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ABSTRACT

These experiments were performed to evaluate developmental toxicity in rats
and rabbits associated with inhalation exposure to ethyl benzene (EB) or
2-ethoxyethanol (EE). Rats were exposed for 7 hours per day, 5 days per week
for 3 weeks. They were then mated and exposed daily through 19 days of
gestation (d. g.). Rabbits were artifi:al1y inseminated and exposed for 7
hours daily through 18 d.g. (EE) or 24 d.g. (EB). The rats were killed and
examined at 21 d.g. and the rabbits at 30 d.g. Pregnart animals were ob­
served for evid~nce of toxicity including altered food consumption, body
weight gains and tissue weights and for histopathologic changes. Litters
were examined for the presence of external, visceral and skeletal defects as
well as the incidence of growth retardation and intrauterine mortality.

Neither maternal toxicity nor embryotoxicity was observed in gravid rabbits
exposed to EB at 100 or 1000 ppm, but the high level induced some indications
of toxicity in pregnant rats under the conditions used. Also, a significant
increase in the incidence of extra ribs was detected in rat fetuses exposed
in utero to the high level. This finding was not considered to be a demon­
stration of true teratogenicity.

• • I

Gestational exp0sures to EE at 617 or 767 ppm induced significantly increased
incidences of embryomortality at maternally toxic concentrations in rabbits
and rats, respectively. Exposure of pragnant rabbits or rats to EE at 160 or
202 ppm. respectively, induced signifi~antly increased incidence of terata.
growth retardat'ion and embryomortality. These lower levels·also induced a
significant degree of maternal toxicity in rabbits. but not in rats.

This report was submitted in fulfillment of Contract No. 210-79-0037 by
Battelle-Northwest under the sponsorship of the National Institute for Oc­
cupational Safety and Health.
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INTROf)lICTION

Changing socioeconomic and legal factors have resulted in an increase in the
number of women of childbearing age employed in the working environment
(Warshaw, 1977, 1978; Huntet al., 1979). As a result, it is necessary
that potential chemical teratogens be identified and the degree of their
teratogenicity be quantitated to provide a basis for the assessment of ex­
posure criteria and establishment of federal standards (Bingham 1977; r~ahlum

et al., 1978). Because of their widespread industrial use, ethyl benzene (EB)
and 2-ethoxyethanol (EE) have been identified as agents of concern. Obtain­
ing data on the developmental and general toxicity of these materials has
become an objective of "NIOSH.

ETHYLBENZENE

EB (CAS: 100-41-4) C6 Hs-C2 Hs is a flammable colorless liquid having a boiling
point of 136°C, a flash point of 20 0 e, and extremely low solubility in water
(Stecher et a1., 1968). Utilization of EB was about 2.8 million tons in the
U.S. during 1976, which represented only a third of the world-wide usage that
year (Kirk-Othmer, 1979). EB is an alky 1 ated benzene intermediate used
primarily for the production of styrene, but it is also found in hydrocarbon

. mixtures used as solvents. Based on the National Occupational Health survey
conducted in 1972-1974, NIOSH estimate~ that approximately 57,000 people in
the U.S. may be occupationally exposed to EB.

The 1iterature on the general toxi ci ty of EB has been l'evi ewed and summari zed
by Wolf et al. (1956). At high concentrations or with prolonged exposure, it
has been reported to produce irritation of the skin as well as ~f the eyes.
When administered to rats by gavage, E3 h3S an acute LD so of about 3.5 g/kg;
in 6-month feeding studies daily doses up to 136 mg/kg produced no effects
while 408 and 680 mg/kg had only slight effects. Daily inhalation exposures
of rats and rabbits for· 7-8 hours over a 6-month period produced equivocal
effects at 1250 ppm and slight to moderate effects at 2200 ppm.

The'only effect on the reproductive system k~own tb u~was reported by Wolf
et al. (1956). Lesions characterized as degenerative changes in the testic­
ular germinal epithelium were found in rabbits exposed approximately six
months to 600 ppm. No tests of reproductive function were reported. We are
unaware of any study to evalu3te the d~velopmental toxicity of EB, other than
that reported herein.

The major urina~y metabolites of EB in humans exposed for 8 hr to vapors at
20-80 ppm were mandelic and phenylglyoxylic acids, representing nearly 90% of
the absorbed dose (Bardodej and Bardodejova, 1970). These authors conclude
that both EB and styrene are biotransformed in man by the same metabolic

1
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pathwaY. The m.'ijor urinary metaboiite in rabbits is hippuric acid, suggest­
ing that there ~ay be species differences in metabolic pathways.

2-ETHOXYETHANOL

EE (CAS: 110-80-5) HO-CHz-CH2-O-Cz-H s (Cel10s01ve, ethylene glycol monoethy1
ether) is a flammable colorless liquid having a boiling point of 135°C, a
flash point of 41°C, and high solubility in water (Sax, 1975; Stecher et al.,
1968). U.S. production of EE was approximately 100,000 tons in 1978 (Nelson
et al., 1980). EE is an unsymmetrical aliphatic ether which is typical of
lower-molecular weight members of the glycol ether series (Kirk-Othmer,
1979). As a group, glycol ether solve~ts have a rather widespread industrial
use, particularly since they are soluble in water and in organic solvents
(Cornish, 1980). Thus, they are useful in many oil-water combinations as
solvents for resins, paints, varnishes, lacquers, dyes, soaps, and cosmetics.
Based on the 1972-1974 National Occupational Health survey, NIOSH estimates
that approximately 360,000 people in the U.S. were occupationally exposed to
EE.

The literature on the general toxicity of EE and related mono-alkyl elhers nf
ethylene glycol has been reviewed and summarized repeatedly (Werner et al.,
1943a,b,c; Carpenter et al., 1949, 19515; Laug et aT., 1939; Smyth et al.,
1941; and Patty, 1963). EE is mildly irritating to the eyes and skin and
enough is readily absorbed through the skin of rabbits to induce toxicity or
death (skin LD so 2bout 2 g/kg) (Patty, 1963). Ingestion of EE produced
moderate irritation of the gastrointestinal tract of several species (Laug et
al., 1939). The acute oral LO so was 5.5 g/kg for rats and 3.1 g/kg for
rabbits (Carpen\:er et al., 1956). Thu's, rabbits were more sensitive thal'
rats to oral administration and absorp·tion through skin was more lethal than
ingestion in rabbits. Repeated oral o~ subcutaneous administration to rab­
bits of doses up to 0.2 ml/kg/day of E~ for one week was tolerated, but as
few as two dose~; of 2.0 ml/kg caused f,3.tal renal toxicity (Patty, 1963).
Rats exposed to air containing 370 ppm of EE for 7 hr/day, 5 days/week for
five weeks showed slight changes in th~ir hemogram (Werner et al., 1943b).

Limited reproductive tract and/or developmental toxicity data are avail~b1e

for EE (Nel son et al., 1981; Nagano et a1., 1979; Stenger et a1., 1971).
Vari ous ethyl ene gl yco1 mono-alkyl ethl~rs were shown to induce dose- re 1ated
testicular atrophy and leukopenia in mice gavaged 5 times/week ·for 5 weeks;
doses of at least 1.0 g/kg/day of EE or its acetylated derivative were re­
quired ~o produce these effects (Nagano et a1., 1979). Reproductive function
was not tested.

Increased incidences of skeletal defects were induced in fetuses when preg­
nant rats were exposed to EE at doses of 100 ~l/kg/day subcutaneously or
200-400 ~l/kg/duY orally throughout gestation (Stenger et al., 1971). Only
low doses were used to expose pregnant mice and rabbits, so that the terato­
genicity of EE in these species remained uncertain. Inhalation exposure of
rats 7 hr/day 011 7-13 or 14-2G days of gestation (d.g.) at 200-900 ppm EE
produced dose-related increased incidences of embryomortality (Nelson et a1.,
1981). These authors also reported impaired performance of surviving off­
spring evaluated postnatally in a variety of behavioral tests. This ;mpa;r-

. ment was accompanied by alterations in brain neurotransmitters as well.
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Thus, th~r~ are clear indications of reproductive and developmental toxicity
including prena~al mortality, growth retardation, teratogenicity and post­
natal functional deficiencies.

RATIONALE

In order to set standards for protecting pregnant and potentially pregnant
·workers~ it is necessary that putative chemical t€'r~togens be identified and
the degree of their tE~atogenicity be quantitated. Ethylbenzene and ethyoxy­
ethanol have been identified as agents of concern because of their industrial
use in large quantities. Their toxicity has been studied and guidelines have,
been established for allowable concentrations. Because of the paucity of
data available on the teratogenicity of these materials~ experiments were
conducted on EB and EE in rats and rabbits.



MATERIALS AND METHOOS

CHEMICALS (

Highly purified 2-ethoxyethanol (2-EE) and ethyl benzene (EB) were obtained
from Aldrich Ch~mical as reference'matarials. Several other compounds, which
were possible contaminants or degradation products, were also obtained from
Aldrich Chemical, including: N-propylb~nzene, the three isomers of ethyl­
toluene, 4-phenyltoluene and ,cumene for EB and 2-(2-ethoxyethoxy) ethanol,
bis(2-ethoxyethyl) ether and 2-methoxyathanol for 2-EE.

Pure grade ES (~ot 8551, Phillips PetrJleum) was used for vapor generation.
The material was sampled for analyses 3nd our gas chromatograph (GC) assays
cunfirmed the presence of 0.1% benzene and 0.1% toluene, as reported by the
manufacturer. I~lso, we found 0.07% cumene which had not been reported. IR
and UV spectra IJf the material did not indicate the presence of other impur­
ities. As a result of the impurities, animals in the high level EB chambers
were exposed to 1 ppm benzene, 1 ppm toluene, and 0.7 ppm cumene.

2-EE was suppli~d by Dow Chemical for vapor generation and was identified by
Lot #5, TK # 376. The purity of the material by GC was 99.993%; Dow speci­
fied the purity as 99.9+%. The IR spe~trum showed no peaks identifiable as
other organic impurities. An absorbance due to H2 0 in the sample was ob­
served; water i~ infinitely soluble in ethoxyethanol. The UV spectrum of a
solution of 34.3 mg/mi EE in acetonitrile showed a very small absorbance at
wavelengths of 225 nm (shoulder, k = 0.065) and 275 nm (A =0.020). This
absorbance was so small that it was not viewed as indicative of a purity
problem and could be due to the 0.007% water observed by GC.

EXPOSURE SYSTEM

A Battelle-designed chamber (U.S. patent #4,216,741), (Moss, 1980; Brown and
Moss, 1981; Moss et al., 1981), fabricated by Hazelton Systems, Inc., Aber­
deen, MO, was u::ied for whole body inhalation exposures of rats and rabbits.
The total volume of the chamber was 2.3 m3 (=2350 2) of which 1.7 m3 was
available for animals and caging. The volume occupied by animals was approx­
imately 90 2 for 30 rabbits and 43 2 flJr 144 rats, or less than 5% of the
total volume.* Caging consisted of three levels and each level was split
into two tiers which were offset from ~ach other and from the chamber walls
(see Figure 1A). Drawer-like stainless steel cage units, composed of indi­
vidual animal cages, were suspended in the space above each tier. Solid pans
for the collection of urine and feces (catch pans) were suspended below each

*Assumes 1 kg body weight equals 1 lit8r; thus 144 x 0.3 for rats and 30 x
3.0 for rabbits.
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Figure 1. Battelle exposure chamber. CA. Oblique-cut-away view of the chaiii'·
ber; B. Air flow patterns).
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OT tne six cage units. Ali catch pans were kept in position during each
exposure period.

This, chamber is so designed that uniform concentrations within the chamber
require that the catch pans be in position. Incoming air containing a uni­
form mixture of test material is diverted so that it flows as a sheet along
~nd down the inner surfaces of the chamber. Waves are formed at each tier :5
the fresh exposure air flows p~st thp. ~dge of the c~tGh pan (Figure 18).
Stagnant zones that might othe~ise exist at the middle of each layer are
cleared by flow through the space between the two tiers. Exposure air reach­
ing the lowest level is deflected across the bottom tiers by metal strips
placed in the space between the catch pan and walls.

Tests performed at Battelle Northwest show that concentrations that vary only
3 to 8% throughout the chamber can be repeatedly obtained, provided the
exposure air is uniformly mixed before passing through the chamber inlet
(Moss 1980; Mos~ et a1. I 1981). Independent work at the Inhalation Toxi­
cology Research Institute of the Lovelace Foundation, Albuquerque, NM, has
IJeri fi ed these fi ndi ngs (Seethe at a1., 1979).

Rats and rabbits were exposed in individual stainless steel cages. The floor
area of each cage was 270 cm2 for rats (28 em x 9.7 em with 20 cm height) and
1300 cm2 for rabbits (56 em x 23 cm with 30 cm height). There were 24 rat
eages or 5 rabbit cages per cage unit and six cage units per chamber. Food
and water wer~ nnt available during exposures.

HEPA filtered air was continually supplied to the exposure chambers and the
vapors under study were introduced intD the filtered air streams. Chamber
total air flows were maintained at 280 Q/min for EB and up to 570 Q/min for
EE. Distribution of vapors was relatively uniform with variations of about
±5% bet~een sampling ports (one for the front and back of each of the six
tiers). Exhaust was pumped from the chamber through a flow monitor and into
the building exhaust system using an impulse-principle air pump with no
moving parts (Vcrtec Corp., Model 912 transvector airflow amplifier).

At least 3 chambers were employed per species (Figure 2): one for the high­
level t one for the low-level, and 1 "or 2 for the filtered air. Pregesta­
tional exposures of rats to air required 2 chambers. Animals were trans­
ferred to freshly washed and sterilized chambers and cage units at least once
a week.

The chamber environment was monitored with a wet/dry-bulb psychrometer to
determine relative humidity (RH) and a dial thermometer to determine temper­
ature. Both RH and temperature were recorded 2-3 times daily. Chamber
temperature was controlled by the control of room temperature. Chamber
environmental pdrameters were monitored and maintained within the following
limits during the exposure periods:

'-

Pressure:
Air Flow:
Tempe"rature:
Relative Humidity:

-0.5 to -1.0 cm H20 (relative to room)
280 or 570 Q/min (EB or EE, respectively)
23 to 27~C

35 to 55%
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Figure 2. Typical exposure room.
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Ch~"~er flOW was monitored by measuring the pressure arop across the flow
v~ifice incorpoi'ated in the chamber exhaust line. Chamber vacuum was moni­
tored by a vacuum gauge in the exhaust line. Both flow and vacuum monitors
had high- and low-limit alarm set-points.

VAPOR GENERATION

The liouid to be vaoorized was Dumoed (Fiaure 3) from a 5 ~ st~inless stee1
reserv6ir by a micr~metering pu~p ~Flufd ~eteri~g, Inc., Model RHICKC) to the
surface of a cylindrical vaporizer (Figure 4) positioned in the air input
duct leading directly into the exposure chamber. The reservoir waS housed in
a vapor hood within the exposure room. Four pump/vaporizer systems were fed
from the single reservoir by incorporating a manifold liquid distribution
system. Three-way valves and lines returning from the vaporizer to the
reservoir facilitated filling the distribution system. This arrangement also
allowed direct measurement of fluid flow on a daily basis using a graduated
pipet. Pumping rates ranging from 0.14 to 1.8 ml/min were used, depending
upon the material and the concentrations desired. Nitrogen was used to
replace the depleted fluid in the reservoir to prevent explosions of these
flammable liquids.

The vaporizer (Figure 4) consisted of a stainless steel cylinder covered with
a glass fiber wick from which the liquid was vaporized. These wicks were re­
placed when necessitated by residue buildup. An aO-watt heater and a temper­
ature sensing element were incorporated within the cylinder and connected to
a remote temper~ture controll~r. Vaporizer surface temperatures were set at
71 0 C for EB and aloe for EE. The cylindrical vaporizer was positioned in the
fresh air duct leading directly into the exposure chamber in order to mini­
~ize material loss due to condensation on duct walls.

This generator 3ystem had several advantages over heated vat systems. The
fluid was not h~ated until it was at the vaporizer cyli~der, thus minimizing
heat-induced chemical degradation. A single reservoir supplied all the
exposure chambe~s, and the vapor was introduced directly into the air input
duct to the chamber, minimizing material loss on duct walls and reducing the
time for vapor build-Up and decay in the chamber. Vapor concentration was
relatively easy to control since it was dependent only on rate of fluid
intrOduction to the vaporizer and.on chamber dilution airflow.

The methods used for generating the desired EB and EE atmospheres were de­
veloped using a prototype generating system set up in the aerosol physic~

laboratory. Vapor generation and pump compatability ·tests were conducted
with both EB and EE. In both cases, the vapor generation system was capable
of generating the maximally required vapor concentration (i.e., 1,000 ppm and
750 ppm, respectively), and a linear r~lationship was established between the
chemical detector reading and the liquid feed-rate to the vaporizor.

A pump was cyclp.d continuously with EE for approximately 140 hours. The
final pumping rate was within 1% of th~ initial value. Critical plastic pump
parts were soaked in EB for approximat~ly six days, after which they were
compared to the new parts. No changes in dimensions occurred and no other
visible effects were noted. We concluded that the vapor generator system was
cQm~~tible with a~d adequate for E9 and EE.

3
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Our standard approach was to develop generation and analytical techniques in
the aerosol physics laboratory, then to verify them (with further refinement
as necessary) in the actual exposure system prior to initiation of animal
experiments. This included determination of stability, accuracy and repro­
ducibility of the generating and monitoring systems. Primary compound con­
centration was monitored using a gas chromatograph (GC) with a multiplexed
sample valve capable of sampling from eight separate areas (Carle Instruments
Inc., Model 2025).

Calibration

Calibration of the GC (Hewlett-Packard, Model 5840 A) was achieved with
standard liquid dilutions of the stock exposure materials. Analysis of EB
was done on a 120 cm long x 2mm 1.0. glass column packed with PORAPAK-Q and
operated isothermally at 215°C. Analysis of EE was done on a 120 cm long x
2mm 1.0. glass column packed with PORAPAK-P and operated'isothermally at
140°C. Nitrogen carrier flow was 45 ml/min for both materials.

G~neration of standard curves by liquid dilutions was necessary because of
the low vapor pressures (about 10 mm and 0.7 mm Hg at 25°C for EB and EE,
respectively) a~d the tendency of thesa compounds to adsorb on glass sur­
faces. The r2 parameter, indicating the quality of the linear fit of the
data, was at least 0.999 for both materials (Figures 5 and 6). The intercept
value (a; ppm) ~nd the slope of the curve (b; area/ppm) were also calculated
and are indicatp.d on the figures. Standard curves were regenerated fre­
~uently, especially during the initial stages of exposures. Monitoring
~xperience with flame ionization detectors (FlO) showed th~t the curves did
not shift significantly on a day-to-day basis.

