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Effects on Experimental Animals of Long-Term Inhalation of
Trichloroethylene, Carbon Tetrachloride, 1,1,1-Trichloroethane,
Dichlorodifluoromethane, and 1,1-Dichloroethylene’
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This is the fourth of a continuing series of toxicity studies conducted on
materials of particular interest to the U.S. Navy. Previous reports on triaryl
phosphate hydraulic fluid (Siegel et al, 1965), nitrogen dioxide {Steadman
et al, 1966), and mineral spirits {Rector ef al., 1966) were concerned with
the effects of long-term inhalation exposure to those substances.

In this study, the effects in animals of long-term inhalation exposure to
various levels of dichlorodifluoromethane, carbon tetrachloride, trichloroethyl-
ene, 1,1,1-trichloroethane {methyl chloroform), and 11-dichlorcethylene (vi-
nylidene chloride} were examined. The objective of this investigation was the
development of data pertinent to underwater vehicles where men might be
exposed for prolonged periods of time on a continuous basis.

Two types of studies were conducted, namely, “continuous” 90-day exposures
to simulate submarine conditions, and “repeated” daily 8-hour exposures, 5
days/weck, over a period of 6 weeks to simulate exposures of the type
encountered in industry.

METHODS
Materials

All materials used were of the highest purity available commercially. Because
of the quantities required for these studies it was not considered feasible to
redistill the liquid materials in order to remove trace impurities or inhibitors,
The carbon tetrachloride,® trichlorocthylene,® and inhibited 1,1,1-trichloroeth-
ane® had Dboiling ranges of 76.3-76.7°, 86.6-86.9°, and 73.3-78.1°, respec-
tively. Further analysis showed the inhibited 1,1,1-trichloroethane to contain
about $% of inhibitors. The uninhibited vinylidene chloride® had a boiling

* The opinions expressed herein arc those of the authors and do not necessarily reflect the
views of the Nuavy Departinent or the naval serviee at large. The experiments reported herein
were conducted according to the principles enunciated in “Guide for Laboratory Animal Fa-
cilities and Cure” prepared by the Commiittee on the Guide for Laboratory Animal Rescurces,
National Academy of Sciences—National Rescarch Council, Waskington, D.C.

1 Fisher Certilicd Reagent grade, Fisher Scientific Co., Pittsburyeh, Pennsylvania,

* K & K Laboratories, Plainview, New York,
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puint of 83.5° and a minimum purity of 98%. The dichlorodifluoromethane®
was of 99% minimum purity.

Exposure Equipment

A flow- diagram of the chamber exposure system used in both types of
studics is illustrated in Fig. 1 and was described by Fultyn (1961). The rate
of air flow through the chamber was maintained at 1.23 cubic meters per
minute, the relative humidity at approximately 50%, the temperature at 75—
80°F, and the negative pressure at 2.0 inches of water. The “down time”
necessary for feeding the animals and servicing the chambers amounted to
less than 2% of the total chamber time in the continuous exposures.
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F1c. 1. Schematic diagram of a pair of chambers used for exposing animals to gases and
vapors of chlorinated hydrocarbons.

The method of introducing contaminant into these chambers was dependent
upon the physical and chemical properties of the substance and the concentra-
tion desired. The methods employed were of three general types.

Pump method. In the continuous exposures involving trichloroethylene and
1,1,1-trichloroethane and in all of the carbon tetrachloride exposures a mctered
amount of the liquid contaminant was pumped® from a reservoir through a

+ Matheson Gas Company, East Rutherford, New Jersey, )
* Acenflo Punp, Beckman Instrument Co., Pale Alto, California.
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cilibtated dropper into a tost tube. The Ventari effect, created by hugh-pressure
air flowing acioss a nozzle orifice, drew the test material up a capillary
lube and to the norszle where it was v;lpm'izcd. The vapor was mixed and
diluted to the desiied concentration with supply air and then passed into
the exposure chamber.

Free-flowe: method. A yeservoir of conlaminant was connccted directly to
the spray nozzle, and the quantity of liquid drawn up the capillary tube to
the nozzle was controlled by the regulation of the high-pressure air stream.
This method was employed in the repeated exposures involving 1,1,1-trichloro-
ethane and trichloroethylene.

