along with more
detailed summaries of the results (Tables 23-25).
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Test Compound

Table 20

2-Diethylaminoethanol Atmosphere Analysis

Concentration:

Experiment No. 5-DEAE-1 13-DEAE-2 25-DEAE-3
Date 1-11-78 4-5-78 6-28-78 i
Attempted . '
Chamber Conc. | 2.02 mg/l S00 ppm | 8.07 mg/1 2000 ppm | 16.2 mg/1 ppm |
First Sample | 2.22 mg/1 549 ppm | 5.57 mg/l 1380 ppm | 9.42 mg/1 Ppm
Second Sample | 2.28 mg/l 564 ppm | 5.95 mg/1 1470 ppm | 9.61 mg/1 pPPm
Third Sample |2.32 mg/l 573 ppm | 6.07 mg/1 1500 ppm | 7.27 mg/1 pom
Mean 2.37 mg/l 562 ppm | $.86 mg/1 1450 ppm | 8,77 mg/1 ppm !
Std. Dev. 0.0503 mg/1 12.1 ppmj 0.261 mg/l 62.5 ppm | 1.30 mg/1 ppm
Coef. Var. 2.22% 2.15% 4.45% 4.51"5 14.8%
Aerosol Size Distribution:**
Experiment No. 25-DEAE-3
Impactor Stage No. ECD {um) Cum.%

1 5.03 - 100.0

2 3.20 100.0

3 1.98 44.0 |

4 1.22 0.0 i

5 0.76 0.0 '

6 0.48 0.0 |

7 4.30 0.0 l

Median Aerodymamic

Diameter (pm) 2.1
Gecmetric Standard :
Deviation 1.1 i

*Aerosol/vapor mixture, thus ppm definition not applicable.

**Vapor atmosphere anly, no aercsol analysis performed on Experiment No. 3-DEAE-1

and 13-DEAE-2,
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Ortho-Toluidine

Test animals were exposed to concentrations of ortho-toluidine
ranging from 0.490 to 2.27 mg/l in air as a vapor or vapor-aerosol
mixture (Table 26). The lowest level produced nasal/lacrymal irritation

and apparent skin irritation since test animals were scratching more
than control animals (Tables 2 and 27). The intermediate level produced

nasal/lacrymal irritation and eye closure in the majority of guinea pigs
within ten minutes. At the highest level, nasal/lacrymal irritation was
present primarily in guinea pigs along with eye closure. The only
irreversible lesion and death apparently related to exposure cccurred in

a guinea pig at the highest level; the lesion was acute pulmonary congestiocn.
Due to limitations of the atmosphere generation equipment available at

UBTL, no higher levels could be produced.

A summary of the statistically significant differences (o=0.05)
between test and control groups with respect to total body weight and
organ-to-body weight ratios is included (Table 28) along with more
detailed summaries of the results (Tables 29-31).

112



Test Compound Concentration

Table 26
Ortho-Toluidine Atmosphere Analysis Summary

Experiment No. 4-0T-1 11-07-2 26-0T-3 !
Date 1-18-7 3-22-78 7-5-78 |
Attempted E i 5
, Chamber Conc. | 0.369 mg/l 100 ppm ; 2.10 mg/l 500 ppm : 5.69 mg/1 R
% First Sample ] 0.456 mg/] 124 ppm F 1.45 mg/1 414 ppm 2.56 mg/1 . E
| Second Sample | 0.497 mg/1 135 ppm 10.960 mg/l 275 ppm | 2.92 mg/1 .
Third Sample | 0.516 mg/l 140 ppm 1.41 nmg/1 404 ppm  2.88 mg/1 . !
Mean 0.490 mg/t 133 ppm | 1.27 mg/1 364 ppm 2.79 mg/1 .
Std. Dev. | 0.0307 mg/1  8.19 ppm- 0.272 ng/1 77.5 pom. 0.167 mg/1 .«
Coef. Var. | 6.27% 6.16° 21.47 21.3% 7.06% - '
Aerosol Size Distribution:**
Experiment No. 26-0T-3
Impactor Stage No. ECD(un)_ . Cum.%
1 5.18 100.0 i
2 3.80 72.8 '
3 2.03 36.2 ;
4 1.26 4.7 .
S 0.78 0.9
6 Q.45 0.9
7 0.31 ¢.9
Median Aerodymamic !
Diameter (um) i 2.8
Geometric Standard l
Deviation ' 1.5

*Aeroscol/vapor mixture, thus definition of ppm not applicable.
**Vapor atmosphers only, no aeroscl distribution analysis performed on
Experiments 4-0T-1 and 11-0T-2.
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Ortho-Anisidine

Test animals were exposed to concentrations of ortho-anisidine
aerosol ranging from 0.0524 to 0.946 mg/l in air (Table 32). Little
effect was observed at the lowest and intermediate levels other than

nasal/lacrymal irritation (Tables 2 and 33). At the highest level,
nasal/lacrymal irritation was observed in both rats and guinea pigs and
focal emphysema was present in one of the rats at necropsy. Due to
limitations of the atmosphere generation equipment available at UBTL, no
higher levels could be produced.