Chamber concent~ation calibrations for both compounds were performed regu­
larly using "grab samples ll with internal standards added. The procedure was
as follows: Thl~ GC monitor was set to sample one chamber. repeatedly. "Grab
samples" were obtained from that chambar by drawing l-2·samples of the cham­
ber atmosphere through impinger tubes containing 4-5 ml of acetonitrile. The
contents of the impinger tubes were th~n transferred to 10-ml VOlumetric
flasks, internal standard was added, and the flasks were filled to their
calibrated capacity with acetonitrile. Toluene was used as an internal
standard for EB samples and benzene was used for EE sa~ples. The impinger
samples containing internal standard ~~re mixed and aliquots were analyzed on
a separate GC. These values were compf~red with those from EB and EE samples
prepared gravimetrically in acetonitrile containing the same internal stan­
dard solution. The calibration factor in the in-line,GC monitor was then
adjusted, if necessary, to give the appropriate response corresponding to the
lItrue" chamber concentration.

Internal Standards

Analysis conditions for EE and EB were developed using a GC with a PORAPAK-P
or Q column and an FlO. This analysis system was compatible with the use of
internal standards. The internal standard device used a diffusion tube to
release a constant ~moul1t of stanct.:!rdinto eat:h sample before it was injected
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into the: GC (Fi ']ure 7) .A- regui atec' neat source was des; gned to contra 1 the
temperature of the diffus i"on tube for the i nterna1 standards.

Under standard operating conditions-, EB eluted in 3.8 minutes at a tempera­
ture of 21SoC and a flow· rate. of 4S ml/min. ~Cyclohexane eluted at 1.2 min
under the same conditions as EB, was well separated from EB. and was used as
an internal standard for" EB. Cyclohexane. diffusing from a tube 5 mm 1.0. x.
3.3 cm long at 22.4°C produced approximately 975 ppm when introduced i~to air
flowing at a rate of 200 ml/min.

EE eluted in 1.9 minutes at a temperature of 140°C with a flow rate of 4S
ml/min. under standard operating conditions~ Initially. methylene chloride
was selected as an internal standard for EE. It eluted at 0.6 min and was
well separated from EE at 140°C. Its diffusion at 22.4°C through a tube 4 mm
1.0. x 4 cm long produced approximately SSOppm when added to an air stream
flowing at a rate of 200 ml/min. However. 2-propanol was substituted for
methylene chloride on the 16th day of the ethoxyethanol exposure to reduce
the frequency with which the internal standard reservoir had to be r~filled.

The 2-propanol peak eluted at 0.5 min at 115°C. The internal standard r~­
sponse remained constant during normal operations and changes in the response
detected problems, such as temperature fluctuations in the GC, which could
then be corrected.

Internal and external standardization methods were compared. To compare
quantification with and without the internal standard. data frem a typical
day1s exposure '~ere evaluated using both methods. The absolute area of the
internal standard showed a 0.6% coefficient of variation. This variability
inclurles approximately 0.4% due to the GC variability and 0.5% from the ce:
livery of the internal standard. The absolute areas of the EB response were
compared to the ratios of the areas of EB and internal standard (cyc10hex­
ane). The coefficient of variation of the absolute EB areas was 7.4% and the
corresponding vdlue for the ratio of E8 and internal standard was 8.i%.
These results indicate that the internal standard method does not improve the
precision of vapor measurement. With a precise gas sample loop injection
system, the internal standard may actually decrease the precision of the
measurements because it involves the comparison of two measurements.

Although the internal s~andard has not directly improved the quantification,
we strongly believe that its use has improved the GC analysis procedure. The
internal standa~d provides a constant (zO.5%) amount of chemical which should
give a constant response on the GC. Wh~n this response changes. chamber
operators look for problems with the instrumentation or gas flows. Also,
changes in the internal standard alert technicians of any changes in GC
calibration. Early in this study GC problems with line noise affected the
microprocessor memory causing the loss of temperature set-point values. This
malfunction was quickly detected by ch~nges in the internal standard response.

Chamber Monitoring

Routine samples of the atmosphere in each chamber were constantly drawn by
vacuum through teflon sample lines to! point near the input of the eight­
pu~t sample valve. This constant flow assured fresh sample at the eight-poi't
valv~. The eight-port valve. under co~trol of selector valve multiplex.
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el.:.:ti~Oiii-c~;,. autclIilaticaTly cycl~d thr~ough all elgm:. ports. The sampie from
~ach port was analyzed for' chemical concentration using an appropriately
cal"ibrated' GC: Samples were analyzed from each exposure chamber, the control
chamber, the room and a chemical standard. Cycle time for all eight ports
was approximately 32 minutes.

To monitor the ~xposure chamber concentrations of EB and EE, a GC was in­
stalled in the exposure suite and all samole lines were set to an initial
flow rate of 150 ml/min. Chamber air samples were collected and analyzed at
least four times daily. GC calibration was checked routinely and was stable
throughout most of the exposure period. Changes in calibration were not us­
ually observed except when FlO detector gas bottles were changed. A calibra­
tion check was 3lways performed following each bottle change.

Routinely, each port was sampled several times a day and the integrated re­
sponse printed for inspection by the operator. The concentration of organic
vapor in ppm was calculated from an area response vs. concentration curve.
During the first three days of EB exposures, "grab samples" with internal
standards were taken daily in addition to those obtained with the automatic
sampling system. Once an internal standard was added to the automatic sam­
piing system, iigrab samples" were then taken periodically during the re­
mainder of the EB exposures.

Daily mean chamber concentrations of E3 (±SD) are plotted in Figure 8. Minor
problems were e~countered during the first day of pregestationai rat expo­
sures to EB. These problems were eliminated by recalibration of the Ge. The
exposure system performed well for the remainder of the seven-week exposure
period (Figur~s 8-10). Average daily ;xposure chamber concentrations of EB
(Table 1) indic3t~ that the optimum concentrations were achieved for all of
the rat and rabbit exposure groups.

The presence of bubbles of air/vapor in the liquid supply line between the
reservoir and the pump assembly caused brief fluctuations in chamber con­
centration and resulted in the larger standard deviations (Figures 8 and 9)
early in the exposure period. Variability subsequently declined (Figure 10)
when the problem was corrected.

As added insurance against further bubble problems, some minor modifications
were made to thl~ generator system prior to initiating exposure with EE. The
first modification was the installation of a "debubbler pump" to bypass
bubbles back to the reservoir, if they should occur, rather than let them
proceed on to the generator feed pu~ps. The second modification involved
replacing a 3-way valve on the last liquid pump in the series with a simple
shut-off valve. This allow~d purging the system of bubbles without inter­
rupting liquid flow to any of the generators.

