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Triethylene Glycol: Nine-Day Aerosol Inhalation Study in ~ats

COMPLIANCE WITH GOOP LABORATORY PRACTICE STANDARDS

This study meec-s the requirements of the following Good Laboratory Practice
Standards: Toxic Substances Control Act (TSCA:, 40 CFR Part 792 with
exceptions. The exceptions are:

1. The Study Director had no knowledge of the procedures used for the
chemical analyses for interfering contaminants in ih- water corducted by
the supplier, the NUS Corporation, Materials Enginearing and Testing Co.,
and Lancaster Laboratories, Inc. oi procedures used tfor diet analysis by
Agway Inc.

Test animals for this study arrived before an approved protocol was
available. During this interim, however, no critical study data were
collected and BRRC Standard Operating Procedures for animal receipt and
housing were followed. Therefore, this event is not expected to affect
the integrity of the study results.

Study Director: \‘\X/«f’a’{ldf v/ /2 '/‘/”(Z{
J}me{D. Sun, Ph.D. Date
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Triethylene Glycoi: Nine-Day Aeroscl Inhalaticn Study in Rats

SUMMARY

Four groups, each consisting of 10 Sprague Dawley® rats per sex, were exposed
+o an aerosol of triethylene glycol (TEG) (CAS No. 112-27-6} at target
concentrations cf J (contrel), S60, 2000 and 5000 mg/m3> for 6 hours per day
for 9 exposuras during a 2-week perioi. An adéitional S animals per 32x were
added to the high exposure concentration and control grougps for ;lanned
postexpcsiie restovery observations. Control animals were exposed tc filtered
air only. For the target concentrations of 500, 2000, and 5000 mg/m®, mean
analytical exposure concentrations (t SD) were determined to be 424 (% 14.2),
2011 (% 94.4) and 4824 (% 182.9) mg/m3, respectively. A mean mass nedian
aerodynamic diamet 'r (MMAD) for all 3 exposure groups was 2.48 microns with a
mean geometcic stz lard deviation (Ogj of 1.8, Determinants of toxic effects
were clinical obsarvations, ophthalmic e¢xaminations, body and organ weichts,
hematologic and serum clinical chemistry evaluations, urinalysis, and
macroscopic and microscopic evaluations.

For all TEu-exposed rats, exposure-related clinical cbservations occurred. At
4824 mg/md. clinical obsetvations included ataxia, prostration, unkempt fur,
labored respiration (males only}. ocular dischargs, swollen periocular tissue,
perinasal and periocular encrustation, and blepharospasm in both sexes unless
noted otherwise. At 494 an” 2011 mg/m3, there were swollen periocular tissues
and perinasal encrustations. Statistically significant decreases in body
weights and body weight gains were aliso seen in animals expcsed to 4824 mg,/m3
of TEG. At 2011 mg/m3, there were statistically significant decreases in body
weights in males from Exposure Day S. Females from the 2011 mg/m? exposure
concentration group and rats of both sexes irom the 434 mg/m3 exposure
concentration group had body weights and body weight gains that were not
significantly different from the controls. The most nctable gross findings
from TEG-exposed rats were unkempt fur, swollen eyelids with periocular and
perinasal discharge and crusting, and multifocal cr diffuse color change due
to congestion and/or hemorrnage of various organs and tissues.

Rats from the 5000 mg/m3 exposure concentration Jroup all died or were
sacrificed in a moribund condition on or betore the beginning of Exposure Day
S. Therefore, only limited data were obtained from these animals. 1In
addition to the gross pathology findings noted above, hyperinflation of the
lungs (failure of lungs to collapse when the chest cavi:y was openecd) was
observed during necropsy in 5 males and 10 females from the 5000 mg/m’
exposure concentration group. Ocu.ar opacities were also seen in 5 males and
S5 females from this exposure group. The most prominent microscopic lesicns
found in the 5000 mg/m3 TEG-exposed rats which died or were sacrificed
moribund involved congestion and, occasionally, hemorrhage of many organs and
tissues. The pituitary, nasal mucosa, brain, and lungs were affected in many
of the rats of both sexes. Congesticn of the kidneys and hemorrhage of the
thymus were also relatively ccmmon in the females.

