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Umon Carbnde Corporation ("Union Carbide") supplies the following information on
Tnethylene Glycol (TEG: CASRN 112-27-6) which EPA may regard as being reportable under
the provisions of Section 8(¢) of TSCA. The information includes the results of a short-term
repeated aerosol exposure study with rats, which by itself may not be significant with respect to
previously known use patterns for TEC. However, Union Carbide was recently made aware of
some of the opemmg conditions for q;mpmem and fluids used in the generation of artificial

- ~“smoke", descrived beiow, whicil couid resvit Lu uncoriroiied iuman exposures 10 a€rosois of
 TEG. This submission is based on 2 consideration of the findings of a laboratory toxicology
- study in the light of the discovered 1elatively unccutrolled use of TEG for "smoke" generation.
To the best of our knowledge, this i< the only appiica‘ion of TEG where potential inhalation
‘expesures could reach high concentrations.

' REPEATED AEROSOL EXPOSURE $TUDY
Study Design

- Gronps of meie and female Sprague-Dawley suts were exposed to target TEG aerosol
concentranons of 0 (air-alone;;, 500, 2000 and 5000 mg . Exposures were for 6 hr per day for
9 days over a1 11-day penod Ten male and ten female rats from each group were sacrificed the
de) followmg the ‘. exposare. Additionally, 5 maic and 5 female rats were added to the
control and high -c:-centration groups for use as postexposure recovery groups for planned
sacrifice at 2 wezx.s arter ths final exposure.




Monitors for toxicity were as follows:
Daily observations for signs of toxic and/or pharmacologic effects.
Ophthalmoscopic examination before the first exposure and following the final exposure.

Body weights before exposure; on the second, fifth, and seventh exposure days; and
immediately before sacrifice.

Food and water consumption were measured following the eighth (males) and ninth
(females) exposures.

Prior to sacrifice, blood was collected by retro-orbital sinus puncture, and used for the
following measurements:

Hematology: erythrocyte ccunt, hematocrit, hemoglobin concentration, MCV,
MCH, MCHC, leucocyte count (total and differentiai}, platelet
and reticulocyte counts.

Clinical chemistry:  glucose, urea N, creatinine, total protein, albumin, globulin,
bilirubin (total, conjugated, unconjugated), phosphorus, CI', Na*,
K" and Ca™; aspartate and alanine aminotransferases,
creatinine kinase, lactate dehydrogenase, y-glutamy! transferase,
sorbitol dehydrogenase and alkaline phosphatase.

Urinalysis was conducted on samples collected following the eighth exposure {males)
and ninth exposure (females). Measurements and observations were for total volume,
color and appearance, specific gravity, pH, microscopic elements, blood, protein,

activity.

Necropsy, to examine for signs of gross pathology, was conducted on animals that

died and survivors sacrificed the day following the final exposure. The liver, kidneys,
spieen, brain, lungs, adrenal glands, and testes were weighed from all sacrificed animais.
A variety of tissues and organs were fixed in 10% neutral buffered formalin for
subsequent histological examination.




‘ Coneentmionsef TEGlerosol fotthevmous exposuregroups were as follows:

-~ Coceamon _Group and Concentration (mp 23 Mean £.5D)

Low . - Mid High

5000 2000 s000

Analytical 94142 2011+ 94.4 4824 £ 182.9

 Nominal - 1436527 5404 £232.7 31773 + 943.9

* Thus, tlle ihaljﬁeil concentrations for the TEG aerosols were close to the target. The
low A/N ratios are due to precipitation and absorption of larger TEG droplets.

The MMAD for the aerosols (as mean + geometric standard deviation) were 1.92 + 1.56,
2.57 £ 1.65 and 2.94 + 1.70 um respectively for the low, mid and high concentration

muw' :
All rats of the 4824 mg m*? group died between the second and fifth exposure days.
* There were no mortalities in the low and mid concentration groups.

, Slsns before death in the high concentration group included ataxia, prostration, labored
breathing (males), ocular discharge, swollen periocular tissues, blepharospasm, and

~‘perinasal and periocular encrustation. For the mid concentration group signs were

limited to swollen periocular tissues, blepharospasm and perinasal encrustation. Only a

- few animals of the low coacentration group had signs, which included perinasal

encrustation and swollen periocular tissues.

~ Body weigitt and body weight changes are shown in attachments 1-4. It can be seen that
the following statistically significant effects were noted:

4824 mg m™ Decreased body weights and body weight gains before death.

