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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Com-
pounds in the Work Area has evaluated pentachloroethane [76-01-7] considering all
toxicological end points. In a carcinogenicity study with pentachloroethane, male rats
showed a non-significantly increased incidence of kidney tumours induced by the
alpha-2u-globulin mechanism. This mechanism is specific to male rats and not rele-
vant for humans. Pentachloroethane leads to hepatocellular carcinomas in B6C3F1
mice. As pentachloroethane is not considered to be genotoxic in vivo, these tumours
are assumed to have been caused by tumour promotion. Although no corresponding
studies are available, pentachloroethane is assumed to be a liver tumour promotor like
the related compounds hexachloroethane and 1,1,2-trichloroethane for which this has
been confirmed experimentally. B6C3F1 mice are known for a high incidence of spon-
taneously initiated liver cells and are therefore very susceptible for liver carcinogenesis
via the stimulation of proliferation. Pentachloroethane may induce cytotoxic effects
in the liver, probably arising from metabolically formed radicals. This effect is rele-
vant also for humans and pentachloroethane is classified in Carcinogen Category 3 B.
Pentachloroethane is neither a mutagen in vitro nor a clastogen in vivo. In a 13-week
toxicity study with rats, the body weight gain was reduced at 125 mg/kg body weight
and day. Based on the NOAEL of 50 mg/kg body weight and day, a maximum concen-
tration at the workplace (MAK value) of 2 ml/m? has been established. By analogy with
the related compounds hexachloroethane and 1,1,2,2-tetrachloroethane, no irritation is
expected at this concentration. As the critical effect is systemic, pentachloroethane has
been assigned to Peak Limitation Category II. The default excursion factor of 2 has been
set because the half-life is not known. There are no developmental toxicity studies of
pentachloroethane and the substance has therefore been assigned to Pregnancy Risk
Group D. Model calculations predict that pentachloroethane can be taken up via the
skin in toxicologically relevant amounts and the substance is therefore designated with
“H”. There are no data that show that pentachloroethane is a skin or airway sensitizer.
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MAK value (2019)
Peak limitation (2001)

Absorption through the skin (2019)
Sensitization

Carcinogenicity (2019)

Prenatal toxicity (2019)

Germ cell mutagenicity

BAT value

Synonyms

Chemical name

CAS number
Structural formula
Molecular formula
Molar mass

Melting point

Boiling point

Density at 20°C

Vapour pressure at 25°C

log Kow
Solubility at 25°C

2 ml/m3 (ppm) 2 17 mg/m?3

Category II, excursion factor 2

H
Category 3B
Pregnancy Risk Group D

ethane pentachloride
pentalin

1,1,1,2,2-pentachloroethane
76-01-7

CCl;-CHC,

C,HCl,

202.29 g/mol

-29°C (NLM 2019)

162°C (NLM 2019)

1.68 g/cm3 (IARC 1986)
4.7 hPa (NLM 2019)

3.22 (NLM 2019)

0.49 g/l water (NLM 2019)

[GMS] PUBLISSO® "

1 ml/m3 (ppm) 28.393 mg/m3 1 mg/m3®20.119 ml/m3 (ppm)

Since 1991 it has been prohibited in Germany to place pentachloroethane or preparations containing the substance
on the market for private use or for use in non-commercial premises (BMJV 1991). Pentachloroethane does not occur
naturally and was a solvent used, for example, in cellulose plastics, natural gums and resins, for dry cleaning, as a
drying agent for wood and for cleaning coal. There is no evidence that pentachloroethane is still used for these pur-
poses. It may be formed as an intermediate in the synthesis of chlorinated ethylenes (IARC 1999).