Dilution method. In the 1,1-dichlorcethylene exposures, a metered stream
of air was passed through a fritted-glass disk immersed in the contaminant
reservoir, into an air-mixing bottle, and this diluted mixture was then drawn
up into the chamber by means of the Venturi effect of the high-pressure air
stream. For the dichlorodifluoromethane cxposures, a stream of pure gaseous
contaminant from a high-pressure cylinder was metered through a rotameter
into a mixing bottle and carried into the chamber where it was diluted to
the desired concentration with air.

Analytical Techniques

With the exception of two exposures, chamber concentrations were moni-
tored continuously by means of automated analytical instrumentation. In ad-
dition to these measurements, conventional chemical analyses were performed
daily and correlated with nominal input data. Three types of monitoring
techniques were employed in these studies.

Infrared analysis. A stream of chamber air was drawn through a variable
pathlength gas cell fitted to an infrared spectrophotometer.® The instrument
was locked on the analytical wavelength selected for the contaminant and
the percent transmission was continuously recorded. The contaminant level
was then read from a graph of concentration vs percent transmission pre-
viously prepared by vaporizing known amounts of the test material in the
gas ccll.

Gas chromatography. A stream of chamber air was drawn continuously
through an electrically operated sampling valve fitted on a gas chromatograph.”
The valve was activated every 20 minutes by a recycling time-delay relay.
At the beginning of the cycle the timer simultaneously activated a recorder
chart drive and the sampling valve which injected 2 sample of chamber air
into the column. A 34-inch o.d. X 6-foot glass column, packed with 30% di-
isodecyl phthalate on 60/80 mesh Chromosorb W, maintained at 63° was
found suitable. The system remained in this activated mode for a period
slightly longer than the retention time required for the appropriate peak
to be recorded. At the end of this period the timer deactivated the system.

* Madel 21 Infiared Spectrapliotometer, Perhan Elimer Corp., Norwalk, Connecticut.

T Twe diromatowrapl, were wsed: a Chromadah by Glowall Corp., Willow Grove, Pennsyl-
vania, aud a GO 2000 R by Micre Tek Instrament Co, Baton Bouge, Louisiana.

* Juhms-Manvalle, New York, New York.
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The contaminant level was then read from a plot of peak heighes vs con-
centration previously prepared by sampling known amounts of centaminant
vaporized in measured volumes of air.

Chemical analysis. This method utilized a conventional atmospheric sampling
technique and a modificd Fujiwara (1914) reaction. A 15-liter sample of
chamber air was drawn at a rate of 10 I/min through a fatied-glass disk
immersed in a bubbler eontaining 100 mt of toluene. This bubbler was main-
tained in an ice bath to retard evaporation. For trichlorocthylene analysis
1.0 m! of the collecting medium was added to 10.0 ml of pyridine and 2.0
ml of 0.02 N NaOH and incubated at 76° for 15 minutes. The rcaction
produced a pink solution which was rcad on a spectrophotometer at 470 mu.
The amount of contaminant in the sample was determined from a standard
curve prepared by reacting known amounts of the pure liquid. In the 1,1,1-
trichloroethane analvsis 1.0% alcoholic KOH was used in place of NaOH and
tho analytical wavelength was 330 mg.

Biochemical Methods

In the later experiments several histochemical and biochemical dctermina-
tions were made. Reduced nicotinamide adenine dinuclectide {NADH), re-
duced nicotinamide adenine dinuclegtide phosphate (NADPH), and the ac-
tivities of succinic dehvdrogenase (SDH), lactic dehydrogenase (LDH),
isocitric dehydrogenase {ICD), glucose-6-phosphate dehydrogenase (GG6PD)
and g-hydroxybutvric dehydrogenase {B-OHBD) were determined according
to the method of Ballogh ef gl (1961). Alkaline phosphatase acdvity was
determined by a method described by Linhardt and Walter {1965) and
reported as the number of micromoles of p-nitrophenylphosphate dephos-
phorylated per minute per gram of wet tissue at pH 105 and 37°. Serum
glutamic-pyruvic transaminase levels were determined by a mcthod based
on that of Reitman and Frankel {1957) and are rcported as the number of
millimicromoles of glutamate formed per minute per milliliter of serum at
pH 7.5 and 25°. Serum urea nitrogen concentrations were determined by
the automated methods described by Skeggs (1957) and Marsh ¢t al. {1957).
Liver lipids were determined by the method described by Horwitz (1955}
and are expressed as the number of grams of petroleum-ether-soluble material
per 100 g of liver tissue on a dry-weight basis. All bischemical data are
reported as the mean value plus or minus one standard deviation.