A summary of the statistically significant differences (a=0.05)
between test and control groups with respect to total body weight and
organ-to-body weight ratios is included (Table 34) along with more
detailed summaries of the results (Tables 35-37).
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Table 32

Ortho-Anisidine Atmosphere Analysis

Test Compound Concentration:

Experiment No, S-0A-1 16-0A-2 27-0A=3
Date 1-25-78 4-26-78 7-12-78
Attempted . )

Chamber Conc. 0.030 mg/l 0.300 mg/1 1.00 mg/1
First Sample 0.0472 mg/1 0.273 mg/1 0.946 mg/1
Second Sample 0.0548 mg/1 0.299 mg/1 . 0.917 mg/1
Third Sample 0.0552 mg/1 0.286 mg/1 0.972 mg/l1
Mean 0.0524 mg/1 0.286 mg/1 0.946 mg/1
Std. Dev, 0.00451 mg/1 |- 0.0130 mg/l 0.0276 mg/l
Coef. Var. 8.60% 4.55% 2.92%

Aeroscl Size Distribution:*

Experiment No. 16-0A-2 27-0A-3

| _Impactor Stage No. ECD(um) Cum. % ECD(um) Cum.% |
1 5.64 IOQ.O 5.18 100.0
2 3.57 99.4 | 3.28 98.7
3 2.21 84.7 2,03 87.9
4 1.37 43.5 1.26 11.0
5 0.85 15.4 0.78 1.2
6 0.53 3.7 6.49 1.1
) 7 0.33 0.3 0.31 1.1
Median Aerodynamic
Diameter (um) 1.4 1.6
Geometric Standard
Deviation " 1.8 1.4

*Aerosol size distribution analysis not performed on Experiment No. 5-0A-l,
but an inline single stage impactor was used to remove larger particles prior
to mixing aerosol with the inhalation chamber intake sir.
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Para-Anisidine

Test animals were exp;sed to concentrations of para-anisidine
aerosol ranging from 0.0215 to 0.246 mg/l in air (Table 38). Little
effect was noted for the lowest, intermediate and highest levels of
exposure other than eye irritation in guinea pigs and generalized
depressed activity in all animals (Tables 2 and 39). No exposure related
irreversible lesions were found. Due to limitations of the atmosphere
generation ;quipment available at UBTL, no higher level could be produced.

A summary of the statistically significant differences (a=0.05)

between test and control groups with respect to total body weight and
organ-to-body weight ratios is included (Table 40) along with more
detailed summaries of the results (Tables 41-43).
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Table 38

Para-Anisidine Atmosphere Analysis

Test Compound Concentration:

Experiment No. 17-PA-1 30-PA-3 29-PA-2

Date 5-3-78 8-9-78 '7-26-78

Attempted

Chanmber Conc. 0,030 mg/1 1.00 mg/) 0.40 mg/1

First Sample 0,0121 mg/1 0.156 mg/1 0.143 mg/1

Second Sample 0.0291 ng/1 0.131 mg/1 0.297 mg/1

Thizrd Sampie 0.0234 mg/1 0.0998 mg/1 0.298 ng/l

Mean 0.021% ag/l 0.129 mg/1 0.246 mg/l

Std. Dev. 0.00865mg/1 0.0282 mg/1 0.0892 mg/1

Coef. Var. 40.22 21.9% 36.3%

Aercsol Size Distribution:*

Experiment No. 30-PA-3 29-PA-2

Impactor Stage No. ECD(pm) Cum. % 2CD(1m) Cum. %
1 ' 5.03 10¢.0 5.03 100.0
2 5.19 4.7 3.19 89.9
3 1.97 56.3 1.97 77.4
4 1.22 33.2 1.22. 50.¢C
5 0.76 16.3 0.76 35.5
§ 0.48 8.7 0.48 30.0
7 0.30 8.5 0.30 <8.5

