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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 uit of all animals concurrently. A~ the same

time, control animals were exposed to air lacking the test compound in a

similar, but separate, inhalation chamber. All animals were caged
I

separately during and after the exposures.

Samples of the test atmospheres were collected with chaTcoal 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-diethylaminoethanol, 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 5Ul+IARY

This project entailed the acute (30 minute) whole body inhalation

chamber exposure of &roups consisting of 10 rats and 10 guinea pigs.

each animal individually caged. with equal numbers of both sexes. to

various test compolDld concentrations in air. This work was performed by

UBTL lDlder contract to the National Institute for Occupational Safety

and aealth (NIOSH). The initial exposure concentration for each test

cOlDpolDld (estimated IDLH level) was stipulated in the contract. However.

subsequent test compolDld 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 compolDld concentrations

which will produce ''no effect". a "minimal effect." and a "frank effect"

in exposed test animals as defined 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 jrOss 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 14th 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 w~ 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 compolDld in the inhalation chamber

test atmosphere was monitored by appropriate analytical methods at

intervals during the exposure.

UBTL attempted to produce exposure vapor concentrations of several

liquid test compolDlds 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

1



Table 1

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

Exposure Effect Terminology

No Effect

Minimal Effect

Frank Effect

Definition*

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.

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.

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. Irreversible pathological lesions
3. Impaired escape ability during the

exposure.

* Letter dated August 22, 19"78, to William G. Yates, UBTL, from Trent R.
Lewis, NIOSH.

**Authors' insert per discussion with Richard W. Nie~eier, NIOSH Project
Officer, 15 February 1979. In determining th~ 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 ani.ls; however, multiple effects found in the same animal
were cOl.D1ted as only one effect.

2
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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 aerosols. Two
of these were produced at hip 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 compounds (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] QRTECS) 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.

7
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..

IN'mODUCTION

The UBTL agreed to perform inhalation toxicity tests in animals of

ten industrial compounds for NIOSH under Contract CDC~210-77-0048.

Background

The ind~trial 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 a 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

unava~lable· 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.

9



METIiODS

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 Tab~e 4. We acknowledge

the cooperation of those companies in supplying test compounds and

r.elevant product information.

Design and Operation of Inhalation Chambers
UBTL constructed two inhalation exposure chambers in 1976, 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 Control 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
feetl on a side, and contain a total volume of approximately ~260 liters

GS cubic feetl. One chamber is equipped with a sliding-drawer system

for rapid, concurrent insertion or removal of individually caged animals

(10 rats and 10 guinea pigs). This chamber is used to expose 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 atmosphe!es
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 ~leaned 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 (2Q-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 pr~5sure 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 (2l.loC,

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" 13302; 0 to ± 1 in H20) 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 electricaf 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 thre~

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-aminoethanol had a vapo~

saturation level below that for the estimated IOLH 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., NRPISY/CSC) with Teflon tubing.

The Teflon tubing (9.S mm 10 x 1.5 mm aD, 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 ~ource of compressed air

for initial dilutiOn of the compOWld vapor prior to entering into the
chamber intake line [5,S,9,lO,11].

The temperature of the glass vaporization tube was controlled by a

proportional 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 compolD1d container on a top loading balance (Mettler,

IP12l0N) 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 vapo~i-

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 maximum 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 maximum 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 shoulq 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 mainta4,ned be.low room temperature (IS-20°C) to prevent condensation

of vaporized phosgene in the metering system [S, 12] •

The dilution air rotameter and chamber airflow were adj usted to the

appropriate range and the phosgene supply rotameter was adjusted to

produce the desired concentration.

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&D)

in a glass reaction vessel as shown in Figure S, 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)C4H406·~20]

and 28 g sodium borohydride. The sodium borohydride was added to the

other ingredients last because som~ 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, UDTL, from
Trent R. Lewis, NIOSH.
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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 reaction 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 ~as maintained. The second and

third exposure levels were generated in a different manner since they

required the reaction of much larger 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 l.U1der 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 he generated as needed [15,16].
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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. Solution 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 desip as that used initially to generate stibine (see Figure

5). This apparatus was constructed with ground-glass-free parts (Clear­

Seal, Wheaton Scienitifi~ Company) to reduce possibility of explosions

that can be caused by contact of diazom~thane with around 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 l/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 ('\4°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. Durini the second exposure, 4 l/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

ertho-toluidine, 2-aminoethanol, and 2-diethylaminoethanol atmos­

pheres at their maximum vapor phase concentrations did not produce

sufficient toxicity. 'nlerefore, 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. 'nle

vaporization system was operated tmder the conditions which had previously

produced the highest vapor concentration of a given compotmd 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 compotmds were specified ~o be delivered as

aerosols (ortho-anisidine, para-anisidine and Aroclor-1254) [10,17,18].

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

nebulizer (De Vilbiss 1841) 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 (~.1-10 ~m 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). 'nle

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 1501) 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
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.J

impactor that t~e 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 produce "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., 'WOF-I) 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. '111is pulverized material was then sieved with a 250 pm mesh

sieve (Tyler '60) and then placed in the Wright dust feed apparatus

cylinder. '111e material was compressed with a force of "-600 psig. '111e

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· mate-rial. 'Ole 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 aerosol
neutralizer as· shown in Figure 11.

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 vessel through a particle filter into the ultrasonic nebu­

lizer apparatus (Figure 12) under a pressure of 60 psig. The temperature

of the filter and nebulizer was maintained at 150°C with a heating tape

element wrapped around them. This setup maintained the' melted para­

anisid:lne 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 chromatograpldc 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 t experiment number 3O-PA-3 was intended to produce a higher

atmospheric concentration than number 29-PA-2 t but a buildup of solidified

para-anisidine around the nebulizer orifice reduced the efficiency of

the nebulizer system 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 kDowD. volumes of atmospbare through adsorption tubes

(SKC Inc. 1226-09 or 1226-15) or midget impingers (Wheaton 175332)

containing an appropriate collection medium (Table 6). The volume of

atmosphere sampled was cOlltrolled by use of a vacuum sampling system.

(Figure 13) cODsisting of a rotameter equipped with a metering valve

(MathesOD #7632T-Y/603) t an activated charcoal and silica gel column t a

vacuum pressure relulator (Matheson 149)t and a laboratory vacuum pump

(Sargent Welch 11400). The. vacuum sampling system. flow (1/miD.) was

calibrated for a given rotameter setting by using a soap film flowmeter

(Alltech Associates Inc. 14047) and an electric timer (P.recision Scien­

tific 169230). The. total volume (1) sampled was calculated by multi­

plication of the sampling flow Cl/min) by the sampling interval (min)

[2l t 22 t 231.

Preliminau 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 hJld 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 tak~n 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· [5,23].

Samples of the more volatile compounds (phosgene, diazomethane,

stibine and diisopropylamirie) 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 arrangement 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 compouncl was estimated by dividing the amount of material
fO\.U1d in the first compartment by the total amount of compound found in

Doth the first and second compartments. The overall collection efficiency

was estimated by assuming the same collection efficiency fo~ 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 adde~ to the collection efficiency of the first compartment to yield

the overall collectioil 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 1201 continuous gas monitor was used to

monitor changes in the test atmosphere concentration before and during

the anial exposures. However, the HNU 1201 monitor was not a very

satisfactory 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].
Those atmospheres which were produced as aerosols were sampled with

a cascade impactor (Sandia Research Corporation, 5.0 l/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 version of one

designed by T. Mercer [25,26] and consisted of seven collection stages
•

each 'designed to accept a glass coverslip (22 IJDIl diameter) upon which

the test material particles were collected. After a sample had been

collected, the ·covers1ip of each stage and the final filter were placed

in a separate vial and eluted with an appropriate s91vent. The amount

of material collected on 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 (~m) a 1.257 X 103 'wS/F
where W• jet diameter in cm, F a volumetric flow in cm3/min, and BCD =
aerodynamic resistance cutoff diameter in 1JDl. The cumulative percent of

the amount of material found on each stage was plotted against the aero­

dynamic resistance cutoff diameter for each stage using logarithmic

cumulative probability paper to determine if the aerosol particles were

log~norma1ly 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 _jority 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 ~ere 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 liqu;d 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-Diethilaminoethanol

Impinger samples of diisOPr0pylamine on 2-diethylaminoethanol in

ethanol were transferred to volumetric flasks. ~ aliquot ~f internal

standard solution was added. and the samples were diluted to volume with

95\ ethanol. The primary and back-up impingers were treated as separate

samples to check for collection efficiency [31.32].
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Duplicate 5.0 ~l aliquots of each sample or standard, along with

2.0 ~l flush solvent, were injected into a gas chromatograph equipped

with a flame ionization detector Oiewlett-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

##335lA). Comparison of the peak area ratios (test compound/internal

standard) of the atmosphere samples with those of the calibration standards

was used for quantitation of the test compound [33,34,35]. The to~al

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

by the simi~ar 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. .~ 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 ~g 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 and 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

cuvet~es. The spectrophotometer (Coleman #54B) was set at 417 nm and

adjusted to 0.000 ~bsorbance 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 amoun~ 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 C"heaton Scientific 1223713

and 224222). The primary and back-up sections "ere kept separate and

COllection efficiencies were det~rmined 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 ~l aliquots of each sample or standard along with 2.0

~l of flush solvent were injected into a gas chromatograph equipped with

an electron capture detector (Hewlett-Packard #57508). The detector

responses were quantitated by peak area or peak height ratios. Comp~rison

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% HgC12 in 6N HCl, and a 5.00 ml

aliquot of this solution was placed in a 50 m1 volumetric flask and

diluted to volume with 6N Hel. Calibration standards were prepared in

the same manner from a stock solution of potassium antimony tartrate in

6% HgCl2 in 6N Hel such that 5.00 ml aliquots contained a range from 0

to 25 ~g antimony.