For TEG-exposed rats that survived the exposure regimen, focd consumpticn was
statistically significantly increased in 2n exposure concentration-related
fashion for females only at 494 and 2011 mg,/m3. %ater consumption was
statistically significantly increased in both sexes at 2011 mg,/m3 and in
females at 4941 mg/m3. The only statisvically significant hematological
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effects were seen in females from the 2011 mg/m? group, and included slight
incoeases in erythrocyte count, and slight decreases in mean corpusculac
volune. Notable clinical chemistry findings werc increased activities of
alanine aminotransferase at 2011 mg/m? and alkaline phosph-tase at 434 and
2011 lg/n’, and slight increases in blood urea nitrogen and inorganic
phosphorous in fex.les icom the 494 and 2011 mg/m? exposure concentration
groups. Urinalysis showed statistically significant increases in urine volume
and decreased osmolality, pH, and N-acetyl-f8-D-glucosaminidase activity at
2011 mg/m?, wich a trend for changes in chese values at 34 mg/m?. Absolute
liver and kidney weights were increased in females from the 2011 mg/m?
exposure concentration.group and increased relative (to body weight) weights
were measured for both organs at 2011 mg/m3. There was no histological
evidence of liver or kidney injury noted in animals from any exposure
concentration group. The only microscopic lesion seen was minimal to milad
alveolar histiocytosis, which was in excess of that for the controls at 2011
mg/a3, but not at 494 mg/m’. The above findings indicate impairmert of liver
function, but without morphological evidence of organ injury.

This study shows that daily inhalation exposures to TEG aerosol at or above
concentrations of 5000 mg/m3 were fatally toxic to rats within 5 days.

Similar exposures for up to 9 days at or below concentrations of 2000 mg/m?,
however, did not result in lif_  t-reatening signs of toxic effects. The
urinary changes and associated increase in water consumption are consistent
with an osmotic diuresis resulting from the excretion of absorbed TEG ard its
metabolites. There were no consistent findings suggestive cf renal injury.
The increased serum enzyme activities suggest minimal hepatotoxicity, which,
for this stuly, has a threshold exposure concentration for this toxic response
that is near to 49& mg/md.

Page 8 of 3238
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OBJECTIVE

The objective of this study was to determine and evaluate the toxic effects in
rats which may occur from 9 days of repeated, whole body, inhalation exposure
to TEG aerosol.

BACKGROUND INFORMATION

Triethylene glycol (TEG) is most commonly used as a solvent and plasticiz:r
for the nanufacture of vinyl, polyester, and poiyurethane resins. Becau:: b 4
its wide use in industry, there is a p - °ntial for worker exposure to this
compound by inhalation. An acute ir - ion toxicclogy study was previously
performed at BRRC (Report No. 53-139 shich Sprague Dawley® albino rats
were exposed once to 5200 mg/m3 of TEG aerosol for 4 hours. Clinical signs
observed on the day of exposure included periocular wetness, blepharospasm,
wet (o0ily) fur, and an absence of toe and tail pinch reflexes. During the 14~
day recovery period, unkempt fur was the only clinical sign observed. No
mortalities occurred during this study and no gross lesions were found in
animals sacrificed after the l4-day recovery period. The results from this
study indicate that inhaled TEG aerosol has a relatively low acute toxicity
and that the LCgg value for TEG aerosol in Sprague Dawley® rats is greater
than 5200 mg/m3.

TARGET CONCENTRATION SELECTION

Target TEG aerosol concentrations of 0 (control), 500, 2000, and 5000 mg/m3

were selected by the Sponsor based on the results from the acute study.
MATERIALS AND METHODS

The protocol, any protocol amendments and any protocol deviations (BRRC
Project Number 90-22-44008) detailing the design and conduct of this study are
presented in Appendix 12.

Test Substance

Three S5-gallon containers of TEG, Lot TS-2300128, Tk-706, CAS No. 112-27-6,
were received on January 30, 1991, from UCC&P, Texas City, TX, and assigned
BRRC Sample No. 54-19 A, B, and C. The test substance was a transparent,
white liquid with a mild odor. The test substance was storad under normal
conditions and kept in Room 137. The purity of the test substance was
determined by the GLP Analytical Skills Center at the UCC&P South Charleston,
WV, Technical Center to be approximately 99.9%; their report is included in
Appendix 1. A reserve sample was taken and stored in the BRRC Archives.
Pertinent chemical and physical properties of TEG are listed in Appendix 1

Animals and Husbandry

Sixty-five male and €5 female Sprague Dawley® rats were received on

" February 10, 1991, from Harlan Sprague Dawley, Inc. (Indianapolis, IN). They
were designated by the supplier to be approximately 34 days old (birth date
was recorded as January 7, 1991) and to weigh 100-124 g ard 75-99 g fo. the
male and female rats. respectively, upon arrival. The females were
nulliparous and non-pregnant.