1 Toxic Effects and Mode of Action

After gavage administration of pentachloroethane doses of 250 or 500 mg/kg body weight and day to male and female
B6C3F1 mice for 40 to 103 weeks, high mortality and hepatocellular carcinomas were observed from week 30 onwards.
Oral pentachloroethane doses of 75 or 150 mg/kg body weight and day administered to F344 rats over a period of
2 years caused diffuse inflammation of the kidneys, mineralization of the renal papillae and renal tumours in male
rats due to an ay,-globulin-mediated mechanism. Pentachloroethane increased mortality also in female rats without
a specific mechanism or target organ being evident.
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Pentachloroethane is not mutagenic in bacteria, but mutagenic in yeast and is clastogenic in mammalian cells. In vivo
mutagenicity tests are not available. Clastogenic effects in vitro have not been confirmed in vivo.

Model calculations suggest high dermal absorption.

There are no studies of sensitization or developmental toxicity caused by the substance.

2 Mechanism of Action

The exact mechanism of action of the hepatocarcinogenicity of pentachloroethane is not known. Pentachloroethane
increased replicative DNA synthesis in the hepatocytes of B6C3F1 mice 39 and 48 hours after the administration of
1000 mg/kg body weight, thus inducing cell proliferation (Miyagawa et al. 1995). Pentachloroethane has no relevant
genotoxic potential, and the tumour-promoting activity has not been studied. The administration of single doses
of pentachloroethane to mice markedly decreased the cytochrome P450 (CYP) content in the liver (see Section 3.2).
However, the hepatotoxicity seems to affect mainly cytochrome P448 (no other details; Bronzetti et al. 1989).
Intraperitoneal administration to male CD1 mice reduced the total CYP activity to about 50% of the control value and
aminopyrine N-demethylase activity to 90% of the control value. Pentoxyresorufin O-dealkylase and ethoxyresorufin
O-deethylase (CYP1A1) activities were increased to up to 330% and 520% of the control value, respectively (Paolini et
al. 1992).

The toxic and carcinogenic effects could be due to the formation of radicals during reductive dechlorination. However,
studies using rat liver microsomes or hepatocytes for reductive dechlorination with several chloroalkanes showed that
the extent of dechlorination or radical formation did not correspond to the carcinogenic potency of chloroalkanes in
mouse liver (Nastainczyk et al. 1982; Salmon et al. 1981, 1985; Thompson et al. 1984; Tomasi et al. 1984). Therefore, the
contribution of radical formation to the hepatocarcinogenicity is unclear.

In NMRI mice, 2% to 16% of the pentachloroethane absorbed is metabolized to trichloroethylene and 3% to 9% to
tetrachloroethylene. Both substances induced hepatocellular carcinomas also in B6C3F1 mice, but not in Osborne-
Mendel rats (Greim 1998; Hartwig and MAK Commission 2019). Therefore, it is reasonable to assume that B6C3F1
mice (with the same quantitative metabolism as NMRI mice) may have been systemically exposed to 40 and 80 mg
trichloroethylene/kg body weight and day and 23 and 46 mg tetrachloroethylene/kg body weight and day, respectively,
when treated with 250 or 500 mg pentachloroethane/kg body weight and day. It is possible that these metabolites
are responsible for the hepatocarcinogenicity, but there are insufficient data to support this. In the studies with tri-
chloroethylene and tetrachloroethylene, the lowest effective doses were 1169 and 536 mg/kg body weight and day in
the male animals and 869 and 368 mg/kg body weight and day in the female animals, respectively (NTP 1983).

Likewise, hexachloroethane, present as an impurity (4.2%) in the pentachloroethane used, induced an increased
incidence of hepatocellular carcinomas in mice, but not in rats (NCI 1978). Mice given the low dose of pentachloro-
ethane (250 mg/kg body weight and day) were exposed to 10.5 mg hexachloroethane/kg body weight and day, those
given the high dose (500 mg/kg body weight and day) to 21 mg hexachloroethane/kg body weight and day. It is
unlikely that this low dose alone is responsible for the hepatocellular carcinomas associated with exposure to penta-
chloroethane (NTP 1983). In the study with hexachloroethane, the lowest effective dose was 590 mg/kg body weight
and day (NCI 1978).