For analysis, 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

ma:tic pipette, 0.50 ml of O.lN 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 ml of n 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 o.on rhodamine 8 in 0.5N HCl was added to all

.samples, and each sample was ~horoughly 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 '548) at 565 nm [13,44,45,

46,47,48].

The absorbance values far calibration standards for each sample

were compared to determine the equivalent 8JDO\Dlt to stibine per 5.00 ml

aliquot. The total amount of stibine collected was then fO\Dld by multi­

plication by the appropriate dilution factor. The atmospheric concen­

tration was determined by division of the total test compo\Dld fO\Dld per

sample by the total volume sampled.

Phosgene

Samples from the first exposure of phosgene were collected with

impingers containin"g 15.0 ml of 0.25\ 4(p-nitrobenzyl) pyridine and 0.5%

phenylbenzylamine dissolved in diethylphthalate. The collection solution

was transferred to a cuvette, and the absorbance of each sample was

measured with a spectrophotometer (Coleman 548) 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 aclclition 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 [SO].

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 O.lN 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 O.lN sodium hydroxide

and adjusted to pH-4 with concentrated nitric acid. The potential

difference between a chloride ion selective electrode (Orion '941700)

and a double j\Dlction reference electrode (Orion '900200) was measured

with a millivolt meter O:ornine 1130 pH meter) for each calibration

standard and each atmospheric sample [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)

diss~lved in xylene. The benzoic acid was used for collection of high

concentration samples and p-nitrobenzoic acid was used for ~ollection 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 l1l 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 rate of.0.150 l/min. A 25.0 l1l 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 ~l 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 Ni63 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 diazomethane/ether 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 wa~ 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 diazo_thane 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 atmos~heres generated from

the gases, the Project Officer requested the comparison spectrophotometric

recordinis 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 of the electrode

appeared to be the same for both calibration standards and test atmospheric

samples. * . '

The chemical analyses provided the mass of material collected (mg

or ].Ig) from a given sample volume (1) of a test atmosphere. Thus, the

primary analysis data are in mgll or ].Ig/l, and the parts per million

ratio values (ppm) were calculated by multiplying the mgll or ].IgIl 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 mgll 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 Resul~s section of this report.

Project Safety

Due to the potential hazards associated with the compounds studied,

measures were tak~n 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 th~t 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.
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As additional precautions, hose-supplied compressed air respirators

were worn duri~1 inhalation chamber operation and gloves were "worn "when

handling the t.est aniuls 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 FarIIS,

German Town, New York. All animals were shipped by air carrier and

checked upon arrival for normalcy before being appropriately caged. All

incoming aniuls 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 environment.

The animal cages were cleaned and bedding was changed twice weekly.

All animals were caged separately du:'ing 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 200-2S0 g.

Exposure of Animals to Test Compound Atmospheres

Four, DIllticompartment stainless steel wire _sh 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 JUdnea pigs also placed alternately

in a different Jallticompartment cage. The test chaJDber was equipped

with a sliding drawer syst.. which allowed all 20 test animals to be

concurrently placed in the inhalation chuber (see Figures 14 and IS).

A similar group of control animals was placed in an inhalation chamber

having similar airflow, but without test compound atmosphere.
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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 su.arizedin Table 2 and are detailed· in the Results section

of this report•.

At the 8Dd of the 30 .bute e~osUre interv.l. the animals were

imIIIediately re-wed :froa the chaJibers and·examined for s~gns of toxicity

by obserVers. Later they were transferred to an animal holding room

where they .were observed and weighed before being placed in individual

cages for the post-exposure observation period (see Figure 16).'

The day of animal exp.osure was denoted as Day II. and the day of

animal necropsy was denoted as Day 115.

M

Male

(Sex)(Animal Cage I)
. in Group

1

Rat 11 of
Control GrouP

C

Control

R

Rat

1

. 1st Expt.

Example:

Explanation:

--
Weighing and Necropsy of Animals

In order to have an approximately even distribution of test animals

between test. and cont~1 poups- nth respect to weight. the following

procedure-. desiped by Jolm· A. Burkart. Ph.D•• UBTL Biostatistician. was

used on the" day prior to aD:ma1 exposure.. At least ten am.mals of a

given species and· sex were weighed (example. 13 male rats). Next •. the

body weipts of those ten animals having body weights nearest the mean

of the weiaht range were ranked in pairs by deCreasing weight. One

animal of each pair was rand01l1y selected to serve as a control. and the

other member of the pair served as a test animal. Thus. each test

animal had a corresponding c~trol animal of similar weight. The process

was repeated until all four groups of animals had been randomized with

respect to weight. At this timit. 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 nuJlber· for a given animal throughout the remaining data

. gathering processes. as. .shown below:

Coding: (Expt. I) (Species) (Usage)
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All animals were weighed on the day prior to their inhalation

chamber exposure. Then, they were all weighed iDllllediately after the

exposure, and again 2 days, 5 dayS-, 9 days, and 14 days after exposure.

All animals were observed daily for signs of toxicity, and those

anials found dead yere placed in a- refrigerator UDtil necropsy could be

performed.

All surviving test and control animals were necropsied 14 days

after exposure. On the day of necropsy, a given animal was sacrificed

with an overdose of ethyl ether. Then, the animal was weighed, dissected,

and examined &ross1y for pathological lesions. The following whole

organs were removed and placed: in 10\ neutral buffered formalin: kidneys,

adrenals, spleen, gonads, 11mls, heart, liver, and brain. After at

least- 48 hours, the organs wera trilmted and weighed. The paired organs

were weiped togeuer ~ther than separately. Also, gonads refer to"

both the testes aDd the epididymides in _les and both ovaries and the

uterus in females. 'l1le orlan. specimens of three test and three control

animals per sex per species _per exposure level were sent out for histo­

pathological exnination.. and the regining specimens were stored for

possible future evaluation. 'lbus for a given experiment, 12 test animal

speciJlens ad 12 control a i -l spec~s 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 histologist

at Intermountain Laboratories, Midvale, Utah; and the prepared slides

were read by Kent R.. Van ICampen, DVM, Ph.D, Veterinary Pathologist. Dr.

Van 1CaDIpen. has had several years of experience in evaluating histopatho­

logical lesions. in roc:lents and he is board certified by the American

College of Veteri~ry Pathologists. Dr. Van lCampen indicated on the

histopathology ~ort 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 Biosutistician. Dr. Burkart and his assistant

made comparisons -of organ-to-body weight ratios (at the tiM of necropsy)

between control and test auiJDal groups, using Student's t-test. - In

addition, weight. changes cluring the post-exposure interval were computed

by subtracting pre-eJSPosure weight frca 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 dau are shown in the SUIIIII&rY tables in th~

Results Section of 'this report.

Project Schedule

Dur~g ~e first exposure of each test compound, we attempted to

produce & concentration. near the IDLH values estimated by NIOSH; but in

some cases.. actual exposure concentrations were ei'ther higher or lower.

The second and ~rd. exposure concentration levels for a given cc.polDld

were based on the effects observed in test aniuls and histopathology at

"the initial exposure concentration, OIl the toxicity data available &0­

previous studies -.de by other investigators, and 'the exposure level

catagorization criteria. UBTL personnel discussed the results of each

exper~nt with the Project Officer and followed his recoallendations 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 deteraiJ1e

conclusively, however, death was readily verified at the end of the

exposure when the animals were removed froJI the chamber.

51



•

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 fotmd 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

c01llpOUDd 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. clue t~ 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 ani_Is would appear not to- move during the exposure. but upon

removal froa the chaIIber, they would iJmIediately resume essentially

normal activities. Thus in such cases. no impaiment of the ability to

escape was" consider.c.t 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 stimulus 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.

AniJl&1s which were ataxic. narcotic. dead or otherwise unable to move in

a normal manner imIIediately after the exposure were considered to have

an impai1'MJ1t of the- ability to escape.
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RESULTS

A brief Sl.DIIDIary of the experimental results is shown in Table 2 of

the Introductory SuaDary. This RESULTS section presents additional,

more detailed data not shown in the Proj ect S1.DIIIIII.1"Y (Table 2) on chemical -.

analyses, observations used to verify the impairment of ability to

escape in test animals, ani.] deaths, irreversible histopathological

lesions, aBd tJw differences between control and test animal organ and

body weight data.

In order to facilitate comparison, experimental data for a liven

test compound are listed in increasing order of exposure concentration•

The data for each compound are listed in tabular form in the following

order: SWIIIIIary of chemical analyses, SUJIIIIIIIry of exposure data used to

categorize the type of effect, and S1DIIIIIL1i.es of the differences .between

test- and control animal weight data.

S3 '.



•

2-Aminoe'thanol

Test· animals were exposed 'to 2-aminoe'thanol at concen'tra'tions

ranging frOID 0.346 to 0.887 mg/l either as a vapor or vapor-aerosol

mixture in air (Table 7). Only ~ minor response was observed at 'the

lowest and intermediate leveis, while the highest level produced ataxia

and dea'th of seven guinea. pigs during exposure and dea'th 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 in'termedia'te

level.

A 5Umm&ry of the sta'tis'tically significant ·differences (a-O.OS)

be'tWeen 'the test and. control groups with respect to 'total body weigh't
. .

and organ-to-body weight ratios is included (Table 9) along with more

detailed summaries of the results (rabIes 10-12) •

."

"
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!!m.

Tables 13D and 13£ are not presented here, since a majority of the test

guinea pigs died· during or after the e%posure, and therefore the rate of

growth analysis was not performed.
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Diisoproprlamine
Test animals were exposed to diisopropylamine vapor at concen­

trations ranging from 3.35 to 17.9 mgll in 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 15). During the intermediate level exposure, nasal/lacrymal
irritations, eye closure and dyspnea were present; one 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, all 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 cOJlllllOn
lesion.