Once animal exposures were initiated, 'Ne experienced difficulties in obtain­
ing the required chamber concentrations of EE (200 and 750 ppm). The mea­
sured values with animals in the chambers were about 15-25% lower than the
values obtained from empty chambers an1 were lower than the prescribed cham­
ber concentrations as well. The causes were unclear and various corrective
~~~sures were taken. The differences in chamber concentrations likely rep­
resent loss of EE into or onto th~ arli!!lals, into moistl.!re Iofithin th~ chamber,
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Table 1- Exposure chamber concentrations of ethyl benzene

Exposure Groups Average Daily Concentration (ppm ± SO)a

II Low EB II IIHigh EB li

Prescribed Levels and Limits 100 ± <10' 1000 ± <100

Rats - Pregestationa1 97 ± 6 959 ± 88

Rabbits - Gestational 99 ± 9 962 ± 76

Rats - Gestational 96 ± 7 985 ± 62

aT' b f,ne num er a data contributing to ea:h table entry ranged from 7 to 24.

and, to some extent, onto ali surfaces within the chamber as reported by
Werner et al. (1943c) regarding their exposure of dogs to EE. Their exper­
ience and ours suggests that under the exposure and analytical conditions
used, the concentration data obtained from GC monitoring probably represents
the best measur~ of the concentrations to which the animals were exposed.

With the agreement of the NICSH Project Officer, the levels obtained for the
rabbits over the first week were maintained (Figure 11) until early termina­
tion of their exposure (after 18 d.g.) due to evidence of maternal toxicity.
It was also agreed that we would try to reach the prescribed levels for the
rat exposures; this was accomplished f0r the gestational exposures (Fig-
ure 13), but not for the pregestational exposures (Figure 12). Average daily
exposure chamber concentrations of EE obtained over the course of the various
exposure periods are indicated in Table 2.

During the testing of the GC in the exposure suite for monitoring EE, carry­
over of samp 1es between sample 1i nes w.3,s detected. Li ne flow rates were
increased to about 350 ml/min and the sample loop flows were increased to 150
ml/min. In addition, an oven was installed to heat both the stream selection
and sample lQop valves. This proved inadequate and the stainless steel
sample lines were replaced with teflon. Periodic calibration of the GC was
continued throughout the exposure peril)d. Grab samples for cal ibration were
taken frequently during the first two \~eeks until we obtained confidence in
the reliability of the teflon lines. "rhe calibration did not show the dras­
tic shifts that had been observed with the stainless steel lines; accord­
ingly, calibration was required less f~equently. We did not observe further
problems with condensation of EE in the teflon sample lines. The lines
showed an acceptably short clearance time (~10 minutes).
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Table 2. Exposure chamber concentrations of 2-ethoxyethanoi
/'

Average Daily Concentration (ppm ± SD)a

Exposure Groups

Prescribed Levels and Limits

Rats - Pregestational

Rabbits - Gestational

Rats - Gestational

II Low EEl!

200 ± <20

150 ± 18

160 ± 31

202 ± 11

750 ± <75

649 ± SO

617 ± 49

767 ± 22

aThe number of data contributing to each table entry ranged from 9 to 19.

ANIMAL HUSBANDRY AND EXPOSURE PROCEDURES
/

Rabbits

A group of 96 s~xua11y mature New Zealand White rabbit does (4.5-6.0 months
of age and 3.0 ± 0.4 kg; mean ± SO) were,obt?ined from White's (Koote~ai, TO)
fer the experim~nts wit~ EB. Proven breeder males of the same strain were
retained from a previous study.

For 'the experiments with EE, a group of 86 sexually mature New Zealand White
rabbit does were obtained. Neither of our usual rabbit vendors could supply
all of our needs at tne required date. Therefore, the required number of
does was split between them: SO does (3.4 ± 0.7 kg; 4.3 ± 0.5 rna), were
purchased from White's (Kootenai, TO) and 36 does (3.5 ± 0.3 kg; 5.3 ± 0.5
rna) were purchased from Hatch1s (Langl~y, WA). Two does, one from each
supplier, died of hemorrhagic typhlitis (#9T04 and #95), and an additional
doe (#32) died from a gastric hair ball which produced starvation prior to
insemination. In addition, #9T03 delivered a litter of at least 8 kits
shortly after r~ceipt. Six additional does (3.3 ± 0.1 kg; 4.3 rna) were
received from Hatchls to ensure adequate numbers for insemination following
the loss of the 4 does during quaranti~e.

Ten bucks of the same stock (6.8 ± 0.1 mo) were also obtained from Whitels
for the experim~nt with EE. Their training to service an artificial vagina
was repeated da"j 1y fat 5 tri a1s; some mounted the teaser does, ,but none
ejaculated. These animals were consid~red unsuitable and were rejected as
potential semen donors. Six replacement male New Zealand White bucks (~6 rna
old) were obtained from Elkhorn's (Wat50nvil1e, CA). These naive bucks were
trained to serve the artificial vagina within 5 days and were used for the
inseminations.
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io elJ~un~ permanent and unique identification, consecutively numbered ear
tags (National Band &Tag Co.) were inserted in the right ear. The females
were weighed and formally randomized by a computer program (DRANDBLK) which
assigned the identification numbers, randomly by animal weight, into one of
three pregestationa1 exposure groups. The rats were also identified as to
pregestationa1 exposure groups by subcutaneously injecting India ink in the
forepaw: air--no mark, low--1eft forepaw, high--right forepaw. A similar
marking of the hind paw was done after randomized assignment to gestat i ona1
exposure groups.

All rats were housed in stainless steel wire cages before, during and after
inhalation exposure. All caging of experimental female~was individual
within the exposure chamber except during the mating period, described below.
At the completion of each daily exposure, the generator was disconnected, the
chambers were flushed with fresh air for at least 30 min, ~nd the chamber
doors were opened. Wayne Lab-B1ox was provided ad libitum,· except during the
daily exposure ceriod when the food was removed. Water wa~ supp1i~d via an
automatic watering system; this was disconnected and drained prior to initi­
ation of each exposure. The rats were weighed at least twice weekly prior to
initiating exposures rluring the pregestationa1 period. During the gesta­
t"iona1 exposure period, rats were weighed prior to the daily exposures on 1,
5, 9, 13, 17 d.g. and before sacrifice at 21 d.g.

To enable a twice-weekly weighing of animals in the three pregestational
exposure groups during a five day-period, it was necessary to stagger the
weighing dates. For example: air, 10-.", and high groups received their first
weekly weighing (denoted as A, Tables 14 and 35) on Monday. Tuesday and
Wednesday, respectively. The second w~ekly weight (denoted as 8, Tables 14
and 35) for air, low and high groups was obtained on Wednesday, Thurday and
Friday, respectively. This alternation continued on subsequent weeks.

Three days prio·r to initiation of pregestational exposures, the rats were
placed in the exposure chamber and the food in each housing unit was weighed
to allow ca1cu1a.tion of the pre-exposure food conslJmgt.ion. Food ·consumption
was recorded for a two-day period prior to inhalation exposure, thrice weekly
during the pre-gestational exposure period, and at two- or three-day inter­
vals throughout the gestational exposures. The survival, appearance, and
behavior of the parental females during the experimental period was noted.
Humidity was not controlled, but tHere were no variations in diet, light
cycle, etc., or use of pesticides, medications, or other extraneous chemicals
during the expe~imenta1 period.

Pregestationa1 exposures continued for three weeks (7 hours per day, 5 days
per week). For breeding, the females were trarsferred to a standard rack
unit and caged Ivith males (approximately 4 females per male) three days
following completion of the pregestatiana1 exposures. The following morning,
after the males were returned to home ·:ages, vaginal lavages- were performed
and examined for the presence of sperm. Each day, sperm-positive females
from each pregestationa1 exposure group were randomly assigned to an appro­
priate gestational exposure group, i.e., air-exposed animals to air, low, or
high gestational groups, low-exposure ~nima1s to air or low groups, and high­
exposure animals to air or high groups. Gestational exposures were started
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An dueS w:el"e 1501ated ror' appr·u.x.illlacely 28 days, and tetracyciine (oxytetra­
cycline Hel, 600 mg/m1) was added to the drinking water as prophylaxis through­
out the first three weeks of the acclimation period. Does displaying symptoms
of upper respiratory infections received 300,000 units of procaine penicillin
G daily for three to four days prior to insemination. All medications were
discontinued at least two days prior to insemination. To ensure permanent
and unique identification codes, rabbits were indelibly tattooed in the right
~ars.

All rabbits were housed individually in stainless steel wire cages and pro­
vided with Wayne Rabbit Diet and water ad libitum except during exposure.
Following four weeks of acclimation and quarantine, the does were randomly
divided, by weight (DRANDBLK), into three exposure groups; one-third of each
group (also randomly selected) was artificially inseminated in the afternoons
over a 3- or 4-day period. The schedule was adjusted once due to inadequate
semen samples of acceptable quality; the presence of urine in the semen
rendered it unacceptable.

Semen samples ware collected from at least three bucks (Adams, 1961; Hafez,
1970; Tesh and Tesh, _1971; Hagen, 1974) which had been previously trained to
s~rve an artificial vagina (Gregoire et al., 1958). Semen was collected into
artificial 'vaginas warmed to about 45°C just prior to use. The samples were
pooled and diluted with a buffered citrate-egg yolk extender to a concentra­
tion of approximately 32 x 106 motile sperm per m1. A volume of approxi­
mately 0.5 m1 wa.s' used to inseminate each doe. The does were inseminated
within 1-2 hours of semen collection and nearly simultaneous IV injections of
pituitary luteinizing hormone (Burns Biotic, 5 mg/m1) were given at 2.5
mg/doe to induce ovulation. The morning following ins~mination was defined
as 1 d.g.

On the morning 0f 1 d.g. I the rabbits ~ere placed in individual cages within
the appropriate inhalation chamber. Tney were exposed to the test atmosphere
at the high or low level or to filtered air for a 7-hour period daily through­
out most of gestation. Neither food nor water was provided during exposure.
The chamber was flushed with filtered air for at least 30 min following
exposure. The rabbits were then remov~d, transferred to their individual
home cages, and supplied with fresh foad and water.

Food consumption was measured every two to three days during the experimental
period. After termination of exposures, the animals were maintained in
standard individual stainless steel caging until sacrificed. The does were
weighed before their initial exposure, prior to the daily exposures on 1, 6,
10, 14, 18, and 22 d.g., on 26 d.g., and prior to sacrifice at 30 d.g.

Rats

Groups of 380 young adult female Wistar rats (150 ± 10 g, mean ± SD; ~5 weeks
old) were obtained from Hilltop Lab Animals, Inc. (Scottdale, PA) for expo­
sure to EB and EE. They were acclimatl~d 18 to 20 days until initiation of
pregestational exposures. Groups of sixty males of the same strain (~7 weeks
old) were received approximately three weeks later from the same vendor.
8r~eding was initiated 3 to 4 weeks after quarantine of the males.
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Oil the day Oil which spt:i""iIlWas cJetl::!cted, Willen was designated as I a.g. Mat­
ing and initiat~on of gestational exposures continued daily until about 38
sperm-positive rats were assigned to each experi.mental group. Gestational
exposures were perform~d 7 hours per day, 7 days per week, through 19 d.g.

For convenience, the pregestational exposure groups are denoted as "1 0w
level" and "high level" and the group exposed to filtered air as "air."
Based upon the combination of pregestational and gestational exposures, one
control and six experimental groups wer~ formed. These groups, as follows,
will be identified by the pregestational and gestational exposure in the
presentation of results.

Air-Air (A-A) (Control) - 3-week pregestational exposure to filtered air
followed by exposure to filtered air during days 1-19 of gestation;

Air-Low (A-L) - 3-week pregestational exposure ~o filtered air followed
by low-le~~l exposure during days 1-19 of gestation.

Air-High (.~-H) - 3-week preg~stational exposure to filtered air followed
by high-level exposure during days 1-19 of gestation.

Low-Air (L-A) - 3-week pregestational low-level exposure followed by
exposure to filtered air during days 1-19 of gestation.

Low-Low (L-L) - 3-week pregestational low-level exposure followed by
low-level I~xposure during days 1-19 of gesfation.

High-Air (H-A) - 3-week pregestational high-l~Jel exposure followed by
exposure to filtered air during days 1-19 of gestation.

High-High (H-H) - 3-week pregestational high-level exposure followed by
high-level exposure during days 1-19 of gestation.

ANIMAL SACRIFICE AND EXAMINATION PROCEDURES

The animals were sacrificed by introduction of carbon dioxide into a euthan­
asia chamber. The order of sacrifice was randomly determined. The animals
were identified only by their unique identification number, to assure that
the treatment group was unknown to the prosectors. Foot markings of the rats
were not observed by most prosectors, 50 exposure group was unknown to.those
evaluating reproduction status and fetal measures. Pregnant rabbits were
sacrificed ~nd ~xamined at 30 d.g. and pregnant rats at 21 d.g. The maternal
necropsy procedure and evaluations of the fetuses for embryotoxicity were
essentially the same for rats and rabbits. The only major difference was
that all rabbit fetuses and only one-half of the -rat fetuses (selected ran­
domly) were examined for visceral abnormalities.

Necropsies were performed on all adult animals; liver, lung, spleen and
kidneys were weighed. Internal abnormalities of the pregnant and nonpregnant
animals were also recorded, e.g., adhesions, tumors, or evidence of infe~­

tion. Samples of the ovaries, uterus, liver, lungs with trachea, and kidneys
were 'preserved in 10% neutral buffer~d formalin (NSF). Histopathological
examination5 wer~ ~~rformed on tissues from 25% (approximately 7 per group)
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or ~rle pregnant animals, selected at random. The residual tissues and the
tissues from the remaining 75% of the animals and from the nonpregnant ani­
mals were preserved for possible future examination.

The uterus, with ovaries attached, was removed from each animal immediately
upon sacrifice. The ovaries were removed and identified as to right and
left, the number of corpora lutea was estimated, and the ovaries were fixed
in NBF for histologic preparation and examination. The uterus was opened ~nd

counts made of living and dead fetuses and of resoT'ptions, which were classi­
fied as to the stage of gestation at which death appeared to have occurred.
The living and recently dead fetuses were removed in serial order and blotted
on a moist surface. Each fetus was weighed, its crown-rump length measured,
and its sex determined.

As the fetuses were removed from the surrounding membranes, the amniotic
fluid was observed for any abnormalities in color or volume. Concurrently,
the placentas were removed, weighed and examined; abnormal placentas, if
observed, were fixed for histological preparation and examination. Each
fetus was exami~ed for gross external abnormalities under an illuminated
magnifier. The fetuses of both species were randomly divided into two equal
groups for more detailed teratologic examination. In one group, the heads
were removed and placed in Bouin1s fixative for subsequent examination of
serial razor-blade sections by the methods of Wilson (1965) and vanJulsingha
and Bennett (1977) for rats and rabbits, respectively. Decapitated rat
fetuses and a11 rabbit fetuses were examined for internal abnormalities by
Staples ' (1974) modification of the method of Barrow and Taylor (1969). Rat
fetuses not decapitated were eviscerated and their sex was verified by the
presence ofmal~ or female gonads. Following evisceration, fptal rabbit
carcasses were ~ir-dried and rat fetuses were fixed in alcohol before prep­
aration of skeletons by the Staples and Schnell (1964) modification of the
method of Da~so~ (1926). To detect abnormalities, the tTeared skeletons,
stained with Al izarin Red S, were examined under low-power ~agnification. A
defined checklist was followed to ensure inspection of all stained struc­
tures. All unusual observations were recorded. For example, observations
were tabulated whenever three or more sternebrae or vertebral centra of a
fetus were affected. A number of both common and unusual rib defects were
noted, and some of these are illustrated in Figure 14.

Once all fetal examinations were completed, the results were tabulated ac­
cording to predetermined classification of defects, namely: major malfor­
mations, minor anomalies, or common variants and/or deformations. These are
working definitions to provide guidelines for a standarized classification of
dysmorphology and/or dysgenesis. The general considerations for assignment
to one of these categories is as follows:

Major Malfurmations:

Lethal or severely detrimental to survival

Irreversible without intervention

~requently involves replication, reduction, or absence of
~ssential structure
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FUSED. I.t.........;t.al joining of two adjac.nt
rib. which-.,-.................

:>- :
(a)

BENT· a rib with a sing I•. distinct angu~tion..,- ~., ..=.....-- ~.....
lal cl••rly originats from two seperal. v.nebre o.

(blappea's 10 originate int.Nan.b.ally. wilh nc. ribe
origineting from Ih. two .dj.cant v••t.b.....

BRANCHED· laleral·venlral bifurcallon of a fll> wll,ch
IS single al Its aM8cnment to a 51nqle yp.nebra.

SPADE· a distinct "spad.sh.ped" an~.g.melll

low.rd the st.m.1 .nd of Ih. rib.

WAVY· two o. mo•• undulallons in a rib; usually seen-in
two or more .dJ8cent ribs,

• %:g,

rwl~TED - a dIstinct lorsion af 'h" fib.

KNOBBY· a distinct focal enlergement along the
shah. (ohen associated with bent and/or wavy ribs.)

• •• .... • ....

• .... • ...
" ....

Fi glJr~ 14. Rib classification criteria.



Jften resuits from partiai or compiete faiiure to migrate,
~lose and/or fuse

May include syndromes of otherwise minor anomalies

Minor Anomalies:

~onlethal and generally not dp.trim~ntal to survival

Generally irreversible

uepends on degree of severity and/or frequency of occurance;
may be upgraded to "ma jorJl or downgraded to "v?riant" accord­
ingly.

Frequently involves reduction or absence of ronessential
structures