2011 mg m™ Decreased absolute body weights in males from day 5.
Shﬁﬁaﬂy significant increases in food consumption were measured in females of the
494 and 2011 mg m™ groups. Statistically significant increases in water

consumptionwere also measured at 494 mg m(females) and 2011 mg m™* (males and
females). See attachments 5 and 6.




The only statistically sigficant henratological effects were a slight increase in
erythrocyte count (RCC) and slight decrease in MCV and a slight increase in total
lymphocyte count in females of the 2011 mg m™ group, as foliows:

Measurement __Greup (mg m*)*
0 494 2011

RCC (10° ul™®) 7.7%20.29 7.7+0.19 8.0+ 0.29
MCV (um’®) 5.5+ C.85 56.3£0.95 55.1 £ 1.79°
Lymphocytes (cells ul?) 8109 £ 1793 NYA® 10096 + 2331°

*Results as Mean + SD (for M = 10)
®p < 0.05 compared to controls
‘NYA = Not yet available

7. Clinical chemistry findings of statistical significance were as follows:

Group (mg m)*
0 494 2011

Measurement Sex

Glucose
(8!

Urea N
(mg1™)
Amd
U

Alk P-ase
avr)
Inorganic P
(mgi)

144 £0.12
1.36 £ 0.07
237+£29.2
151 £20.7
4148
34+57
345 £36.2
198 * 66.5
92+5.0
81x7.7

1.45+£0.70
1.36 £ 0.11
239 +£33.6
168 £22.5
4045
3747
387 £50.5
289 £ 51.0°
9353
89+9.0°

1.38 £ 0.06°
1.21£0.10
256 = 32.0
198 £ 34.2°
31+4.0°
44 ¥ 3.4°
384 £ 775
319 £60.3°
92+76
91270

*Results as Mean # SD (for N =10)
*p < 0.05 compared to controls

“p < 0.01 compared to controls
YALA = Alanine aminotransferase

The most biologically notable effects common for males and females were increases in
ALA activity (2011 mg m™) and a statistically significant increase or trend for alkaline
phosphatase activity (484 and 2011 mg m™).




— Grovg(msm’)

O ”';0 :‘iit'vwﬁ :' '7 : e

e |7 S

2011

- Osmolality
& (mOSMOkg")
CUPpH

NAG Acnvity ,,

CEr

e 7;6'=’1.97
802429 .
- 1894 £ 612.5

2153 £3419
722088

692039

18.95 + 3.68

174+311

912179

992264

1695 £ 320.1

2047 £331.4

6.9 £ 0.21

6.8+0.24

15.96 £ 3.64
7.05+1.70

17.1 £ 6.21°
16.8 £ 5.54°
1696 = 296.9
1771 £ 279.2°
6.2 £ 0.26°
6.2 £0.26
11.78 £ 3.00
6.00 £ 2.17

" TResults as Mean £ SD (for = 10)
"~ ®p < 0.05 compared to controls
~ °p < 0.01 compared to controls

" Thus, there was a statisticaliy significant or trend for increased urine volume,
- decreased osmolality, decreased pH, and decreased NAG activity for both the low

. andm. concentration yroups.
Sm'micaily significant organ weight changes were as follows:

Liver: increased absolute weight (females) at 2011 mg m™®; increased relative
to body weight (males and females) at 2011 mg m™; increased relative
to brain weight (females) at 2011 mg m™.

Kidney:  increased absolute weight (females) a: 2011 mg m; increased relative
to body weight (males and females) at 2011 mg m™; increased relative
to brain weight (females) at 2011 mg m™. A statistically significant
decrease in kidney weight relative to body weight was noted in males
of the 494 mg m™ group.

[See Attackments 7-12.]




Notable histological findings were as follows:

4284 mg m™: Pituitary gland - congesticn and occasional hemorrhage.
Nares - congestion and occasional hemorrhage.
Brain - congestion and hemorrhage.
Lungs - congestion, intraalveolar debris, alveolar histiccytosis and
hemorrhages.
Kidney - congestion and tubular proteinosis.

2011 mg m>; Nares - occasional hemorrhage.
Lungs - Intraalveolar debris, alveolar histiocytosis, occasional
hemorrhage.
494 mg m* iLungs - a few instances of alveolar debris and alveolar histiocytosis.

O0Omgm™: Lungs - a few instances of alveolar histocytosis.

There was no histological evidence of liver injury in any group, and no indication of
renal histopathology in the mid and low concentration groups.

Summary and Comment

Major findings following short-term (9-days) repeated expos ire of rats to a respirable
aerosol of TEG were as follows:

4284 mg m?

Mortality after 2-5 exposures.