A summary of the statistically significant differences (a-O.OS)
between the test and control groups with respect to total body weight
and organ-to-body weight ratios is included (Table 16) alonOg with more

detailed summaries of the results (Tables 17-19).
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Tables 19B through 19E are not presented. here, since all test animals

cHed during the taposura, and therefore the rate of growth anal.ysis 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 nasai/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, nasai/lacrymal irritation,

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 fo~~d 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 (a=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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Table ~o

2-Diethylaminoethanol Atmosphere Analysis

Test Compo\D1d Concentration:

Experiment No. 3-DEAf-l l3-DEAE-2 25-DEAE-3 I
Da'te 1-11-78 4-5-78 6-28-78

,
I
I,

A'ttempted
I

Ch~ber Conc. 2.02 mill 500 ppm 8.07 mill 2000 ppm 16.2 mill * ppm

First Sample 2.22 mill 549 ppm 5.57 mill 1380 ppm 9.42 mgll * ppm

Second Sample 2.28 mill 564 ppm 5.95 mill 1470 ppm 9.61 mgll * ppm
,

Third Sample 2.32 mill 573 ppm 6.07 mgll 1500 ppm 7.27 mgll * ppm

! Mean 2.27 mgll 562 ppm 5.86 mgll 1450 pp1lI 8.77 mgll * ppm I

I Std. Dev. 0.0503 mgll 12.1 ppm 0.261 mgll 62.S ppm! 1.30 mgll * ppm

i
-

iCoef. Var. 2.22\ 2.15% 4.45\ 4.31"; 14.8\ *! I ;

!

Aerosol Si:e Distribu'tion:**

Experiment No. 25-DEAE-3 IIDlDactor Stasre :-:0. ECD l'.um) Cum.'.;
i

1 5.03 100.0 i
I

I
2 3.20 100.0 i

3 1.98 44.0 i
i

4 1.22 0.0 I
5 0.76 0.0 I
6 0.48 0.0 I
7 0.30 0.0 !

I

I !

Median Aerodynamic iDiameter (pm) 2.1

Geometric Standard
Deviation 1.1 ,,

*Aerosol/vapor mixture, thus ppm definition not applicable.
**Vapor atmosphere only, no aerosol analysis performed on Experiment ~o. 3-DEAE-l

and l3-DEAf-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 occurred in

a guinea pig at the highest level; the lesion was acute pulmonary congestion.

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.OS)

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).

llZ



Table ::6

Ortho-Toluidine A~mosphere Analysis Summary

Tes~ Compound Concen~ra~ion

ExperimeD~ No. ~

Da~e 1-18-7

A~ulllpted I0.369 mallChalllber CODC.

Firn Sample 0.456 mall

Second Sample 0.497 mall

Third SUlpl. 0.516 mgll

Mean I 0.490 mall

Std. Dev. i 0.0307 mall

Coef. Var. I 6.27\

11-01-2 26-01-3

3-22-78 7-5-78
!

100 ppm 2.10 JIIall 500 ppm 3.69 JIIall

124 ppm 1.45 oa/l 414 ppm 2.56 mall

135 ppm : 0.960 aa/l 275 ppm 2.92 mall

140 ppm f 1.41 mall 404 ppm 2.88 mall

133 ppm 11.27 JIIa/l 364 ppm 2.79 mall

8.19 ppm' 0.272 mall 77.5 ppm, 0.197 :ngll

6.16', 21.4°) 21.3~; 7.06".

ppm

*

*

*

*

*

*

I

I

Aerosol 5ize Dis~ribu~ion:**

Experiment No. 16-01-3

IMnac~or StaRe So. ECD(\IlII) . Cum.'
I

1 5.18 100.0 i,
2 3.80 72.8

3 2.03 36.2 ,

4 1.26 4.7

5 0.78 0.9 ;

6 0.49 0.9

7 0.31 0.9 :

I :
Median Aerodynamic

Diameter ()1m) ! 2.5

Geom.~ric Standard I

D.via~ion i 1.5 -
*Aeroso1/vapor mixture, thus definition of ppm not applicable.
**Vapor a~mosph.r. only, no aerosol dis~ribution analysis performed on

Expftimen~s 4-OT-1 and 11-01-2.
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Ortho-Anisidine

Tes~ animals were exposed ~o concen~ra~ions of ortho-anisidine

aerosol ranging from 0.0524 to 0.946 mgll in air (Table 32). Little

effec~ was observed a~ the lowest and intermediate levels other than

nasal/lacrymal irrita~ion (Tables 2 and 33). At the highest level,
nasal/iacrymal irrita~ion was observed in both rats and guinea pigs and

focal emphysema was present in one of the rats at necropsy. Due to

limi~ations of the atmosphere generation equipment available at UBTL, no

higher levels could be produced.

A summary of the s~atistically significant differences (a-0.05)

be~ween test and control groups with respect to total body weigh~ 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

~ho-Anisidin. AtllOsphere Analysis

Test CO!!Ilouncl Conc:entration:

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

Date 1-25-78 4-26-78 7-12-78

Attempted
0.300 millChamber Conc:. 0.030 mill 1. 00 mg/1

First 5aIIp1e 0.0472 -ill 0.273 mill 0.946 mgl1

Second Sulpl. 0.0548 -ill 0.299 mill 0.917 mg/1

Third Sapl. 0.0552 mg/l 0.286 mg/l 0.972 mg/1

Mean 0.0524 -ill 0.286 mill 0.946 mgl1

Std. Dey. 0.00451 ml/1 0.0130 mill 0.0276 ml/1

Coef. Var. 8.60\ 4. 55's 2.92%

Aerosol Size Distribution:-

Experu.nt No. 16-0A-2 27-0A-3

IlIIDac:tor Stalle No. ECD(lJII} CUll. \ ECD(lIJI) CUll. \

1 5.64 100.0 5.18 100.0

2 3.57 99.4 3.28 98.7

S 2.21 80.7 2.03 87.9

4 1.-S7 43.5 1.26 11.0

5 0.85 15.4 0.78 1.2

6 0.53 3.7 0.49 1.1

7 0.33 0.3 0.31 1.1

Median Aerodynamic:
Diameter Cpa> 1.4 1.6

G.ometric: Stanclard
Deviation 1.8 1.4

·Aeroso1 size distribution analysis not perform.d on Experiment So. 5-0A-1,
but an in1in. sinlle stage impac:tor was used to remove larger particles prior
to mixing aerosol with the inhalation chamber intake air.
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..

Para-Anisidine

Test animals were exposed to concentrations of para-anisidine

aerosol ranging from 0.0215 to 0.246 mgll in air (Table 38). Li~tle

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 equipment available at UBTL, no higher level could be produced.

A summary of the statistically significant differences (aaO. 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 CO!!pOW!d Concentration:

ExperiJlent No. 17-P:\-1 30-PA-3 29-PA-2

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

Att8lllpted
0.030 IIi/I 0.40 111/1Cwlber Cone. 1.00 IIi/I

First Sallp1e 0.0121 IIi/I 0.156 IIi/I 0.143 11./1

Second S&lllple 0.0291 111/1 0.131 11./1 0.297 111/1

Third Sample 0.0234 111/1 o. 0998 III!1 0.298 111/1

Mean 0.0215 111/1 0.129 III/I 0.246 11./1

Std. Dev. 0.00865111/1 0.0282 IIi/I 0.0892 IIS/1

Coef. Var. 40.2% 21.9% 36.3\

Aerosol Size Distribution··.
Experaent No. 30-PA-3 29-PA-2

IlIDactor Sta2e No. ECD(J,Ia) CUll.' CUll.'

1 5.03 100.0 5.03 100.0

2 3.19 74.7 3.19 89.9

3 1.97 59.3 1.97 77.4

4 1.22 33.2 1.22 50.0

5 0.76 16.3 0.76 35.5

6 0.48 9.7 0.48 30.0

7 0.30 8.5 0.30 28.5

Median Aerodynuic
DiaMter (UII) 1.8 1.2

Geometric Standard
Deviation 2.3 2.1

*Aaroeol dae d1.tr:Lbut1oD. aaly81. perlo~d OIl bpan.ct No. 17-PAr-l
:l.Dtl1catad that 80% of the collacted ..tarial. at .tap #7'ad 27% of tha
c:ollectad ..tanal at .tala 11. tlwa a 101 DGraal d1str:Lbut101l of
particla 81aa ".. Dot pr...Dt. but the _joriey of tha p&ft1cl..
appearH to be :I.D the aubld.CroD aiae r....

151



.:
l­
S-I
J

......
A..•.:..
:
I..
!
A

1..
:II..
.:....
~

!
.:
o....
:.
1..,
l!
I..
!...•..-

N

e
i•o..
1..
.:e

:

;..
!-o
I..
1..
i

...-I'

..
I

~
~...

......
-4
N

I...

.0

1•
~1..
0"..­....
Be..
tol•
Ii
... 0 •a. ....
-8.....-.....AO"_ .. 0....

:i: 8
>.A ..
o..

•...
I

~..

z;
•

•...
I...
I

'"

­I
~

I...-

-l

.:..­..e
1
~

l

.!..
=...;
~

~

.!..
!......

•....
:I

J...
o

!....•.=
..
!
]
o

: ij-'" -..... ..
• "0
~at
00- ..
Q!II ..
-'I-
i­
':0.-...~
0­...........-0&
1=e...