=requently involves reduction in number, size or absence of
~onessentjal structures

Common Variants and/or Deformations:

Nonlethal and not detrimental to survival

Generally reversible .or transitory
i

rrequently associated with immaturity

Often induced after organogenesis C'fetal pathologyJl)

Generally less specific than other classes of defects

May occur with a high frequency

Often considered to result from delay in developmental sequence

Differences in the size of specific structures are often highly subjective,
so these observations are omitted from tabulations but are indicated in the
text.

The rationale for categorizing abnormalities derives from the knowledge that
structural changes routinely recorded in teratology studies are not of equal
importance or meaning (Palmer; 1969, 1~72, 1974, and 1978). Final judgments
require case-by-case evaluations supported by appropriate statistical an­
alyses of the relative incidence of deFects. Thus, a dose-related increase
in the incidence of any abnormality is important, regardless of classifica­
tion, since the data would imply that the agent caused an effect, both qual­
itatively and quantitatively. In contrast, low prevalence of nonrelated
defects, in the absence of an apparent dose-response relationship, should be
attributed to the agent only with extr~me caution. Spontaneous occurrence of
defects of variable severity are inher~nt in all populations and represent
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the backgrouna lnC1aence (Paimer; i968 and i977, Perraud 1976, Kameyamsa
i:t a1. 1980, Co~ens 1965, and Banerjee and Durloo 1973).

STATISTICAL EVALUATIONS

The litter was considered as the basic experimental unit for statistical
~nalyses. The reason for using the litter as the basic unit is that statis­
tical test procedure~ used in the d~ta analysis require that the basic sam­
pling units be independent. Fetuses are not used as experimental units be­
cause littermat~s may not respond independently (Haseman and Hogan 1975).

Analysis of variance (ANOVA) was the test of choice for continuous variables
when several means were to be compared. Response proportions, such as number
of implants per corpora lutea per dam, proportion of resorptions per litter,
proportion of dead fetuses per litter, etc., were analyzed by the analysis of
variance technique with an arcsin transformation (6) of the response propor­
tion, p. This transformation, 6 = 2 arcsin ~p, was chosen because: first, e
is more nearly normally distributed than p, and second, the.standard devia­
tion of 6 is independent of long-run values of e or p when sample size per
treatment group is not too small (E"isenhart, 1947). If results of anal'lsis
of variance showed a significant treatment effect, then Duncan's multipie
range test was used to make multiple comparisons among group means to inves­
tigate the possibility of a dose-response relationship. One way to express
the results of Duncan1s multiple range test is to divide the exposure groups
into homogeneous subsets (indicated by underlining sUbsets) which do not
differ from each other with means ordered according to increasing size, as
shown in the Appendix of this report (page 96).

Compari sons of bi nary response var; ab hs among groups ,,,ere done by chi - square
tests for indepp.ndence or Fisher's Exact Probability Test (Siegel, 1956).

B.i nary response vari ab 1es i ncl ude such parameters as number of pregnant
females per number inseminated, number of litters with resorptions, etc.

In addition to consideration of absolute value~, organ ~eights also were
converted to pe~centages of total body weight (relative weight) and analyzed
by the analysis of variance techn~que. Analysis of organ weight data ex­
amined as percentages of total body weight is as powerful and accurate in
evaluating statistical significance as any other method (Weil and Gad, 1980).
If the results of the analysis of variance were significant, Duncan's mul­
tiple range test was used to delineate intergroupdifferenc~s.

Food consumption and body weight measurements' which were repeated at certain
time intervals were analyzed by the an~lysis of variance technique previously
described. The data at each time interval were analjzediand multiple compar­
isons among group means were made when warranted.

The statistical com~uter package "Statistical Package for the Social Sciences
(SPSS)II:li: was used for most of the analyses. Hypotheses were tested at the
0.05 level of significance.

*Supplied by Department of Political Science, National Opinion Research
Cente~, Unive~sity of Chi~agc.
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ANIMAL OBSERVATIONS

ETHYLBENZENE EXPOSED RABBITS

Food Intake and Body Weights

Oai 1y food consumption ina11 three groups ranged between 140 and 190 grams
per rabbit. Al I groups exhibited the same degree of fluctuations in intake
and there was no indication of anorexi~ (Table 3). Weight gain was approxi­
mately the same in all three groups throughout gestation which included the
24-day exposure period (Table 4. ).

Organ Weights and Histopathology

Absolute and relative mean lung weights of the maternal rabbits were essen­
tially the same for all groups (Table 3). The observed increased variability
(standard deviation) may reflect the high weight of two lungs from animals
with chronic pneumonia (40 grams for Vi·l 56, "low-EB II

, and 34 grams for V~1 27,
Ilair groupl') or the fact that the essentially normal lungs of several animals
inadvertently were not weighed. Weights of most lungs ranged from 10-18
grams. Lung weights of nonpregnant do~s (Table 6) were not significantly
different from those of the pregnant does.

Relative liver \"eights of the !'high-EB" group of maternal rabbits were sig­
nificantly greater than those of the air and the "l ow-E8" groups, which were
essentially the same (Table 5). Results similar to the latter two groups .
were obtained for the nonpregnant does (Table 6), but the differences in the
high-EB group were not significant ~ue to the smaller number of nonpregnant
animals. Mean weights of kidneys and 5pleens of all pregnant and nonpregnant
does were unremarkable (Tables 5 and 6). While the effects of the EB expo­
sures appeared to be very similar for ,~ravid and nongravid does (Tables 5 and
6), there were slight differences in mean absolute weights between the two
female populations. This difference m·9.Y be real and is suggestive of endo­
crine influences of pregnancy on organ weights (Souders and Morgan, 1957).

Histological examination of the lungs of the maternal rabbits showed no ap­
parent changes related to EB exposure (Table 7). Changes present were very
small foci of heterophils, lymphocytes and macrophages in alveolar areas and
small increases in amounts of bronchus-associated lymphoid tissue (SALT).
Animals evidencing these changes were evenly scattered through the groups.
Epithelial hyperplasia of bronchi and !Jronchioles was uncommon and slight,
except for one l~abbit in the low-level group which had a moderate degree of
hyperplasia associated with a moderate chronic suppurative pneumonia. One
control rabbit had slight suppurative bronchitis. The other lung changes
....ere very mi nor and mayor may not havl~ been re 1ated to an enzootic pathogen
evnnC:/lrc_...~ _.. _. _.
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iabie 3. ~ood co~su~gjion of rabbits exposed to etnylbenzene or air by
inhalatlon .

Days Exposure Levels (ppm)
Gestation

Number of Rabbits
per Group

P~e-exposure(b)

7-9

9-12

12-14

14-16

16-18 .

18-20

20-22

22-24

24-26

26-28

Air (0)

30

179 ± 61

183 ± 21

160 ± 49

164 ± 50

151 ± 31

173 ± 57

175 ± 33

171 ± 37

187 ± 43

187 ± 33

179 ± 35

161 ± 39

141 ± 40

171 ± 37

Low, (99)

29

179 ± 57

163 ± 54

176 ± 29

173 ± 43

155 ± 32

177 ± 36

181 ± 27

189 ± 29

188 ± 28

183 ± 31

173 ± 32

160 ±,41

134 ± 42

163 ± 46

High (962)

29

191 ± 48
)

165 ± 34

165 ± 34

171 ± 30

155 ± 12

165 ± 29

171 ± 34

177 ± 22

179 ± 36

185 ± 44

188 ± 29

173 ± 37

151 ± 39

141 ± 46

(a)Grams per rabbit per day (mean ± SO), measured every 2 or 3 days during
the gestational exposures. .

(b)One to three days duration immediately prior to exposure.
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Tabie 4. Sody weigh~s of Pf~~nant rabbits exposed to ethyl benzene or
air by inhalation .

Days Exposure"Leve1s (ppm)
Gestation

N~mber of Rabbits
per Group

Pre-exposure(b)

6

10

14

18

22

26

30

Air (0)

24

3652 ± 367

3765 ± 385

3779 ± 341

3837 ± 394

3841 ± 328

3941 ± 354

4025 ± 337

4100 ± 348

4142 ± 351

Low (99)

24

3615 ± 295

3692 ± 341

3715 ± 298

3761 ± 286

3876 ± 291

3902 ± 327

4006 ± 297

4100 ± 349

4056 ± 375

High (962)

23

3645 ± 341

3767 ± 322

3698 ± 290

3587 ± 384

3831 ± 344·

3858 ± 347

4010 ± 428

3997 ± 402

4048 ± 384

(a)Grams; mean ± SO.

(b)One to three days immediately prior to exposure.



Table
,.

Organ w~ighls of ~'5gnant rabbits exposed to ethyl benzene or:::l.

air by inhalation .

Exposure Levels (ppm)
Observations

Air (0) Low (99) High (962)

Number pregnant 24 23 22

Body weight 4142 ± 351 4063 ± 382 4048 ± 384

Lung weight(b)
absolute 14.9 ± 4.7 15. 1 ± 5.8 13. 1 ± 1.8
relative 0.4 ± O. 1 0.4 ± 0.2 0.3 ± 0.04

Liver weight
absolute 104.0 ± 19.2 109. 1 ± 16.9 117.8 ± 22.0(c)
relative 2.5 ± 0.4 2.7 ± 0.4 2.9 ± 0.5

Koj dney we i ght
absolute 19.3 ± 2.7 20.3 ± 2.4 19.9 ± 2.9
relative 0.5 ± O. 1 0.5 ± o. 1 0.5 ± O. 1

Spleen weight
absolute 1.4 ± 0.37 1.3 ± 0.34 1.2 ± 0.36
relative 0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.01

. (a)Absolute weight as grams and relative weight as percent of body weight in­
cluding gravid uterus; mean ± SO.

(b)Some lungs were inadvertently not w!ighed; group size was 23, 22, and 20
for air, low, and high, respectively.

(c)Group is significantly different by ANOVA (Duncan's). See Appendix.
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Taoie 6. Organ weights of non~~~gnant rabbits exposed to ethyl benzene
or air by inhalation .

Exposure Levels (ppm)
Ooservations

Air (0) Low (99) High (962)

Number nonpregnant 6 5 6

Body weight 3967 ±244 4140 ± 481 3983 ± 353

Lung weight
absolute 14.2 ± 1.2 14.6 ± 2.3 14.0 ± 1.4
relative 0.4 ± 0.04 0.4 ± 0.04 0.4 ± 0.04

Liver weight
absolute 110.2 ± 24.3 120. 1 ± 13.5 132.9 ± 25.9
relative 2.8 ~ 0.5 2.9 ± 0.5 3.3 ± 0.5

Kidney weight
absolute 23.6 ± 4.6 21. 2 ± 1.7 21. 8 ± 3.3
relative 0.6 ± O. 1 0.5 ± O. 15 0.5 ± O. 1

Spleen weight
absolute 1.5 ± 0.7 1.6 ± 0.4 1.6 ± 0.5
relative 0.04 ± 0.02 0.04 ± 0.01 0.04 ± 0.01

(a)Abso1ute weight as grams and relative weight as percent of body weight;
mean ± SO.
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Tablt:= 7. H'isLupatholoyy summary of maCa,nal rabbits exposed to ethyi­
uenzene or air by inhalation .

Tissue and Observations

Number of Animals Necropsied
Number of Animals Examined

LUNG
--rQcal alveolar/Ptb~vascular inflammation

Increase in BALT
Epithelial hyperplasia
Pneumonia, suppurative
Bronchitis, suppurative

KIDNEY
Interstitial lymphoid infiltrate
Mineralization

LIVER
---vacuolization

Inflammatory cells in portal area
Foci of heterophils

UTERUS AND OVARIES
Inflammatory cells in endometrium
Inflammatory cells in myometrium

Exposure Levels (ppm)
Air (0) Low (99) High (962)

30 29 29
6 6 6

6 6 5
3 4(c) 2
1 2(c) 2
a 1 0
1 0 0

5 4 5
2 3 3

4(C) 4 5(c,d)
1 1 1
0 1 1

5 4 4
0 0 1

(a)Number of examined animals that had tissue changes

(b)SALT = bronchus-associated lymphoid tissue

(c) Severity of a11 1es ions was very s1; ght to mi 1d, except those i ndi cated
where 1 to 2 per group were graded as moderate

(d)Fatty appearance in one sample; graded as "marked ll
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No apparent treJtment-reiated ceiiular changes occurred in the kidneys (Ta­
ble 7). One lo~-level and one high-level rabbit had mild interstitial lymph­
oid cell infiltrates, some fibrosis and tubular changes. ather minor, insig­
nificant changes noted were rare tiny lymphoid foci scattered in interstitial
areas and scattered slight tubular mineralization, both of which were evenly
distributed among the groups.

The livers had variable d~grees of hepatocellular vacuolation characterized
by rough, nondiscrete vacuole edges, resembling glycogen deposits; the inci­
dence of this change was evenly distributed among the experimental groups
(Table 7). One high-level rabbit had marked hepatocellular vacuolation
consistent with fatty change; the significance of this is questionable and is
apparently not exposure-related. Slight increases in portal inflammatory
cells in 3 rabbits and tiny foci of heterophils seen in 2 rabbits were rep­
resented in all groups and considered insignificant. These histological
changes did not explain the significant increase in liver weight.

No significant lesions were seen in th: ovaries, and the small number of
inflammatory cells seen in the endometrial tissues were considered within
nofmal limits (Table 7).

A marked fibrinonecrotic otitis externa, of unknown etiology, was present in
one low dose rabbit.

Fertility and Reproductive Status

Only two does died and two others delivered prematurely out of 88 inseminated
and exposed to EB or filtered air (Table 8). Thus in the absence of overt
evidence of wid,~spread maternal morbidity, mortality, or major manifestations
of toxicity, the does were considered neal thy and normal throughout the
experimental pe~iod.

Based upon the percent of the does pregnant at sacT'ifice (Table 8), there was
no clear evidence that daily exposure to EB from 1 through 24 d.g. altered
rabbit fertility. Conception rates for the "1 ow:-EB II and "high-EB" groups
were 83% and 79%, respectively, if the dead and "aborted ll does are included.
The distribution of nonpregnant does in each exposure group was essentially
the. same. and 40-67% of the nonpregnan t does had corpora 1utea at sacrifi ce.

Only one statistically significant effect was observed among the various
measures of reproductive status listed in Table 9. This was the difference
in mean number af live fetuses per litter in the three groups. The biolog­
ical significance of the EB-related embryomortality is not understood, since
there was not a concomitant change in resorbed or dead fetuses per litter.
Preimplantation loss was relatively low (18-27%) based upon the ratio of mean
implants per litter to mean number of :orpora lutea per doe. Prenatal mor­
tality, which was based upon the ratio of mean number of dead or resorbed
fetuses per litter to mean number of implants per litter, ranged from 5-8%.
Neither of these parameters indicated: IIdose-related ll incidence of intra­
uterine mortality among the three groups.
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Tabl ~ 8.. hi'eeding' sunuuary of rabbi ts exposed. to' ethyTbenzene or ai r
by, inhalation.

Exposure Levels (ppm)
Observations

Air (0) Low (99) High (962)

Number
Inseminated 30 29 29

Number pregnant
at sacrifice 24 21 22

Number not preg-
nant at'sacrifice 6 5 6

Number delivered 2(a)prematurely 0 0

Number died 0 l(b) ,(b)

Percent pregnant
at sacrifi ce 80 71 78

(lbw-EB) found dead on approximately 30 d~g.; cause unknown.
(high-EB) found dead on approximately 11 d.g.; pneumonia pre­
Both were pregnant.

(a)Two does, Numbers
viable' yeung.

(b)Number VM 75
Number VM 85
sumed cause.

VM 23 and VM 45 delivered premat~rely at 29 d.g.; no
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Table 9. Reproductive status of rabbits exposed to e'thyibenzene or alr
by inhalation.

Exposure Levels (ppm)
Observations

Air (0) Low (99) High (962)

Percent pregnant 80 83 79

Number of 1i tters
21(a)examined 24 22

Number of corp~b'
11 ± 2 11 ± 2 11 ± 3lutea per doe

Number 0Cb~mplants
8 ± 3 9 z 3 8 ± 4per doe

Number of implants rb )
0.8 ± 0.3 0.8 :: 0.2 0.7.z 0.3per corpora lutea\

Total fetuses (live) 182 170 158

Total fetuses (d~ad) 4 0 0

Number live r6,tuses
8 3 7 ± 3 "7 3(c)per litter\. ± I z

Number.dead(~,tuses
0.2 ± O.8{d) 0 ± 0 0 ± 0per lltter

Number reso~8)ions

0.4 ± 0.8 0.7 ± 1.3 0.5 1.1per l;tter~ ±

Number of litters
with resorptions 6 8 5

Percent 1i tters with
resorptions 25 35 23

Resorptions per 1~~1ers
2 ± 2 ± 2 2 ± 2with resorptions

(a)Two litters excluded from the summary; number VM 23 and VM 45 aborted.

(b)Mean ± SO.

(c)Group is significantly different by ANOVA (Duncan's). See Appendix.

(d)Litter number VM 27; all 4 implants were dead; no other litter had dead
f~tllS~S.
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ratal :·1aaSUi~E:S ,:tJid Tera.togenici ty

No significant :ffects of exposure were observed for fetal size·(weight and
length), or placental weight. (Table 10). Thus, there was no evidence of
intrauterine growth retardation. The sex ratios of the groups were all about
the same (Table 10).

Table 10. Fetal measures from rabbit l~~yers expose~ in utero to ethyl­
benzene or air by inhalation

There were no significant incidences of major malformations, minor anomalies,
or common variants in fetal rabbits exoosed in utero to EB (Table 11). The
incidences cited (Table 11) are consistent with the spontaneous incidences of
these abnormalities reported for other laboratories (Cozens, 1965; Palmer,
1968). Occasionally, rUdimentary ribs were incompletely ossified proximally
and these observations were tabulated appropriately.

Thus, the overan impression was that ,jaily (7 hr/day) inhalation exposure of
pregnant does (1-24 d.g.) to EB at levels up to 1000 ppm did not appear to
induce significant maternal toxicity, embryomortality, growth retardation, or
teratogenicity in rabbits.

ETHYLBENZENE EXPOSED RATS

Food Intake and Body Weights

No significant differences among exposure groups were seen in food consump­
tion during the pregestational or gest~tional exposure periods (Tables 12 and
13). Food intake was approximately 20 g/rat/day in the pregestational period
and increased during late gestation to about 25 g/rat/day.
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Tab i e .ii . Summary of malTormations, anomalies, and variations in fetal
r~bb~~, exposed prenatally to ethyl benzene or air by inhala­
tlon .

(a)Results are expressed as number of fetuses affected/number litters affected;
% litters affected are shown below in parentheses.

(b)Same fetus; litter VM 81 fetus]

(C)Rudimentary supernumarary r1bs with proximal ossification defect
(see text).

(d)Utter numb~r VM 27: all four irlllliants dead, so not included.
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iabl~ 12. Preg~stationai fo~g)consumption of rats exposed to ethyl benzene or
air QY inhalation .

Days of
Exposure Ai r (0)

Exposure Levels (ppm)

Low (97) High (959)

Number of rats
per group

Pre-exposure(b)

1-2

3-4

5-7

8-9

10-11

12-14

15-16

17-18

19-21

159 105 105

20 ± 1 21 ± 4 20 ± 4

18 ± 2 21 ± 2 14 ± 1

20 ± 2 22 ± 2 20 ± 1

21 ± 2 21 ± 0.4 22 ± 2

21 ± 1 23 ± 2 23 ±

21 ± 2' 22 ± 2 22 ±

21 ± 21- ± 2 22 ± 2

20 ± 21 ± 2 20±

19 ± 20 ± 2 21 ±

21 ± 1 22 ± 1 22 ± 2·

(a)Grams per rat per day; mean ± SO.

(b)Two day period immediately prior to exposure.
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iaule 13. G7st~ti~nai fo~d f~~sumPtion of rats exposea to ethyloenzene or
alr uy lnha1atlon .

Days Exposure Levels (ppm)