A comparison of the studies with different chloroethanes showed that many of the substances led to an increased
incidence of hepatocellular carcinomas in mice, but not in rats. In vitro mutagenicity tests with the corresponding
substances yielded negative results. One reason for the induction of liver tumours in B6C3F1 mice but not in rats may
be the high spontaneous incidence and cytotoxic mechanisms in the liver. The structurally similar substances 1,1,2-tri-
chloroethane (Hartwig and MAK Commission 2022 b) and hexachloroethane (Hartwig and MAK Commission 2022 c)
were found to have promoting effects in the rat liver foci assay which can be assumed also for pentachloroethane (see
Section 5.7 and Hartwig and MAK Commission 2022 a, b). This assumption is supported by the following observation:
in the control groups, the incidence of hepatocellular carcinomas in B6C3F1 mice was 187/904 (20.7%) in males and
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30/996 (3.0%) in females compared with 0/270 (0%) in male and 1/270 (0.37%) in female Osborne-Mendel rats and 7/992
(0.7%) in male and 1/946 (0.1%) in female F344 rats (NTP 1983).

[U-*C]-Pentachloroethane was administered intraperitoneally to male Wistar rats and male BALB/c mice. After
22 hours, covalent binding of the radioactivity to DNA, RNA and proteins of the liver, kidneys, lungs and stomach was
examined. Binding was highest in the liver and higher in the lungs and liver in the mouse than in the rat. However,
DNA-adducts were not determined (Turina et al. 1989).

In a carcinogenicity study with oral administration to rats, there were no statistically significant increases in tumour
incidences, but a trend for increased benign and malignant tubular cell tumours of the kidneys (1/50, 2/49, 4/50), which
was not statistically significant, was evident in the males; this was accompanied by dose-dependent renal toxicity.
Responsible for this is an oy,-globulin-mediated mechanism, as the protein was detected and pentachloroethane in-
creases cell proliferation in the kidney (Goldsworthy et al. 1983).

After administration of other chloroalkanes, sensitization of the heart to adrenaline has been observed, in other words,
cardiac arrhythmia may result from an increased effect of catecholamines when cardiac muscle activity is markedly
increased. This effect has been held responsible for deaths without other pathological abnormalities (Reinhardt et al.
1971). Such deaths occurred also in the carcinogenicity study with pentachloroethane and mice.

3 Toxicokinetics and Metabolism

3.1 Absorption, distribution, elimination

There are no studies in humans.

To determine kinetic parameters, male F344 rats were exposed to pentachloroethane vapour at a concentration of
2895 mg/m? for 6 hours, and then placed in exhaled breath chambers. The maximum metabolic rate V,,,, was 9.2 mg/kg
body weight and hour (45.5 pmol/kg body weight and hour) and the Michaelis-Menten constant was 0.9 mg/1 (4.45 uM)
(TARC 1999).

The calculated blood:air partition coefficient of pentachloroethane is 17 according to the formula of Buist et al. (2012)
and 50.3 according to that of Meulenberg and Vijverberg (2000).

There are no studies available for the absorption of the substance through the skin.

For a saturated aqueous solution, using the model of Fiserova-Bergerova et al. (1990) and the algorithm of the
IH SkinPerm model (Tibaldi et al. 2014), fluxes of 326 and 11.9 pg/cm? and hour, respectively, were calculated. Assuming
the exposure of 2000 cm? of skin (area of hands and forearms) for 1 hour, this would correspond to absorbed amounts
of 652 and 23.8 mg, respectively.

3.2 Metabolism

After subcutaneous injection of 1100 to 1800 mg pentachloroethane/kg body weight, in female NMRI mice 12% to 51%
of the dose was exhaled unchanged over a 72-hour period, 2% to 16% as trichloroethylene and 3% to 9% as tetrachloro-
ethylene. The major urinary metabolites were trichloroethanol (16%-32%) and trichloroacetic acid (9%-18%, presumably
formed via chloral hydrate). The recovery was 87% (Figure 1; Yllner 1971).