"0.­.... I
~.2i=•.!:.
-I-
I~ I_ 0_

~ ~

....
~.........o
!
•.:..:
5
s
1=....
!......
e
~

~
:;I

152



T
ab

le
40

P
ar

a-
A

ni
si

di
ne

S
u.

aa
ry

o
f

S
ta

ti
st

ic
al

ly
S

ig
n

if
ic

an
t

D
if

fe
re

nc
es

B
et

w
ee

n
T

es
t

an
d

C
on

tr
ol

G
ro

up
s

T
ot

al
O

rg
an

-t
o-

B
od

y
D

at
e

E
xp

er
ia

en
t

,
C

on
ce

nt
ra

ti
on

Bo
dy

W
ei

gh
t*

W
ei

gh
t

R
at

io
s*

·
,

.

t: w

5-
3-

78
l7

-P
A

-l

8-
2-

78
30

-P
A

-3

7-
26

-7
8

29
-P

A
-2

0.
02

15
ag

/l

0.
12

9
ag

/l

0.
24

6
ag

/1

No
si

g
n

if
ic

an
t

d
if

fe
re

n
ce

fo
un

d.

No
si

g
n

if
ic

an
t

di
ff

er
en

ce
fo

un
d.

BW
A(

+)
PG

AB
W

(+
)F

G

S
pl

ee
n

(-
)P

R

L
iv

er
(+

)P
R

K
id

ne
y

(+
)P

R
H

ea
rt

(-)
M

G

A
dr

en
al

(+
)F

R
,

(-
)F

G

*
A

bb
re

vi
at

io
ns

:
BW

A
•

Bo
dy

w
ei

gh
t

at
au

to
ps

y
AB

W
•

C
ha

ng
e

in
bo

dy
w

ei
gh

t
po

st
-e

xp
os

ur
e

M
•

M
al

e
P

•
F

ea
al

e
R

•
R

a
t

G
=

G
ui

ne
a

pi
g

(-)
=

T
es

t
gr

ou
p

le
ss

th
an

co
nt

ro
l

gr
ou

p
(+

)
•

T
es

t
gr

ou
p

ao
re

th
an

co
nt

ro
l

gr
ou

p
(±

)
=

V
ar

ia
bl

e
di

ff
er

en
ce

s
be

tw
ee

n
te

st
an

d
co

nt
ro

l
gr

ou
ps

ob
se

rv
ed



".

T
A

B
L

E
4

1
A

.
E

X
PE

R
IM

E
N

T
1

7
-P

A
-l

.
P

A
R

A
-A

N
IS

ID
IN

E
.

D
E

T
A

IL
E

D
SU

M
M

A
RY

O
F

A
N

IM
A

L
W

E
IG

H
T

A
N

A
L

Y
SI

S

rE
M

O
R

G
A

H
-m

-IO
D

Y
Io

El
liH

T
RA

TI
O

(a
e

11
1I

)

A
H

lt
a

&E
X

GR
OU

P

rE
M

Io
EI

G
H

T
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

(G
RA

I1
S)

LU
HG

S
LI

V
ER

Ie
ID

HE
VB

HE
AR

T
BR

A
IN

AD
RE

HA
LS

liO
HA

DS
SP

LE
EN

IA
TS

..
..

.E
CO

HT
RO

L
2

9
9

.'
'.

5
3

3
8

.'
2

1.
12

3.
31

6.
15

.I
i

13
•
•

I.
..

.
N

5
5

5
5

5
5

5
5

5
lE

ST
29

6.
2

8
.1

"
31

•
•

7.
18

3.
29

6.
11

.I
i

13
.8

5
2
..

..
N

5
5

5
5

5
5

5
5

5
T

-l
E

ST
ST

A
TI

ST
IC

-.
6

"
.3

3
-I

."
.1

6
-.

5
6

.1
1

-.
2

6
,.

1
1

.6
2

P-
Y

A
LU

E
.5

48
3

.
1

.
.3

...
.9

.8
76

8
.5

88
1

.9
15

9
.1

99
"

.2
14

5
.5

52
9

RA
TS

fE
ra

E
CO

NT
RO

L
21

2.
6

II
.
•

31
.2

1
i
.e

3.
87

..
..

3
.2

'
3

.2
'

2.
61

N
5

5
5

5
5

5
5

5
5

lE
ST

2
1

1
.'

11
.4

2
37

.8
8

i.
2

5
3.

98
8

."
5

.2
1

3.
27

2.
13

H
5

5
5

5
5

5
5

5
:5

T
-l

E
ST

ST
A

TI
ST

IC
-.

1
5

-1
.1

2
.4

3
-.

6
8

.4
6

.1
5

-.
2

7
.1

3
-2

.5
5

P-
Y

flL
U

E
.M

2
.3

35
8

.6
15

"
.5

14
4

.6
57

3
.9

58
3

.7
9.

.9
.9

11
7

.1
34

2 *
t: -II

-

IiU
ltl

EA
P

il
i

ra
E

CO
NT

RO
L

31
7.

2
9.

13
..

.9
9

8.
13

..
..

.1
11

.6
1

.3
2

1.
11

1.
13

H
5

IS
IS

IS
IS

IS
5

IS
IS

lE
ST

3
I1

.i
9

."
"1

.2
1

8
."

".1
6

11
.3

9
.3

5
3.

23
1.

11
H

5
5

IS
IS

5
IS

IS
IS

IS
T-

TE
ST

ST
A

TI
ST

IC
-1

.1
2

.2
8

.1
6

1.
13

-1
.1

2
1.

48
.4

6
.3

8
.5

2
P-

Y
A

LU
E

.3
39

1
.7

85
7

.9
53

1
.2

98
7

.3
35

5
.1

77
2

.6
54

3
.1

12
6

.6
18

5

IiU
IH

EA
PI

G
FE

fIl
LE

CO
NT

RO
L

28
6.

8
11

.7
1

43
.3

1
8.

16
4.

72
11

.5
8

.4
1

2.
69

1.
21

N
5

5
5

5
5

5
5

5
IS

lE
ST

28
6.

1
18

.9
5

42
.9

9
7.

91
4.

28
11

.6
4

.4
3

3.
15

1.
11

N
5

5
5

5
5

5
5

5
5

T-
TE

ST
ST

A
TI

ST
IC

-.
8

7
-.

8
3

-.
1

1
-.

4
6

-1
.4

5
.2

5
.5

5
.8

5
-.

9
1

P-
V

A
LU

E
.9

49
5

.4
31

6
.9

16
2

.6
59

1
.1

86
2

.8
11

9
.5

95
3

.4
22

5
.3

91
8

(*
)

<
.1

8
*

<
.8

5
..

<.
11

**
*

<.
88

1



.
.
.
.
.

J

TA
B

LE
41

B
.

EX
PE

R
IM

EN
T

l1
-P

A
-l

,
PA

R
A

-A
N

IS
ID

IN
B

,
D

ET
A

IL
ED

SU
M

M
AR

Y
O

F
A

N
IM

A
L

W
BI

G
H

T
A

N
A

LY
SI

S

.
AH

Al
'w

'SI
S

OF
VA

RI
AN

CE
TA

BL
E

FO
R

RE
PE

AT
ED

tE
A

SU
RE

S
DE

SI
GH

ON
BO

DY
W

EI
G

H
T

O
F

M
AL

E
RA

TS

..
III

SO
UR

CE
O

F
VA

R
IA

TI
ON

DE
GR

EE
S

OF
FR

EE
DO

M
SU

M
OF

SQ
UA

RE
S

tE
A

H
F-

RA
TI

O
SI

G
IIF

IC
A

N
CE

SQ
UA

RE

GR
OU

PS
I

35
.5

88
35

.5
88

.3
23

28
N

.S
.

SU
BJ

EC
TS

IH
GR

OU
PS

8
97

8.
58

18
9.

81
T

ltE
S

5
68

13
9.

12
82

8.
18

99
.7

P
<

.0
01

T
ltE

S
)(

GR
OU

PS
5

63
.8

88
12

.6
88

1.
15

28
N

.S
.

T
ltE

S
)(

SU
8J

EC
TS

IH
GR

OU
PS

·4
8

43
7.

58
18

.9
37

.... \I
I

lO
TA

L
59

61
55

3.
\I

I

tE
A

H
S

T
ltE

SI
·

DA
Y

8
DA

Y
I

DA
Y

3
DA

V
6

DA
V

18
DA

V
15

I
5

.
28

9.
68

8
21

2.
48

8
22

1.
68

8
25

1.
28

8
21

8.
68

8
29

3.
88

8
2

5
28

9.
28

8
21

2.
68

8
22

1.
28

8
25

1.
48

8
21

4.
88

8
29

8.
28

8

18
28

8.
98

8
21

2.
58

8
22

1.
48

8
25

1.
38

8
27

2.
38

8
29

5.
68

8

GA
OU

PS
I

CO
HT

RD
L

TE
ST

lO
TA

L

H
I

2
3

4
5

6
lO

TA
L

24
3.

98
8

24
5.

43
3

24
4.

66
7



,..

TA
BL

E
41

C
.

EX
PE

R
IM

EN
T

I1
-P

A
-l

.
PA

R
A

-A
N

IS
ID

IN
E

.
D

ET
A

IL
ED

SU
M

M
AR

Y
O

F
A

N
IM

A
L

W
EI

G
H

T
A

N
A

LY
SI

S

AN
AL

YS
15

OF
YA

R
lA

NC
E

TA
Bl

E
FO

R
RE

PE
AT

ED
tE

AS
UR

ES
DE

SI
GH

ON
BO

DY
·W

EI
G

H
T

O
F

FE
M

A
LE

RA
TS

SO
UR

CE
OF

VA
RI

AT
IO

N
DE

GR
EE

S
OF

FR
EE

DO
M

Sl
JI

1
OF

SO
UA

RE
S

tE
A

H
F-

RA
TI

O
SQ

UA
RE

SI
GN

IF
IC

AN
CE

GR
OU

PS
I

32
.8

88
32

.8
88

•7
49

41
E

-I
l

N
.S

.
SU

BJ
EC

TS
IH

GR
OU

PS
8

34
16

.1
42

7.
88

"t
;:

T
ltE

S
•

5
57

76
.5

11
55

.3
37

.4
64

P
<

.0
01

CJ
\

T
ItE

S
)(

GR
OU

PS
5

35
.5

88
7.