Gestation Air (0) Low (96) High (985)

Number of rats
pe·r group 107 82 78

1-2 20 ± 3 20 ± 4 19 ± 4

3-4 22 ± 2 23 ± 2 22 ± 3

5-6 21 ± 3 23 ± 3 21 ± 2

7-8 20 ± 2 22 ± 3 . 22 ±

9-10 22 ± 2 24 ± 2 23 ± 2

11-12 22 ± 2 25 ± 4 24 ± 2

13-14 23 :t 2 26 ± 4 23 ± 2

15-16 26 ± 3 27 ± 4 23 ± 2

(a)Grams per rat per day; mean ± SO.

Body weights of the EB-exposed rats appeared to increase normally during the
pregestationa1 period (Table 14).' Gro\r~th rates for the two EB-exposed groups
were greater than that of the filtered air group during the second and third
week. We cannot attribute any bio1ogi ,:al significance to this observation.
The assignment of rats to the three groups was determined randomly by weight
from the single shipment, so there were no known differences between group:
at the outset 07 the pregestational exposures. The pregestational groups
were randomized again after breeding, i.e., before they received their ges­
tational exposures. There were no significant differences between air and
EB-exposed rats at 1 dg (Table 15). Presumably this is because there was an
interval of up to one week between the last pregestational weighing and the
first gestational weighing for some, animals in each group. Thus, there was
time for the weights to equilibrate between the various groups. All groups
gained weight during gestation (averaging approximately 90-102 g/group) and·
no statistically significant differenc~s were observed (Table 15).

It should be noted that one rat (#1670) from the IIhigh-EB" group died from
unknown causes on the eighth day of pr~gestational exposure, but no evidence
of toxicity was observed in the remaining rats.



TablE: 14. p(~g'~statiollcd I;,iudy weights of rats exposed to ethyibenzene or air
by inhalation(a). ..

Days of
Pregestational
Exposure

Number of rats
per group

Pre-exposure(b)

Week lA

Week 18

Week 2A

Week 28

Week 3A

\oJeek 38

Exposure Levels (ppm)

Air (0) Low (97) High (959)

159 105 105

152 ± 11 153 ± 11 153 ± 11

199 ± 15 201 ± 16 196 ± 19

202 ± 17 206 ± 17 207 ± 23

215 ± 18 223 ± 19(e) 225 ± 18(e)

(-' 19(c)219 ± 17 227 ± 20 '-J 231 ±

232 ± 18 238 ± 21(e) 244 ± 19(c)

235 ± 17 242 ± 22(e) 248 ± 19(e)

(a)Grams; ~ean ~ so.

(b)Two day period immediately prior to exposure.

(c)Groups significantly different by AI~OVA (Duncan's). See Appendix.
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Table 15. Body ,weights of pregnant rats exposed to ethylbenz.ene or air by lnhalatlon(a).

-------

Prcgestational-Gestational Exposure-Groups (ppm)O-ays of
Gestation Air-Air Air-low I\ir-Ii iah low-Air low-low High-Air High-High

----
(0-0) (0-96) (0-985) (97-0) (97-96) (959-0) (959-985)

~--

Number of rats
per group 33 33 29 33 30 29 31

1 255 ± 20 252 ± 22 256 ± 21 256 ± 27 257 ± 23 264 ± 24 262 ± 22

5 272 ± 20 270 ± 22 272 ! 20 278 ± 27 274 ± 24 279 ± 2(i 279 ± 22

9 287 ± 20 284 ± 24 288 ± 22 288 ± 28 294 ± 23 294 ± 2(i 294 ± 19

13 310 ± 22 309 t 25 311 ± 24 312 ± 29 315 ± 30 320 ± 30 315 ± 24.

17 339,± 22 336 ± 27 336 ± 32 337 ± 27 344 ± 31 341 ± 2~1 335 t 26
~

Ol

21 379 ± 32 374 ± 34 372 ± 37 378 ± 33 381 ± 41 376 ± 3~i 372 ± 32

(a)Grams; mean ± SD.



Ui'Yd(l We1ghts a~d Histopathoiogy

There":were signi.ficant effec.ts,,_of EBexposure on maternal rat organ weights
(Table-16). Liver. spleen~ and kidney weights (absolute and relative) from
the two gestati~nally exposed high-level groups (A-H\ and H-H) were signifi­
cantly greater than those of all air and low-level gestationally exposed
groups. This elevation in weight is not apparent in the table for the rel­
at i ve ki dney wei ghts (Table 16): since a11 val up.s were rounded' to tenths of a
percent for consistency. There we~e no significant effects on maternal lung
weights following exposure to EB. Liver weights of nonpregnant rats were
also elevated for the same high-level exposure groups (Table 17).

Overall, there were similarities between rats and rabbits exposed to EB.
Exposure at the high level (~lOOO ppm) elevated liver weight in both species.
Another similarity between the rats and rabbits exposed to EB was the differ­
ences in absolu"te weights, especially livers and spleens, between gravid and
nongravid individuals. Again, this is suggestive that endocrine or other
metabol'ic effects associated with pregnancy alter some organ weights.

Treatment-relat~d changes were not evijent in the histologic sections of
lungs of EB-exposed rats (Table 18). Focal alveolar and perivascular in­
filtrates characterized by the presence of lymphocytes. plasma cells. neu­
trophils and/or eosinophils were seen in almost all rats of all groups and
were uni formly present ina s1i ght to mil d degree. Apparent increases in
bronchus-associated lymphoid tissue were slight and seen in only three rats,
one in each of three different exposure groups (L-A. H-A. H-H). Bronchiolar
epithelial hyperplasia was also slight and present in only one control rat
and one H-A rat. The minor alveolar a~d perivascular Jnfiltrates may indi­
cate the presence of an enzootic pathogen.

The kidneys showed no histological changes related to treatment (Table 18).
Considered incidental or within normal limits were: a) very tiny foci of
lymphoid cells in about one-half of th~ rats in all groups; b) slight to mild
hydronephrosis in two rats; and c) s'light tubular mineralization in one rat.

Examinations of the livers provided no evidence of histological changes re­
lated to treatment (Table 18). Variable degrees of hepatocellular vacuola­
tion resembling glycogen deposits were evenly spread among groups. Several
rats in each exposure group had variable slight populations of lymphoid cells
in portal areas that were within normal limits. One or two rats in each
group had very small foci of necrosis and/or inflammation of unknown etiology.
Three rats in the A-A and L-A groups showed evidence of extramedullary hemat­
opoiesis.

No importance could be attributed to w~ry small perivascular lymphoid cuffs
in the ovaries of two rats. one in each of the A-L and L-L groups.

The number of inflammatory cells in the endometrium were considered within
normal limits and uniformly noted in ali groups. Slight numbers of inflam­
matory cell$ wel'e seen perivascularly in the myometrium of a few rats, but it
seems doubtful that this is exposure-related.
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Table 16. Organ weights of pregnant rats exposed to ethylbunzene or air by inhalation(a).

J~~:ege~~~ionar=GestationillExposure LevelsJrn)
Air-Air Air Low Alr-1I1gh low Air low-low High-Air t1igh-High

Observations (0-0) . (0-96 (0:985L (97-0 ) (97-96) (959-0) (959-98~

Number pregnant 33 33 29 33 ]0 29 31

Body weight ]78 t 32 374 i ]4 ]72 ! )/ 379 t 33 ]81 t 41 37/i 1 ]5 370 :1 32

lung weight
absolute 1.7 t 0.2 1.7 t 0.2 I. I t 0.:1 1.7 i 0.] 1.7 ! 0.2 1.7 t 0.3 1.6 t 0.2
relative 0.5 ! 0.1 0.5 i 0.1 O.~ t IL I 0.4 :1 0.1 0,5 ! 0.1 0.5 t 0.1 0.4 t O. I

liver weight
) I(b) (b)absolute 15.6 t 1.4 15.1 :1 2. I 17. U :1
~. (L) I~. 1 t 1.9 15,7 t 2.0 15.4 t 2. 1 18.5 t 2'](b)

re lati ve 4.1 t 0.2 4.0 t 0.4 4.8 :1 O. 1 3.9 t 0.8 4.1 t 0.3 4.1 t 0.] 5.0 t 0.5

Kidney weight o ](h)absolute 2.1 t 0.2 2.1 t 0.2 2." t O.2(b) 2.0 t 0.2 2. I :1 0.2 2. 1 t 0.2 2.3 t
relative 0.6 t 0.1 0.6 t 0.1 0.& t O. I 0.5 t 0.1 0.6 t 0.1 0.6 t 0.04 0.6 t 0: 1(0)

Spleen weight u .)(L) (ll)
+=- absolute 0.8 t 0.1 0.8 t 0.1 O.'J :1 O.ll t 0.1 O.B t O. I 0.8 t 0.1 0.9 t 0,2 (b)
en ,'elat ive 0.22 t 0.03 0.21 i 0.03 0.24 t 0: 114(11) 0.21 :1 0.05 0.22 t 0.03 0.21 i 0.02 0.23 t 0.04

(a)AbsoluLe weight as grams and reldLive weight as perL:~nl 01 hody weighl; mean 1 SUo

(b)Groups significantly different by ANOVA (Iiullcan's). :'ee A/-lpcIIJix.



Table 17. Organ weights of nonpregnant rats exposed to ethyl benzene or air by inhaliltion(a).

~
ID

Observations

Number Nonpregnant

Body weight

Lung weight
absolute
relative

Uver weight
absolute
relative

Kidney weight
absolute
relative

Spleen weight
absolute
re 1ali ve

Prege~tiltlOllal-Gestational Exposure Levels (ppm)
~Al~'r--~A~ir----"""Al~'r---'-[o-w----AT ..-fhgh-~ Low-Air Low-Low High-Air High-High

(0-0) (0-96) (0-98~) (97-0) (97-96) (9~9-0) (9~9-98~)

5 J 6 B 11 10 B

255 t 31 280 273 t 2B 270 ! 25 266 t 20 287 1 28 274 1 26

1.7 1 O. J 2.4 (b) J. 7 ! 0.3 1.6 ± 0.2 1.6 t 0.3 1.8 t 0.2 1.7 t 0.2
0.66 t 0.10 0.84 0.63 t 0.06 0.~9 ± 0.05 0.61 t 0.06 0.64 ! 0.06 0.60 t 0.06

9.<= t 1.4 11.8 12.9 t g:~(h)
10.7 1 1.8 10.3 1 1.2 11.6 ± 1.5 13.0 t 1.6(b)

3.7 t 0.3 4.2 4.8 t 4.0 ± 0.5 3.9 ! 0.4 4.0 t 3.4 4.8 t 0.4

1.9 t 0.2 2.4 2.2 ! o I 2.0 ± 0.2 2. J ! 0.2 2.1 t 0.2 2.2 ± 0.2
0.73 1 0.04 0.84 0.79 ± 0.U9 O. 75 ± O.O~ 0.79 ± 0.07 0.71 ± 0.04 0.80 ± 0.08

0.7 t 0.1 0.7 O. I ! O. , 0.7 t 0.1 0.7 ± 0.1 0.8 t 0.1 0.7 t O. I
0.29 ± 0.08 0.25 0.27 t 0.04 0.27 ± 0.04 0.3 !: O. 1 0.26 ± 0.05 0.25 ± 0.03

(a)Absolute weight as grams and relative weight as percent of I.l~~~-weigt~:-~-an ! 50.

(b)Groups significantly differ~nt by ANOVA (Duncan's). ~ee Appendix.



Table 18. Histopathology summary of maternal rats exposed to ethylbenzene or air by inhlllation(a).

__ Pregestational-Gestational Exposure LevE!lslPPiii)
Air-Air Air-Low Air-High low-Air low-low High-Air High-High

Tissue and Observations (0-0) (0-96) (0-985) (97-0) (97-96) (959-0) (959-985)

Number of Animals Necropsied 38 34 35 41 41 39 39
Number of Anima 1s Exami ned 8 8 7 8 8 7 8

LUNG
Focal alveolar/Pf~}vascular inflammation 8 7 6 8 8 7 7
Increase in BAll 0 0 0 1 0 1 1
Epithelial hyperplasia 1 0 0 0 0 1 0

KIDNEY
-rnterstitial inflammatory cells 3 4 5 3 4 4 4

Hydronephros is 0 1 0 1 0 0 0
t'iineralization 0 0 0 1 0 0 0

U1
a

LIVER
Vacuolation 4 5 5 4 4 5 5
Inflammatory cells in portal area 6 5 6 5 4 5 5
Focal necrosis/inflammation 3 1 1 3 1 2 1
Extramedullary hematopoesis 1 0 0 2 0 0 0

UTERUS AND OVARIES
Perivascular mononuclear cells 0 1 0 0 1 0 0
Inflammatory cells in endometrium 7 8 7 8 6 7 8
Inflammatory cells in myometrium 0 2 2 0 2 2 3

laJNuRlber of examined animals that had tissue changes. Severity of illl lesions was very slight to mnd.

(b)BAlT = bronchus-associated lymphoid tissue



Fertility and R~productive Status

Rats were mated for nine consecutive nights to obtain an adequate number of
females with sp~rm-positive vaginal lavages (Tables 19 and 20). The EB-

. exposed females mated well; the percent sperm positive for the nine days of'
breeding was 74 and 78% for the high- and low-EB groups, respectively. Only
67% of the air-~xposed control females mated during the same period and thi.5
is consistent with the approximate value of 70% th~t we l!SU.:llly expect. How­
ever, the percent of sperm-positive rats that were pregnant, was signifi­
cantly lower for the EB-exposed dams than the air-exposed controls (Ta-
ble 19). Nevertheless, when the data on percent of sperm-positive females
pregnant at 21 d.g. were rearranged for each of the gestation exposure groups
and reevaluated, no statistically significant differences were observed (Ta­
ble 20). The apparent discrepancy may reflect the unusually high pregn~ncy

rate of the air-low group (97%). Generally, pregnancy is expected at 8~ ± 5%
of sperm-positive rats for this stock in our laboratory, but 73-81% is not
unusual in unexposed groups. Thus, analysis of the data did not suppor~ a
conclusion that exposure to EB reduced fertility in rats, but it does not
rule out the p03sibility. Modification of the experimental designs would be
needed to directly answer the question, IIDoes EB-exposure affect rat fertil­
ity?" Regardless, there were 29-33 pregnant rats in each of the gestational
exposure groups at sacrifice. No statistically significant effects were ob­
served among the various measures of reproductive status listed in Table 21.

Table 19. Breeding summary of rats.. exposed. to· ethylbenzene or air by
inhalation.

Observations Ai r (0) , Low, (97) High (959)

Number of femal~s

mated 159 105· 105

Number sperm
positive 107 82 78

Percent sperm
positive 67 78 74

Number pregnant
at 21 d.g. 95 63, 60·

Percent pregnant
77(a) n(a)at 21 d,g. 89

(a) P ~ 0.05 by Chi-Square compared to the air group.
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Table 20. Pregnancy summary of rats exposed to ethylbenzene or air by inhalation.

Prenes tatfOna l'::Gestat i onal Exposure liroups lp(?m~
Air-Air Air-Low Air-Uigh lowAir low-low High-Air High-High

Observations (0-0) (0-96) (0-985) (97-0) (97-96) (959-0) (959-985)

Number sperm
posit ive 38 34 35 41 41 39 39

(

29 30Number pregnant 33 33 33 29 31

Number not
pregnant 5 1 6 8 11 10 8

Percent
pregnant 87 97 83 81 73 74 80



Table 21. Reproductive status of }'ats exposed to ethy!benzene or air by inhalcltion.

ohservations

Resorptions rs~ litters with
Resorptions 1. I t 0.3

97 113 81 73 74 80

3J 29 33 :iU 29 31
..

16 i 5 14 I 3 16 ± 4 15 ± 4 17 t 4 14 ± 2
l

13 ± 3 12 i 3 13 ± 3 11 ± 4 12 :I: 4 11 t 4

0.8 ± 0.2 O.~ t 0.2 0.9 t 0.2 0.8 I 0.2 0.7 t 0.3 0.8 ± 0.3

402 341 420 335 334 333

0 0 0 1 1 0

12 i ] 12 t 4 13 :I: 3 11 I 4 12 t 4 11 :I: 4

0 t 0 0 ±O 0 t 0 O.Oh 0.18 0.04IO.19 0.0 I 0
~yl

0.5 1 0.6 05 ! 1.2 0.5 ± 0,6 0.2 ± 0.5 0.5 t 0.6 0.6 i 0.8

15 11 14 6 11 13

46 20 42 20 38 42

1.ltO.4 I 9 :!: I. 7 1.4 t 0.4 1.2 :!: 0.4 1.2 ± 0.4 1.5 t 0.7

t 3

o t 0

o

0.3 ± 0.5

12 ± 3

15

385

, 33

No. of litters with Resorptions 10

Total live Fetuses

12 t 4

No. of Implants per Corpora lutea(a)0.8 t 0.2

Percent litters with Resorptions 30

No. litters Examined

No. of Corpora lutea per Oam(a)

No. of Implants per Dam(a)

Total Dead Fetuses

No. live Fetuses per litter(a)

No. Dead Fetuses per litter(a)

No. Resorptions per litter(a)

Percent Pre~r~nt

U1
W

(a) Mean t SO.



Fetal Measures and Teratogenicity

There was only one significant effect on the fetal measures (Table 22). Mean
crown-rump length of the A-H group was statistically different, but since the
value for the H-H group was the same as that of all other grou~s, the observa­
tion is evidently spurious. Otherwise body weights, placental weights and
sex ratios were all within normal limits for this stock of rats.

There were no significant increases in major malformations or minor anomalies
in any of the E3-exposed groups (Table 23). With the exception of supernum­
erary ribs, there were no significant effects of exposure on the incidence of
common variations. The incidence of extra ribs was statistically increased
in the A-L, A-H, and H-H groups, while rudimentary rib incidence was elevated
significantly only in the A-H group. when the incidences of these two skel­
etal variants are combined (supernumerary ribs) that of the ~H group, but
not that for th9 H-H group is significant. Interpretation of these results
is difficult in the absence of a clear dose-response relationship. When only
gestational exposure ;s considered for comparative purposes, then only the
high-level exposed groups had an increased i~cidence of supernumerary ribs on
the basis of percent of litters affected (69.0, versus 51.6% for A-H and H-H.
respectively). The range for all of the air- and low-level exposed rats was
36.4-48.5%. Thus, there appears to be an increase in this class of abnor­
malities as a r~sult of exposure to EB at the high level.

The overall impr~ss;on is that daily (7 hr/day) inhalation exposure of preg­
nant rats (1-19 d.g.) to EB at levels up to nearly 1000 ppm had more effects
than comparable exposures of pregnant rabbits. The increase of liver weight
in both ~regnant and nonpregnant rats, as well as ;n pregnant rabbits, may be
an indicator of maternal toxicity or it may only reflect IIdetoxifying mech­
anisms. 1I However, kidneys and spleens of high-level-exposed rats were also
increased in weight compared to air- and low-level-exposed animals. The
effect on the incidence of supernumerary ribs is noteworthy, since an in­
crease in th.is skeletal variant (while not a true malformation) at approxi­
mately 1000 ppm may be an indicator of a teratogenic potential which would be

. fully expressed at higher levels of EB exposure (Kimmel and Wilson, 1973}.
;
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Table 22. Fetal measures from rat litters exposed in utero to ethylbenzene or air by inhalation(a).

Pregestd~iQnal-Gestational£xposure l~veT (ppm)
Air-High low-Air low-low High-Air High-Uigh-

(0-985) (97-0) (91-96) (959-0) (959-985)
Air~Air Alr-low
(0-0) __ (O-9§1Observations

Crown-rump legnth (mrn) 31 t 2

Body weight (g)

Placenta weight (g)

Sex ratio (X males)

3.9 t 0.4

0.6 t 0.1

50 t 15

4.0 t 0.1 3.8 i 0.'1 3.8 i 0.5 4.0 1: 0.3 3.8 :1 0.3 3.8 t 0.2

37 t 1 36 t
/b\ 37 ± 2 37 t 1 31 t 1 31 t 1

0.6 t 0.1 0.6 t 0.2 0.6 t 0.1 0.6 t 0.1 0.6 t 0.1 0.6 t O. 1

48 t 15 46 t l? 57 t 15 51 ± 19 49 t 19 52 ± 11

{a1Mean t SO.

(b)Significantly different by ANOVA (Duncan's). See Appendix.
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Tab1E: 23. Summa",)'" of llialforlllations, anoma!ies, an'd variations in f~~ai rats
expcsed prenatally to ethylbenzene or air by inhalation l ).

High-Hlgh
(959-985)

Pregestatl0nal-Gestational Exposure Levels (ppm)
Air-Low Alr-Hlgh Low-Air Low-Low High-Alr

(0-96) (0-985) (97-0) (97-96) (959-0)
Alr-Alr

Tissues and Observations (0-0)

o

o

o

o

o

o

31
333

o

o
o

o

o

o

111
(3.3)

1/1
(3.3)
o

2/2
(6.7)

1/1
(3.3)

1/1
(3.3)

o

o

o

o
Q

o

1/1
(3.5)
o
1/1

(3.5)
o

a

a

o

o

o

o

o

o

33 29 33 30 29
402 341 420 335' 334

o

o

o

o

o

o

Gas trosch i sis

Hydrocephaly

~~i croophtha 1mi a

Ventral Wall Defects

Umoi1ica1 Hernia

Total No. of Litters Examined 33
Total No. of Fetuses Examined 385

MAJOR MALFORMATIONS
Cranlofaclal Defects

MINOR ANOMALl ES
Rlb Dysmorpholoqy
Caraiovascular Defects

Situs inver~s Totalis

Transposed Pulmonary Artery

Retrotracheal Pulmonary
Artery

Other Defects
3rachypeaa

(6.1)
o

1/1
(3.0)

1/1
(3.0)

o

o

o

o

o

o
o

o

o

o

o

O·
0]

o

o

o

o

o
1./ 1

(3.3)
liT

(3. 3)
a

a

ii 1
(3.3)

o
o
I)

o

o

o

a
o

o
a

o

COMMON ~ARIAT:CNS

SUDerrumerary ~ibs

Extra

RUdimentary

Reauced Ossification

Parietal

Interparietal

Supraoccipital

Sternebrae

Vertebral Centra

Caudal Vertebrae

Hind Limbs

Sternebra I Variations

,"1i sa 1igned

Fused

Other
Hyd roureter

~ "
" I

(3.0)
20/13

(J~, ~)

~3/8

(24.2)
1/1

(3.0)
5/4

(12.1)
o

12/5
(1 5.2)

3/2
(6.1)
2/2

(6.1)
o

4/4
(12.1)

3/3
(9. I)

111
(3.0)

SIS
(15.2)

J7/iS

(~~i~(C)
(18.2)
33/15

,45.5)
;2/10

lJO. 3)
2/1

(3.0)
111

(3.0)
o
4/3

(9. I)
4/3

(9.1)
o
1/1

(3. 0)
6/5

(15.2)
6/5

( 15.2)
a

a

73/20(D)
(69.0) ,
25i8'c,

(27 .;),~)
';7/20'

(39. 'J)
9/6

(20.7)
1/1

(3.5)
1/1

(3.5)
a

4/2
(6.9)
5/4

(13.8)
o

a

2/2
(6.9)
2/2

(6.9)
o

111
(3.5)

('~3. 5)
1015

( 15.2)
29/15 .

(~5. ::)
: 5/i I

(33.3)
2/2

(6. 1)
1/1

(3.0)
4/3

(10.1)
4/4

(12. I)
5/4

(12. I)
a

o

3/3
(9.1)
3/3

(9.1)
o

1/1
(3.0)

." '1':..1/. I

(]6. 7)
5/3

(10.0)
J/l0

(23. J)
9/5

(20.0)
1/1

(3.3)
4/3

( 10.0)
1/1

(3.3)
2/2

(6. 7)
3/3

(10. 0)
i)

o
3/3

( 10.0)
3/3

( 10. 0)
o

2/2
(6. 7)

22/', "
d7.9)

5/3
(l 0.3)

( 3 ~ . 0 )
10/'3

(31.0)
3/3

(10.3)
5/4

(13.8)
1/1

(3.5)
1.5/14

(48.3)
1/1

(3.5)
o

o
2/2

(6.9)
2/2

(5.9)
o

11/15
(51. o( \

10/7 .c,
(22.6)
27/ 12

(33.7)
11/6

(19.4)
o

2/2
(6.5)
o

o

9/5
(16.1)

a

o

1/1
(3.2)

1/1
(3.2)
o

2/2
(6.5)