The reductive metabolic pathway plays a greater role for pentachloroethane in vivo than for monochloroethane,
dichloroethane, trichloroethane or tetrachloroethane (Loew et al. 1984).
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Cl,C- CHCl, CL,C=CHCI
(Cl,C- CH(OH),) === Cl;,C-CH,OH
H,C=CH, Cl,C- COOH (Cl,C- CH,~ O- Gluc)

Fig.1  Metabolism of pentachloroethane in mice. Metabolites given in parentheses were not isolated (according to Yliner 1971)

In in vitro studies using rabbit liver microsomes or a CYP system derived from them, 1.7% pentachloroethane was
dechlorinated in the presence of NADPH and oxygen. However, without oxygen, 96% was metabolized to trichloro-
ethylene and 4% to 1,1,2,2-tetrachloroethane (IARC 1999).

Dechlorination under anaerobic conditions was demonstrated also with rat liver microsomes (Nastainczyk et al. 1982;
Salmon et al. 1985; Thompson et al. 1984).

Unlike with 1,1,2-trichloroethane, no metabolites containing sulfur were found, so it appears that conjugation with
glutathione does not take place in the metabolic pathway of pentachloroethane (Loew et al. 1984).

Single intraperitoneal injections of 462.3 and 925.4 mg pentachloroethane/kg body weight in mice (about 35% and 70%
of the LDs,, respectively) resulted in a statistically significant reduction in the CYP level (by 43% and 57%, respectively),
pentoxyresorufin O-dealkylase activity (by 17% and 20%, respectively, CYP2B) and ethoxyresorufin O-deethylase ac-
tivity (by 58% and 69%, respectively, CYP1A1) in hepatic microsomes examined 24 hours after dosing (Bronzetti et al.
1989).

4 Effects in Humans

There are no data available.

5 Animal Experiments and in vitro Studies

5.1 Acute toxicity

5.1.1 Inhalation

The lowest lethal concentration in rats was 4238 ml/m? (no other details; NTP 1983).

The lowest lethal concentration in mice was 35000 mg/m? (24165 ml/m°) in a static investigation lasting 2 hours (IARC
1999).

5.1.2 Oral administration

Groups of 5 male and 5 female F344 rats and B6C3F1 mice were given single gavage doses of pentachloroethane of 0,
10, 50, 100, 500 or 1000 mg/kg body weight in corn oil. No substance-related findings occurred and all animals survived
(NTP 1983).

The LDs in rats was 920 mg/kg body weight (no other details; NICNAS 2014).

A single gavage dose of pentachloroethane of 525 mg/kg body weight reduced CYP levels and epoxide hydrolase
activity in rats (IARC 1999).
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The lowest lethal oral doses in dogs were 0.5 ml/kg body weight (about 840 mg/kg body weight) and 1750 mg/kg body
weight (no other details) (IARC 1986).

5.1.3 Dermal application

There are no studies available.

5.1.4 Subcutaneous and intravenous injection

A subcutaneous dose of 700 mg/kg body weight was lethal to rabbits (IARC 1986). In female NMRI mice, a subcutaneous
injection of 1100 to 1800 mg/kg body weight did not result in deaths until 72 hours after administration (Yllner 1971).

The lowest lethal dose in dogs after intravenous injection was 100 mg/kg body weight (IARC 1986).

5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

Rabbits were exposed to pentachloroethane concentrations of 2, 10 or 100 mg/m3 for 3 hours daily, on 6 days a week
for 8 to 10 months. Total antibody titers increased during typhoid immunization (no other details; IARC 1986; Shmuter
1972, 1977). Further statements cannot be inferred from the article, which is available in Russian only, as the methods
and scope of the investigation were inadequately described.

5.2.2 Oral administration

Gavage administration of a pentachloroethane dose of 150 mg/kg body weight and day (purity 96%, 5 days/week)
to male and female F344 rats for 10 days resulted in increased kidney o,,-globulin concentrations of 25.9 mg/kg
kidney wet weight in the males, compared with 9.1+ 2.3 mg/kg kidney wet weight in the controls. The [*PH]thymidine
labelling index increased particularly in the P, tubule segment of the kidney from 11.5% + 0.7% in the control animals
to 38.8% +3.9% in the exposed animals. The corresponding values for the P; and P; segments were 8.7% + 0.6% and
8.5% +1.5%, respectively, in the control animals and 9.2% *1.6% for both segments in the exposed animals. In the female
rats, the labelling index in the P, segment was 1.8% + 0.7% in the control animals and 0.8% + 0.2% in the exposed animals
(Goldsworthy et al. 1988; IARC 1999).