Signs (principally irmitant ini natuis).

Premortem decrease in body weight and body weight gain.

Congestion and occasional hemorrhage of the nares, pituitary gland and brain.
Pulmonary congestion and hemorrhages, alveolar debris and histiocytosis.

2011 mgm?

Swollen periocular tissues, blepharospasm and perinasal encrustation.

Decrease in body weight (M).

Increased food and water consumption.

Slight decrease in erythrocyte count and MCV, with lymphocytosis (F).

Slight decrease in glucose (F), increase in urea N (F), increase in ALA and alkaline
phosphatase activities.

Increase in urine volume with decreased osmolality, pH anc NAG activity.
Increased absolute and relative kidney and liver weights.

Alveolar debris and histiocytosis.




~+ - Increased foc Iadwatetconsumpﬁon(l-‘) v

o Tre 886 'ilkmmephosphmse actmty(l‘)

_ Trend for increased urine volume thn decreased usmolahty, pH and NAG activity.
*~ Alveolar debris ami h:stwcytom ,

: The above findings mdiate that recurrent prolonged exposu : to high atmospheric

B concentnhom of TEG respirable acrosol produces significant lethe .oxicity. At nonlethal

eoncentmtom. the urinary changes (volume, osmolaluy, pH and NAG activity with increased
tion) are consistart with an osmotic diuresis resulting from excretion of absorbed

TEG md ‘metabolites; there was no biochemical or morphological evidence for zenal injury. The

-~ increased ALA and alkaline phosphatase activities, in the absence of of histological evidence of

hver injury, are compatible with a minimal effect on liver function, which is threshold at 494 mg
m, Trritant effects on the eye and upper respiratory tract were evident at 2011 mg m™, and

~ marginal at 494 mg m™>. The source of the alveolat debns is unknown, and alveolar hnsnocytosxs
-was also present in controls. '

RELATIONSHIP OF EXPERIMENTAL FINDINGS TO USE PATTERNS

, Akhough Umon Carblde sells TEG for industrial applications, we have learned of a
potential non-industrial use. TEG is being consider d (with other ; ycols) as a component of a
: ﬂmd used in an equipment which generates ertificial "smoke." This equipment could be used in
~such non-industrial settings as theatrical or motion picture productions, discotheques, amusement

- parks or other areas where artificial smoke is desired, including simulated smoke conditions for
fire fighting or fire escape training. To the best of our knowledge, this is the only application of
~TEG where potential inhalation exposures could ~each comparatively high concentrations.

Based on the knowledge of this new applxcauon, we recently initiated  szries of laboratory
animal studies to learn of any potential tox’city issues from exposure . iquid aerosols of TEG.

. While we have no data on atmospheric concentration: “rom actual use, we have recently
learned that ihe fluid delivery rates in the "smoke" generatin:. equipmert can be 3ml/second, and
- ‘the TEG concentration of the fluid can be 30%. Estimation of human xposure may be
impractical due to the many variables that could potentiaily effect the uc*ual atmospheric
‘conceatration, including aerosol particle size, room ventilation rate, duration and frequency of
exposures, and aerosol distribution. Without knowledge of the upper boundaries of control for
these variables, we have determined that the results of our nine-day study should be submitted to
the EPA and viewed in the light of the above summarized short-term repeated exposure study.




COMMENT

While the experimental findings with an aerosol of TEG have little relevance to most
accented use patterns for TEG, the discovery that TEG may be used io generate "smoke” for use
in rel tively uncontrolled situations requires a more detailed evaluation of the findings in
relation to this practice. EFA may consider the findings reportable under Section 8(e) of TSCA
against the background of the use of TEG in "smoke" generation.

A copy of the complete toxicology report will be sent is the Agency promptly after we
receive it.

Please contact the undersigned with questions, if aay, at 203/794-5230.

Very truly yours,

William C. Kuryla, Pii.D.
Associatg Dizector
Product Safety

WCK/cr

Attachments
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sol Inhalation Study in Rats
RAMS) . -

000

| DAY S

HEAN

TS

uv 12 -
MEAN .
5.0.

BT X

293.8
14.74

"0

302.1

.15,
10

273.0
10.02
15

247.8
12.83
"

205.9%¢
11.58
2

ST ¢ Significantly different from contro! group (p < .0S5)
e Significantly different from control group (p < .0V)
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TABLE 4
Triett.ylens Glyscl: Nine-Dsy Aerosol Inralstion Study in Rsts
SUENARY OF 30DY NEIGHT GAIN (GRANMS)

WALES”
GROUP: mg/m3 500 2000

DAY 1 TO 2
WEAN . 2.7 1.3
s.D. . . 3.7C
L] 10

JAY 1 TO €
MEAN
5.D.