Page 9 of 328
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Animals were housed in Room 154 from arrival to termination of the study
except during exposures. Within 2 days of receipt, the animals were examined
by the BRRC Clinical Veterinarian, and representative animals were =1bjected
to a pretest health screen including full neczopsy and histologic examination
of selected tissues including respiratory oS:gans and serum viral antibody
analysis. Based on the results of these data, the Clinical Veterinarian
indicated tha* the animals were in good health znd suitable for use on this

study.

All - ixals ware ef e A ilgae DULE e . ifr i 1fled by cage tags.
Anirsis ¢ner” red aad ose L. ST 0w wWare . 30 identified by a tail

t ity e . .w animel Idencification and Msiiing System, AIMS® Inc.,
Piscatav 2y, NI, _ma's selected for the pretest health screen were
identified by tos-clirping prcedures after tlood cecllection.

The animals wer: housed individually in stainless steel, wire-mesh cages
(15 cm x 22 cm x 18 cm). DACB® (Deotized Animal Cage Board; Shepherd
Specialty Paper:s, Inc.) was placed under each cage and changed regularly.
automatic timer was set to provide fluorescent lighting for a 12-hour
photoperiod ccavt’ng at 5 a.m. Temperature and relative humidity were
recorded continuously (Cole-Parme: Hygrothermograph® Seven-Day Continuous
Recorder, Model No. 8368-00, Cole-Parmer Instrument Co., Chicago, IL).
Temperature was routinely maintained at 64-79°F; relative humidity was
routinely maintained at 40-703. Any minor exceptions to these specified
ranges were noted in the raw data.

Tap water (Municipal Authority of Westmoreland Cocu -y, Greensburg, PA) was
available ad libitum except during exposures. Wat-.: was provided by an
automatic watering system with demand control valves mounted on each rack.
except during the water consumption period. %ater analyses were provided by
the supplier, the NUS Corporation, Materials Engineering and Testing Co.., and
Lancaster Laboratories, Inc. at regular intervals. FPA standards for maximum
levels of contaminants were not exceeded. Powdezed, certified AGWAY® PROLAB®
Animai Diet Rat, Mouse, Hamster 2200 (Agway Inc.}) was available ad libitum
except during exposures. Analyses for chemical composition and possible
contaminants of each feed lot were performed by Agway Inc., and the results
are located in the BRRC Archives.

Animal Acclimation

The acclimation period was 3 weeks for the animals. During this periocd, the
animals were weighed 3 times at scheduled intervals. Detailed clinical
observations were conducted in conjuuction with body weight measurements.
Cage-side animal observations were conducted at least once daily, and an
additionai mortality check was conducted each day (morning). The animals were
examined approximately 2 weeks prior to the initiation of the study by a
Clinical Veterinarian. Animals considered unacceptable for the study, based
on the clinical signs, ophthalmic examination, body weights, or body weight
gains, were rejected. The fate of rejected animals and the reasons for
rejection were documented in the study record.
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Study Organization

Animals were assigned to 3 exposure groups and a control group using a
aonstratified randomization procedure based on body weight. At the time of
group assignment, only animals with body weights witnin two standard
deviations of the population mean for each sex were included. On the morning
prior to the first exposure, only animals with body weights + 20% of the mean
body weight for each sex were retained for the study. The following table
summarizes the organization of the study.

Target
Number of Animals Concentration
Group Male Female (mg/m3)

Control® 15 15 0
Low 10 10 500
Intermediate 10 10 2000
High® 15 15 5000

*rive animals/sex of the control and high concentration groups were assigned
to a 2-week recovery group.

