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Dear Sir/Madam:
On behalf of Rhéne-Poulenc Inc. (RPI, CN5266, Princeton, NJ 08543-5266) and its
subsidiaries, the attached report is being submitted to the Environmental Protection
Agency (EPA) pursuant to the Toxic Substances Control Act (TSCA) Section 8(e)
Compliance Audit Program (CAP Agreement) executed by RPI and EPA (8ECAP - 0004).

The cnclosed report provides information on the following chemical substance:

Product Name: Fluorinol-85 and Fluorinol-50
Chemical Identity: Trifluoroethanol

CAS Registry No: 75-89-8

CAS Registry Name: Ethanol, 2,2,2-trifluro-

The title of the enclosed report is: M,
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The following is a summary of the adverse effects observed in this report.

Trifluoroethanol

An acute inhalation study was performed with rats exposed to various
concentrations of the test material for six hours. Clinical signs of toxicity
included piloerection, humped position, bloody nasal discharge, ataxia,

depression, decreased activity, cye irritation, and slight tremors. The LC50 Was in
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the range of 470 to 640 ppm. In a subchronic inhalation study, rats were exposed

to 0, 10, 50, or 150 ppm, 6 hours/day, 5 days per week for 4 weeks. Males exposed to
50 ppm showed impairment of spermatogenesis while males exposed to 150 ppm had
hypospermatogenesis. In functional tests, the conception rate for 50 ppm males
was 72% of control while no conception occurred with the 150 ppm group.

High concentrations of test material applied to the skin of rabbits produced
depression and slight tremors. The LD50 was estimated to be in the range of 390 to
3800 ul/kg. Instillation of 0.1 ml of trifluoroethanol in rabbits' eyes produced
severe irritation and corneal opacity.

RPI does not claim any portion of the information in this submission to be TSCA
confidential business information (TSCA CBI). —

RPI has not previously submitted any TSCA Section 8(e) notices or premanufacture
notification on the subject chemical substance.

In total, RPI is submitting three copies of the enclosed report and this cover letter: an
original and two copies.

Further questions regarding this submission may be directed to Dr. Glenn S. Simon,
Director of Toxicology at (919)549-2222 (Rhdne-Poulenc, P.O. Box 12014, 2 T.W. Alexander
Drive, Research Triangle Park, NC 27709).

Sincerely,

Okl © y
-
Charles E. Moyer, Jr., Ph.D.

Director, Product Safety
(609)860-3589
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ABSTRACT
Fluorinol-50 and -85 (containing 50 and 85 mole X trifluorocethanol (TFE),

respectively) are candidate working fluids for truck and power plant Diesel
bottoming cycles, respectively. TFE is self-extinguishing and chemically stable
at its proposed operating temperature. Toxic effects were not seen in produc—

tion workers at Halocarbon Products Corp., the manufacturer, but are apparent in

animal studies.

The most obvious effects upon acute or chronic inhalation exposure are

intoxication, narcosis, and death, but there is wide disagreement on concentra-
\

tions producing nervous system effects. Ethanol is an antidote. Sterility and

impaired spermatogenesis were first noted at 50 ppm in male rats. These changes

may be reversible. Exposure of female rats to 10 ppm produced enlarged ovaries.

Functional tests of reproductive ability were not done, but they should be,

since the above concentrations are not much higher than the recommended

threchold limit value, 2.5 ppm.

m——

Skin contact with TFE can_cause nervous system effects and even death; eve

contact produces corneal opacity. Because of TFE's ability to penetrate intact

Skin, the Toxic Materials Advisory Committee of the U.S. Department of Energy

—

strongiy recommended that a less toxic working fluid be sought. We fully
N

concur.