Median Aerodynamic

Dismeter (um) 1.8 1.2
Geometric Standard
Deviation 2.3 2.1

*Asroscl size distribution analysis performed on Expariment No. 17-PArl
indicated that 80% of the collacted material ac stage #7 and 27% of the
collacted material ac scage #1, thus a log normsl distribuciom of

particle sisze was not preasant, but the majori £ part
appearad to be in the lub:l.cr:n siza rmi. £ of the icles
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Stibine
Test animals were exposed to concentrations of gaseous stibine
ranging from 0.125 to 1.43 mg/1 in air (Table 44). The lowest level did

not produce any untoward effects (Tables 2 and 45). At the intermediate

level, eye irritation and closure were present in rats and generalized
depressed activity was present in all animals. One guinea pig died one
day post-exposure, and four other animals had renal tubular dilation
and/or pulmonary inflammation lesions at necropsy. At the highest

level, generalized depressed activity was present in all animals, tremors
were present in guinea pigs and some rats exhibited dyspnea. Post-
exposure, seven rats and eight guinea pigs died; and several had lesions
such as pulmonary edema, intravascular gongestion, coagulopathy, and
pulmonary cengestion. In this case, there appeared to be an increase in
lesions with an increase in exposure level.

A summary of the statistically significant differences (a=0.05)
between test and control groups with respect to total body weight and
organ-to-body weight ratios is included (Table 46) along with more
detailed summaries of the results (Tables 47-49).
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NOTE
Tables 49B through 49E are not presented here, since a majority of the
test animals died shortly after the exposure, and therefore the rate of

growth analysis was not performed.
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Phosgene

Test animals were exposed to concentrations of gaseous phosgene
ranging from 1.72 to 64.2 ug/l in air (Table 50). At the lowest level,

no untoward effects were observed except that one guinea pig had pul-
monary scarring which may have been exposure-related (Tables 2 and 51).
The intermediate level produced depressed activity in all animals. One

rat died two days post-exposure and had pulmonary edema, while one
guinea pig had pulmonary inflammation which could cause scarring. At
the highest level, generalized depressed activity was present in all
animals. The rats showed nasal/lacrymal irritatioen and five rats were
in the lateral recumbent position by the end of exposure. Ten rats and
five guinea pigs died within two days post-exposure and the following
lesions were commonly fbuhd in those animals: pulmonary edema, conges-
tion and inflammation.

A summary of the statistically significant differences (a=0.05)
between test and control groups with respect to total body weight and
organ-to-body weight ratios is included (Table 52) along with more
detailed summaries of the results (Tables 53-55).
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NOTE
Tables 55B through 55E are not presented here, since a majority of test
animals died within a few hours after exposure, and therefore the rate

of growth analysis was not performed.
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Diazomethane

The animals were exposed to concentrations of gaseous diazomethane
(with ethyl ether) ranging from 20.0 to 122 ug/l in air (Table 56). At
the lowest level, no untoward effects were observed, while some depressed

activity was observed at the intermediate level (Tables 2 and 57). The

depressed activity could have been due mainly to the effect of the ethyl
ether present along with the diazomethane. The highest level produced
generalized depressed activity in all animals and some 'eye irritation in
" rats. One guinea pig was found to have pulmonary edema, congestion and
hemorrhage at necropsy. Once again, the depressed activity was probably
due mainly to the presence of ethyl ether along with the diazomethane.

To obtain additional information about the acute toxicity of diazo-
methane/ether atmospheres at higher levels, a pilot series of static
exposures was performed. Glass jars of one gallon capacity were used as
exposure chambers. For exposure, an animal was placed in the jar, the
1id was securely fastened, and an aliquot of diazomethane/ethyl ether
solution was immediately injected through a septum in the 1lid. All
exposures lasted 15 minutes. Five groups of four animals each (two guinea
pigs and two rats) were used in this series of experiments as shown in
Table 58.

At the end of 15 minutes, Groups I and 1I appeared normal, while
Groups III, IV and V all showed some ataxia or narcosis. However, the
narcosis and ataxia appeared to be due to the ethyl ethér, and all
groups appeared normal during the following 14 days.

This small pilot study was not intended to be definitive; however,
it suggested that much higher levels of diazomethane than those produced
thus far would be needed to produce acute toxicity. These higher levels
could not be achieved without concomitantly achieving levels of ether
which would possibly mask the effect of the diazomethane during exposure.
Also, the level of ethyl ether would be in the explosive range in air
and thus not appropriate for our exposure chamber systen.
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Thus, it was concluded that further attempts to produce toxic
manifestations with diazomethane/ether solutions should not be made in
our dynamic inhalation chamber system. An alternative would have been
to isolate the diazomethane as a gas and dilute it with air in a manner
similar to that used for phosgene. However, the potential danger of
explosion from isolated diazomethane precluded this approach.