(a)Results are e~pressed as number of fetuses affected/numoer litters affected; ~ litters affectea are
show below in parentheses.

(b)lncidences of effects were signiFicantly different from A-A controls by Chi-Square P ~0.05.

(:)incidences of effects ~ere significantly different from A-A controls by Fisher's Exact, P <0.05.
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ETHOXYETHANOL EXPOSED RABBITS

Food Intake~ Body Weights and Mortality

Food consumption (Table 24) di ffered d.ramati ca lly among the three exposure
groups during the exposure (1-18 d.g.) and post-exposure periods (19-30
d.g.). At the beginning of the exposure period, food consumption in the
high-EE group W3S signifir.antly depr~ssed to about 40 to 80% of the pre­
exposure value. The subsequent gradual increase in mean food intake probably
reflects the de~ths of those animals that persistently ate less than about 50
g per day, but the change may have involved acclimation to the atmosphere.
The rabbits of the low-EE group ate significantly less than those of the air
group throughout most of the exposure period. The trend thus appears to be
dose-related during exposure. Both EE-exposed groups, however, consumed more
food than the controls post-exposure. The data strongly indicate that expo­
sure of rabbits to EE by inhalation induced anorexia which persisted only
during the expostire period. Water consumption was not measured.

Weight gain during exposLlre differed dramatically among all three animal
gl'OUpS (Table 25), presumably reflecting the influence of inhalation expo­
sure, altered food intake, and pregnan:y status. Net weight gain during
exposure (1-18 d.g.) was about 210 and 110 g for the air- and low-EE groups,
respectively, while the high-EE group lost about 250 g during this same
period. Net weight gain during the post-exposure period (19-30 d.g.) was
about 200, 260, and 225 g for air, low, and high groups, respectively. Thus
the mean net weight gain throughout gestation was about the same for the air­
and low-EE groups (375-400 g» whi 1e the hi gh-EE group lost about 45 g. The
interY'uption of pregnancy in the high EE group (see Table 30) may account for
part of the difference in weight gain ~f this group compared to the other
groups.

In addition to altering appetite and weight gain, ·there was increased mor­
tality in the high-EE group (Table 26). Four high-level-exposed does (42,
34, 65 and 91Wl7) died during exposure between 10 and 13 d.g. and one C1AII

)

was found dead at 20 d.g., two days after termination of exposure. The
apparent cause of death for the two air-exposed rabbits and the one in ~he

low-EE group was pneumonia. None of the 5 rabbits of the high-EE group had
grossly apparent pneumonia. Instead, ~t necropsy, the stomach contents
appeared to be composed of hair and recycled fecal material. This material
was compacted into rather dry balls; it is doubtful they were able to· pass it
beyond.the stomach. The intestines contained only scant ingesta. Other
observat ions i nl:l uded gross evi dence 0 f fatty changes. of some hearts, and a11
livers showed a severe degree of fatty change. There were no grossly appar­
ent kidney changes in any rabbit. No histopathology was conducted on any of
these animals.

Based on the clinical history and gross necropsy findings, the deaths in the
high-EE group were presumed to have been caused primarily by the effects of
the chemical on appetite and gastroint~stinal function. It was not deter-

.rnined if this effect was direct or indirect, e.g., via the nervous system,
but some indirect action seems probabl~ since there were no consistent gross
inflammatory lesions in the gastrointestinal tract.
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Table 24. Food cOllsUleg~ion of rabbits exposed to 2-ethoxyethanoi or air by
inha1ation

Days
Gestation

Initial number of
rabbits per group

Pre-exposure(b)

1-2

3-5

6-7

8-9

10-11

12-13

14-15

16-17

18-19(d)

20-21

22-23

24-25

25-26

27-28

28-29

Air (0)

29

171 ± 38

164 ± 18

171 ± 33

182 ± 28

178 ± 26

170 ± 35

183 ± 51

191 ± 36

182 ± 27

192 ± 25

191 ± 37

191.± 55

163 ± 60

134 ± 58

135 ± 49

132 ± 49

Exposure Levels (ppm)
Low (160)

29

1-51 ± 50

128 ± 34(c)

138 ± 39(c)

148 ± 38(c)

156 ± 32(c)

155 ± 37

145 ± 36 Cc )
156 ± 34(c)

166 ± 50

174 ± 56

204 ± 26

215 ± 50

190 ± 49

178 ± 39(c)

170 ± 48

169 ± 66

High (617)

29

170 ± 37

71 ± 41(c)

58 ± 43(c)

61 ± 49(c)

75 ± 49(c)

82 ± 43(c)

89 ± 43(c)

97 ± 52(c)

100 ± 59(c)

143 ± 64(c)

211 ± 78

216 ± 70 Cc)
207 ± 49(c)

209 ± 57(c)

245 ± 67(c)

(a)Grams per rabbit per day; mean ± 50.

(b)One to three days immediately prior to exposure.

(c)Groups were significantly different by ANOVA (Duncan's). See Appendix.

(d)Exposures terminated after exposure on 18 d.g. due to mortality.

. . .\
." ., - -', ~
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Table 25. Body weiyhts of p(~~nant rabbits exposed to 2-ethoxyethanol or
air by inhalation .

Days
Gestation

Initial number of
rabbits per group

pre-exposure(b)

6

10

14

22

26

30

Air (0)

27

3785 ± 414

3798 ± 393

3801 ± 395

3860 ± 391

3945 ± 392

4001 ± 384

4152 ± 428

4104 ± 329

4189 ± 369

Exposure Levels (ppm)
Low (160)

24

3809 ± 479

3798 ± 443

3752 ± 434

3799 ± 439

3875 ± 427

3941 ± 428

4058 ± 402

4147 ± 426

4202 ± J12

High (617)

24

3924 ± 394

3934 ± 378

3725 ± 370

3682 ± 365

3685 ± 347

3661 ± 386(d)

3771 ± 441(d)

3872 ± 508

3879 ± 531(d)

(a)Grams; mean ± SO.

(b)One to three days immediately prior to exposure.

(c)Exposed through 18 d.g.

(d)Groups were significantly different by ANOVA (Duncan1s). See Appendix.
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Tabie 26. jviona ll'ty of rabbits exposed to 2-ethoxyethanoi or alr by
inhalation.

Observations Exposure Levels (ppm)

Air (0) Low (160) High (617)

Number exposed initially

Number died during exposure

Percent mortality

29

2

7

29

3

29

5

17(a)

(a)p < 0.05 by Chi-Square compared to air group

Organ Weights and Histopathology

Mean maternal liver weights (absolute and relative) of both EE groups were
significantly greater than those of the air group at sacrifice (Table 27).
There were approximately 15 and 35% increases in absolute liver weights for
the low- and high-groups, respectively. The corresponding mean kidney weights
(absolute and r:1ative) were increased about 10 or 20% above control va1ues,
but only the increase for the high-EE group was significant. T~us, there
appears to be a l'dos02-related" increase in liver "",eight, but not Kieney
weight, following exposure to EE. There were not enough nonpregnant rabbits
in any of the groups for meaningful comparisons. Mean maternal weights of
1ungs and spleens_.were...unremarkable.

Convincing histo10gica1 changes related to treatment were not present in the
lungs (Table 28). Focal alveolar and perivascular infiltrates of lymphocytes,
heterophi1s and macrophages were slight to mild and relatively evenly dis­
tributed among groups with perhaps a trend toward less in the high dose rab­
bits. There was a tendency for the exposed groups to have a small increase
in bronchus-associated lymphoid tissue, based upon the fraction of samples
examined histologically. Bronchiolar epithelial hyperplasia was inconsis­
tent, but tended to be more prominent in the low level group. Slight sup­
purative bronchitis was present in one control rabbit, one low-level rabbit
and two high-dose rabbits, and severe suppurative pleuritis was seen in one
high-level rabbit.

Renal lesions showed no evidence of being treatment-related (Table 28). The
high-level rabbit that had severe pleuritis also had moderate renal minerali­
zation and moderate renal infiltrates of heterophils and lymphoid cells in
the interstitial tissues. Scattered tubular mineralization was mild and
evenly distributed among groups. A few other kidneys, representing all
groups, showed ;light lesions characterized by occasional tubular epithelial
cell vacuolation and a few interstitial lymphocytes.
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Table 27. Or'gan we i gil ts of ~~~gnant rabbits exposed to 2-ethoxyethanol or
air by inhalation .

Observations Gestational Exposure Levels (ppm)

Air (0) Low (160) High (617)

Number
pregnant 24 23 22

Body weight 4189 ± 369 4202 ± 412 3879 ± 531(b)

Lung weight
absolute 13.2 ± 1.7 14.0 ± 2:0 15. 1 ± 5. 7
relative 0.3 ± 0.03 0.3 ± 0.04 0.4 ± 0.3

Li ver wei ght
35.6>~~absolute 100.0 ± 13.4 112.5 ± 20.7(b) 135.0 ±

relative 2.4 ± 0.3 2.7 ± 0.4 3.5 ± 0.71..;;)

Kidney weight (b)absolute 19.3 ± 2.8 20.9 ± 3.9 22.7 ± 3. 6( b)
relative 0.5 ± O. 1 0.5 ± 0.1 0.5 ± O. 1

Spleen weight
absolute 1. 5 ± 0.6 1. ~ ± 0.9' 1.6 ± 0.6
relative 0.04 ± 0.01 0.03 ± 0.02 0.04 ± 0.01

(a)~1ean ± SO.

(b)Groups were significantly different by ANOVA (Durcan's). See Appendix.

The livers showed no evidence of treatment-related changes (Table 28). Hep­
atocellular vacuolation, suggestive of glycogen deposition, was variable
but evenly distributed among groups. l~ononuclear inflammatory cells in
portal areas wer~ slight and evenly di;tributed among groups. Mild portal
fibrosis was noted in one ~igh level rabbit, as was evidenced by extramed­
u11 ary hematopoi es is. Foci of necros i 3 were"uncommon and s1i ght except for
the rabbit that had severe plelJritis, in which the liver had moderate ne­
crosis and inflammation.

Uterine sections had slight to mild infiltratfon of lymphocytes and/or heter­
ophils in the endometrium, and this tended to be more prominent in high level
animals (Table 28). Four of the high-level rabbits had slight evidence of
exudation of heterophils; this change was not evident in control rabbits or
low-level rabbits. The finding of retained placental tissue and/or uterine
involution in all six high-level does, which was not detected in control or
lew-level rabbits, was statistically increased. In addition, statistically
significant oval~ian ~hanges were present in all of the high-level treated
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Tab 1e 28. Hi stopatho logy summary of materna 1 1'~S~ i ts exposed to
2-ethoxyethanol or air by inhalation .

Tissue and Observations

Number of Animals Necropsierl
Number of Animals Examined

LUNG
--rDcal alveolar/p~b~vascular inflammation

Increase in B,';LT
Epithelial hyperplasia
Bronchitis, suppurative
Pleuritis, suppurative

KIDNEY
Interstitial lymphoid infiltrate
Mineralization

27
6

6
3
2
1
o

4
2

Exposure Levels (ppm)

28
6

6(c)
3
3
1
o

1
3

24
6

4
5
1

2(d)
1

3(c)
(c)

3

LIVER
Vacuolization
Inflammatory cells in portal area
Portal fibrosis
Focal necrosis/inflammation
Extramedulla~1 hematopoiesis

UTERUS AND OVARIES·
Inflammatory cells in endometrium
Endometritis, suppurative
Invoiution/retention of placental tissue
Corpora lutea regression

s(c)

4
o
1
o

4
a
o
o

5(c)

1
o
o
o

3
a
o
o

(a)Number of examined animals that had tissue changes

(b)SALT =bronchus-associated-lymphoid tissue

(c)Severity of all lesions was very slight to mild, except those indicated
where 1 to 2 per group were graded as moderate

(d)Graded as "severe"

(e)p ~ 0.05 by Fisher1s Exact compared to air group

1 _. _~_~
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rabbits and nan@ of the control or low-l~vel raOOl~S llaOle ~~). When com­
p~red to the cCiltrols, the corpora lutea subjectively appeared smaller when
viewed under a'dissecting microscope. One high-level rabbit had corpora
hemorrhagica. Microscopically, the cells of the corpora lutea of high-level
rabbits appeare~ smaller and less uniform than in controls, and sterol clefts
were often seen in the high-level rabbits I corpora lutea. These findings
were interpreted to indicate corpora lutea regression, which was consistent
with the hiqh incidence of embryomortality of this level.

One low-level rabbit had an "incidental cystic. or ectatic oviduct and one
high-level rabbit had a spleen with lymphoid hyperplasia as the predominate
ch~nge.

Fertility and R~productive Status

Based upon the percent of the does pregnant at sacrifice (Table 29), there
was no evidence that daily .exposure to EE from 1 through 18 d.g. altered
rabbit fertility. If the data are included for the animals that died during
exposure and for those sacrificed out of sequence, then the conception rates
are 97, 86, and 93% for the air, low-EE and high-fE groups, respectively.
Six of the seven nonpregnant does had corpora lutea at sacrifice; the excep­
tion was in the high-EE group, but there was no reason to believe that the
finding was exposure-related.

The most striking evidence of embryotoxicity was that the uteri of all does
in the high-EE group, pregnant at sacrifice, contained only early resorptions
(Table 30). This 100% incidence of embryomortality was significantly dif­
ferent from the other groups. T~erefore, the other measures of reproductive
status that relate to this parameter were also significant including: a"
fourfold increase in number of litters with resorptions, a fourfold increase
in percent of litters with resorptions and an eightfold increase in resorp­
tions per litters with resorption. The number of implants per litter was not
reduced, even though exposures were initiated at 1 d.g.

Statistically significant effects were also-evident among the same measures
of reproductive status for the low-EE group. The mean number of resorptions
per litter was about six times that of the controls. The number of litters
with resorptions and the percent of litters with resorptions was about three
times that of the controls. The mean number of resorptions per litters with
resorptions was about twice that of the air group. The finding of embryo­
toxicity in the high-EE group was not surprising in view of the marked evi­
dence of maternal toxicity. However, since there wa~ less severe, but still
significant, embryomortality in the low-EE group, the increase was clearly
dose-related. This is particularly noteworthy since there was only minor
evidence of maternal toxicity (i.e., decreased body weight, reduced food
consumption and increaspd relative livl~r weight) in the low-EE group.

Fetal Measures and Teratogenicity

No statistically significant effects were observed on fetal size (weight or
length), placental weight, or sex ratil) when the low-EE group was compared to
th2 filtered air controls (Table 31). Thus, there was no evidence of severa
intrauterine growth ret~rrl~tinn in the low-1ev@1 surviving fetus~s.



iauie 29. Breeding summary of rabbits exposed to 2-ethoxyetnanol or alr by ,
inhalation.

ObseOrvat ions

Air (0)

Exposure Levels (ppm)

Low (160) High (617)

Number
inseminated 29 29 29

Number pregnant
at sacrifice 24 23 22

Number not preg-
nant at sacrifice 4 2

Number deliverej
prematurely 0 0

Number d~e~ Ptl,r 2(b) 5to sacrlflce

Number(~xE)uded from
0study ,

Per:ent pregnant
at sacrifice 83 79 76

(a)All pregnant

(b)Apparent cause of death was pneumonia

(c)Sacrificed on wrong days of gestation (#45 on 29 d.g. and #12 on 31 d. g. ).
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iaule 30. Reproductive s~a~us of rabbits exposed to 2-ethoxyethanol or air
by inhalation.

Observations

Percent pregnant

Number of litters examined

Number of corporrb)
lutea per doe

Number of l~~lant~
p~r doe

Number of implan~~)per
corpora lutea u

Total fetuses (live)

Total fetuses (d~ad)

Number 1~ ve f?~ljses
per lltter' -

Number dead fetuses
per 1ittet'

Number r:sorpt~~ns
per 11 tter .

Number of litters
with resorptions

Air (0)

83

24

9 ± 2

0.8 ± 0.2

214

a

9 ± 3

o

0.3 ± 0.6

6

Exposure Levels (ppm)

Low (160)

79

23

11 ±-2

9 ± 2

0.9 ± 0.2

l67(c)

o

a

High (617)

76

22(a)

10 ± 2

8 ± 4

0.8 ± 0.4

O(c)

o

o

Percent litters with
resorptions

Resorptions per liteo;s
with resorptions

25

± 1

(a)Actually only examined uterine contents for status of implants.

(b)Mean ± SO, except as noted.

(c)p < 0.05 Chi-Square compared with air group- ."_....

(d)Groups were significantly different by ANOVA (Ouncan1s). See Appendix.
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Table 31. Fetal measures' from rabbit litters er~~sed in utero to
2-ethoxyethanol or air by inhalation .

Observations

Nu~ber of Litters

Body Weight (g)

Crown-Rump Length (mm)

Placenta Weight (g)

Sex Ratio (% Males)

I.,..)
\.':" Mean ± SO.

(b)No surviving fetuses.

Significant increases in the incidence of major malformations' (ventral wall
defects and fus i on of aorta wi th pu 1mO,lary artery), mi nor anoma 1i es (rena 1
changes), and common skeletal variants (supernumerary ribs with associated
vertebral variations and sternebral defects) were seell in the low-EE group
compared to the air controls (Table 32).

Several of the terata observed were unusual, so they are briefly described
herei n. There was one case of a liSp 1i t peritoneum'l in \·,hi ch the peritoneum
had failed to close over two-thirds of the abdomen. The skin was intact and
there was no protrusion of viscera (hernia). The cardiac dysmorphology seen
was a rounded, or bulbous, heart without any other unusual characteristics.
One case of "scrambledll sternebrae was seen in which most of the right and
left ossified portions of the sternum were displaced, assymetrically, along
the midline.

Thus, the overall conclusion is that daily (7 hr/day) inhalation exposures of
pregnant does (1-18 d.g.) to EE at levels of about 620 ppm induced overt evi­
dence of maternal toxicity and embryom'Jrtality. The low level of EE ('\.0160
ppm) induced sl"ight manifestations of maternal toxicity and significant in­
cidences of embryomortality representative of a dose-response relationship.
In addition, exposure to the low level induced soft tissue and skeletal
abnormalities that differed both qualitatively and quantitatively from the
control group.
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Summary of InCilfol'lllations, anomal1es, and variants in fetaiCrij.bbits
exposed prenatally to 2-ethoxyethanol or air by inhalation aJ.

Exposure Levels (ppm)

Tissues and Observations Air (0) Low (160) High (617)(b)

Total No. of Litters 24 23
Total No. of Fetuses 214 167

MAJOR MALFORMATIONS
Cranlofaclal Defects 0 1/1

(4.4)
Acrania 0 1/1

Ventral Wall Defects 0
(4.4~e)
4/4

Omphalocoele 0
(17.4~c)

1/1
(4.4)

"Split Peritoneum" 0 1/1
(4.4)

Umbilical Hernia 0 2/2
(8.7)

Other Defects
sis(e)Fused Aor"a &Pulmonary Art~ry 0

(21.7)
Spina Bifida 0 1/1

Diaphragmatic Hernia 0
(4.4tc)
1/1

(4.4)

MINOR ANOMALI ES
Rlb Dysmorpho1ogy 4/4 5/S

(16.7) (21.7)
Knobby 2/2 0

(8.3)
Fus~d a 1/ 1

(~.4)

Thickened Distally 2/2 3/3
(8.3) (13.0)

Bent 0 1/1
14 4(

Renal Changes 0 'sis e)
(21.7)

Cystic &Ectopic 0 3/3
(13~O) .

Fused Kidneys 0 1/1
(4.4)

Unilateral Agenesis 0 1/1
(4.4)

Other Defects
Forel imb Flexure 0 3/2

(8.7)
Missing Toenail 0 1/1

(4.4)
Cardiac Dysmorphology 0 1/1

(4: 4)
Scoliosis 0 1/1

(4.4.) ,
Brachyury 0 1/1

(4.4)

COMMON VARIATIONS
Supernumerary Ribs 155/23 164/23

(95.8) (100)
Extra (13th pair) 129/23 139/23

(96.8) (100) (e)
Extra (13th &14th pair) 0 21/11

(47.8)
Rudimentary (13th or 14th pair) 40/16 38/15

(66.7) (65.2)
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Table 32. (Cont:d)

Verteoral Variations (> 12) 76/13 160/23(2)
(54.2) (100)

13 Thoracolumbar 74/13 .113/20(e)
(54.2) (87.0)(e)

14 Thoracolumbar 1/1 47/15