1t is unknown whether TFE will add to the danger of truck accidents, but

leakage of the small amount of TFE used probably will not contaminate drinking

water.
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TRIFLUOROETHANOL

Bottoming cycles are designed to conserve energy by utilizing usually
discarded exhaust heat from generators or engines. For example, Thermo Electron
Corporation manufactures Rankine bottoming cyc_lel’2 that use Diesel engine waste
heat to heat and pressurize working fluid (Fluorinol-85 for power plants and
Fluorinol-50 for trucks), which is then permitted to expand and cool through a
turbine, doing useful work (Fig. 1). The cycle is repeated'after»ghrther cool-
ing. Fluorinol-85 and -50 are the trade names for 85 and 50 mole %
trifluoroethanol (TFE, CF, CHZOH) manufactured by Halocarbon Products Corpora-
tion.3 It is estimated that Rankine bottoming cycles can raise the efficiency
of Colt-Pielstick PC-2 12-cylinder Diesel electricity generators by 2424 and

1,5

improve truck Diesel engine efficiency by 15%Z. Although a Rankine cycle is

a sesled system, leaks and accidents can occur, exposing employees and the gen-
eral public to &orking fluid and to decomposition and combustion products such
az czrbonyl fluoride (COFZ). It has previously been found that organic working

fluids can be quite hazardous.

5

The present report shows that Fluorinols are
no exception. First the toxicity of TFE is evaluted, and then special hazards

arising from its use in trucks are examined.
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Figure 1. Schematic of the thermo electron corporation
organic rankine bottoming cycle (500 kWe) (from ref. 1)
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TRIFLUOROETHANOL TOXICITY

TFE is a volatile, colorless liquid of density 1.382 kg/L at room tempera-
ture, miscible with water and alcohols. Its acidity is comparable with that of
phenol and higher than that of ethanol. It can burn only when supported by an

external fuel source and is self-extinguishing.4 It is chemically stable: wvari-

:ous.Fluorinol;wgfer ﬁixtur;; Qere heated to 316°C for 1700 to 2350 hr in the
presence of carbon steel, cast iron, or steel A. Decomposition was < 12_;1-
though the metals turned black and the liquid sometimes became yellow,8 possibly
 because of TFE's acidity. Under normal operating conditions, working fluid is
heated to 290°C by Diesel exhaust whose temperature is 360°C. Whether extensive
decomposition occurs above 316°C is unknown, but Halocarbon Products Corp.
intends to investigate this.9 Maximum recommended operating temperature is
329°C for both Fluorinol-85 and Fluorinol-50.>
TFE has been manufactured by Halocarbon Products Corp. since 1960.7 They
-claim to have seen no toxic effects in production workers, who also produce
fluorocarbon anesthetics. Therefore, the U.S. Department of Energy Toxic Mate-

rials Advisory Committeelo used only toxic gffeéts on animals to determine its

recommended threshold limit value: a time-weighted airborne concentration aver-

age of 2.5 ppm. The toxic effects include intoxication, respiratory irritationm,

i1,12

and deach, and the airborne levels producing them are controversial as

shown bclo. but are well above 2.5 ppm. Chronic exposure to 50 ppm can produce

12,14

sterility.13 TFE can be absorbed through intact skin, and 1 ml/kg entering

the body this way can cause death.14 Ethanol can be used as an antidote.

Practically all ingested TFE is excreted in urine as glucuronide conjugate and

15,16 17

CF.CO_H (trifluorcacetic acid), in mice, dogs, and humans.

372

The material examined below comprises mainly results of inhalation and

nE———

skin and eye contact experiments conducted by Hazleton Laboratories America,

-2 -




Inc.

11,13,14,18,
y

Table 1 summarizes animal studies on TFE.

2nd by Nikitenko and by Nikitenko and Tolgskaya12

in Russia.