18
88

.2
38

24
N

.S
.

T
ltE

S
)(

SU
BJ

EC
TS

IH
GR

OU
PS

48
12

33
.5

38
.8

38

TO
TA

L
59

18
49

3.

tE
A

H
S

T
ltE

SI

DA
Y

I
DA

Y
I

DA
Y

3
DA

Y
,6

DA
Y

.1
·D

AY
15

GR
OU

PS
I

H
I

2
3

4
5

6
TO

TA
L

CO
HT

RO
L

•
5

IB
8.

68
8

17
9.

88
8

18
4.

48
8

19
1.

68
8

19
9.

88
8

28
6.

68
8

19
8.

46
7

TE
ST

2
5

17
9.

68
8

\7
7.

88
8

18
3.

88
8

19
2.

88
8

19
6.

48
8

28
4.

48
8

18
9.

88
8

TO
TA

L,
18

18
8.

18
8

17
8.

48
8

18
4.

18
8

19
2.

28
8

19
8.

18
8

28
5.

58
8

18
9.

73
3



.,

TA
BL

E
41

D
.

EX
PE

RI
M

EN
T

1
7

-P
A

-l
.

PA
R

A
-A

N
IS

ID
IN

E
.

D
ET

A
IL

ED
SU

M
M

AR
Y

O
F

A
N

IM
A

L
W

EI
G

H
T

A
N

A
LY

SI
S

A
H

A
L'

r'S
IS

OF
V

A
RI

A
N

CE
TA

BL
E

FO
R

RE
PE

A
TE

D
tE

A
SU

R
ES

D
ES

IG
H

O
R

BO
DY

W
EI

G
H

T
O

F
M

AL
E

G
U

IR
EA

PI
G

S

"
..

....
.

SO
UR

CE
OF

VA
R

IA
liO

H
D

EG
RE

ES
O

F
FR

EE
DO

M
SU

N
OF

SQ
U

A
RE

S
M

EA
N

F-
R

A
TI

O
SI

G
N

IF
IC

A
N

C
E

SQ
UA

RE

GR
OU

PS
I

18
7.

88
18

7.
88

.1
37

58
N

.S
.

SU
BJ

EC
TS

IH
GR

OU
PS

B
62

25
.5

77
B

.1
9

li
tE

S
5

61
27

8.
12

25
6.

18
8.

44
.

P
<

.0
01

...
li

tE
S

)(
GR

OU
PS

5
.

75
B

.5
8

15
1.

78
2.

33
25

N
.S

.
V

I ...,
li

tE
S

)(
SU

BJ
EC

TS
IH

GR
OU

PS
48

26
81

.5
65

.8
3B

TO
TA

L
59

78
97

1.

M
ER

ItS

TI
M

ES
:

DA
Y

8
DA

Y
I

D
A

Y
·3

DA
Y

6
DA

Y
18

DA
Y

15

GR
OU

PS
:

H
I

2
3

4
~

6
TO

TA
L

CO
HT

RO
L

1
5

22
4.

68
8

22
8.

48
8

24
6.

88
8

24
8.

88
8

38
5.

28
8

38
2.

88
8

25
8.

18
8

TE
ST

2
5

22
7.

28
8

22
3.

48
8

23
5.

68
8

25
5.

48
8

29
3.

B
88

29
7.

28
8

25
5.

43
3

TO
TA

L
18

22
5.

98
8

22
1.

9B
8

24
1.

28
8

25
2.

18
8

29
9.

5B
8

38
8.

8B
8

25
6.

76
7



TA
BL

E
41

E
.

EX
PE

R
IM

EN
T

1
7

-P
A

-l
.

PA
R

A
-A

N
IS

ID
IN

E
.

D
ET

A
IL

ED
SU

M
M

AR
Y

O
F

A
N

IM
A

L
W

EI
G

H
T

A
N

A
LY

SI
S

A
N

A
lY

SI
S

O
F

VA
RI

AN
CE

TA
BL

E
FO

R
RE

PE
AT

ED
M

EA
SU

RE
S

DE
SI

GH
ON

W
EI

G
H

T
O

F
FE

M
A

LE
G

U
IN

EA
PI

G
S

SO
UR

CE
OF

\h
lR

IA
TI

OH
DE

GR
EE

S
OF

FR
EE

DO
M

SU
M

OF
SQ

UA
RE

S
ME

AH
F-

RA
TI

O
SI

G
N

IF
IC

A
N

C
E

SQ
UA

RE

GR
OU

PS
I

34
1.

88
34

1.
88

.1
82

44
N

.S
.

SU
8J

EC
TS

IH
GR

OU
PS

8
14

95
2.

18
69

.1
T

lt
E

S
5

59
38

5.
11

87
7.

18
7.

82
P

<
.0

01
TU

£S
)(

GR
OU

PS
5

43
8.

58
87

.7
88

1.
38

68
N

.S
.

TI
M

ES
)(

SU
BJ

EC
TS

IN
GR

OU
PS

48
25

29
.5

63
.2

38
.....

TO
TA

L
59

77
64

7.
V

I co

M
EA

NS

TI
M

ES
.

DA
Y

8
DA

Y
I

DA
Y

3
DA

Y
6

'
DA

Y
18

DA
Y

15

GR
OU

PS
:

H
I

2
3

4
.

5
6

TO
TA

L

CO
NT

RO
L

1
5

19
8.

28
8

19
2.

88
8

21
5.

88
8

22
3.

48
8

27
4.

88
8

27
8.

28
8

23
8.

48
8

TE
ST

2
5

19
8.

88
8

19
1.

28
8

21
1.

68
8

22
4.

88
8

26
3.

28
8

26
5.

88
8

22
5.

63
3

TO
TA

L
18

19
8.

58
8

19
2.

88
8

21
3.

78
8

22
3.

78
8

26
8.

68
8

27
1.

68
8

22
8.

81
7



..
~

."...
"

..
.,

.
;
>
~
;
~
"
'
)

TA
BL

E
42

A
.

EX
PE

RI
M

EN
T

JO
-P

A
-J

.
PA

R
A

-A
N

IS
ID

IN
E

.
D

ET
A

IL
ED

SU
M

M
AR

Y
O

F
A

N
IM

A
L

W
EI

G
H

T
A

N
A

LY
SI

S

t£
A

It
O

R
fiM

-T
D

-.
.D

Y
I.E

IG
IIT

RA
TI

O
ex

..
.)

A
H

ltI
lL

.
&E

X
g

o
p

tE
A

H

I.E
IG

M
T

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
-•

.-
-_

.-
--

--
-

(l
iR

A
tt

S
)

L
ut

tli
S

LI
V

ER
Ie

ID
ttE

't&
HE

AR
T

lIR
A

I"
A

ll
lE

tl
il

.l
IiO

ttA
IIS

5P
LE

£H

M
T

I
tIl

L
E

CO
lI.

..
..

29
2.

1
I.

es
"1

.'
3

1.
11

1.
61

6
.i

I
.1

6
II

•
•

2.
11

"
I

I
I

I
I

I
S

S
S

lE
ST

29
5.

1
1

.1
'

.....
.

1.
11

3.
11

6
.'

"
.1

1
11

."
1

2.
29

"
5

5
5

5
5

5
5

5
5

T
-l

E
ST

ST
A

TI
ST

IC
.2

1
-.

G
.6

4
.6

3
.1

1
-.

1
1

I•
..

,
-
.i

I
-1

.1
1

P
-\'

R
LU

5
.8

31
7

.6
86

1
.5

37
5

.5
44

5
.1

1"
1

.6
29

6
.U

'..
7

.5
1!

J6
.1

16
7

M
15

F
E

IR
.E

CO
lI.

..
..

21
4.

2
'.2

2
11

.1
2

6.
11

I.
U

1
.1

1
.H

2.
54

2
.2

"

"
5

5
5

5
.

5
5

5
5

5
lE

ST
21

4.
1

I
•
•

36
.8

4
6

.7
'

1.
16

'.I
i

.2
9

2.
72

2•
•

t:
"

5
5

5
5

5
5

5
5

5
T

-l
E

ST
ST

A
TI

ST
IC

.1
1

-.
1

1
2.

38
2.

56
.1

1
I•

•
I.

U
••

27
.7

"
ID

'-\
'R

LU
E

.'3
3

1
.....

...
..

..
..7

.!
33

4
•...

-:s
,

.1
82

9
.2

.H
.2

38
7

.4
83

1
*

*
(*

)

CU
IM

U
'I

C
ti

u
CO

lI.
..

..
31

1.
6

11
.2

1
.....

1
.6

.
"
.7

'
11

.3
6

.3
1

2.
11

I.
".

"
5

5
5

5
5

5
S

5
S

lE
ST

29
4."

11
.5

5
G

.1
2

7•
•

".
1

1
11

.6
2

••
2.

92
I.

S
S

"
5

5
5

5
5

5
5

5
5

T
-l

E
ST

ST
A

TI
ST

IC
-.

J:
t

.2"
-2

.1
3

-2
•
•

-2
.7

1
.3

4
I•

•
.1

1
.5

6
P

-\'
R

LU
E

.7
51

1
.1

19
6

.1
66

1
.
.
.7

.1
25

1
.1

43
1

.I
IG

.!
U

J'
.5

92
1

(*
)

(*
)

*
(
.) •

~

C
U

II
tU

'I
C

F
E

IR
.E

CO
lI.