Experimental Animals

The typical group of animads exposed  consisted of 15 Long-Ivans or
Sprague-Dawley rats. 15 Hartley guinea pigs, 3 squirrel monkevs, 3 New
Zeakind albino rabbits, and 2 beagle dogs. In several of the eapasures with
Ll-dichloroethylene, the mumber of monkeys was increased and no rabbits
were exposed. The number of animals used in cach experiment is shown
in Table 1. The total number of eontreds included 304 rats, 311 guince prgs.
34 dogs, 45 rabbits, and 57 monkevs. These animals were mamtaimed
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i 137+ 4.1 17.1+1.7 48 +53.7 : 692321 14508 4531 —_— _ _ 15.2 6.7 54 |
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Trichlorocthylene Continuous LExposure (189 mg/m?)

A sceond group of animals was exposed continuously for 90 days to an
atmosphere containing 189 mg/m® of trichloroethylene. No animals died dus-
ing the course of this exposure and no visible signs of toxicity were noted.
Gross pathologic findings did not differ significantly from those of the con-
trols. The body weight gain in rabbits was lower than that found in controls.
Histopathologic examination of heart, liver, lung, spleen, and kidney tissue
revealed no indication of chemically induced changes.

Carbon Tetrachloride Repeated Exposure (515 mg/m®)

Animals were repeatedly exposed over a period of 6 weeks to an atmos-
phere containing 515 mg/m?® of carbon tetrachloride. During the course of
the study 1/8 monkeys died after the 7th exposure and 3/15 guinea pigs
dicd after the 20th, 22nd, and 30th exposures, respectively, With the exception
of a few cases of slight nasa! discharge, no visible toxic signs were noted in
any of the animals. The guinea pigs, rabbits, dogs, and monkeys showed
a body weight loss. Upon gross pathologic examination all species except
dogs showed a high percentage of mottled livers. In addition, most of the
guinea pigs had discolored lungs. Histopathologic examination revealed mor-
phologic changes in the lungs and livers of all species, particularly the guinea
pig. but no changes were noted in the heart, spleen, or kidney. Lungs of
alt species exhibited interstitial inflammation or pneumonitis. The livers of
the guinea pigs exhibited fatty infiltration, fibrosis, bile duct proliferation,
hepatic cell degeneration and regeneration, focal inflammatory cell infiltration,
alteration of lobular structure, and early portal cirrhosis. In relation to the
guinea pig, the species most adversely affected, the remaining 4 species
showed fatty changes in the liver in the following order of decreasing severity:
rats, rabbits, dogs, and monkeys. The hepatic changes noted were attributed
to the exposure. Guinea pig liver lipid content of 35.4 % 10.7% was markedly
higher than the control value of 11.0 = 3.6%.

Carbon Tetrachloride Continuous Exposure {61 mg/m3)

At the 61 mg/m® level, 3/15 guinca pigs died on days 47, 63, and 7L
All 3 monkeys had an emaciated appearance and a loss of hair; otherwise,
no apparent signs of toxicity were noted. Al species exhibited depressed
growth curves compared to those of the control animals. Gross pathologic
examination upon autopsy revealed a high incidence of enlarged and/or
discolored livers in rats, guinca pigs, monkeys, and rahbits. No gross pathologic
abnormalities were noted in the dogs. Ilistopathologic study revealed liver
changes of varying degrees in all species; these were most pronounced  in
the rats and guinea pigs, and included fatty changes associated with mono-
nuclear cell infiltrates, fibroblastic proliferation, collagen deposition, hepatic
cell degeneration and regencration, and alteration in the structure of the
liver Iobule. These ver changes were considered to be chemieally induced
Ly the exposare, Seetions ol the aflected livers weie taken from three rats
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and three guinea pigs for histochemical enzymatic activity studies. The
NADII, NADPH, SDI, LDH, and GGPD cnzymes and cocnzymes werc
studiced, and the only abnormality observed was a moderately reduced activity
of succinic dehydrogenase in the guinea pigs. All other systems appeared
normal.

Carbon Tetrachloride 'Continuous Exposure (6.1 mg/m?3)

The delivery rate necessary for the generation of 6.1 mg/m* was beyond
the lower limit of the pump being used, and it was therefore necessary to
dilute the carbon tetrachloride. A solution of carbon tetrachloride in n-octane
made it possible to generate this low concentration {6.1 mg/m® of carbon
tetrachloride in 61 mg/m® of n-octane) with a higher and more stable
pump rate.