Table 1
Summary of Toxicological Studies on Trifluorethanol
(Prepared by David A. Blake, Ph.D., 9/12/76)

20

Type Duration Level (Sex) Observations Ref.
Chronic 4 mo. 30 ppum Rats, Retarded wt. gain (2 mo) 12
inhal. ? hr/day CGuinea $N-M frritability (4 mo)
pigs (7) $ RBC, Hbg, benzoate Cl
- Above reversing 1 mo post =
Pos. histopath.-URT, liver(?)
15 ppm . fBody wt. gain
(2.5-25)
Subacute. & hr/day 0,10,50, Rats(M,F) No deaths, no effect on wt. 13-
inhal. 5 days/wk & 150 ppm - gain 18.«
4 wk Neg. histopath. (26 tissues)
Testicular depress. at 50 ppm
(reversible) and 150 ppm
. (persistent, S wk)
4 hr/day 0,86 ppm Rats (?), Pronounced intoxication 12
4 wk Guinea Wt. loss
pigs (1) Deaths (4/10 rats, 2/6 GP)
‘RBC, Hbg, benzoates Cl
Pos. histopath. lungs, liver,
kidney, brain
Acute 6 hr 350-2000 Rats(M,F) LC.,. = 550 ppm 11 -
inhal. Ppm Nafcosis
Latency to death (1 day)
2 hr ? Mice (2) LC 0" 710 ppm 12
Narcosis
Pos. histopath.-brain
4 hr 24-80 ppm Rats (?) Pos. for N-M irritability,
0, req., resp. rate,
organ wt. coeff.
Acute 1 dose Rats (M) LDSO = 240 mg/kg 11 -
oral . Mice (M) LDg, = 365 mg/kg 16
Lagency to death (5+ hr)
Acute 1 dose Mice (M) LDy = 350 mg/kg 15
1.P. Latency to death (7+ hr) .
Mice (M) LD., = 195 mg/kg 21
Acute 1 dose 400 mg/kg Dogs (F) Leggal, 20-24 hr 15.
I.V. Hypervent., hypertherm.
Neg. histopath.
Norm. citrate, lactate
Azlze 1 dose Rats LDsg = 590 mp/kg 12
I1.G.
Acute 2 hr tail(2/3) ‘Mice Lethal to 802 12
Dermal dip Local inflamm., necrosis
24 hr 0.1-3.2 ml1/kg Rabbits LDgg = 1.2 ml/kg 14 -
(M,F) = 1.7 cm/kg
Abdominal Non-irritant
+/- abrasion
occluded
Acute 1 dose 0.1 ml Rabbits Severe irritation 19
Eve Irrigated (M,F) Corneal opacity
& non- Iritis, conjunctivitis
irrigated Slightly reduced by
irrigation —




Animal Studies on TFE

Hazleton Labs. tested TFE manufactured by Halocarbon Products Corp. and
give details of experimental conditions such as doses, animal strains, airborne
concentrations, and feeding methods., Nikitenko and Tolgskaya often omit vital
information such as the source and purity of the TFE used.

Inhalation Exposure

In the Hazleton Labs. acute inhalation study,11 rats were subjeéféd to var-
jous airborne concentrations of TFE for 6 hr, observed for 14 days, and
sacrificed. The LC50 (concentration lethal to half the animals) was in the
range 470 to Ezauppm. Nikitenko and Tolgskaya obtained LC50 in the range 560 to
830 ppm for a 2-hr exposure of mice (strain and observation time after exposure
unspecified). Although conditions and animals diffet, these two values of LC50
are clocse.

Hazleton Labs. found the main physiological effects to be piloerection,

humped position, bloody nasal discharge, ataxia, depression, decreased activity,

apparent eye irritation, and slight tremors. These effects were noted at the

lowest dose tested (350 ppm) and increased in severity with concentratiom.

Nikitenko and Tolgskaya also found symptoms characteristic of narcosis, with
death, when it occurred, caused by hyperemia, hemorrhages, and edema in the
brain. They found the threshold dose for neuromuscular irritation, oxygen re—-
quirezz-+, respiration rate, and internal organ weight coeffici%nt changes for
rats (strain unspecified) in a 4-hr exposure to be 24 to 81 ppm.