A summary of the statistically significant (a=0.05) between test
and control groups with respect to total body weight and organ-to-body
weight ratios is included (Table 59) along with more detailed summaries
of the results (Tables 60-62),
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Table 36

Diazomethane Atmosphers Analysis

Diazomethane Concentration:

Experiment No,

7-DM-1 18-DM.2 28-DM-3
Date 2-15-78 5-10-78 7-19-78
Attexmpted

Chamber Conc. {14.5 us/l 10 ppm 290 ug/1 200 ppm 290 ug/l 200 ppm
First 5luplc 7.26 ug/l 5.0l pom | 21.5us/l 14,8 ppm | 116 ug/l  75.6 ppm
Second SamplaeilS.1 K8/l 10.4 ppm | 61.2us/l  42.3ppm | 144 ug/l  98.8 ppm
Third Sample |37.7 ug/l 26.0 ppa | 28.1 ug/1 19.4 ppm | 107 ug/l 73.4 ppu
Fourth Sample| - - 47.1u8/1 32.5 ppm - -
Mean 20.0 ¥s/1 13.8 ppm 39.5 ug/l 27.3 ppm 122 ug/l  83.9 ppm
Std. Dev. 15.8 us/l 10.9 ppm | 18.1 pg/l 12.5ppm | 19.3ug/l  13.2 ppn
Coef. Var. 79.0% 79.0% 45.8% 45.8% 15.8% 15.8%
Ethyl Ether Concentration:®*

Experiment No 7-DM-1 18-DM-2 28-DM-3

First Sample - - 7.87 ag/1 3080 ppm | 7.21 mg/l 2830 ppm
Second Sample} - - 10.5 =g/l 4110 ppm | 4.80 mg/l 1330 ppm
Third Sasple - - 8.30 mg/1 3250 ppm - -
Mean 0.357 mg/1 ~120 ppm 8.89 =g/l 3480 ppm 6.01 mg/1 2350 ppm
5td. Dav. - - 1.41 g/l $52 ppm | 1.70 ag/l 672 pram
Coeaf. Var. - - 15.9% 15.92 28.4% 28.52

#Zchyl ethar wes used as a solveat for tha diazomethane.
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Aroclor 1254

Test animals were exposed to concentrations of Aroclor 1254 aerosol
ranging from 0.559 to 348 ug/l in air (Table 63). The lowest level
produced no untoward effects, while the intermediate and highest level
produced some generalized depressed activity in all animals and some
squinting in rats (Tables 2 and 64). At the highest level, an apparently
exposure-related lesion of focal myocardial degeneration was found in a

male guinea pig. Due to limitations of the atmosphere generation equip-
ment available at UBTL, higher levels could not be produced; however,
the highest level produced was (348 pg/l), approximately seventy times
the IDLH level estimated by NIOSH (5 ug/l).

A summary of the statistically signifiéant differences (a=0.05)
between test and control groups with respect to total body weight and
organ-to-body weight ratios is included (Table 65) along with more
detailed summaries of results (Tables 66-68).

222



Table 63

Aroclor 1254 Atmosphere Analysis Summary

Test Compound Concentration:

! Experiment No, 6-ARO-1 15-ARO0-2 24-ARO-3
Date 2-1-78 4-19-78 6-21-78
Attempted
Chamber Conc. 5 ug/1 40 ug/1 400 Mg/l
First Sample 0.500 ug/l 54.6 ug/1 346 ug/l
Second Sample 0.661 4g/1 33.4 yg/1 331 ugfl
Third Sample 0.516 g/l 45.2 ug/1 366 ug/l
Mean 0.559 mg/1 444 ug/1 348 g1
Std. Daev. 0.0887 g/l 10.6 ug/1 17.6 ug/1
Coef. Var. 15.9% 23.9% . 5.06%

Aerosol Size Distribution:* '
Experiment No. 15-AR0-2 24-4R0-3
| Impactor Stage No. ECD (um) Cunm.% ua) Cum.%
1 5.64 100.0 5.78 100.0
2 3.58 97.8 3.66 76.3
3 2.22 82.3 2.27 53.2
4 1.37 43.4 1.4 28.1
5 0.84 24.3 0.87 13.2
6 0.53 1.2 0.55 3.5
7 0.33 4.3 0.34 0.7
Median Asrodynamic 7
Diameter (um) 1.6 2.2
Geometric Stm
Deviation 2.1

1.4
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