During the course of this study no visible signs of toxicity were noted
in any' of the species and no animals died. At termination of the exposure
all species except the rat showed less body weight gain than the controls.
Histopathologic examination revealed nonspecific inflammatory changes in the
lungs of all species. Nonspecific inflammatory changes of the liver, kidney,
and heart were also observed in several animals, but no specific pathologic
changes attributable to the exposurc were noted. The lipid content of the
guinea pig livers of 9.7 = 24% compared favorably with the control valie
of 11.0 = 3.6%. Serum urea nitrogen conceatrations in rats and guinea pigs
of 20+ 2 and 23 = 3 mg/100 ml, respectively, compared favorably witl: con-
trol values of 20 =4 and 24 = 5 mg/100 ml, respectively.

A duplicate exposure was conducted with an identical set of animals and
chamber conditions, using an atmosphere containing 62 mg/m® of n-octane.
During the course of this exposure no animals died and no visible signs of
toxicity were noted. Weight patterns and hematologic data were within normal
limits. Gross pathologic and subsequent histopathologic evaluation of tissues
from the experimental animals did not reveal any abnormalities attributable
to the n-octane.

1,11-Trichloroethanc Repeated Exposure (12,060 mg/m?)

In this 30-day exposure no animals died and no visible toxic signs were
noted. Rabbits and dogs showed a body weight loss. Gross and histopathologic
cxamination of brzin, heart, lung, liver, spleen, and kidney did not reveal
any abnormalities that could be attributed to the exposure. Serum urea nitrogen
determinations on guinea pigs revealed no elevation (25 +4 mg/100 ml vs
24 = 5 mg/100 ml for controls).

1,1I-Trichloroethanc Continuous Exposure (2059 mg/m*)

Exposure at this level did not result in death or visible tosic signs in the
test animals after 90 days. There was less body weight gain in the dogs
and rabbits than in control animals. Gross and histopathologic examination
did net reveal any abnermalities attributable to the exposure. Oune rat
had gray nodules on the lower lohe of the left long and onc rabbit had
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grapelke saes contuming dear fluid on the abdommal walh and adjucent
orgats, Microseapic examination of tissue showed nospecifie mﬂ.imm:ttm‘y
chimges o the himgs of all species. Guinea pig serum urea nitrogen  con-
ottt 27 -

th‘a.xlmn of 23 - 4 mg /100 ml was arain simlar to the control value of
24 =5 mg/100 ml

1,LI-Trichloroethane Continuous Exposure {754 mg/m?)

In this exposure 2/15 rats died on days 27 and 77, and 1/3 rabbits died
on day 38; the survivors cxhibited no toxic signs. Body weight patterns
were normal. Varying degrees of lung congestion and pneumonitis were
noted in all species and in a number of the controls. In view of the 3 deaths
and the pneumonitis present in the surviving animals, no positive conclusion
could be drawn as to whether the effects were associated with the exposure.
It should be noted that in the higher exposure at 2059 mg/m® no deaths
occurred and ne pathologic abnormalities were noted.

Dichlorodifluoromethane Repeated Exposure (4136 mg/m?)

During the course of the exposure at 4136 mg/m?3, 1/15 rats died but no
signs of toxicity were observed in the survivors. Dogs and monkeys lost weight.
Cross examination revealed that most rabbits and- monkeys, and several rats
and guinea pigs, had varying degrees of lung congestion but other organs
appeared normal. Histopathologic examination of tissues showed nonspecific
interstitial inflammatory changes in the lungs of both experimental and control
animals. Several experimental guinea pigs were found to have focal necrosis
or fatty infiltration of the liver while one monkey had heavy pigment deposits
in the liver, spleen, and kiduey. These changes appeared to be related to the
exposure in view of similar but more severe cffects noted in the continuous

study, -

Dichlorodiftuoromethane Continuous E:cpos‘r.:re {3997 mg/m?)

In this continuous exposure 2/135 rats and 1/13 guinea pigs died, but no
other visible signs were noted. Body weight gains of the rabbits and guinea
pigs were depressed, but it might be noted that the starting weights of the
guinea pigs were higher than those of the controls. Gross examination revealed
a high incidence of varying degrees of lung congestion in rabbits, monkeys,
rats, and guinea pigs. Histopathologic study of selected tissues revealed non-
specific inflammatory changes in the lungs of all species. One guinea pig
showed a focal giant cell pneumonitis. Slight to extensive fatty infiltration of

the hepatic cells was noted in all guinea pig liver sections examined. Several 3

sections exhibited focal or submassive necrosis of the liver. These hepatic
changes were considered to have been induced by the exposure.