Both Hazleton Labs.13 and the Russians performed similar chronic inhala-
tion studies with rats exposed to various concentrations of TFE 5 days/wk for &4

wk; the daily exposure was to 0, 10, 50 and 150 ppm for 6 hr in the former study

and tc v and 86 ppm for 4-hr in the latter (vhich also included guinea pigs).

————




Hazleton Labs., was interested mainly in effects on reproductive function. They
observed no deaths during or after exposure and no differencés in appearance or
behavior among any of the four groups of animals.

After 2 and 4 weeks some of the males were sacrificed. Those exposed to
150 ppm of TFE for either Period had lowered mean testis weights and testis
wt./body wt. ratios; after 4 weeks rats exposed to 50 ppm also had decreased
testis weights. Although there was no statistically significant déc;éase in
body weight for any group of males after 4 weeks, subgroups exposed to 50 and
150 ppm of TFE were significantly lighter than a control subgroup, which
indicated that weight loss for the highly exposed groups was of borderline
significance.

All females were sacrificed after 4 weeks. Non-control females had
elevated ovary weights relative to controls, but the difference was significant
only for the group éxposed to 10 ppm of TFE. The ovary wt./body wt. ratio
increased by similar amounts for all non-control groups, but the increase for
rats exposed to 150 ppm was not significant although it was nearly as high as
for the other two non-control groups. Thus the gain in ovary weight due to TFE
appears to be of borderline statistical significance. It occurs rather sharply
betiveen 0 and 10 ppm and levels off for higher concentrations. Histology .'
fevealed no differences in ovary appearance attributable to TFE.

among males sacrificed after both 2 and 4,weeks§ those“exggisg to 50 ppm
showed impairment of spermatogenesig and those exposed to 150 PPz showed
hypospermatogenesi;; Other tissues (26 types in all) from both males and

females did not appear different from those of controls.18

. . s 13
In functional tests, the_ggggigipg_malggw were allowed to recover from

TFE exposure for about 10 days, and then each was supplied with a different




mexposed female each week for 5 wk, and conception rates were measured. For

the group exposed to 10 ppm, the rate was the same as for controls; for the

group exposed to 50 ppm, it was 72% Fhffﬁ°f controls; and for the group exposed
to lﬁprppm, no ;onception occurred. Fof the group exposed to 50 ppm, conception
rates were lower than for controls during the first 3 wk, reaching a minimum dur-
ing the second week, and preimplantation losses followed an analogous pattern.
Animals were ;acrificed 2 wk later (for a total recovery period of 57 days) and
their testes examined. Males exposed to 50 ppm showed normal spermatogenesis.
Those exposed to 150 ppm also showed some recovery and some normal

spermatogenesis.

—

Nikitenko and Tolgskaya did not measure reproductive function. The ef-
fects they noted at 86 ppm were markedly different from those found by Hazleton
Labs. for z=ny concentration: pronounced intoxication, death of 4 of 10 rats and

2 of 6 guinea pigs after acute weight loss, decrease in hemoglobin and
erythrocytes and in urine hippuric acid, and pathological tissue changes.
Contact Exposure |

Hazleton Labs.14 applied 100, 316, 1000, and 3160 yl/kg of TFE to the

abdoﬁens of rabbits, covered the abdomens with gauze for 24 hr, observed the
rabbite for 14 days, and sacrificed the survivors for gross examination. No con-
trols wia.. used. ?Y° of 4 rfﬁ?&fs exposed to 1000 pl/kg and 3 of 4 exposed to
3160 pl,/%. “ied. Toxic effects and necropsy findings attributable to TFﬁ were
observed only for these two groups. .Psngfféon was noted in highly exposed

animals. Two survivors of high exposures still had slight tremors at the end of

observation but the third survivor recovered completely. Animals that died

showed congestion and hemorrhage in the lungs. The LDg (dose lethal to half




the animals) was estimated to be in the range 390 to 3800 Wl/kg. No dermal ef-
fects were seen except for slight erythema at low dose levels,

Nikitenko and Tolgskaya applied TFE to tails of white mice, causing'a mor-
tality rate of 80% (total number of animals unspecified).