The exposures began con March 4, 1991 (Study Day 1). Animals were exposed for
6 hours per day for 5 consecutive days. After 2 days without exposure, the
animals were exposed for an additional 4 consecutive days. The 6-hour
exposure period for each exposure day was defined as the time when the aerosol
generation system was turned on and subsequently turned off. All surviving
animals were sacrificed on March 15, 1991, after a total of 9 exposures.

Administration of Test Substance

Inhalation Chamber Description and Operation

The inhalation chambers (Young & Bertie, Cincinnati, OH) used for this study
were located in Room 137. The chambers, constructed from stainless steel with
glass windows for animal observation, were rectangular (132 x 85 x 91 cm) in
shape with a pyramidal top and bottom. The volume of each chamber was
approximately 1330 liters, and the airflow rate was approximately 300
liters/minute (13-14 air changes per hour}. A Dwyer Magnehelic® pressure
gauge (Dwyer Instruments, Inc.. Michigan City, IN) was used to monitor chamber
airflow. The theoretically-derived time required for each chamber to reach
99y of the target concentration (tgg) was calculated to be 20 minutes.

Chamber temperature and relative humidity were recorded using a Fisherbrand®
dial type thermometer (Fisher Scientific, Dittsburgh, PA) and an kirguide
humidity indicator (Airguide Instrument Co., Chicago, IL), respectively.
Temperature and relative humidity measurements were recorded approximately 2

times each hour of exposure.
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Aerosol Generation

Liguid TEC was metered trom a piston puip (RPG-6-1/8" - 500 mg/?;
RPG-20-1/4" - 2080 mgy/m?: RPG-2C-2/8" - 5000 mg/m3; #£1-id Metering, Inc.,
Oyster Bay, NY) iato an atorizer (Spraying System: C(n., Wheaton, IL) fisted
with a No. 15%) liquid uszzle and a No. 64 air nozcle. The atomizer was
inserted into the top of the :ak-lztion chamber turre* where the liquid
aerosol was dispersed througnout :he cramber . filtered chamber supply air.
The operating pressure of the atom.zer was 20 psi.

Chamber Atmosplkere deasursments

Chamber concentraticns of TEG were analyz<3d Dy yravimetric methcds. Six
samples were obtained from the TEG aeros~ expu:use chambers each dav. The
sample flowrates were 4.2%5, 1.8, and 0 ‘1 litv-s/mine ¢ for the ' .0 2030,
and 5000 ag/m3 target concentrations, r .pectiv:iy. ihe sanple coilection
time ranged from 10 tc 20 mirutes. A giass fi.er filter (47 mw; -.ype 47,
Gelman Instrument Co., Ann Arbor, MI) used to :dllect the TEG (#-230. .7~
connected to a dry gas meter (Rockwell Interna. ional, Pittsburgn. FA)
critical orifice, and a vacuum pump (Tercacon Corp.. Waltham, MA). ¢
nominai concentration was calculated by dividing 'he total amount »{ TEG use’
to gener.te the exposure atmosphere by the totzl volumz of air delivared O
each chamber.

N

The particle size distribution was measured ising a TSI Par~icle Ae:od,ramin
Sizer Model APS 3300 (TSI Incorporated, St. Paul, MN). The dilut.o. rr io wa.
100:1, and the sample collection time w~as 30 seconds for ali taiget
concentrations. These determinaticrs were made at least 2 times per w2ax 227
chamber. The data collected were analyzed by the method of Hirds (.382) t:
obtain the MMAD and the 0g.

Observations and Measurements

In-Life Evaluations

All animals were individually observed for signs of toxic effects except
during the exposures. During che exposures, observations were recordad on a
group basis. Preceding and following each exposure, cbservations were
recorded for animals exhibiting overt clinical signs. At the time ol body
weight mearurements and just preceding sacrifice, detailed ouservations were
performed on all animals. On nonexposure days, the animals were ohserved ong2
a day for overt clinical signs and twice a day for mortality.

Body weight data were co.lected for all animals on the morning prvi:r O
initiation of the first exposure (denoted as Day 1 of the study;, precadi .,
the second, fifth, sixth, and seventh exposures, and immediately preceding
sacrifice.