..
..

Z
lI

.1
11

.&
4

41
.1

6
1.

81
".

11
11

.9
7

.e
s

".
1

1
1.

lS
l

"
5

5
5

5
5

5
5

5
II

lE
ST

27
2.

8
12

.7
1

34
.6

7
7.

26
".

7
1

12
.1

1
.4

3
4.

11
1

.1
"

"
II

5
5

5
5

5
'5

5
II

T
-l

E
ST

ST
A

TI
ST

IC
-.

6
1

.6
1

-1
.4

9
-.

9
.

-.
8

4
.2

6
-.

2
9

-.
5

9
.7

8
P

-\'
R

LU
E

.5
65

1
.
~

..
.1

74
5

.3
9.

6
.9

88
1

•
•

11
.1

17
1

.5
11

2
.4

58
9

C*
)

<
••

1
*

<
.1

5
.
.

<
.1

1
..

.
<

.1
8.



"..

TA
B

LE
42

B
.

EX
PE

R
.lM

EN
T

3O
-P

A
-3

.
PA

R
A

-A
N

IS
ID

IN
E

.
D

ET
A

IL
ED

SU
M

M
AR

Y
O

F
A

N
IM

A
L

W
EI

G
H

T
A

N
A

LY
SI

S

AH
AL

VS
IS

O
F

VA
RI

AN
CE

TA
BL

E
FO

R
RE

PE
AT

ED
tE

A
SU

RE
S

D
ES

IG
t.

ON
BO

DY
W

EI
G

H
T

O
F

M
A

LE
RA

TS

SO
UR

CE
O

F
VA

RI
AT

IO
H

DE
GR

EE
S

O
F

FR
EE

DO
tI

SU
M

OF
SQ

UA
RE

S
ME

AN
F-

RA
TI

O
SQ

UA
RE

Sl
GN

Jfl
CA

NC
E

GR
OU

PS
1

2.
B

B
88

2.
B

B
88

•2
96

4I
E

-8
2

N
,S

•
SU

BJ
EC

TS
IH

GR
OU

PS
8

53
98

.8
67

4.
75

T
lt

£S
5

62
92

3
•

12
58

5.
68

8.
69

P'
<

,0
01

....
T

lt
£S

)(
GR

OU
PS

5
68

.5
88

12
.1

88
.5

85
25

N
.S

.
0

\
0

ri
tE

S
)(

SU
BJ

EC
TS

IN
GR

OU
PS

48
82

7.
88

28
.6

75

TO
TA

L
59

69
21

8.

t£
A

H
S

T
lt

£S
.

DA
Y

I
DA

Y
1

DA
Y

3
DA

Y
6

DA
Y

II
DA

Y
15

1
5

2a
4.

88
8

28
4.

88
8

22
2.

28
8

24
2.

88
8

26
3.

6B
8

29
2.

8B
8

2
5

28
6.

88
8

28
3.

48
8

22
2.

88
8

23
9.

2B
8

26
5.

28
8

29
5.

B
88

18
28

5.
48

8
28

4.
18

8
22

2.
18

8
24

8.
68

8
26

4.
48

8
29

3.
98

8

GR
OU

PS
.

CO
NT

RO
L

TE
ST

TO
TA

L

H
1

2
3

4
5

6
TO

TA
L

23
0.

23
3

23
8.

68
8

23
8.

41
7



,
.'

...

TA
BL

E
42

C
.

EX
PE

R
IM

EN
T

3O
-P

A
-3

,
PA

R
A

-A
N

IS
ID

IN
E

,
D

ET
A

IL
ED

SU
HK

AR
Y

O
F

A
N

IM
A

L
W

EI
G

H
T

A
N

A
LY

SI
S

AH
AL

VS
IS

OF
V

A
A

IK
E

TA
BL

E
FO

R
RE

PE
AT

ED
tE

A
SU

JlE
S

DE
SI

GH
ON

BO
DY

W
EI

G
H

T
O

F
FE

M
A

LE
RA

TS

.
'-

~
"

'"

SQ
UR

CE
OF

VA
R

IR
TI

O
H

DE
GR

EE
S

OF
FR

EE
DO

M
SU

I1
OF

SQ
UA

RE
S

tE
RN

F-
R

R
Tl

O
5l

G
N

lfl
C

N
iC

J:
SO

UR
RE

GR
OU

PS
I

18
3.

15
18

3.
15

.3
28

31
N

,5
,

SU
BJ

EC
TS

IH
GR

OU
PS

8
25

91
.2

32
3.

91
T

ltE
S

5
18

57
.8

14
11

.4
82

.5
88

pJ
<

.0
01

T
lt

£S
)(

GR
OU

PS
5

62
.5

88
12

.5
88

.1
38

73
N

,S
,

....
T

lt
£S

)(
SU

BJ
EC

TS
IN

GR
OU

PS
48

6B
4.

25
17

.1
86

0
\ ....

.
lU

TA
L

59
18

49
9.

tE
A

H
S

T
ltE

SI

D
A

V
8

D
A

V
I

D
A

V
3

DA
V

6
DA

V
18

DA
V

15

IiR
OU

PS
I

H
1

2
3

4
5

6
lU

TA
L

CO
HT

RO
L

1
5

17
6.

68
8

17
4.

68
8

19
8.

28
8

18
1.

B
88

19
4.

48
8

28
4.

28
8

18
6.

38
8

TE
ST

2
5

11
6.

88
8

11
8.

48
8

11
7.

68
8

IB
2.

68
8

19
8.

68
8

28
4.

88
8

IB
3.

66
1

TO
TA

L
18

11
6.

38
8

11
2.

58
8

11
B

.9
88

IB
5.

28
8

19
2.

56
8

28
4.

58
0

IB
4.

98
3'



~

TA
BL

E
42

D
.

EX
PE

RI
M

EN
T

JO
-P

A
-3

.
PA

B
A

-A
N

IS
ID

IN
E

.
D

ET
A

IL
ED

SU
M

HA
RY

O
F

A
N

IM
A

L
W

EI
G

ilT
A

N
A

LY
SI

S
. AH

AL
YS

IS
OF

YA
R

lA
N

C
E

TA
BL

E
FO

R
RE

PE
AT

ED
M

EA
SU

RE
S

DE
S

IG
H

ON
BO

DY
W

EI
G

H
T

O
F

M
AL

E
G

U
IN

EA
PI

G
S

SO
UR

CE
OF

VA
RI

AT
IO

N
DE

GR
EE

S
OF

FR
EE

DO
t1

SU
M

OF
Sl

lU
AR

ES
tE

RN
F-

R
A

TI
O

SQ
UA

RE
S
I
G
N
l
n
C
~
C
E

GR
OU

PS
I

9
6
.
~
8
8

96
.5

88
•3

44
47

E
-8

I
N

.S
.

SU
BJ

EC
TS

IH
GR

OU
PS

B
22

41
1.

28
81

.4
l-

'
T

ltE
S

5
68

26
2.

13
65

2.
18

9.
91

p.
<

,0
0

1
0

\
T

lt
E

S
)(

GR
OU

PS
5

17
7.

08
35

.4
88

.2
85

88
N

.S
.

N
T

lt
E

S
)(

SU
8J

EC
TS

IH
GR

OU
PS

4B
49

68
.5

12
4.

21

TO
TA

L
59

95
91

5.

tE
A

H
S

.
T

lt
E

S
:

DA
V

8
DA

V
I

DA
V

3
DA

V
6

.D
AV

18
DA

V
15

1
5

28
6.

28
8

28
3.

08
8

21
9.

68
8

24
3.

88
8

26
0.

88
8

38
8.

68
8

2
5

28
7.

28
8

28
2.

08
8

22
1.

88
8

23
6.

68
8

26
4.

88
8

29
4.

48
8

18
28

6.
78

8
28

3.
30

8
22

8.
78

8
23

9.
88

8
26

6.
48

8
29

7.
58

8

GR
OU

PS
:

CO
NT

RO
L

TE
ST

TO
TA

L

H
1

2
3

4
5

6
TO

TA
L

24
8.

33
3

23
7.

88
8

23
9.

86
7



TA
B

LE
42

E
.

EX
PE

R
IM

EN
T

3O
-P

A
-3

,
PA

R
A

-A
N

IS
ID

IN
E

,
D

ET
A

IL
ED

SU
M

M
AR

Y
O

F
A

N
IM

A
L

W
EI

G
H

T
A

N
A

LY
SI

S

AH
AL

YS
IS

O
F

VA
RI

AN
CE

TA
BL

E
FO

R
RE

PE
AT

ED
M

EA
SU

RE
S

DE
SI

GN
ON

BO
DY

W
EI

G
H

T
O

F
FE

M
A

LE
G

U
IN

EA
PI

G
S

L.
•

"
•

SO
UR

CE
O

F
YA

RI
AT

IO
H

DE
GR

EE
S

O
F

FR
EE

DO
I1

St
I1

OF
SQ

UA
RE

S
M

EA
N

F-
RA

TI
O

S
I
G
"
l
f
l
C
A
N
C
~

SQ
UA

RE

GR
OU

PS
I

48
2.

88
48

2.
88

•2
65

18
",

5
•

SU
BJ

EC
TS

IN
GR

OU
PS

8
14

58
8.

18
13

.6
pI

C
.0

01
TI

M
ES

5
46

86
6.

92
13

.2
87

.1
64

TI
M

ES
)(

GR
OU

PS
5

31
6.

88
63

.2
88

•5
91

92
N.

S•
I-

'
TI

M
ES

)(
SU

8J
EC

TS
IN

GR
OO

PS
48

42
28

.8
18

5.
18

0
\

;,
.)

TO
TA

L
59

65
68

8.