1.1-Dicklorocthylene Repeaied Lxposure (395 mg/m*)

No animals died and no visible signs of toxicity were observed during
this exposure. The rabbits and monkeys lost weight. Gross exsmination re-
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vealed normal organs in all aninmals with the cxeeplion of one rat that had

a pelatinous material on the kidoey aidd bloody urine o the bladder, 1isto-

pathologic study revealed nonspeeific inllummatory chinges in the lungs of

all species, but these were not attributed to the exposure. Poeumonitis and

congested lungs were found in an occasional contrel rat and guinca pig. Guinea
.

pig scrum urca nitrogen concentration wis 23 = 3 mg/100 ml, which compired
favorably with 24 + 5 mg/100 m! obtained on centrol animals.

1,1-Dichloroethylene Continuous Exposure (189 mg/m*)

During this exposure, 7/15 guinea pigs died betwcen day 4 and day 9
of exposure, and 3/9 monkeys died on days 26, 60, and 64. The surviving
animals exhibited no visible signs of toxicity. Dogs and monkeys lost weight
while the rats gained less than the controls. Gross examination revealed
mottled livers in a majority of the cxperimental animals. Histopathologic
examination was performed on sections of heart, lung, liver, splecn, and kidney
from all species as well as on sections of brain, spinal cord, and adrenal
gland from dogs and monkeys, and thyroid gland from dogs. Sections of
liver from dogs, monkeys, and rats showed morphologic changes which con-
sisted of fatty metamorphosis, focal fAecrosis, hemosiderin_ deposition, Iympho-
cytic infiltration,-bile—duct proliferation, ibrosis and pseudo-lobule formation.
These changes were wost severc in dogs. Sections of kidney from all rats
showed nuclear hypertrophy of the tubular epithelium. One adrenal gland
from a dog contained a cortical adenoma composed of cells of the zona glo-
merulosa type. There were nonspecific inflammatory changes in the lungs of
a majority of the animals. The hepatic changes in dogs, monkeys, and rats
and the renal changes in rats are considered to be a direct result of the
efpo‘su’rtﬂ]@'ﬁﬁ%ine phosphatase activity was detcrmised in surviving
fats and guinea pigs and showed a slight elevation in both species when
compared with control animals. Serum glutamic-pyruvic transaminase activity
was also increased in both species with a more marked increase secn in guinea
pigs. Mean values for liver lipid content did not reveal marked alterations
from controls; however, two rats had elevated liver lipid contents of 34.4
and 20.0%. Serum urea nitrogen concentrations in both species did not differ
significantly from those of controls. These data are presented in Table 4.

1,1-Dichloroethylene Continuous Exposure {101 mg/m?)

No visible toxic signs were noted in any of the surviving animals although
3/15 guinea pigs died between the third and sixth cxposure days and 2/3
monkeys on days 39 and 47. Weight patterns indicated a loss in body weight
for the rabbits, dogs, and monkeys. On gross examination white or bluish-
gray spots and nodules were found on the lungs of a number of guinca pigs
and rats. Ilistopathologic study revealed nonspecific inflammatory changes
in the lungs of all animals, but no changes were obscerved that could he
attributed to the exposure. Guinea pig serum urea nitrogen concentration of
24 = 3 mg/100 m] compared favorably with the”control value of 24 =35 mg/
100 ml, :
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LI-Dichlorocthylenc Continuous Exposure (61 mg/nt)

In this exposure, 3/15 guinca pigs dicd on the third and fourth days of
exposure, but no visible signs of toxicity were noted in any of the sur\;iving
animals. The monkeys showed a loss in body weight, and the rats gained less
than the controls, Gross examination revealed mottled livers and/or spieens
in several animals of all species. flistopathologic examination showed non-
specific inflammatory changes in all species which were most marked in the
lungs but were also obscrved to a lesser degree in the liver and kidneys. These
changes were not considered to have been induced by the exposure. Rat and
guinca pig serum urea nitrogen levels of 20 = 4 and 26 = 3 mg/100 ml, respec-
tively, were similar to the control values of 20 = 4 and 24 = 5 mg/100 m], re-
spectively.