Hazleton Labs.19 applied 0.1'ml of TFE into the conjuctival sac of one eye
of each of several rabbits. Some of these eyes were irrigated with water 2 or
4 sec later. Animals were observed for 14 days. There waS'severé”Eye
irritation and corneal opacity that persisted in all the nonirrigated eyes and
in 4 of the 6 irrigated ones. Nikitenko and Tolgskaya obtained permanent
corneal opacity in a similar experimentﬂ

Discussion and Suggestions for Further Research

Nikitenko and Tolgskaya noted narcosis, death, and tissue changes result~-

ing frcg\gbfqgﬁgkfgpg§gggmto TFE vapor. These vere all absent in a similar
study performed by Hazleton Labs. It is difficult to expiain these results
;ince the R9§559?5~59vP9F_Pf?Vide much experimental detail. One possibility is
that in their study the concentration underwent large excursions above the nomi-
nal 86 ppm. In another study they exposed animals to a nominal concentration of
15 ppm of TFE but the range was 2.4 to 22 PPm, a 502 excursion above the nominal
level. The standard deviations from nominal concentrations in the Hazleton
Laﬁs. study were about 10%. (However, even a 50% excursion above 86 ppm would
stili ne only 128 ppm.) Other important factors might be presence or absence of
féoc cduring exposure, different strains of rat, temperature and humidity condi~
tions, and-probabl; the most important-purity of the TFE used. Nikitenko and

Tolgskaya do not supply any of this information. They should be contacted and

asked to provide experimental details so that an explanation can be found for




the radical difference between their chronic inhalation results and those of

Hazleton Labs.

Since bottoming cycle operation can be expected to create at least small
amounts of iImpurities in TFE,8 it is important to determine whether these
impurities increase the toxicity of TFE. Halocarbon Products Corp. did not
characterize decomposition products resulting from heating various Fluorinols in
their study; this should be done. ?E;icological studies on slightly impure TFE
may also be needed.

In the Hazleton Labs. study, male rats produced fewer sperm and offspring
starting at an exposure of 50 ppm. Recovery occurred after exposure to this con-
centration, and tissue examination suggested that some recovery occurred after
exposure to 150 ppm also. However, two weeks before this apparent recovery,
rats were unable to sire offspring. Therefore it is possible that nonfunctional
although normal-appearing sperm are produced, or alternatively that TFE-produced
sterility is reversible. It is not clear why Hazleton Labs. waited two weeks
after functional tests to examine testes. As far as setting a standard is con-

cerned, further research is not needed, since even temporary sterility is unac-

ceptable. However, it would be useful to know whether sterility is permanent or
not.

In females, ovary wt./body wt. ratios increased as much with exposure to
10 ppm of TFE as wi?b_yigher doses. No tissue changes were seen, but this does
not guarantee that there were no toxic effects, in view of the presence of nor-

mal-appearing sperm in male rats who had been sterile 2 wk previously.

One cannot test whether humans react the same way as rats. Effects on
humans could be more or less severe, show a different dose response, or vary

differently between males and females. Therefore, standards should incorporate




-

a safety margin in case the response threshold is lower for humans than for

rats. The suggested value of 2.5 ppm may be too high since there may be an

effect on ovaries at that level; there may be no safety margin at all. The

ghreshold for ovary enlargement should be determined and functional tests on
females performed.