M
EA

NS

TI
M

ES
.

DA
Y

8
DA

Y
I

DA
Y

3
DA

Y
6

DA
Y

18
DA

Y
15

GR
OU

PS
.

N
I

2
3

4
5

6
TO

TA
L

CO
HT

RO
L

I
5

28
6.

68
8

19
9.

68
8

21
9.

88
8

23
4.

88
8

26
2.

28
8

28
1.

88
8

23
4.

88
8

TE
ST

2
5

28
2.

60
8

28
8.

48
8

21
3.

88
8

23
1.

68
8

24
8.

88
8

27
2.

80
8

22
8.

33
3

TO
TA

L
18

28
4.

68
8

28
8.

88
8

21
6.

88
8

23
2.

88
8

25
5.

58
8

21
1.

38
8

23
1.

16
1



".

T
A

B
L

E
4

3
A

.
E

X
PE

R
IM

E
N

T
2

9
-P

A
-2

.
P

A
R

A
-A

N
IS

JD
IN

E
.

D
E

T
A

IL
E

D
SU

M
M

A
RY

O
F

A
N

IM
A

L
W

E
IG

H
T

A
N

A
L

Y
SI

S

tE
A

H
D

R
fiA

H
-lO

-IO
D

Y
Io

E
I,"

T
R

A
Ti

d
C

"
lU

ll
)

t£
flH

Io
EI

G
H

T
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

_.
._

--
--

--
--

--
--

--
--

-
A

H
lt

a
SE

X
&R

OU
P

CI
iR

A
t&

)
LU

HI
iS

U
W

R
K

ID
lE

Y
&

tl:
IlR

T
lIR

A
I"

AD
RE

ItA
LS

&O
tlA

DS
&f'

LE
E"

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

r-
--

-·
--

--
-·

--
--

--
--

--
--

--
--

--
--

--
--

--
-_

1A
15

tR
.E

CO
HT

RO
L

28
8.

8
1

.n
3<

1.
21

'.
'2

3.
32

5
.2

'
.1

"
13

.1
4

2.
21

N
5

5
5

5
5

5
2

5
5

T
E

iT
29

4.'
1

.2
"

3
8

.'
1

'.
1

1
3

.3
i

5
.1

'
.2

2
13

•
•

2.
35

N
5

5
5

5
5

5
2

5
5

T-
TE

ST
ST

A
TI

ST
IC

.'
1

-1
.1

3
1.

63
-.

1
6

.2
1

.1
1

..
..

2
-.

iI
1.

11
P-

\W
.U

E
.3

51
5

.2
12

6
.1

..
.1

.9
51

1
.1

88
6

.3
S5

4
.8

56
6

.5
56

3
.2

S
84

C
*)

1A
15

fE
tR

.E
CO

HT
RO

L
2

1
1

.'
1

.8
2

3"
.5

1
6

.'
5

3.
62

1
.5

"
.2

"
2.

82
2

.3
"

N
5

5
5

5
5

5
..

5
5

TE
ST

21
1.

6
8

.1
"

35
.1

3
'.

3
2

3
..

..
1

.5
"

••
2.

15
a.5

5
t-

'
N

5
5

5
5

5
5

3
..

..
'"

T-
TE

ST
IT

A
T

lS
T

lC
1.

38
-.

1
2

.2
1

-1
.e

4
-1

.3
6

-.
1

1
2.

63
-.

2
3

.8
9

~
P-

\W
.U

E
.2

84
8

.!
JI

12
.1

'2
2

.1
38

3
.2

11
"

1.
18

8
.M

3
.8

26
5

.4
)8

5
.

*

&
UI

HE
A

P
il

i
tR

.E
CO

NT
RO

L
28

4.'
12

.5
1

"1
.5

1
8

.t
I

....
12

.2
2

.4
5

a•
•

1.
28

N
5

15
15

5
5

15
5

5
5

TE
ST

28
1.

8
11

.1
1

..
.5

2
8.

35
".

1
1

11
.9

1
.4

3
3

.1
i

1.
3<

lL

N
5

5
5

5
5

5
5

5
5

T-
TE

ST
ST

A
TI

ST
IC

-.
Ie

.,
-.

5
1

-.
2

1
-1

.1
6

-.
1

8
-.

5
1

-.
2

6
••

.4
1

P-
\W

.U
E

.S
2.

..
.6

26
4

.1
96

1
.3

21
1

.4
55

1
•6

21
8

.8
83

S
.1

11
1

.6
51

6

&
U

ltl
EA

P
il

i
fE

ta
E

CO
HT

RO
L

21
8.

"
11

.1
5

38
.5

4
1.

88
...

44
11

.1
5

.5
9

3.
96

1.
66

"
5

5
5

5
5

5
5

5
5

TE
ST

2
'4

.8
8.

85
34

.8
8

1.
19

3.
92

1
8

.'
3

.3
'

".
5

4
1.

36
N

5
5

5
5

5
5

5
5

5
T-

TE
ST

ST
A

TI
ST

IC
2.

62
-2

.2
3

-1
.3

8
-1

.4
5

-1
.8

4
-1

.1
6

-3
.8

9
.6

8
-1

.2
5

P-
Y

IlL
U

E
.8

38
1

.8
5

6
6

.2
28

5
.1

83
8

.3
2

'1
.2

19
2

.1
14

0
.5

64
1

.2
45

8
III

(I
ll
)

*

c.
)

<•
•1

•
<

.1
5

.
.

<.
11

**
*

<
.1

8
•



TA
BL

E
43

B
.

EX
PE

RI
M

EN
T

29
-P

A
-2

.
PA

R
A

-A
N

IS
ID

IN
E

.
D

ET
A

IL
ED

SU
H

H
A

llY
O

F
A

N
IM

A
L

W
EI

G
H

T
A

N
A

LY
SI

S

A
H

A
lV

SI
S

OF
YA

RI
AH

CE
TA

BL
E

FO
R

RE
PE

A
TE

D
tE

A
SU

R
ES

D
ES

IG
H

O
F

BO
DY

W
EI

G
H

T
ON

M
AL

E
RA

TS

•

SO
UR

CE
OF

'JA
R

IA
TI

O
N

DE
GR

EE
.S

OF
FR

EE
DO

M
S

U
tt

OF
SQ

UA
RE

S
tE

R
N

F-
R

A
TI

O
SO

UA
RE

S
I
G
N
l
f
l
C
M
C
~

GR
OU

PS
1

4.
58

88
4.

58
88

.1
45

66
E

-8
1

N.
S.

SU
B

JE
C

TS
IH

GR
OU

PS
.

0
24

71
.5

36
0.

94
...

T
It

E
S

5
59

70
2.

11
95

6.
11

09
.7

~
.
c
.
O
O
l

Q
\

T
lt

E
S

)(
GR

OU
PS

5
92

.8
88

10
.4

88
1.

03
ea

V
I

.S
.

T
lt

E
S

)(
SU

O
JE

CT
S

IH
GR

OU
PS

48
48

2.
88

U
I.8

58

TO
TA

L
59

62
75

2.

tE
A

H
S

T
lt

E
S

.

DA
Y

8
DA

Y
I

DA
Y

3
DA

Y
6

DA
Y

18
DA

Y
15

G
R

Q
tII

S.
"

I
2

3
4

5
6

TO
TA

L

CO
HT

RO
L

I
5

28
3.

28
8

28
5.

68
8

22
5.

88
8

23
7.

28
8

26
1.

68
8

28
0.

80
8

23
6.

98
8

TE
ST

2
5

28
2.

88
8

28
4.

48
8

22
3.

00
8

23
7.

68
8

26
2.

28
8

29
4.

60
8

23
7.

43
3

TO
TA

L
18

28
2.

68
8

28
5.

88
8

22
4.

48
8

23
7.

48
8

26
1.

98
8

29
1.

78
8

23
7.

16
7

"



TA
B

LE
43

C
.

EX
PE

R
IM

EN
T

2
9

-P
A

-2
.

PA
R

A
-A

N
IS

ID
IN

E
.

D
ET

A
IL

ED
SU

M
M

AR
Y

O
F

A
N

IM
A

L
W

EI
G

H
T

A
N

A
LY

SI
S

AN
AL

YS
IS

OF
VA

RI
AN

CE
TA

BL
E

FO
R

RE
PE

AT
ED

M
EA

SU
RE

S
DE

SI
GN

ON
BO

DY
W

EI
G

H
T

O
F

FE
M

A
LE

RA
TS

SO
UR

CE
OF

VA
RI

AT
IO

N
DE

GR
EE

S
OF

FR
EE

DO
M

SU
M

OF
SQ

UA
RE

S
ME

AH
F-

RA
TI

O
SI

GN
lfl

CA
NC

B
SQ

UA
RE

GR
OU

PS
I

49
3.

88
49

3.
88

1.
93

36
N

,S
.

SU
BJ

EC
TS

IH
GR

OU
PS

8
28

39
.7

25
4.

97
....

TI
M

ES
5

78
59

.7
1
~
7
1
.
9

8
8

.4
8

4
p.

.<
.0

01
0

\
TU

ES
)(

GR
OU

PS
5

24
8.

88
49

.6
88

2.
53

95
p'

"
.0

5
0

\
T

It
£S

')
(

SU
BJ

EC
TS

IN
GR

OU
PS

48
7B

l.2
5

19
.5

31

TO
TA

L
59

11
42

2.

M
EA

NS

TI
M

ES
:

DA
Y

8
DA

Y
1

DA
Y

3
DA

Y
6

DA
Y

18
DA

Y
15

GR
OU

PS
:

H
1

2
3

4
5

6
TO

TA
l.

.C
ON

TR
OL

TE
ST

TO
TA

L

I
5

17
4.

88
8

1
7
8
~
6
8
8

17
6.