Pentachloroethane was administered by gavage on 5 days a week for 2 years at dose levels of 0, 75 or 150 mg/kg body
weight and day to F344 rats and for 40 to 103 weeks at dose levels of 0, 250 or 500 mg/kg body weight and day to
B6C3F1 mice (see Table 1). In mice, high mortality and hepatocellular carcinomas occurred from week 31 onwards.
In male rats, pentachloroethane caused diffuse inflammation of the kidneys and mineralization of the renal papilla,
which was distinguishable from the usual age-related nephropathy, and a low incidence of malignant tubular cell
tumours (1/50, 2/49, 4/50). The accumulation of a,,-globulin was detected in the kidneys of male F344 rats. For penta-
chloroethane no specific spectrum of effects was found in both chronic and subacute studies, but it caused increased
mortality, especially in mice (see Table 1). The causes discussed are the accumulation of the substance in the body
and non-specific toxicity (NTP 1983).

In a 3-week study, male F344 rats were given equimolar doses of various halogenated ethane compounds (containing
three or more chlorine atoms, four or more bromine atoms, or chlorine and fluorine atoms) daily by gavage for com-
parative characterization of renal toxicity. The doses selected were 0, 0.62 and 1.24 mmol/kg body weight and day. A
female pentachloroethane control group was treated with 1.24 mmol/kg body weight and day, another with vehicle
only. Histopathological examination included only the kidneys and liver. Treatment with pentachloroethane induced
in the male rats pronounced nephropathy associated with the formation of hyaline droplets, increased kidney weights,
increased urinary excretion of glucose, increased N-acetyl-p-D-glucosaminidase activity, and an increase in urinary
aspartate aminotransferase that was not statistically significant. The proliferating cell nuclear antigen (PCNA) level
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in the renal tubule cells was three times as high as that in the control animals, but was not dose-dependent. The
weights of the right kidney were increased also in female rats, with no evidence of hyaline droplet formation. In male
and female rats, urinary protein excretion, liver weights, and the incidence of cytoplasmic vacuolization in the liver
were increased (NTP 1996).