Nikitenko and Tolgskaya tested lower doses for acute exposure than
Hazleton Labs. They claim that the threshold for intoxication and nervous sys-
tem effects is about 29 ppm (4-hr exposure; rats). Death first occurred around
480 ppm (2-hr exposure; mice) and LC50 was about 710 ppm. Hazleton Labs. ob-
tained LC,, of about 550 ppm (6-hr exposure; rats) with death first occurring be-
tween 350 and 500 ppm. They found severe nervous system effects at 350 ppm, but
did no acute tests with lower doses. Since they observed no nervous system ef-
fects at 150 ppm in a chronic inhalation study, their threshold is between 150
and 350 ppm. Nikitenko and Tolgskaya and Hazleton Labs. thus agree closely omn
concentrations causing death, but Hazleton pabs. found an acute intoxication
threshold 10 times as great as that found by the Russians. The intoxication
threshold therefore needs to be studied; reproducible conditions should be used
to test concentrations below 350 ppm, and Nikitenko and Tolgskaya should be
asked to provide more details of their study.

Two workers who had TFE splashed into their eye520 and washed them
immecdjately showed no ill effects. However, rabbit experiﬁents suggest that in
some cases irrigation, although helpful, does not prevent corneal opacity.
Therefore, it might be advisable for workers to be provided with eye protection.

Because TFE can be absorbed through intact skin, workers should have

access to emergency showers and to the readily available antidote, enthanol,
emergency sSAower y avalladle anticdots _ enthanol.




Since these safety measures are impractical for truck drivers, steps must be
taken to ensure that their potential exposure to TFE is minute.

The DOE Toxic Materials Advisory Committee strongly advises that a less
toxic £luid be sought since the ability of TFE to be absorbed through intact

skin makes it very hazardous. We fully agree.
TRIFLUOROETHANOL USE IN TRUCK-BOTTOMING CYCLES S

A proposed use for the Thermo Electron Corporation organic Rankine
bottoming cycle is in long-haul heavy-duty trucks, where it would convert Diesel
exhaust heat to useful energy by means of a turbine.l’2 A standard Mack truck
Diese]l engine (ENDT676) is currently being tested on a dynamometer by Thermo
Electron, and a prototype truck should presently be tested by Mack Truck.2 A
100-vehicla demonstration is planned for 1983, when Mack will decide whether to
incorporate the bottoming cycle into its fleet as an option.l’5 Mack Truck's
share of the 150,000 class 8 (> 1.5 metric tonms) truck market is about 40,000
trucks.5

Each truck bottoming cycle holds about &4 liters of working fluid--
Fluroinol-SO.5 The packaging of the bottoming cycle has recently been
redesigned.z The power conversion module (turbine, gearbox, feedpump, conden~-
ser, za2 —:gcnerator) is now located behind the Diesel engine. On the engine
tested by Thermo Electron, the condenser is air-cooled and located in fromt of
the radiator. The new version uses water cooling, permitting the condenser to
be smaller and to-be located mext to the turbine in a single heat-exchanger unit
with the regenerator behind the engine. The water used to cool the condenser is
cegregztes from the water used to cool the Diesel; there are two radiators. The

S ————
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new design eliminates any tubing carrying organic fluid from the front of the
engine. The vapor generator replaces the muffler in the compound engine.

As in power plant bottoming cycles, overheating, leaks, and explosions are
conceivable hazards. 1In addition, trgcks can be involved in traffic accidents.
Trucks using bottoming cycles will weigh more than 13 metric tons.5 Since colli-
sion usually affects only the immediate site of impact on a truck of this size,5
only a direct hit at the engine might be expected to cause release of working
fluid. Jack-knife accidents might also damage the bottoming cycle unit and re-
lease fluid. The effects 6f such release on the driver or others are unknown.

Would 4 liters of Fluorinol-50 affect drinking water if it should enter
groundwater or a reservoir? Haz;eton Labs.11 reports that LD50 for TFE is in
the range 126 to 233 ul/kg for ingestion by rats; Nikitenko and Tolgskaya ob- .
tained LD50’= 430 pl/kg by injecting TFE into the stomach. Hazleton Labs. ob-
served no effect; when 46.4 ul/kg were ingested and slight depression without
death at 100 ul/kg.