B
88

lB
8.

28
8

lB
6.

88
0

28
8.

88
8

2
5

17
4.

48
8

17
2.

68
8

lB
l.8

88
lB

6.
48

8
19

8.
88

8
2d

9.
68

8

18
17

4.
28

8
17

1.
68

8
17

8.
98

8
18

3.
38

8
19

2.
88

0
28

4.
B

B
B

18
1.

48
8

18
7.

13
3

18
4.

26
7



TA
BL

E
43

0.
EX

PE
RI

M
EN

T
29

-P
A

-2
.

PA
R

A
-A

N
IS

ID
IN

E.
DE

TA
IL

ED
SU

M
M

AR
Y

OF
AN

IM
AL

W
EI

GH
T

AN
AL

YS
IS

AN
Al

'1'
SI

S
OF

'JA
R

lA
NC

E
TA

BL
E

FO
R

RE
PE

AT
ED

tE
A

SU
RE

S
DE

S
IG

H
ON

BO
DY

W
EI

GH
T

OF
M

AL
E

GU
IN

EA
PI

G
S

SO
UR

CE
OF

VA
RI

AT
IO

N
DE

GR
EE

S
OF

Sl
N1

OF
tE

A
H

F-
R

A
TI

O
Sl

G
N

U
JC

A
.N

Cl
l

FR
EE

DO
M

SQ
UA

RE
S

SO
UA

RE

GR
OU

PS
I

9.
88

88
·
~
.
A
0
8
8

•I
53

48
E

-8
2

".S
.

SU
BJ

EC
TS

IH
GR

OU
PS

B
46

93
6.

5B
67

.8
T

ltE
S

5
64

46
8.

12
8:

)2
.

11
5.

35
pi

<
,0

01
T

ltE
S

)(
GR

OU
PS

5
46

6.
58

93
.3

88
.B

34
91

".5
.

....
TI

M
ES

)(
SU

BJ
EC

TS
IH

GR
OU

PS
48

44
78

.5
11

1.
76

0
\ ....

TO
TA

l
59

.1
16

34
E

i8
6

M
EA

NS

TI
M

ES
'

DA
V

8
DA

V
I

DA
V

3
DA

V
6

DA
V

18
DA

V
15

GR
OU

PS
,

H
I

2
3

4
5

6
TO

TA
l.

CO
NT

RO
L

I
5

19
5.

48
8

19
8.

68
8

19
9.

68
8

23
4.

88
8

25
4.

28
8

28
4.

88
8

~
2
7
.
7
6
7

TE
ST

2
5

19
3.

8d
8

19
3.

68
8

28
9.

48
0

22
7.

28
8

25
6.

28
0

28
1.

88
8

22
7.

(1
88

TO
TA

l
18

19
4.

68
8

19
6.

18
0

28
4.

58
8

23
1.

88
0

25
5.

28
8

28
2.

98
8

22
7.

38
3



TA
BL

E
43

E
.

EX
PE

RI
M

EN
T

29
-P

A
-2

,
PA

R
A

-A
N

IS
ID

IN
E,

D
ET

A
IL

ED
SU

M
M

AR
Y

OF
AN

IM
AL

W
EI

GH
T

AN
AL

YS
IS

A
N

A
lY

SI
S

OF
VA

RI
AN

CE
TA

BL
E

FO
R

RE
PE

AT
ED

M
EA

SU
RE

S
D

ES
IG

H
O

N
BO

DY
W

EI
GH

T
OF

FE
M

AL
E

G
U
~
N
E
A

PI
G

S

SO
UR

CE
OF

VA
RI

AT
IO

H
DE

GR
EE

S
OF

FR
EE

DO
M

SU
M

OF
SQ

UA
RE

S
tE

A
tl

F-
RA

Tl
O

S
l
G
N
1
~
:
t
C
,
A
N
C
E

SQ
UA

RE

GR
OU

PS
.

1
11

97
.5

11
97

.5
1.

73
68

N
.S

,
SU

BJ
EC

TS
IN

GR
OU

PS
8

55
18

.5
68

9.
81

T
ltE

S
5

54
67

3.
10

93
5.

39
6.

36
p"

c:
.0

0
1

....
T

ltE
S

X
GR

OU
PS

5
35

7.
58

71
.5

88
2.

59
18

p,
t;

,0
5

0
\

0
0

T
ltE

S
X

SU
BJ

EC
TS

IN
GR

OU
PS

.
48

11
83

.5
2

l.
5

8
lt

TO
TA

L
59

62
85

8.

tE
A

H
S

T
lt

E
s:

DA
Y

8
DA

Y
1

DA
Y

3
DA

Y
6

DA
Y

IB
DA

Y
15

GR
OU

PS
:

H
2

3
4

5
6

TO
TA

L

CO
NT

RO
L

TE
ST

TO
TA

L

1
5

28
4.

8&
8

2a
8.

00
8

21
4.

2a
8

23
4.

88
0

25
2.

88
8

27
8.

40
8

2
5

28
6.

48
8

28
4.

88
8

22
3.

88
8

24
2.

68
8

26
6.

28
8

29
4.

88
8

18
28

5.
28

8
28

2.
86

8
21

8.
63

8
23

8.
38

8
25

9.
58

0
26

6.
68

8

2
~
8
.
7
8
8

23
9.

63
3

23
5.

16
7



Stibine

Test animals were exposed to concentrations of gaseous stibine

ranging from 0.125 to 1.43 mg/l 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 ~ongestion, coagulopathy, and

• pulmonary congestion. 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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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 pg/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 irritation 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 found 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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!QI!

Tables SSB through. SSE are not presented here, since a majority of test

animals died within a few hours &fter 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 l!g/l in air (Table 56). At

the lowest level, no \Dltoward 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 abou~ 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

lid was securely fastened, and an aliquot of diazomethane/ethyl ether

solution was immediately injected through a septum in the lid. All

exposures lasted 15 minutes. Five group'S 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 II appeared normal, while

Groups III, IV and Vall showed some ataxia or narcosis. However, the

narcosis and ataxia appeared to be due to the ethyl ether, 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 system.
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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-a. OS) 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 56

DiazOMthane A~sphen Analysis

DiazOMthan. Concentration:

Exp.riaent No 7-DM-1 18-DM-2 28-DM-3

Date 2-15-78 5-10-78 7-19-78

Attaptecl
14.5 14/1Chulber Conc. 10 ppII 290 \11/1 200 ppII 290 loll/l 200 ppII

First Sap1. 7.26 loll/l 5.01 ppII 2l.5 11111 14.8 ppa 116 lollll 79.6 ppa

S.cond Sap1. 15.1 11111 10.4 ppa 61.2 11111 "2.3 ppII 144 111/1 98.8 ppm

Third SapIe 37.7 ua/1 26.0 ppII 28.1 11111 19.4 ppII 107 Ul/1 73.4 ppm

Fourth Sap1. - - 47.1 uII1 32.5 ppa - -
Mean 20.0 Ul/1 13.8 ppa 39.5 11111 27.3 ppa 122 11111 83.9 ppm

Std. Dev. 15.8 \11/1 10.9 ppm 18.1 Ul/1 12.5 ppa 19.3 Ul/1 13.2 ppm

Co.f. Var. 79.0\ 79.0\ 45.8\ 45.8\ 15.8\ 15.8\

Ethyl Ether Concentration:·

ExperiMDt No 7-tII-1 18-DM-2 28-DM-3

First sap1. - - 7.87 aI/I 3080 ppa 7.21 q/1 2830 ppm

Second sap1. - - 18•.5 aliI 4110 ppa 4.80 aI/I 1880 ppm

Third Sap1. - - 8.30 aliI 3250 ppa - -
Mean 0.357 aI/I "'120 ppa 8.89 alii 3480 ppII 6.01 aI/I 2360 ppII

Std. Dev. - - 1.41 ../1 5.52 PPII 1.70 ../1 672 PPII

eoef. Var. - - 15.9% 15.9% 28.4% 28.5%
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Aroclor 1254

Test animals were exposed to concentrations of Aroclor 1254 aerosol

ranging from 0.559 to 348 ~g/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 ~g/l), approximately seventy times

the lDLH level estimated by NlOSH (5 ~g/l).

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 65) along with more

detailed summaries of results (Tables 66-68).
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Table 63

Aroc1ol' 1254 At~sphen Analysis Suaary

Test CcmpOUDd Concentration·.
,

ExperiMDt No. 6-ARO-1 15-ARO-2 24-ARO-3;

Oat. 2-1-71 4-151-71 6-21-71

AUapteci
5 III/I III/IChaIIbel' Conc. 40 III/I 400

Fil's't SUple 0.500 11111 54.6 III/I 346 \&1/1

Second Sap1. 0.661 "'1/1 33.4 \&111 331 \&111

Third SUple 0.516 "'1/1 45.2 "'1/1 366 11111

Mean 0.559 III/I 44.4 "'1/1 348 \&1/1

Std. Dev. 0.0887 III/I 10.6 "'1/1 17.6 III/I

Coef. Var. 15.9\ 23.9\ 5.06\

Aerosol Size Dis'tribution:*

Experment No. 15-ARO-2 24-ARO-3

IlIII'actol' Star. ~. ECD(Im) Cua.\ ECD(lIa) Cum. \

1 5.64 100.0 5.78 100.0

2 3.51 97.8 3.66 76.3

3 2.22 12.3 2.27 53.2

4 1.37 43.4 1.41 28.1

5 0.84 24.3 .0.87 13.2

6 0.53 11.2 0.55 3.5

7 0.33 4.8 0.34 0.7

Median Aerociyn,aic
DiaM'ter CJ,Ia) 1.6 2.2IGeo.'tric Standard
Deviation 1.4 2.1

223
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