Food and water consumptiun measurements were obtained over an approximace 1
hour period following tne eighth exposure of male rats ard the ninth exposu.e
of female rats (excluding the animals designated for the 2-week recovery
period). All animals were housed individually in Nalgene® metabol.~ cage:
with stainless stesl, wire-mesh bottoms, approximately 20 cm diametwr x L. Cm
nigh (Nalge Company. Rochester, NY) during the measurcment period.
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Prior to the first exposure, the eyes of all rats wvere examined by a
Vaterinary Ophthalmologist using indirect ophthalmoscopy following dilation of
the pupils with MYDRIACYL® 1% (tropicamide 1.0%) Ophthalmic Solution.
Following the ninth exposure, the eyes of all surviving rats (excluding the
animals designated for the 2~week recovery period) were again examined by a
Veterinary Ophthzlmologist by the procedure previously mentioned. A complete
description of the ophthalmic examination procedures is includzd in

Appendix 4.
Clinical Pathology Evaluation

Prior to sacrifice, blood was collected from all rats (excluding animals
designated for the 2-wesk recovery period) for hematology and clinical
chemistry determinations. Blood was obtained from the orbital sinuses of
methoxyflurane-anesthetized animals. Food was removed from the animal cages
pricr to the start of the blood collection period, but water was supplied

ad libitur.

Following the eighth exposure of male rats and following the ninth exposure of
female rats, urine was collected from all surviving rats (excluding animals
designated for the 2-week recovery period) while the rats were in the
metabolism cages (see Food and Water Consumption). Food and water were
available ad libitum. Two or three thymol crystals were added as a
preservative to the ccllection tubes.

The following parameters were measured or calculated:

Hematology

hematocrit mean corpuscular hemoglobin
hemoglobin concentration (MCHC)
erythrocyte count total leukocyte count

mean corpuscular volume (MCV) differential leukocyte count

mean corpuscular hemoglobin (MCH) platelet count
reticulocyte count

Clinical Chemistry

glucose sodium

urea nitrogen potassium

creatinine chloride

total protein aspartate aminotransferase (AST)
albumin alanine aminotransferase (ALT)

globulin (calculated) creatine kinase (CK)
total bilirubin with isoenzymes
direct bilirubin iactate dehydrogenase (LDH)

indirect bilirubin with isoenzymes
calcium gamma-glutamyl transferase (GGT)

phosphorus sorbitol dehydrogenase (SDH)
alkaline phosphatase (ALK)
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Urinelysis and Urine Chemistry

osmolality blood

pH urobilinogen

protein total volume

glucose color and appearance

ketones microscopic elemernts

bilirubin N-acetyl-b-D-glucosaminidase (HAG)

The blood smears for the differential leukocyte counts and reticulocyte counts
were prepared for all groups, but were evaluated cnly for the control and
highest exposure concentration group that survived the exposure regimen.
Details for clinical pathology procedures are included in Appendix 3.

Anatomic Pathology Evaluations

At the end of exposures, all racs (except animals designated for the 2-week
recovery period) were anesthetized with methoxyflurane and euthanized by
exsanguination via the brachial blood vessels. A complete necropsy was
performed on all animals (except animals Jesignated for the 2-week recovery
period). The liver, spleen, brzin, lungs, kidneys, adrenals, and testes
(males) were weighed for all sacrificed animals. The following tissues were
collected and saved in 10% neutral buffered formalin:

gross lesions kidneys
lungs adrenals
nasal turbinates testes

(four sections) ovaries
brain lymph node
thymus (submandihular)
trachea eyes
heart bladder
larynx spinal cord
liver sciatic nerve

spieen tibial nerve

Tails were also saved for identification purposes. Underlined tissues for 10
rats per sex from the control group and 2000 mg/m? exposure concentration
group and from all rats (15 per sex) from the 5000 mg/m3 exposure
concentration group were processed histologically and examined
microscopically. In addition, the respiratnry tract {nasal cavities, trachea:
larynx, and lungs) was alsoc examined from the 500 mg/m3 exposure concentration
group rats. Details of the anatomic pathology procedures are included in

Appendix 2.