(4.2) (65.2)

Double Centra a 1/1
(4.4)

Extra Lumbar Arch 1/1 2/2
(4.2) (8.7)

Altered Fontanelle 0 2/2
(8.7)

Small a 1/1
(4.4)

Misshapen 0 1/1
(4.4( )

Sternebra1 'Jari at ions 2/2. 16/9 e
(8.3) (39. 1)

Misaligned 0 4/2
{8.7)

Scrambled 0 1/1
(4.4)

3ipartite 0 1/1
(4.4) .

Fused a 3/3
(13.0)

Accessory (7) 2/2 7/4
(8.3) (17.4)

Ossification Defects 11/3 3/3

Rudimentary Ribs(a)
(12. 5) (13.0)

4/3 1/1
( 12.5) (4.4)

Interparietal (missing) 0 1/1
I· ~,
\ ..... -)

V~rteora :missi~g: 0 ~ / I
( ... 4)

( =. j .
'R~sults ~re exoressea as numoer of ;etuses affected/number 1itters affected;
~ litters affectea are snown belOW in pa~e~tneses.

(b)~o surviving fetuses

(c)Same fetus; litter 73, fetus 3

(d)Rudimentary supernumerary ribs without ossification of proximal end
(e)rncidences of effects were significantly different from A-A by Chi-Square,

p ~o. as.



ETHOXYETHANOL EXPOSED RATS
(

Food Intake and Body Weights.

No significant differences in food consumption were seen during the pregesta­
tional and gestational periods (Tables 33 and 34), except in the high-EE
group during d~ys 1-2 of pregestational exposure. Since the observation
occured only once. it is probably not meaningful. Food intake was arp~oxi­

mately 20 g/rat/day throughout the three-week pregestational period and
increased to about 25 g/rat/day during late gestation. In marked contrast to
the food intake patterns of rabbits exposed to EE, there was no effect on
food consumption even in the hi~h-EE group.

Table 33. Pregestatiqnal food ~g~sumption of rats exposed to 2-ethoxyethanol
or air by inhalation .

Days of Exposure Levels (porn)
Exposure Air (0) Low (150) ".: gL.. ("'4" '.fl I II 0 ... J

Number of Rats
per Group 163 108 107

(b "
21 21 0.3 21 1Pre-Exposure j ± ± ±

1-2 21 ± 20 ± 2 18 ± l(c)

3-4 21 ± 2 20 ± 19 ±

5-7 20 ± 21 ± 0.3 21 ...

8-10 19 ± 2 18 ± 17 ±

11-13 20 ± 2 20 ± 20 ±

14-16 20 ± 1 20 ± 21 ± 3

17-19 20 ± 2 19.± 19 ± 2

(a)Grams per rat per day; mean ± SO.

(b)Two day period immediately prior to exposure.-

(c)Groups significantly different by ANOVA (Duncan's). See Appendix.



Tab1e 34. Gestational food ~i~sumption of rats exposed to 2-ethoxyethanol or
air by inhalation .

Days
Gestation Air (0)

Exposure Levels (ppm)
Low (202) High (767)

Number of Rats
per Group

1 &2

3 &4

5 &6

7 &8

9 .& 10

11 & 12

13 & 14

15 & 16

17 & 18

19 &20

111 75 70

21 ± 20 ± 4 17 ± 8

23 ± 23 ± 4 22 ± 3

23 ± 2 24 ± 1 23 ±

23 ± 2 24 ± 24 ±

23 ± 24 ± 24 ± 3

24 ± 2 24 ± 24 ± 4

23 ± 2 24 ± " 24 ± 2~

24 ± 3 25 ± 2 25 ± 2

25 ± 4 24 ± '+ 24 ± 4

25 :: 6 22 ± 4 22 ± 5

(a)Grams per rat per day; mean ± SO.

The body weights of the EE-exposed rats appeared to increase normally during
the pregestational period (Table 35). Body weights of the two EE-exposed
groups were significantly greater than that of the filtered air group at some
weighing intervals (Weeks 1B and 28). However, the starting and final weights
of the three gr~ups for the pregestational period were essentially the same.
Thus, three weeks of exposure of nonpregnant rats to EE at up to 650 ppm did
not appear to appreciably alter food consumption or growth. Gestational
weight gain (1-21 d.g.) was about 100-120 g for all but two high groups (A-H
and H-H) which gained only about 40 g (Table 36). As in the case of the
high-EE exposed rabbits, gestational exposure of rats at the high level
significantly depressed weight gain, presumably through its effect upon
reproductive status (see Table 42).

Organ Weights and Histopathology

Mean liver weights of the groups exposed to the high-EE level gestationally
were significantly lower than those of the groups exposed to air or low-EE
(T:b1e 37). Th~ directiQ~ Qf this effect is opposite to that Qbserved in the
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Table 35.

Interval

?rey,~stationai bo~¥)weights of rats exposed to 2-ethoxyethanoi or·
air uy inhalation .

Pregestational Exposure Levels (ppm)

Air (0) Low (150) High (649)

Number of rats per
group

Pre-exposure(b)

Week lA

Week 18

Week 2A

":leek 28

Week 3A

Week 38

163 108 107

163 ± 15 163 ± 14 162 ± 16

200 ± 18 198 ± 15 200 ± 16

206 1: 20 206 ± 16 213 ± 18 Cc )

213 ± 19 2.16:±, ·19 217 ± 20

213 :: 17 221 ± 19(c) 225 ± 20(c)

227 ± 17 232 ± 20 230 ± 19

232 1: 19 236 ± 21 237 ± 20

(a)Grams; mean ± SD.

Cb\T ,I . I' " 1 .'IWO Gay perlJG lmmeolate y prlor to exposure.

(C)Grollps arG significantly different 'JyM!OVA (Dllncanl's). See Appendix,
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Table 36.
(~)

Body weights of pregnant rats exposed to 2-ethoxyetllanol or air by inhalation'" .

Days of
Gestation

Pregestational-GestationaL Exposure Groups (ppm)

Air-Air Air-Low Air-High Low-Air Low-Low High-Air
(0-0) (0-202) (0-767) (150-0) (150-202) (649-0)

High-High
(649-767)

Number of rats
per group 32 28 31 37 34 34 33

1 252 ± 22 254 ± 24 247 i 23 249 ± 23 248 ± 24 248 ± 24 247 ± 21

5 276 ± 23 278 ± 25 270 ± 23 268 ± 18 271 ± 27 267 ± 26 265 ± 23

9 287 ± 24 292 ± 24 286 ± 31 280 ± 18 281 ± 28 275 ± 27 279 ± 24

13 304 ± 30 311 ± 27 302 ± 26 300 ± 20 298 ± 27 292 ± 27 294 ± 22

...... 17 335 ± 28 336 ± 33 3H ± 25(b) 324 ± 21 325 ± 27 32'1 ± 29 303-± 24(b):"-)

21 378 ± 29 375 ± 31 294 ± 27(b) 368 ± 23 366 ± 32 369 ± 39 285 ± 27 Cb )

(a)Grams; mean ± SD for all nine breeding replicates.

(b)Groups are significantly different by ANOVA (Duncan1s). See appendix.



Table 37. Organ weights of pregnant rats exposed to 2-ethoxy~thanol or air by inhalation(a).

Prege~tati~nal-GestationalExposure levels (ppm)

Observations Air-Air Ai r-low Air-High lOh'-Ai r low-low High-Air High-High
(0-0) (0-202) (0-767) (150-0) (l50-202) (649-0) (649-767)

Number pregnant 32 28 31 37 34 34 33

Body weight 378 1 29 378 ± 31 295 ± 2/(b) 368 ± 23 368 1 31 369 1 39 285 t 29(b)

lung weight
absolute 1.51 0.2 1.51 0.2 1.51 0.2(b) 1.51 O. 1 1. 5 1 0.2 1. 4 ± 0.2 1. 4 ± 0.2 (b)
relative 0.4 1 O. 1 0.4 ± O. 1 0.5 ± 0.1 0.4 ± O. I 0.4 ± O. 1 0.4 t O. 1 0.5 ± 0.04

li ver wei ght (b) 2.0(b)absolute 15.5 ± 1.6 16.4 1 2.4 11. 0 1 1. b(b) 14.8 ± 1.3 15.7 ± 1.7 14.9 ± 2. 1 11.4 ±
relative ;4. J 1 0.3 4.4 t 0.5 3.7 ± 0.3 4.1 ± 0.] 4.3 ± 0.4 4.0 ± 0.4 4.0 ± 0.4

Kidney weight
absoJute 2.0 ± 0.2 2. 1 t 0.2 2. I ± D.2 Cb ) 2.0 ± 0.2 2. 1 ± 0.2 2.0 t 0.2 2. J ± 0.2(b)..... relative 0.5 t 0.1 0.6 t 0.04 0.7 ± O. I 0.5 ± O. I 0.6 ± O. I 0.6 ± 0.1 0.7 ± 0.1

(,oJ

Spleen weight
0.2(b) 0.1 (b)absolute 0.8 t 0.1 0.9 ± 0.8 ± 0.2 (b) 0.8 ± O. 1 0.8 ± 0.1 0.8 ± 0.2 0.7 ±

relative 0.21 ± 0.03 0.23 1 0.04 0.26 ± 0.04 0.21 1 0.03 0.22 ± 0.03 0.22 ± 0.03 0.24 ± 0.02

(a)AbSolute weight as grams and relative weight as percent body weight; mean ± SO.

(b)Groups are signific~~tl~ different by ANOVA (Duncan's). See Appendix.



rabb-its, wher'e d duse-related increase in liver.welgnt was seen. Mean weights
of lungs and kidneys (relative) for the high level groups were significantly
greater than the other groups. The absolute weights 6f the spleens in the
A-L group were significantly different from the A-A group, but since the
relative weights were not and the two gestationally exposed high-level groups
were not significantly different, this observation cannot be considered
biologically meaningful. The numbers of nonpregnant rats (Table 38) per
group were often too small for meaningful comparisons. For example, the·
significant difference for the L-A lung group represents only one animal.
Where group sizes are adequate, tr,e weight of the nongravid animal tissues
are similar to those of the gravid rats. However, they were generally more
variable in the nongravid animals and there were few significant effects of
EE exposure (e. g., in the A-H group).

Treatment-related changes were not evident in the lungs of exposed rats
(Table 39). Focal alveol~r and perivascular cuffs of lymphocytes, plasma
cells, macrophages, neutrophils and/or some eosinophils were present in all
groups to no more than a mild degree except for marked CUffing in one exposed
animal that also had marked pleuritis. Slight apparent increases in bronchus­
asscciatc;d lyrr.;:;~Gid tissl~e \,/2..5 SeE2i1 in only 5 ani~lals and tepl'E:SentecJ 4
exposure groups (A-L, A-H, L-L and H-H). Slight bronchiolar epithelial
hyperplasia was present in one exposed rat that had mild abscesses and slight
pleuritis.

The kidneys had no lesions that could be related to exposure (Table 39).
There were a few rats that had very slight foci of lymphoid cells in inter­
stitial tissues, but these were considered within the range of normal. Seven
rats representing the control and three exposure groups (A-L, L-A and H-H)
had hydronephrosis, as \</ell as an inci.dental lesion; one AH-exposed rat had
mild pyelonephritis.

Liver changes CJuld not be related to exposure (Table 39). Vacuolar changes
in hepatocytes appeared to be related to glycogen deposition and rats \</ith
lesions were ev:nly scattered through groups. Inflammatory cells in portal
areas were insignificant. Very slight foci of single cell necrosis and focal
inflammation was present in rats of all groups. In the groups receiving the
high dose durin~ gestation, the necrotic foci seemed larger but that judgment
was subjective and the larger foci were also seen in several lower-dose rats.

The uteri of rats in all groups had lymphocytes and neutrophils in the endo­
metrium to a slight to mild degree (Table 39). In the A-H group, 7 of 8 had
exudation of neutrophils and some epithelial ne~rosis and 5 of 8 in the H-H
dose group had similar lesions, whereas this was not seen in any of the other
groups. Evidence of significant placental retention and/or uterine involu­
tion was noted in 8 of 8 A-H dose rats and 7 of 8 H-H dose rats, whereas
these changes were not evident in the rest of the groups. Incidental slight
lesions of inflammatory cells in the myometrium were seen in 2 rats in low
dose groups.

The ovaries of the rats that received the high doses of EE during gestation
had significant changes indicative of corpora lutea regression (Table 39).
The changes were relatively smaller corpora lutea size, small luteal cells,
and decreased uniformity of cells in the corpora lutea. The changes did not
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Table 38. Organ we~ghts of nonpregnant rats exposed to 3ir or 2-ethoxyethanol(u).

Pre~estationa)-GestationalExposure Level (ppm)

Observat ions Air-Air Air-Low Air-lligh Low-Air Low-low High-Air High-High
(0-0) (0-202) (0-767) (150-0) (150-202) (649-0) (649-767)

Number Not Pregnant 5 9 6 1 3

Body Weight 276 :t22 2]) :t 14 2]) :! 25 2BB 276 t 8 220 315

Lung Weight
absolute 1.4 t 0.3 1.4 t 0.2 1.5 ! 0.2 3.4 (b) 1.4 t 0.2 1.1 1.7
relative 0.51 :t 0.12 0.50 t 0.06 0.54 ± 0.06 I. 17 0.51 t 0.06 0.50 0.54

Uver Weight
absolute 10.4 t 1.3 10.9 ! 1.1 10.5 ! 1.4 14.0 10.2 t 0.1 8.8 H.l
relative 3.8 t 0.3 4.0 t 0.5 3.9 1: 0.4 4.9 3.7 t 0.1 4.0 4.2

Kidney Weight
absolute 2.1 :t 0.2 2.0 1: O. I 1.8 :!: 0.2 (b) 2.5 2.1 t 0.05 1.8 2.3

...... relative 0.75 t 0.03 0.75 t 0.06 0.61 ! 0.04 0.87 0.74 ± 0.01 0.80 0.74
U1

Spleen Weight
absolute 0.8 :t 0.1 0.8 :1 O. I D. I 1: 0.1 0.9 O. 7 :1 O. 1 0.5 0.8
relative 0.29 :t 0.03 0.28 :1 0.0'1 0.21 t 0.0'3 0.]0 0.25 :t 0.04 0.21 0.26

(a)Absolute weight as grams and relative weight as per~ent bOI~ wejgh~; mean ± so.

(b)Group is signiflcantl~ different by ANOVA (Duncan's). See I\ppendix.
'~. '



Number of Animals Necropsied
Number of Animals Examined

fJhle 39. Histopathology summary of maternal rats exposed to 2-e l:hoxyethanol or air by irlhalation(u)

______pregestational-Geslational Exposure Leve,ls (ppm)
Air-Air Air-Low Air-Ui!]h Low-Air Low-Low Ui~lh-Air High-High

Tissue and Observations (0-0) (0-202) (0-767) (150-0) (150-202) (649-0) (649-76?2

37 37 37 38 37 35 35
878 988 8

8
1
o
o
o

2
3
o

7(c)
o
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6
o
1
1
1

4
o
o

6(c)
o
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7(d)
2

~(d)
o

7
1
3

~(d)
o

8
o
o
o
o

6
o
5

o
o
1

5
1
o
o
o

7(e)
o
6

4
1
o
o
o

o
lee)

o

6(e)
o
4

/cl
o
6

J
o
o
o
o

1
"I

o

LUNG
FOcal alveolar/Pt~~vascular"inflammation

Increase in BALT
Epithelial hyperplasia
Pleuritis, suppurative
Abscess

KIDNEY
-rnterstitial inflammatory cells

Hydronephrosis
Pyelonephritis

-Vacuolation
Inflammatory cell!? in portal area
focal necrosis/inflammation

--.. l T\lCD0\ _.\.,.1\

UTE~US AND OVARIES
Inflammatory cells in endometrium
Inflammatory cells in myometrium
Endometritis, suppurative
In~olution/retentionof placental tissue
Corpora lutea regression

8
o
o
o
o

7
1
o
o
o

8
o
le)
8( (!)

4(e)

9
1
o
o
o

7
o
o
o
o

7
o
o
o
o

7
o
5(e)
7(e)
5(e)

{a)Number of examined animals that had tissue changes

(b)BALT ~ bronchus-associated lymphoid tissue

(c)Severity of all lesions was very slight to mild, except those indicat~d where one per group was graded as
"moderate ll

•

(d)Severity of all lesions was very slight to mild, except tllose indicated where one per group was graded as
"marked ll

•

(e)Jncidenee of effects was significantly differellt by fisher1s Exact.



seem a~ IJr'ollouIJ.:ed as in the rabbits as only 4 of 8 in the A-H group and 5 of
D in the H-H group seemed to have evidence of corpora lutea regression.

Fertility and Reproductive Status

Rats were mated for ten consecutive nights to obtain an adequate number of
sperm-positive animals (Tables 40 and 41). The EE-exposed females mated
well; the percent sperm positive for the ten days of breeQing was 6B, 69, and
65% for the air, low-EE, and high-EE groups, respectively. These results
were in the same range as those observed for the air-exposed controls for the
EB exposures. The percent of sperm-positive rats that were pregnant was
exceptionally high for the fE-exposed groups (about 95%; Table 40), while
only 82% of the controls were pregnant compared to an expected incidence of
about 85%. In ~ddition, when the percent of sperm-positive. females pregnant
at 21 d.g. was evaluated for each of the gestational exposure groups, most
groups had an incidence between about S5% and 95% (Table 41). Thus, these
results are similar to those obtained in rabbits; exposure to EE does not
appear to alter mating behavior, breeding performan~e or fertility.

Table 40. Breeding summary of rats exposed to 2~Ethoxyethanol or alr by
inhalation.

Exposure Levels (ppm)
Observations

Air (0) Low (150) High (649)

'Number of females
mated 163 108 107

Number sperm
positive 111 75 70

Percent sperm
positive 68 69 65

Number pregnant·
at 21 d.g. 91 71 67

Percent pregnant
at 21 d. g. 82' 95' 96

Significant embryolethal effects were observed' associated with the high level
EE exposure, induction of 100% resorptions (Table 42). These results resemble
those noted above for rabbits and reported recently by Nelson et al. (1981)
for rats. The mean numbers of resorptions per litter in the high-EE groups
were about twenty-four-times that of the air controls, while that of the
low-EE group was about twice the control value. The effects of high-EE expo­
sure on percent of litters with resorptions was obvious. In contrast to the

I,·· - ',._. _.. _._ ' ... .77 .. ' ._,.,-



Table 4l. Pregnancy summary of rats exposed to 2-ethoxyethanol or air by inhalation.

Pregestational-Ge~tationa1Exposure Groups (ppm)

; Observations Ai r-Ai r Air-Low Air-High Low-Air Low-Low High-Air High-High
(0-0) (0-202) (0-767) (150-0) (150-202) (649-0) (649-767)

; Number sperm
I positive 37 37 37 38 37 35 35
I

. Number di ed 0 0 0 0 0 0 l(a)

. Number pregnant 32 28 31 37 34 34 33

Number not
pregnant 5 9 6 1 3 1 1

~ Percent pregnant 87 76 84 97 92 97 94
co

·{aJ#2265 found dead on ninth day of exposure - not pregnant.



Table 42. Reproductive status of rats exposed to 2-ethoxyethanol or alr by inhalatiun.

Preg.stationJI-Ge5tatjon~1Exposure Le~els (ppm)

( Air-Air Air-low Air-High lo,,-A i r Lo,,-Low High-Air High-High
Observations (0-0) (0-202) (0-767) (l~O-O) (l ~O- 202) (649-0) ( 64 (j-J(, 7)

---------

Percent pregnant 87 76 B4 97 92 97 94

Number litters
examined 32 28 3I 37 34 34 33

Number of corpofS)
17 i 4 18 i 5 16 t J 1(, ± 3 16 ! 4 17 1 4 16 ± 3lutea per dam

Number of(A~plants

13 i 3 13 3 12 ! :\ 12 ! 3 13 ! 3 13 ! 3 13 ! 3per dam ±

Number of implants
per cr~~ora

0.8 t 0.2 0.7 t 0.2 o 8 t 0.2 UB ! 0.2 0.8 ! 0.2 0.8 t 0.2 0.8 t 0.2lutea

Total fetuses
O(b) O(b)'(I ive) 387 324 441 402 418

Total fetuses
(dead) 0 0 U 0 0 0 0.....

\0
Number live

fetuset ~er
,/ c) 12 Ole)litter a 12 t 3 12 t 3 0 ! 12 1 ] ! 3 12 ! 4 0 !

Numoer dead
fetuset ~er

0 01iller a 0 t 0 0 ± 0 0 ! il 0 ! U () ! 0 0 ! 0 !

Number ~esor~~\ons
0.5 i 0.7 1. 0 t 1. I 12 0 ± 2. (J( c) 0.4 ! U.B O. (J ± 1.1 O.B t 1.4 12.~ ! 3.0(e)per 11 Uer .

NumlJer 1 i lters
J I(b) 33(b)with resorptions 14 16 1I~ 18 17

Percent I i Hers
10('< h) IOrPJ lwi lh ,-esorpti ons 44 64 27 ~] ~O

Resorpt ions per
1iUers wit~ / [) J (c lresorptions a) , i 1 2 t I I" ± 7 ! I 2 t I 2 ! 2 13 !

(a)Mean 1 S~ • except as noted.
~- ------ ._-_. -------------_. .._---- ------------

(b)lneidenees of effects were significantly differ.lIt ll'! Chi-·-''1".,re.

(c)Groulls are significdntl)· different by ANOVA (U[IIH",,',). ~H·l' A:,PPIHI i)(.



rabbits exposed to EE, the categories related to resorptions 1n the low-EE­
Exposed groups, although higher, were not significant.ly different from the
control. The m~rked embryomortality induced in rats by exposure to high EE
was surprising in the absence of any apparent effects on either food consump­
tion or pregest~tional weight gain -- a striking contrast to the rabbits.

Fetal Measures and Teratogenicity

Body size was significantly reduced at sacrifice for the two gestationally
exposed low-EE groups (Table 43). There was an approximate 25% reduction in
body weight, ana crown-rump length was reduced by about 10%. Thus, exposure
to EE at ~200 ppm throughout gestation induced intrauterine growth retarda­
tion. There were no differences in placental weight or sex ratios among the
various groups.

A significantly increased incidence of cardiovascular defects (transposed
and retrotrache31 pulmonary artery) was observed in the A-L, but not in the
L-L group (Table 44). Although the specific defects were different, EE­
exposed rabbits also had a significant incidence of cardiovascular malfor­
mations (fused ~orta a.nd puimonary arter·y).

Minor skeletal defects were the predominant effects observed in the low-level
EE groups (Table 44). Gestational exp~sure to low levels of EE incuded a
significant increase of both minor skeletal anomalies and common skeletal
variants in rats. The minor skeletal anomalies consisted of various cate­
gories of rib dismorphology, especially 'Iknobby ribs l' (Table 44; Figure 14).

The increased incidence of common ske12tal val'iants consisted of ei~her

: supernumerary ribs and vertebrae, or reduced skeleta1 ossificatian.

The incidence of extra and rudimentary ribs, as well as associated thora­
columbar vertebrae, were all significantly increased in the tWG lOVl-level
groups compared to the three air groups, based on gestational exposures.
Most of the individual skeletal variants listed in Table 44 were also
significantly increased in the EE-exposed but not in the air-exposed groups.
The extensive observations of reduced skeletal ossification are consistent