L1-Dichlorocthylene Continuous Exposure (20 mg/m3)

Three separate exposures were run at 18.5, 19.7, and 20.5 mg/m® and the
results were combined for the purpose of reporting as an exposure to an av-
erage concentration of 20 mg/m?®. During the course of these exposures 2/45
rats, 2/45 guinea pigs, and 1/21 monkeys died but no visible toxic signs
were noted in the survivors. The dogs lost weight while the rats gained less
than control animals. Gross examination revealed mottled livers in about one-.

third of the animals of all species. Histopathologic examination revealed non-
specific inflammatory changes in the lungs of all species and in the kidneys
and livers of monkeys. No changes were noted in the heart or spleen in any
species. None of the pathologic changes noted were considered to have been
caused by the exposure. The same biochemical studies were performed on
animals in this group that were done on those exposed to 189 mg/m?. Urea
nitrogen concentrations in rat and guinea pig sera again compared favorably
with controls. Liver lipid values in both species fell within control limits. The
elevations in liver alkaline phosphatase and serum glutamic-pyruvic transami-

nase activities that were found in the 183 mg/m® exposure could not be dem-
onstrated in this study.

DISCUSSION
Trichloroethylene

Due to its extensive use in industrial degreasing processes and in anesthetic
procedures, the toxicity of trichlorocthylene has come under the scrutiny of
many investigators. The literaturc review by von Oettingen (1955) indicated
that the major cffect noted in acute inhalation toxicity studics was depression
ol the central nervous system. This effect was less predominant in Iong-term
repeated studies at lower concentrations. Adams et ol (1851) exposed rats
and rabbils to 3000 ppm for 7 hours/day for 27 exposurcs in 36 days. The rats
displayed minor distmbances of cquilibrium, increased salivation, and hyper-
cxcitability but recovered quickly upon removal from the chamber. The
weights of the liver and kidney in both specics were found to have been
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significantly increased but histopathologic examination of the tissues revealed
no significant changes. The blood urea nitrogen levels in both species were
found to be normal. They also exposed rats, guinca pigs, rabbits, and monkeys
7 hours/day, 5 days/week for approximately six months to various levels of
trichloroethylene and found that the maximum concentration that could be cn-
dured without any adverse effect was 400 ppm for monkeys, 200 ppm for rats
and rabbits, and 100 ppm for guinea pigs. Effects observed in animals exposed
to levels above these maximums were concentration dependent and included
growth depression and increased liver and kidney weights. Iiepeated exposure
of all these species to 400 ppm of trichloroethylene failed to produce any ab-
normalities in either hematologic or biochemical data (blood nonprotein and
urea nitrogen, serum phosphatase, plasma prothrombin time, and total lipid,
phospholipid, neutral fat, and free and esterified cholesterol of the liver).
Histopathologic examination of tissues from the exposed animals failed to re-
vaal any adverse effects due to the exposure.

The results of the repeated exposure to trichloroethylene at a level of 3825
mg/m3 (730 ppm) reported in this paper appeared to parallel the results of
previous workers. The exposure did not produce any deaths o hematologic or
histopathologic changes. Histochemical studies revealed no alterations in the
enzymes and cofactors studied. The only significant response was the growth
depression noted in the dogs.

The 90-day .continuous exposure at 189 mg/m? (35 ppm) gave essentially
the same results as the repeated exposures at the higher concentration. Neither
deaths nor visible toxic signs were noted. Gross pathologic observation, hema-
tologic and histopathologic study did not reveal any significant abnorn.alities
in any species. Body weight data revealed a very slight growth depression in
all species except the dog, However, there were only two dogs and both had
preexposure weights below that of the controls.

Carbon Tetrachloride

Widespread use of carbon tetrachloride has prompted many investigations
into the harmful effects of this solvent. The literature survey by von Oettingen
(1955) reported that the primary effect of chronic exposure to the solvent was
serious impairment of liver and kidney function, although other organs may also
be injured. Irish {1963a) in his review on aliphatic halogenated hydrocarbons
stated that the predominant response of humans to high-level carbon tetrachlo-
ride exposures was depression of the central nervous system. At lower concen-
trations nervous system effects consisting of dizziness, vertigo, headache, de-
pression, mental confusion, and loss of consciousness were observed. He further
stated that long-term chronic exposures to low concentrations of the solvent
resulted in serious impairment of both Jiver and kideey Tunclions. Adams et al.
(1952) reported on the effects noted in rats exposed to 400 ppm for 7 hours/day
for 127 days in a 173-day period, and on guinea pigs exposed similurly for 168
days in a 232-day period. A 70% mortality was experienced in the rats and
83% of the guinea pigs died. In both species the liver was found to be enlarged,
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and  histopathologie  exanination revealed  central fatty degeneration and
cirrhosis. Kidney weights of both species were nereased and there was slight
degencation of the tubules, They concluded that the maximum vapor coneen-
trabon that conld be endured without adverse effects for T hours daily,
5 days/week was 25 ppm for the monkey, 10 ppm for the rabbit, and 5 ppm
for the rat and guinca pig.