Data Analyses

‘The data for continuous, parametric variables were intercompared for the
exposure and control groups by Levene's test for homogeneity of variances. by
analysis of variance, and by t-tests. The t-test was ased, if the analysis of
variance was significant, to delineate which groups differed from the control
group. If Levene's test indicatei homogeneous variances, the groups were
compared by an analysis of variance for equal variances followed, when
appropriate, by pooled variance t-tests. If Levene's test indicated
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heterogeneous variances, the groups were compared by an analysis of variance
for unequal variance followed, when appropriate, by separate variance t-tests.
Fzequency data were compared using Fisher's exact tests. All statistical
tests, except the frequency comparisons, were performed using BMDP Statistical
Software (Dixon, 1990). The frequency data tests are described in Biometry
(Sokal and Rohlf, 1981). The probability value of p < 0.05 (two-tailed) was
used as the critical level of significance for all tests. Details of the
statistical procedures for hematologic and serum clinical chemistry parameters
can be found in Appendix 3.

various models of calculators, computers, and computer programs may have been
used to analyze data for this study. Since various models round or truncate
numbers differently, values in some tables may differ slightly from those in
other tables or from independently calculated data. The integrity of the
study and interpretation of the data were unaffected by these differences.

RETENTION OF RECORDS

The final report, tissue specimens, nonperishable slides, and all raw data are
retained in the Archives of BRRC for future reference.

RESULTS AND DISCUSSION

All references of differences in group mean values in the following text refer
to comparisons between the exposure group and the control group, unless
otherwise noted. Repeated reference to the control will not be made in order
to simplify the text.

Chamber Atmosphere

Control animals were exposed to filtered air only. For the target
concentrations of 500, 2000, and 5000 mg/m3, mean gravimetric exposure
concentrations (t SD) were determined to be 494 (% 14.2), 2011 (% 94.4) and
4824 (¢ 182.9) mg/m3, respectively. The MMAD for the 500, 2000, and

5000 mg/m?® exposures was 1.92, 2.57, and 2.94 microns, respectively, with a a0g
of 1.56, 1.55, and 1.70, respectively. Detaile of these results are presented

in Appendix 1.

Among exposure groups, the daily mean chanber temperature and relative
humidity ranged from 20.5-24.2°C and 39.9-54.9%, respectively. The chamber
temperature and humidity data are presented in Appendix 1.

Clinical Observations and Mortality

Tables 1 and 2 present summaries of the clinical observations for male and
female rats, respectively. Individual animal clinicai observation data are

included in Appendix 5.

All rats in the 5000 mg/m3 exposure group died or were sacrificed in a
moribund condition on or before the end of exprsure day 5. Exposure-related
clinical observations included ataxia, prostration, iunkempt fur, labored
respiration (males only), ocular discharge, swollen periocular tissue,
perinasal and periocular encrustation, and blepharospasm in both sexes from
the 5000 mg/m? ¢.posure concentration group. The only significant signs of
toxicity in rats from the 500 and 2000 mg/m3 exposure concentration groups
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were periocular swelling and u»rinasal ercrustation.

Body Weights

Summaries of absolute body weights and body weight gains for males are
presented in Tables 3 and 4, respectively. Corresponding values for females
are presentad in Tables 5 and 6. Individual animal body weight data are
included in Appendix €.

Statistically significant decreases in body weights were seen in male rats
exposed to 2000 and 5000 mg/m? of TEG aerosol. Significant decreases in body
weight gains were also seen in male rats exposed to 5000 mg/m3 TEG. Female
rats also showed statistically significant decreases in body weights and bodly
weight gains, but only in the 5000 mg/m3 exposure concentration group.

Food and Water Consumptiocn

Summaries of food consumption data for males and females are presented in
Tables 7 and 8, respectively. Summaries of water consumpticn data for males
and females are presented in Tables 9 and 10, respectively. Individual animal
food and water consumption data are included in Appendix 7 and 8,
respectively.

Since the highest exposure concentration of TEG (5000 mg/m3) killed all the
rats before the end of exposures, food and water consumption measurements were
obtained only on the remaining exposures group of animais and controls.
Statistically significant increases in food consumption were noted for females
from the 500 and 2000 mg/m3 exposure concentration groups, but not in any of
the nale rats _osed to TEG. Water consumption was significantly increased
in females exposed to 500 and 2000 mg/m? TEG and in male rats exposed to 2000
mg/m3 TEG.

Ophthalmic Examinations

Details of the results and discussion of the ophthalmic examination are
nresented in Appendix 4. Individual ophthalmic data are included in
Appendix 1l1.

No ophthalmic lesions that could be attributed to the TEG aeroscl exposure
were noted in rats that survived the exposure regimen.