Let us assume that a person drinks 1 liter of contaminated water and that
this is a newborﬁ infant weighting 4 kg so that a maximal amount of TFE per body
weight is ingested (neglecting any differential effects of TFE on different age
 groups). Then, if the TFE concentration is < 200 ul/liter (0.02% by volumne),
the ingested amount will be < 50 ul/kg.

To dilute 4 liters of Fluorinol-50 (80 vol TFE = 3.2 liters) to 200 pl

TFE peor liter requires 16,000 liters of water, which has a volume of 16 mz,

i.e., a cube 2.5 m long on each side (about the size of a very small room). Any
stream, rainfall, or reservoir contains thousands (perhaps millions) of times

this quantity of water. Thus, even if a person (even an infant) were to consume

more than a liter of the contaminated water, even if lower doses affect humans

-11 -




than rats, even if effects occur at 50 ul/liter that have not been measured, and
even if all &4 liters of Fluorinol-50 were washed into drinking water and did not
decompose, still the leakage from a single truck bottomiﬁg cycle probabiy would
not present a hazard in drinking water. If microorganisms convert TFE into
trifluoroacetic acid, there is probably still no hazard since LD50 = 200 mg/kg
for the metabolite in rats, which is comparable with LD50 for TFE, although it
is true that compounds with similar LD50 may have different effects thresholds.
Similar arguments can be used to estimate hazards of leakage of Fluorinol-85
from power plants.

Since bottoming cycles are expected to increase Diesel efficiency by 152,
they should reduce emissions at any speed. However, cooling exhaust gases might
condense hydrocarbons, which might increase soot and ultimately affect heat
exchanger performance. These problemé are currently being studied bﬁ Thermo

2
Electrom.
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Acute inhalation toxicity in rats and mice is of moderate concern. Single 6-hour inhalation exposures
to rats at levels of 350-2,000 ppm were lethal. The LCsy was 470-640 ppm. Clinical signs of toxicity
included piloerection, hunched posture, ataxia, hypoactivity, and tremors. Single 2-hour inhalation
exposures to mice yielded an LCsq of 830 ppm. Symptoms of narcosis were observed, and necropsy
revealed hyperemia, hemorrhages, and edema in the brains of animals that died.

H

Subacute inhalation toxicity in rats and guinea pigs is of high concern. Rats were exposed to 0, 10,
50, or 150 ppm, 6 hours/day, 5 days/week for four weeks. There were no deaths or adverse clinical
signs. Decreased absolute and relative testes weights were noted at 50 and 150 ppm. Impaired
spermatogenesis occurred in the 50-ppm males, and hypospermatogenesis occurred in 150-ppm males.
Increased absolute ovary weights were seen in 10-ppm females, and increased relative ovary weights
were seen in 10- and 50-ppm females. In functional tests, the conception rate for 50-ppm males was
72% of controls; no conception occurred in the 150-ppm group. In a separate study, rats and guinea
pigs were exposed to 0 or 86 ppm, 4 hours/day for four weeks. Death occurred in 4/10 rats and 2/6
guinea pigs exposed to 86 ppm. Acute weight loss, decreased hemoglobin and erythrocytes, and
decreased urine hippuric acid were noted. Pathological alterations were found in the lungs, liver,
kidney, and brain.

M

Acute dermal toxicity in rabbits is of moderate concern. Single dermal doses to rabbits (4/dose) at
levels of 100, 316, 1,000, and 3,160 mg/kg (converted from pl/kg using a density of 1) were lethal
(074, 0/4, 2/4, and 3/4, respectively). The LDy, was 390-3,800 mg/kg. Depression and tremors were
noted at lethal doses. Necropsy revealed congestion and hemorrhage in the lungs of animals that died.

H

Eye irritation in rabbits is of high concern. Instillation of 0.1 mL into one eye of several rabbits
resulted in severe irritation and corneal opacity. These symptoms persisted at 14 days in all unwashed
eyes and in 4/6 washed eyes.