The repeated exposure study at 515 mg/m?* (S0 ppm) reported in this paper
resulted in the death of 3/15 guinea pigs and 1/3 monkeys, and severe liver
damage in all species. Surviving guinea pigs showed a marked increase in liver
Jipid content when compared with controls. This hepatic response confirms the
observations reported by previous investigators.

A continuous exposure at 61 mg/m® (10 ppm) resulted in the deaths of
3 guinca pigs, as well as growth depression and liver damage in the survivors
of all species. A second continuous exposure at 6.1 mg/m?* {1 ppm) did not
cause deaths or visible toxic signs in any species. All species except the rat
exhibited slight growth depression, but no hematologic or histopathologic evi-
dence of toxicity, at 6.1 mg/m?.

1,1.1-Trichloroethane

1,1,1-Trichlorcethane is widely used as a sobstitute for carben tetrachloride
and consequently has become the object of many toxicity investigations. Stew-
art (1963) reported no injury to man following repeated exposures to con-
centrations of less than 500 ppm. Torkelson et al. (1958) reported that rats,
guinea pigs, rabbits, and monkevs were unaffected after 6 months of repeated
exposures 7 hours/day, 5 days/week at a concentration of approximately 500
ppm of inhibited 1,1,1-trichlorocthane,

Qur repeated exposures conducted at a level of 12,060 mg/m*® {2200 ppm)
did not result in any deaths or visible signs of toxicity, although body weight
loss was observed in rabbits and dogs. The continuous exposure at 2059 mg/m?
(370 ppm) did not cause any deaths, visible toxic signs, significant growth
depression, biochemical, hematologic, or pathologic changes. A continuous
study at 754 mg/m® (135 ppm) resulted in 3 deaths but no visible toxic signs
or growth depression in any of the survivors. Autopsy and subsequent histo-
pathologic examination of the experimental animals revealed lung congestion
and pneumonitis which may have been severe enough to have caused the
deaths of the 2 rats and the rabbit but were not considered attributalle to the
exposure.

Dichlorodifluoromethane -

Dichlorodiflusromethane has reccived less attention than the solvents previ-
ously discussed. Sayers et al. (1930) reported distinct symptoms but no signs
of scvere poisening in dogs, monkeys, and guinea pigs exposed 7 hours/day
for 12 weeks to 20 volumes percent (200,000 ppm) in air. Lester and Green-
berg (1950) neted muscular twitching in rats exposed for 2 hours to levels
ranging from 20 to 40 volumes percent, They also reported that exposures
ranging from 4 to 6 hours in duration at a level of 80 volumes percent pro-
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duced deep anesthesia in rats, but o motbality, Neither  permanent cllects
nor pnt]mlugiu changres were noled in their studies, }

In o repeated study at 4136 mg/m?, focal nearosis of the ver was noted
but it was concluded that this finding could not definitely be nttrabutc‘d to the
exposure. In the continnous study at 3997 mg/m?®, submassive nccrosis of the
liver was noted in surviving guinca pigs. This toxic response may hc_- fI}IC t(;
the continuons nature of the exposure or to the high order of.suqcejphlnhvty .01
the guinca pig noted by Rector et al. {1966) in their studics with minera

spirits.
1,1-Dicliloroethylene

Extensive literature scarches yielded virtuaily no significant inforr.nation on
the effects of long-term exposure to this material. The lack of r.ellable data
has been the cause of widely varying estimates of its toxicity. Irish {1963b)
reported preliminary evidence which indicated that 1,1-d1d?1m'octhy1ene }Lad
approximately the same order of toxicity as carbon tetrachloride. On the other
hand, Fairhall {1857) reported the vapor toxicity to be of the same order as
that of 1,2-dichloroethylene. N