Clinical Patholiogy Evaluations

Summaries of hematology measurements are presented in Tables 11 and 12 for
males and females sac.ificed immediately after the exposure regimen,
respecitively. Summaries of clinical chemistry measurements are presented in
Tables 13 ané 14 for males and females, respectively. Summaries of special
chemistry determinations for male and female rats are presented in Tables 15
and 16, respectively. Summaries of urine N-acetyl-b-D-glucosaminidase (NAG}
determirations for male and female rats are presented in Tables 17 and 18,
respectively. Summaries of urinalysis measurements for males and females are
presented in Tables 19 and 20, respectively. Individual clinical pathology
data are included in Appendix 10. Detailed results and discussion of the
clinical pathology findings are included in Appendix 1.
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Since all the animals in the 5000 mg/m> exposure ccncentration group died
before the end of the exposures, blood samples were only collected from the
two remaining exposure groups and control rats. Mzle rats did rot show
statistically significant changes in the hematologv parameters measured.
Female rats in the 2000 mg/m3 exposure group had a significant increase in
total erythrocyte counts with a significant decrease in MCV.

Since all the animals in the 5000 mg/m? exposure concentration group died
before the end of the exposures, blood samples were only collected from the
two remaining exposure groups and control rats. The only statistically
significant changes in male rats were an increase in ALT activ .ty and a
decrease in sarum creatinine in the 2000 mg/m? exposure concsntration group.
Feuale rats from the 2000 mg/m® exposure corcentration group showed
statistically significant increases in urea nitrogen, ALT, ALK, and inorganic
phosphorus and decreases in glucose, creatinine, and chloride. <cemales from
the 500 mg/m?® exposure concentration group had significant increases in ALK
activity, inorganic phosphorus, and total protein.

Since all the animals in the 5000 mg/m3} exposure concentration group died
before the end of the exposures, urine samples were only collected from the 2
remaining exposure groups and control rats. Male rats from the 2000 mg/m?
exposure concentration group had statistically significant increases in total
urine volume and significant decreases in urine osmolality, pH, and NAG
activity. However, the decreased NAG activity was probably due to dilution of
the enzyme because of the increased urine volume, since tha total NAG enzyme
excreted was actually slightly elevated in both male and female rats from the

2000 mg/m? exposure concentration group. Female rats from the 2000 mg/m3
exposure concentration group had statistically significant increases in total
urine volume, and decreases in pH.

Organ Weights, Necropsy Observations, and Microscopic Diagnoses

The mean absolute and relative (as percencages of body and brain weights)
organ weights are presented in Tables 21 to 23 for males and Tables 24 to 26
for females sacrificed after the exposuie regimen. Summaries of the necropey
findings for males and females sacrificed at the end of the expcsure regimen
are presented in Tables 27 and 29, respectively. Summaries of the necropsy
findings on dead or sacrificed moribund male and female rats are presented in
Tables 28 and 30, cespectively. Summaries of the histopathology findings are
presented in Tables 31 and 32 and Tables 33 and 34 for the males and females,
respectively. Individual anatomic pathology data are included in Appendix 9.
Detailed results and discussion of the necropsy and histopathology findings
are included in Appendix 2.

The only statistically significant changes observed for male rats were
increases in liver and kidney weights relztive to body weights in the
2000 mg/m3 or the 500 and 2000 mg/m? exposure concentration groups,
respectively. Statistically significant changes in female rats included
increases in absolute weights and in weights relative to body and brair
weights for liver and kidueys from animals in the 2000 mg/m? exposure
concentration group. Female rats exposed to 20600 mg/m3 TEG also showed a
significant increase in adreral gland weight relative to brain weight.

The most notable gross findings from TEG-exposed rats for both those
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The most notable gross findings from TEG-exposed rats for both those

s -rifice” and those which died during the study were unkempt fur, swollen
eyelids w.th periocular and perinasal discharge and crusting, and multifocal
or diffuse color change due to congestion and/or hemorrhage of various crgans
and tissuss. Hyperinflation of the lungs (failure of lungs to collapse when
chest cavity was opened) was observed in S males and 10 females from the

5000 mg/m? exposure concentration group. Ocular opacities were also seen in 5
males and 5 females from this latter exposure group.