N

DAY 1 TO 8
NEAN
5.0.

N

DAYV 1 TO ®
MEAN
3.0.

L]

baY 1 10 12

MEAN
S.D. 7.22 9.94
N 15 10

s Significantly different from contro! group (p < .01)
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!nhlllﬁon Study in Rats
(GRANS)

~
™~

83,2
19,78
10

178.7
14.40
0

‘ 188.5
a2 1718
R : 10

'200.3 : 198.3
15.00 [ ] 15.01
15 1

WY 197.7
12.31 &.20 18.23
1s 10 10

DAY 12
BEAN- - - 2041 20%.1 204.5
$.0. 10.60 9.32 18.55
L} b1 : 1M 10

es Significantly ¢ fferent from contrel group (p < .01)
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TABLE
Triethylene G'ycoi: Nine-Day Aeroscl Inhalation Stuay in lats
SUMMARY OF 800Y WEIGHY GAIN (GRAWS)

FEMALES
GROUP: mg/m3 300 2000

DAY 1 TO0 2
MEAN -4.3 ~4.5
S.D. 2.43 3.32
N 10 10

DAY 1 T0 S
MEAN 3.0 3.3
S.D. B~ 3.47 5.18
Y 3 9 -

DAY 1 7 ®
NEAN H.
s.0 6.67 3.8
N 1% 1¢

DAY 1 TO0 9
MEAN 9.0 $.0
$.0. 7.32 4.64
N 15 0

DAY 1 TO 12
HEAN 15.0 16.5
$.D. 5.87 6.30
] 13 10

es Significantly differunt frem contro! groug (p < .0%)
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“fahalation Study in Rats
(GRANS/ANINAL/DAY)

° f:;’”’: :’7 ’ Rt
0

" significantly different from control group

DRAFT N

_TABLE B
Tristhylens Glycol: Nine-Day Asrosol Inhalation Study in Rats
SUMMARY OF FOOD CONSUMPTION .(GRAMS/ANIMAL/DAY)

) FEMALES
GROUP: wmg/m3 0 S00 2000
DAY 31 T0 12 )
NEAR : 1.7 15,9 18.0%e

s.D. 1.93 1.7 3.32
L 10 0 10

* Signiticantly gifferent from contro! group (p < .05)
ee Significently different from control group (p < .01)




DRAFT

TABLE §
Tristhylens Glycol: Nine-Day Aerosol Inhalatir ~“ouly s Rats
SUNMARY OF WATER CONSUMPTION {GRAMS/ANI: _/T )

MALES
GROUP: mg/m3 0 $00 2070 8000
DAY 10 TO 11
WEAN 21.9 25.7 37.2%°
5.D. 4.88 3.08 5.67
N 0 10 10

es Significantiy different from control group (p < .01}

DRAFT S

TABLE 10
Triethylene Glycol: Nine-Day Aercso! Innalation Study in Rats
SUMMARY OF WATER CONSUMPTION (GRAMS/ANIMAL/DAY)

. FEMALES
GROUP: mg/m3 0 500 2000
DAY 11 TC 12
MEAN 20.9 25.1¢ 35.99=

§.0. 5.08 3.29 5.07
L] 10 10 10

® Significantly different from control group (p < .05)

®s Significantly different from control group (p < .01)
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' hg;ghn Study 4n Rats
- (GRANS)

oMOUP: me/md O

FENAL S0DY. METGMY.
CNEAN X
S T2 a8
e 40

LIVER :
NEAN 9i.220
8.0, 0.9011
B M N0
‘KIDNEYS
WEAN 2.301
E '8 . 0,810
. ST S 10
g )
S ) 2T S . 1.388
8 . 2.1040
1° 10
[ S )
vE i 1.728 ~1.738 -
3.0 0.0801 0.0398
(3 16 10

AR NAL GL

wirN 0.042 0.040
g . 0.0042 0.0042

L] 1) 10

CSELERN

wen £.e95 0.691
5.3, 1.0736 0.0660

N h1¢] 10

TEETES '
MEEN 3.491 I 378
.0, 0.2%17 0..3¢64
» ¢ 10

Ne. 2 oigni¥ ~antiy gifferent frem control group

— e — . - ——— s —
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TASLE 22

Triethylene Glycol: Nine-Day Asrosol Inhslation Study in Rsts

SUMMARY OF DRGAN WEIGHTS AS % OF FINAL BOOY WEIGHT
ANIMALS SACRIFICED AT DAY 12

WALES

GROUP: mg/m3

0

500 2000

LIVER
WEAN
$.D.