with fetal growth retardation (Fritz and Hess, 1970; Aliverti et al., 1979;
Ariyuki et a1., 1980).

Thus, the overall conclusion was that daily (7 hr/day) inhalation exposure of
pregnant rats (1-19 d.g.) to EE at ~75a ppm induced significantly increased
incidences of maternal toxicity, as evidenced by reduced body weight gain and
organ weight changes (Tables 36 and 37)~ and embryomortality (Table 42).
Neither pregestational nor gestational exposures at ~200 ppm depressed ma­
ternal body weight (Tables 35 and 36), and exposure to this concentration did
not alter maternal organ weights (Table 37). Exposure to EE at ~200 ppm
during gestation significantly retarded fetal growth and induced a signif­
icant increase in the occurrence of minor anomalies and r.ommon variants in
fetal skeleton (Tables 43 and 44).
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Table 43. Fetal measures from rat litters exposed in utero to 2-ethoxyethanol by inhalation{a).

High-High(b)
(649-767)

Air-Low
(0-202)

Air-Air
(0-0)

_____________---'--'hegestational-Gcstational Exposure Levels (ppm)

Air-High(b) Low-Air Low-Low High-Air
(0-767) (150-0) (150-202) (649-0)

Observations

0.7 ± 0.2 0.7 t 0.1

(c)3.2 t 0.3 3.9 t 0.3

34 t 2(c) 37 t 2

Body weight (g)

Crown-rump
length (DUD)

Placenta weight (g)

Sex ratio (% males)

3.8 t 0.3

36 t 2

0.6 t 0.1

47 t 16

3.0 t 0.4(c)

33 t 4(c)

0.7 t 0.2

44 t 14

3.9 ± 0.3

37 t 2

0.6:t 0.1

54 tIS' 47 ± 17 48 t 12

(a)Hean :t SO.

(b)No surviving fetuses.

(c)Groups are significantly different by ANOVA (Duncan's). See Appendix.
00

---



Table 44. SUllIlIVH'Y

expo~ed

of malformations, anomalles, and
prenata11y to 2-ethoxyethanol or

variations in fetf~)rats
air by inha1ation _

~issue 3n12 Obserllat10ni -\1 r-~I r
[0-0)

3re e5tatl0nal··Je5ta~10I1dl t;,,005lolre !..i!lfeIS ~:. m) (0
lr-low lj-""gh LO"'''~,r La.. -L:J'oI r11gn-,lur :"llgn-Mlgn )

(0-202) (0-i671 (:10-0) 1110-202) (6.9-0) (649-1&71

iotal ~a. of L1 tterli E)l,aJ'Alnea 32
Tota 1 No. of Fetuses ~.xan:11 neQ .lB6

28
J2\

J7
~41

34
197

Jl
~20

M~JOR MALFORMA r [O~S
'.ranloracldi \,ierec:ts

Hydroel!llMII y

Anogl'ltha I till a

MINOR ANOMALIES
R16 byslDQ~nalog,y
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,.:..noDtly

Fuse<:l

Cara.;o~ascl,llar Derects
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:'0 I '1cac to:, I y
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a
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2711l

:.J,s J)
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(ii.J)
2~/l 0

:3~:·;~,:n
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,:.:..;.:)
':./I~

(6•. , I
"4/15

(IJ.; )
~,.::;,. ~ I

r.:S u1
!~'n

'\ ~2. ; )
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(2:.0)
7/4

(IJ. J)
791; 7

(60.7)
23/4

(I'.))

1/'
(2.7)
o

1;1
(2. i)

'J
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(01],2)

III
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:9115
,':0.:: J

'J
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'/1
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Z:/U II
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~~~,~,~~~~) :Z/13
(97. ; ) I J~. 'J

"':':'. ~ )... 'j

'\ 5u. UI
.Jogl i 7 ~/4

(Sol. J) (i2
i5,Z1 ~ ,I I

" ~ I ~ i (J. j}
. ~~, 20 j

(J3. ~;

:]/7
''0 oj

2/1
12.n
39/9

(26.5)
~/4

(]I 8)

S.cral IIlrtebne 313 104116 ;8/12
(9,4) (51. I ) (35. J)

Cauda 1 '{trteDrae 10/6 211/21 1/2 215/24 6/1
( 18.3) (7S. 0) (I. J) (70.6) (3.0)

IscnlW1 III 0 0 III 0
(J.II (2.9)

;'lJbis 0 ;11 11/2
(l.6) (5.9)

St.arnetlra I Var;at;ons 0 III 1/1
(2.7) (2.9)

31partl te 'J 1/1
(2.9)

Scramo lId 1/1 0)

(2, i)

Other Defects
~enera I Edema 1/1 III

(J.I) (J. 6)

(a)~esu I ts <5re expres.sea as numoer .Jf fetuses 3.ffac.ted/numolr i i :ters affectea; ~ I, tter'S .J~fected eire
ihO'liln oe I 0'111 in parentneses.

(t1)No iurvllollnq fetuses.

(c)Tncld"nces of effects .....re slgnlf1cantly aTrf4rlt"t frol'll A.-A controls "y Fisner''j Euc.t. ;. ,:0.05.

(d)!nclC1ences of effects ol'ere slqnlf1caMly different from ~"A controls oy Cl'Ii-SQuan, ~ :0.05.

(I)Eacn categClry ..,as not asted for statlstlcal 'ilgnrflcance. since indl'ltllC1ual fltuu'S often had
multicle eneets.
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CONCLUSIONS

ETHYLBENZENE

The biologically and statistically significant effects following exposure of
rabbits and rats to EB are summarized in Table 45. The observed'increase in
maternal liver ~eight and reduction in mean number of live fetuses per litter
were the only effects seen in rabbits which were found to be statistically
significant. Liver weights of nonpregnant does at the high level were not
elevated significantly compared to the air control. It~is of importance that
there were no appreciable differences oetween the ,mean body weights or food
consumption of the three groups over the course of this experiment (Fig-
ure 15). Thus, the observed changes were not considered to be sufficient
evidence to conclude that exposure to EB under this exposure regime was
either maternally toxic or embryotoxic for rabbits.

The increase in pregestational weight gain of the rats may be indicative of
toxicity, and the organ weight data strongly suggest that there may be mater­
nal toxicity (Table 45). Increased size' of maternal rat livers, kidneys and
spleens were sep.n, and liver weights of nonpregnant adults were elevated also
in both the A-H and H-H groups. The r~duction" in the, percent of 'spl::fm­
positive rats tilat were pregnant follo~ing pregestati~nal' exposures to either
level suggest that EB may have adverse e,ffects 'on fertility. There is some
question on this point, since rearrang~mentofthe data by gestational expos­
ure does not reveal any significant effects. The decreased crown-rump length
of the fetuses in the A-H but not in t~e H-H group is weak evidence of growth
retardation and without accompanying d~pressio~s in me.anfeta.l weight is
probably not meo1ningful. The increased incidence of fetal supernumerary ribs
is not cons i dered to be a demonstrat i 0!1 of teratogeni city, but may be an
indication that exposure to higher lev~ls might induce terata. There is not
a consistent dose-reponse relationship at the levels used in this experiment.
There was an elevated incidence of sup~rnumerary ribs (extra and rudimentary)
only in the A-H group, while the incid~nce of extra ribs alone was elevated

. in the A-L. A-H and H-H groups.

It is useful to consider the observed f:!mbryotoxicity on a scale' relative to
maternal toxicity. Thus, when a range of doses is studied and embryotoxicity
is detected only at doses which are toxic to the maternal animal, one might
conclude that special concern need not be directed ,toward the fetus. It is
necessary to use caution in this approach since it is poss'ible to overlook
subtle indications of embryotoxicity in the search for statistically signi­
ficant changes (Palmer, 1977). When a more limited range of doses or ex­
posure levels are used, such as in the present studies, it becomes less
likely that all concentrations will lip. above the minimally toxic level for
tlie .adult. The finding of no or littll~ embryotoxicity in the presence of
maternal toxicity thus suggests, but does not prove, t~at an occupational



Tab1t: 45. SUiiiWlii'j of ::.igllif"icant effects of EB exposures on rabbits and
rats.

Seed es Observations
Exposure

Group
Direction Data
Of Effect Tab1e(a)

Rabbit

Rabbit

Rat

Rat

i\at

Rat

Rat

Rat

'b'Maternal liver weight' )

No. 1ive pups/l itter

Pregestationa1 body weight

Maternal liver weight(b)

Maternal kidney weight(b)

Maternal spleen weight(b)

(b"Adult liver weight' /

Adult lung weight(b)

% pregnant post pregestational
exposure

Pup cr~wn-r~mD length

Supernumerary ribs

Extra l'i bs

High

Low & High

Low & High

A-H & H-H

A-H & H-H

A-H & H-H

A-H & H-H

A-L only

Low & High

.A-H only

A-H only

A-L,A-H & H-H

t

t

t

t

t

t

t

5

9

14

16

16

16

17

17

19

22

23

23

(a)Tab1e number in this report which contains numerical expression of re­
sults.

(b)Re1ative weight (percent of body weight).

environment which is safe for the pregnant worker will also be safe for her
fetus.

Thus, the major1ty of the data support:; the conclusion that the lOOO-ppm
level of EB under the conditions used for this study is toxic for pregnant
rats, but probably not for pregnant rabbits. The results suggest that even
higher levels administered under similar conditions might also be teratogenic
in rats, but not necessarily in rabbits.
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Figure 15. Summary of food consumption data and body weights for all rabbits
exposed to ethylbenzene.
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2-ETHOXYETHANOL

In contrast to our finding with EB t exposures of pregnant rabbits to EE
resulted in conclusive evidence of embryotoxicity and teratogenicity in
addition to maternal toxicity; the biologically and statistically significant
findings are summarized in Table 46. Adverse maternal effects included
dose-related depression in food consumption and consistent loss of body
weight during exposure (Figure 16). These effer.ts caused, or ~t least con­
tributed tOt an increased incidence of maternal mortality at the high level.
Liver and kidney weights were elevated in the survivors. The most striking
embryotoxic effect was the resorption incidence of 100% in all pregnant does
surviving the high level. The histopathological changes in the ovaries and
uteri of high-level exposed doses were consisten~ with the early interruption
of pregnancy. A significantly increased incidence of embryomortality accom­
panied by a corresponding decrease in live fetuses per litter was seen even
in those exposed to the low level. SuprisinglYt however, growth retardation
was not seen in the surviving rabbit fetuses. As was described in the IIRe­
sults ll section t morphologic changes detected included major malformations,
minor anomalies t and variations of soft tissue and skeletons of the rabbit
fetuses.

A similar spectrum of statistically significant effects was seen in pregnant
rats exposed to EE. Alterations in maternal lung, liver, and kidney weights
summarized in Table 46 were considered to be presumptive indications of
toxicity. Food consumption was not affected, but body weight was reduced in
those rats exposed gestationally to the higher level (Figure 17). However,
this effect probably reflected. the total incidence of interru~ted pregnancy
at this level and was probably not a true measure of maternal toxicity.
Increased embrylJmortality occurred only at the high level in the rats, in
contrast to the dose-related incidence in rabbits. Again, histological
examination of ovaries and uteri revealed evidence of early ir.t2rr~ption of
pregnancy in those groups exposed at the higher concentration during gesta­
tion with high incidences of resorptions. There was gro~th retardation of
the live pup~ from the low-level exposure group since weight, length, and
skeletal ossification were reduced. Growth retardation was not seen in the
surviving rabbit kits.. It is particularly noteworthy that the increased
incidence of terata seen in the rats occurred at the low level which did not
induce maternal toxicity. The incidence of major malformations was not
significantly elevated, but the incidence of minor anomalies and variations
was significantly elevated. These involved both soft tissue and skeletons.

Thus, taken tog~ther these data implicate EE as being a teratogen in both
rabbits and rats. Significant inciden:e of terata, intrauterine growth
retardation, and embryomortality may be induced at levels that are below or
are similar to those that induce maternal manifestations of toxicity.
Based upon these bioassay data and those from other laboratories, EE ha~

exhioited sufficient eviaence of teratogenicity and embryotox;city that it
should probably be regardea as presenting similar risks to humans.
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Table 46. Summ~ry of significant effects ·of EE exposures on rabbits and
rats.

Incidence of live fetuses/litter Low & High

Rabbit Histopathology of ovariestut~rus ~ High

Rabbit Incide~ce of resorptions/litter low & High

+ 25

Direction Data-
Of Effect Table(a)

+ 24

26

27

27

28

30

30

32t

t

t

l'

Exposure
Group

Low &High

High

Hig~

Low & High

High

Low

Rabbit Maternal body weights

Rabbit Maternal mortality

Rabbit Maternal liver weight(b)

Maternal kidney weight(b)

Species Observations

Rabbit Maternal food consumption

Rabbit Terata

Histopathology of ovaries/uterus A-H & H-H

Incidence of resorptions/litter A-H & H-H

Incidence of live fetuses/litter A-H & H-H

Rat Gestational body weight

Rat Maternal lung weight(b)

Maternal liver weight(b)

Maternal ki~ney weight(b)

Maternal spleen weight(b)

Rat

Rat

Rat Fetal weight

Fetal crown-rump length

A-H & H-H

A-H &H-H

A-L/ A-H'

A-L, A-H & H-H

A-L, A-H &-H-H

A-L & L-L

A-L & L-L

t

tl~

t

.,.

.,.

36

37

37

37

37

39

42

42

43

43

Rat Terata A-L & L-L l' .44

(a)Table number in this report which contains numerical expression of
results.

(b)Relative weight, percent of body weight.
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Figure 16. Summary of food consumption data and body weights for all rabbits
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LAST DAY OF EXPOSURE~
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APPENDIX

Summary of Duncan1s Multiple Range Analysis
on EB and EE Exposed Rabbits and Rats.

The results of Ouncan1s multiple range test were expressed by dividing the
exposure groups into homogeneous subsets which do not differ from each other.
Subsets were indicated by underlining ~nd means were ordered according :to
increasing size.



, - ..

Data ----rompound
---~ ----~ ----Range

Table(a) and Species . Observation P value (listed by increasing meari--valye} .

5 EB - Rabbit Maternal Liver Weight 0.0045 A L H(b)
9 EB - Rabbit No. Li ve/Li tter 0.0450 A L H

14 £8 - Rat Pregest. body weight
Week 2A 0.0000 A L H
Week 211 0.0000 A [ H
~:eek 3A O.OGOO A L H
14eek 313 0.0000 A LIT

16 £8 - Rat Maternal Organ Weight
• • j-

liver (absol.) , 0.0000 A-L L-A H-A A-A L-L A-H H-H
Liver (re1.) 0.0000 l-A A-L H-H A-A L-L A-H H-A
Kidney (absol.) 0.0000 L.:A A-L H-A L-L A-A A-H H-H
Kidney (re 1. ) 0.0000 L-A L-L A-L H-A A-A . A-H H-H
Spleen (abso1.) 0.0336 A-L H-A L-A A-A L-L H-H A-I;!

\0 Spleen (re1.) 0.0007 L-A A-L H-A A-A L-L H-H A-H.....
17 EB - Rat Adult Organ Weights

Lung (re1.) 0.0181\ L-A H-H L-L A-H H-A A-A· A-L
Liver (re1.) 0.0001 A-A L-L L-A H-A A-L H-H A-H
Kidney (reI.) 0.0478 H-A A-A L-A L-L l\-H H-H A-L

22 EB-Rat Fetal Measures
Crown - rump length .01 Hl A-H H-H L-A ~l-A A-A A-l L-L

24 H - Rabbft Food Consumption(d)
1 - 2 dy <0.05 H ·L A
3 - 5 dg <0.05 H -L- A
6 - 7 dg ::0.05 H -L- A-
8 - 9 dg ~;-0.O5 H- -L- A

10 - 11 dt) ::'0.05 H L- A
12 - 13 dg <0.05 H L A
14 - 15 dg <0.05 H -L- A
16 - 17 dg <0.05 H -L- A
18 - 19 d'J ~·0.O5 -il- L A
24 - 25 II:) ~0.05 A L ~J-
25 - 26 d9 ·.0.05 A L H
27 - 20 d~l ~0 ..05 A -r H
28 - 29 dg

-

,0.05 A L H

. \



25 EE - Rabbit Body Weight
18 dg 0.0100 H L A
22 dg 0.0088 H L A
30 dg 0.0248 -"1"1 A L

27 EE - Rabbit Maternal orran Weijhts
Liver absol. . 0.0000 A L H
Liver (rel.) 0.0000 A L H
Kidney (abso1.) 0.0056 A- -L- H
Kidney (rel.) 0.0000 A L H

30 EE - Rabbit No. Live/Litter(c) ( ) 0.0000 H L A
No. Resorp./litters C 0.0000 A -l- H
%Litters with Resorp. 0.0000 A -l- H
Resorp./litters ~dth Resorp. 0.0000 A -r H

\0
33 EE - Rat Pregest. Food COllslJlIIPt1on(d)(Xl

day 1 - 2 <0.G5 Ii l A

35 EE - Rat Pregest. Body Height
~}eek 18 0.0023 l A H
Week 2B 0.0000 A L H

36 EE - Rat Gest. Body Weight
17 dg 0.0000 H-H A-H l-A H-A L-l A-A A-L
21 dg 0.0000 H-H A-H l-l l-A H-A A-l A~A

37 EE - Rat Maternal Organ Weight
Lung (reI.) 0,0000 H-A l-L l-A A-A A-l H··H A-H
Liver (absol.) 0.0000 A=H H-H L-A H-A A-A l-L A-C

Li ve r (re 1. ) O.ODaO A-Ii Ii-H Ii-A l-A A-A l-L A-l



"
~ -""\ ...

\0
\0

3B

4<'

43

EE - Rat

EE - Ra t

EE - Rat
~~ 5~

Kidney (absol.) 0.0123 l-A A-A II-A l-l II-II A-II A-l
Kidney (rel.) 0.0000 A-A U-A' L-l l-A A-l A-H U-H

Spleen (absol.) 0.0001 II-U A-II l-A H-A l-l A-A A-l

Spleen (rel.) 0.0000 A-A l- A H-A l-l A-L II-II A-U-----------
Adult Organ Weight

lung (re1. ) 0.0000 II-A A-l l-l A-A A-U II-II l-A
Kidney (rel.) 0.0075 A-H H-II l-l A-A A-l H-A L-A

No. live/litter(c) 0.0000 A-U II-H A-l II-A l-l A-A l-A

No. Resorbed/litter(c) 0.0000 l-A A-A l-l II-A A-l A-II II-II
% li tters with Ilesorp. 0.0000 L-A--A-A II-A L-l A-L A--u-ff':li

Resorp./lit~ers with Resorp. 0.0000 A-A l-A A-l l-l II-A A-II II-II

Fetal Body Weight o.onoo A-l l-l A-A II-A l-A
Crown-Ru~plenglh 0.0000 A-L [":l A-A H-A L-A

fal

(b)

(c)

Refers to table in text where data is located

Abbreviations of A, l and II represent air, low-level and hilJh-level, respectively.
Two letter combinations; represent pregestational-gestational dposure sequence. Exposure groups are arranged by increasing
order of the adual value of each group. GrQups rililked as hOlllogeneous by Duncan's are underlined.

r·, .

Arcsin transfonnation of the data preceded ANOVA and Duncan's.
t J

(d) . The P values were obtained' from published tables using the calculated F value and appropriate
degrees of freedom.·

\. ,
.. (

<!('

i



,

. (

!

·~.

-.......



5027'2 • 1l~1

REPORT DOCUMENTATION 11. R~PORT NO. 2. NA (' PB832os07'4-"_u-,,- "-I
~~n~rt~~.~~~~~~~~~~'~~~~~~~~l~1"~II~~IIII~III~~rn ~

~-- ----'----"J"aTIUary-J:::1o-:l.

Teratologic Assessment of Ethylbenzene and 2-Ethoxyethanol
NA

1. Author(s)

B.D. Hardin

9. Pwrlonninl Organization Name and Addr.,.
~'EOSH

4676 Columbia Parkway
Cincinnati, Ohio 45226

8. Pwrlonninl O,..nl28tlon RepL No.

10. PI-ojectlT..k/Woril Unit No.

NA
11. Contract(C) or Gnlftt(G) No.

(C)

(G) 210-79-0037

12,; SpOf'l~rinl Orpnizatlon Name a~ Address

NIOSH
4676 Col~bia Parkway
Cincinpati, Ohio 45226

15. SuPPle':;'entary Notes

" I
\\ l

13. Type of Report & Period Covered

14.
NA

15. A~ract (Limit: 200 wordS)

These experiments were performed to evaluate developmental toxicity in rats and rabbits
associated with inhalation exposure to ethylbenzene (EB) or 2-ethoxyethanol (EE). Rats
were exposed for 7 hours per day, 5 days per week for 3 weeks. They were then mated and
exposed daily throug~ 19 days of gestatio~~d.g.). Rabbits were artificially inseminated
and exposed for 7 hours daily through 18 d.g. (EE) or 24 d.g. (EB). The rats were
killed and examined at 21 d.g. and the rabbits at 30 d.g. Pregnant animals were observed
for evidence of toxicity including altered food consumption, body ~veight gains and tissue
weights and for histopathologic changes. Litters are examined for the presence of external,
visceral and skeletal def~cts as well as the incidence of growth retardation and
intrauterine mortality. ,J

I!)\
\

'\
'\

\
~\:~
.~.

reproductive-effects, ethylbenzene, 2-ethoxyethanol, toxicology, teratology

b. Identtflers/Open-Ended Tenn.

Co COSAT! Field/Group

• Availability Stateme..:

AVAILABLE TO THE PUBLIC

ANSI-Z39.18)

19. Security Cia.. (ThIs Report)

rTNrr ~"~TFT,:;-n
20. Security Cia.. (This P1Ip)

UNCLASSIFIED

21. No. of Pales

97
22. Price

OPTlOHAL. FORM 2n (04-71)
(Fonnerly NTIS-3Sl