The most prominent microscopic lesions found in the 5000 mg/m3 TEG-exposed
cats which died or were sacrificed moribund involved congestion and,
occasionally, hemorrhage ol the pituitacy, nasal cavities, brain, and lungs of
both sexes. Congestion of the kidreys and hemorrhage of the thymus were also
relatively common in the females.

The only significant microsccpic lesion seen was in female rats sacrificed
after the 2000 mg/m3 exposure regiwen and was limited to minimal to mild
alveolar histiocytosis. Similar findings were seen in both sexes of rats
exposed *> 500 mg/m3 TEG, but these latter findings were not significant.

~ONCLUSIONS

Exposure of rats to a respirable zeroscl of TEG at a mean analytical
concentration of 4924 mg/m3 for € hours/day resulted in mortality after 2 to 4
days of exposures. Clinical signs of toxicity at this exposure concentration
included ataxia, prostration, urkempt fur, labored breathing (males only),
ocular discharge, swollen periocular tissue, perinasal and periocular
encrustation, and blepharcspasin in both sexes unless otherwise noted.
Expcsure-reiated decreases in body weights and becdy weight gains were also
noted for hoth sexes. Significant increases in food consumption were measured
in females, but not male rats, while water consumntion increases were noted
for both sexes.

No statistically significant differences in hemztology parameters were seen in
male rats. Female rats from the 2000 mg/m3 exposure concentration group had
statistically significant increases in total erythrocyte counts with a
decrease in the MCV vzlue. However, these rats may have had a slight water
imbalance, which czused the hemoconcentration of these c2lls in the peripheral
blood. Clinical chemistry findings showed significant increases in ALT in
both sexes, indicating a slight exposure-related effect on the liver. Serum
ALK was also elevated, suggesting that the liver was injured. However,
microscopic evidence of liver damage was not seen. Decreased serum creatinine
values in TEG-exposed animals were probably due to the reduced body weight and
loss of muscle mass. The phosphorus increase in serum was also attributed to
weight loss or possibly fluid loss due to kidney damage. However, there were
no other consistent biochemical indications of renal injury. Also, kidney
damage was not s=2en histopathologically. The increased serum protein was not
considered to be biologically significant because a similar increase was not
seen in the higher exposure group. The decrease in serum chloride was not
considered to be biologically significant because the decrease was sO small.
No conclusion could be made regarding the increased serum glucose, because the
rats were not fasted prior to measurements.

Statistically significant changes were seen in several of the urinalysis
measurements (total volume, NAG activity, osmolality, and pH). However, these
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data, taken together with the increased water consumption and the lack of
microscopic findings in the kidneys, indicate a water overload and dilutional
effect of the increased water consumption and urine output instead of a toxic
effect on kidneys. This may have been due to an osmotic diuresis resulting
from the excretion of absorbed TEG and its metabolites.

In keeping with the clinical pathology and urinalysis findings, significant
increases in liver and kidney weights were seen, again suggesting that these
organs may be target tissues for TEG exposures. These increases were more
evident in females than males. Male rats showed such increases only when
expressed as veights relative to body weights. Female rats had significantly
increased liver and kidney weights both as absolute weights and as weights
relative to body and brain weights. Female rats also had increased adrenal
gland weights relative to brain weights. However, histopathological
examinations did not find evidence of adrenal gland damage. The only
significant microscopic finding in female rats from the 2000 mg/m? axposure
group was minimal to mild alveolar histiocytosis in the lungs. Similar
findings were present in animals from the 500 mg/m? exposure concentration
group of rats of both sexes, but these were not statistically different from

controls.

in conclusion, inhalation exposures to 5000 mg/m3 of TEG aerosol for

6 hours/day prcduced 100% mortality within 5 days. At lower exposure
concentrations over the course of 9 daily exposures, gross evidence of
toxicity included periocular and perinasal irritation in both sexes exposed to
2000 mg/m? and in males at 500 mg/m3. The only statistically significant
microscopic finding was a minimal to mild increase in alveolar histiocytosis
in femals rats exposed to 2000 mg/m3 TEG aeroscl. Biochemical findings
suggest that the liver may be a target organ for toxicity by repeated
inhalation exposure to a high concentration of a respirable aerosol of TEG.
Minimal effects (irritation and increased serum ALK activity) were seen at 500
mg/m3, the lowest exposure concentration tested in this study.
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