N

KIDNEYS
MEAN
S.D.

N

LUNGS
WEAN
§.D.

]

BRAIN
NEAN
5.0,

N

ADRENAL GL
NEAN
S.D.

N

SPLEEN
NEAN
5.D.

N

TESTES
WEAN
$.D.

N

4,107
0.2460
10

0.773
0.04%1
10

0.465
0.0274
10

0.581
0.0376
10

0.0v4
0.0012
10

0.233
C.0258
10

1.173
0.0597
10

4.281
0.2490
10

0.722+
0.0293
10

0.464
0.0118
10

0.57¢8
0.0268
10

0.013
0.0019
10

"0.229
0.0230
10

1.*18
0.0723
10

® Significantly different from contro! group (p < .05)
ee Significantly aifferent from control group (p < .01)
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thylene Glycol s - Nin o1 ‘Tnhaiation Study in Rats
—SUNMARY-OF -ONGAN WEIGHTS AS & OF BRAIN WEIGHT - .

0

s.0. | aA.8327 §.5480

. RS 10 10
ADRENAL GL

. GEAN : 2.308 2.447

s.D. 0.2094 0.2087

" ~ 210 0 10

SPLEEN 7

- WEAW 40,272 39.732 38.759

$.D. 4.9208 3.6428 8.3770

L) 10 10 10
TESTES .

NEAN 202.699 194.110 200.824

$.0. 17.2922 9.4084 11.4170

N 10 10 10

- Nome. significantly different froa control grouwp
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Tristhylene Glycol: _Mine-Day Aerosc! Inanslatirn Study in Rats
SUMNARY OF ORGAN WEIGHTS (GRAMS)
ANIMALS SACRIFICED AT DAY 12

FEKALES

GROUP: mg/m3 0 500 2000

FINAL BODY WEIGHT
MEAN 201.3 201.1 204.%
S.D. 10.85 9.32 18.55
L] 10 10 10

LIVER
MEAN 8.88¢ 7.107 7.889¢
S.D. C.5243 0.5225 1.0877
N 10 10 10

XIDNEYS
MEAN 1.8512 1.501 1.639e¢
5.D. 0.0789 0.0954 ©.1079
L] 10 10 10

LUNGS
MEAN 1.138 9.142 1.164
§.D. 0.08%52 0.0576 0.0740
L] 10 10 10

BRAIN
MEAN 1.643 1.645 1.616
S.D. 0.0623 0.0491 0.0592
N 10 10 10

ADRENAL GL .
MEAN 0.059 0.058 0.063
s.D. 0.6057 G.0047 0.0061

N 10 10 10

SPLEEN
MEAN 0.538 0.516 0.560
$.0. 0.0403 0.0380 0.0707
L] 10 10 10

* Significantly gifferent from control grous (p < .05)
** Significantly different from control! group (p ¢ ©1)
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Tahatstion Study in Rats
FINAL BODY WEIGHT

Ny )

-

SRATN
. 0.817 : 0.019
$.0. 0.0383 0.0378
i ; 10 0

ADRENAL GL
EAN 0.029 0.028
$.0. 0.0027 0.0028
N 10 10
SPLEEN 7
uEAN 0.267 .0.287
$.0. 0.0149 0.0120
N 10 10

‘ e Significantly different from cuntre! group (p < .01)
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TABLE 2o
Tristhylene Glycol: Nine-Day A#rosc) Inhélstion Study in Rits
SUMMARY OF ORGAN WEIGHTS AS % OF BRAIN WEIGHT
ANIMALS SACRIFICED AT Dsy 12

FEMALES
GROUP: mg/m3 0 500 2000

LIVER
MEAN 419.027 432,368 486.523%*
S§.D. 26.3808 33.840% €0.5478
L] 10 10 10

KIDNEYS
MEAN 92.027 91.257 101.483¢°
5.0, 4.2748 5.2265 6.9208
N 10 10 10

LUNGS
WEAN 69.265 £9.497 72.083
5.0. 4.4719 4.5694 4.1808
N 10 10 10

ADRENAL GL
MEAN 3.583 3.409 3.901°
$.0. 0.3756 0.2480 0.3610
L] 10 10 10

SPLEEN
MEAM 32.753 31.386 34.628
S5.0. 2.253%5 2.7469 4.1178
L] 10 10 10

* Si,gnificantly different from contro! group {p < .0S)
s Significantly different from contrdl group (p < .01)
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