Repeated exposure to 395 mg/m? (100 ppm) produced no deat}?s or visible
toxic signs. Hematologic and growth data did not reve'al any evldenc.e of ‘a
toxic response, and histopathologic findings were negative i all species. No
toxic effects were obtained in this exposure at 385 mg/m* whereas severe
liver damage was found in animals repeatedly exposcd to
ppm) of carbon tetrachloride. Un' this basis it appears that 1,1?(_1ichloroethyicnc
is somewhat less injurious than carbon tetrachloride in repeatcd exposures.
~ Continuous exposure of animals to 1,1-dichloroethylene at levels of 185, .101,
61, and 20 mg/m” resulted in mortality as shown in Table 1. Body weight
data for the continuous studies contain several deviations fror: the normal, l.Jut
only the 189 mg/m?® study resulted in definite growth depre.ssi?n in all species.
Serum urea nitrogen concentrations were within control limits for all expo-
sures. Two rats that were used in the 189 mg/m® study had liver lipid con-
tents of 200 and 54.3% which were dehnitely elevated when compared with
contrals. Increases in the activity of liver alkaline phusphat;}sc an.d serum
glutamic-pyruvic transaminase were observed in rats am? guinea pigs affer
exposure to 189 mg/m?, but could not be dernonstratet.l in t'he- same species
after continuous exposure to 20 mg/m?. Ilistopathologic cxamination of tis-
sues from the surviving experimental animals ‘reve:.lled .thas onl t‘ne' 189
mg/m* study_resulted in geﬁnite morphologic :ntcratlons in h.vc;re ::,ddﬁ:::t:y
which were considered to be a direct Tesult of The oxposure. Since no detecta-
l)]}fim:'ley damage was noted in animals exposed to 191 mg./m" or
below of 1,1-dichlorocthylene, while liver damage in rats azlfi.gum.ca pigs was
detected following exposure to 81 mg/m* of carbon tetrachloride, it would ap-
pear that 1,1-dichloroethylene is somcwhat less toxic than carbon tctm_chh}rldc
upon continuous exposure. However, this is not berne out py the mortaht'y data,
which would tend to indicate that the toxicity of both materials is approximately
of the same order.
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SUMMARY

Rals, guinea pigs, dogs, rabluts, and monkeys were exposed to trichlorocthylene, carbon
tetrachloride, 1,1,1-trichloroethane, dichloradiiluoromecthane, and 1,1-dichlorccthylene. Two
types of inhalation experimients were conducted: continuous exposure for 90 days and 8-
hour exposures, 5 days a wecek, for a total of thirty eaposures. The parameters studied included
mortahity, visible signs of toxicity, and hematologic, biochemical, pathologic, and body weight
changes. Throughout this ecntire study which encompassed 17 separate exposures pver a
period of nemly four years, no visible signs of toxicity were noted in any species exposed
to these materials. Significant mortality was found in both the repeated (515 mg/m®} and
continuous (61 mg/m*) exposures to carbon tetrachloride as | well as in the continuous expo-
s%_g_l&th&o_r;gth}knc at 189, 101, and 61 mg/m’. Growth dépression in 1 varying degrees
was found in a wtintious exposures involving trichloroethylene, carbon tetrachloride, and
1,1-dichlorocthylene and in the repeated exposures to carbon tetrachloride. No significant
hematologic nlterations were noted in any of the studies.

No biochemical studies were done in the earlier years and hence no biochemical data were
obtained from the animals exposed to trichloroethylene and dichlorodifluoromethane. Serum
urea nitrogen levels were within control limits in all of the exposures to carbon tetrachloride,
1,1-dichloroethylene, and ,1,1-tnchloroethane in which determinations were made. Liver lipid
coatents in guinea pigs were found to be significantly elevated following repeated exposure
to 515 mg/m® of carbon tetrachloride. Significant elevations of serum glutamic-pyruvic trans-
aminase and liver alkaline phosphatase activities wereifaund in rats and gumea %Es\falowmg

contimuous exposuré to 189 mg/m of 1,1 dicklorosthylenie,
Histupathologic stidy Tevealed Tiver damage Tollowing continuous exposures to high levels
of dichlorodifluoromethane {3997 mg/m?®), and to lower levels of carbon tetrachloride (61
mg/m?®), and 1,1-dichloroethylene (189 mg/m?). Similar liver damage was also found in the
repeated exposures to the two latter materials at 515 mg/m? and 395 mg/m?, respectively.
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