Tab.1 Effects of pentachloroethane after repeated oral administration

Species, strain, Exposure Findings References
number per
group
rats, 2 weeks, 100 mg/kg body weight: NOAEL; NTP 1983
F344 1 1 1 k
4 0. 10, 50). 00, 500, 00(.) me/ke 504 mg/kg body weight: lethargy, mortality 3/5 (3) and 3/5 (@) between
538,59 body weight and day in corn . . . ..
oil days 4 and 10, body weight gains | by 29% (3) and 40% (9) in surviving
; animals;
daily,
gavage 1000 mg/kg body weight: mortality 10/10 (6 on day 1, 4 on day 3);
no treatment-related findings in the histopathological examination of the
liver, lungs and spleen
rats, 3 weeks, 125 mg/kg body weight and above: NTP 1996
F344, 0, 0.62, 1.24 mmol/kg body &: hyaline droplet nephropathy, accumulation of ay,-globulin in the
538,59 weight and day (0, 125, 250 mg/ kidneys, kidney weights 1, urinary excretion of glucose, N-acetyl-B-D-
kg body weight and day) in glucosaminidase activity {; urinary aspartate aminotransferase 1 (not
corn oil, significant), PCNA in renal tubular cells T
daily, Q: right kidney weights 1,
gavage, 3 and @: liver weights 1, vacuolization of hepatocytes 1, urinary protein
histopathology of the kidneys  excretion |
and liver
rats, 13 weeks, 50 mg/kg body weight: NOAEL; NTP 1983
F344 1 125, 2 k
344, 0 5.’ 0,50, 125, .50 mg/ gbody 125 mg/kg body weight: body weight gains | by 8% (3) and 8% (9); body
108,10 Q weight and day in corn oil, ights at end of study | by 5% () and 9% (9);
5 days/week, weights at end of study | by 5% (8) and 9% (9);
gavage 250 mg/kg body weight: body weight gains | by 10% (3) and 17% (9),
body weights at end of study | by 5% (3) and 9% (9);
no treatment-related findings in the histopathological examination
rats, 103 weeks, 0 mg/kg body weight: mortality 18% (3) and 24% (), chronic NTP 1983
F344, 0, 75, 150 mg/kg body weight inflammation of the kidneys (3) 4/50 (8%);
50 d, 50 dd.
3,509 anc cay, 75 mg/kg body weight: mortality 34% (3) and 28% (), chronic
5 days/week, . . . . R
avage inflammation of the kidneys 14/49 (29%) (3), mineralization of the renal
gavag papilla (3), body weights | by 4% (3) and 8% (Q);
150 mg/kg body weight: mortality T (3 48%, Q 50%), body weights at end
of study | by 5% (3) and 12% (Q), chronic inflammation of kidneys 33/50
(66%) (3), mineralization of the renal papilla (3);
chronic inflammation of the kidneys characterized by interstitial fibrosis,
interstitial accumulation of mononuclear inflammatory cells, severe
tubular dilation in the pars recta (inner cortex) with some dilated tubules
containing giant cells, hyalinization of the glomerulus
mice, 2 weeks, 50 mg/kg body weight and above: body weight gains | by 25%-50% (), ~NTP 1983
B6C3F1, 0, 10, 50, 100, 500, 1000 mg/kg not dose-dependent;
58,5 bod ight and day i
.59 0?1 y weight and day in corn 1000 mg/kg body weight: mortality 1/5 (), body weight gains | by
daily, 7% @)
gavage no treatment-related findings in the histopathological examination of the

liver, lungs, spleen
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Tab.1 (continued)

Species, strain, Exposure Findings References
number per
group
mice, 13 weeks, 500 mg/kg body weight: mortality 1/5 (Q), body weight gains | by 8% (@); NTP 1983
B6C3F1, 0, 5, 10, 50, 100, 500 mg/kg body o . . o
106,10 0 weight and day in corn oil, no treatment-related findings in the histopathological examination

5 days/week,

gavage
mice, 41-103 weeks, 0 mg/kg body weight: mortality at the end of the study 6/25 (24%) (8) and NTP 1983
B6C3F1, 0, 250, 500 mg/kg body weight  12/50 (24%) (Q);
50 &, 50 Q and day, . . .

250 mg/kg body weight: mortality (&) from week 31 onwards, mortality
5 days/week, . .
gavage at the end of the study 28/50 (56%) (3), mean body weights during

weeks 42-104 | by 30% (3);

mortality (Q) from week 53 onwards, mortality at the end of the study
41/50 (82%) (), mean body weights from week 70 onwards | by about 10%
)

250 mg/kg body weight and above: hepatocellular carcinomas (see
Section 5.7);

500 mg/kg body weight: mortality (8) from week 18 onwards, week 41
mortality 42/50 (84%) (3) - remaining 8 animals (+ 25 controls) also
sacrificed at week 41, no body weight gains from week 12 onwards (3);
mortality (@) from week 38, all () had died by week 74, mean body weights
| from week 70 onwards by about 10% ()

PCNA: Proliferating Cell Nuclear Antigen

5.2.3 Dermal application

There are no studies available.

5.3 Local effects on skin and mucous membranes

There are no studies available. According to safety data sheets, pentachloroethane is irritating to the eyes and re-
spiratory tract, but studies of this end point have not been described (NTP 1983). In gavage studies, irritation of the
forestomach of rats and mice was not reported. Irritant effects are therefore unlikely.

5.4 Allergenic effects

There are no studies available.

5.5 Reproductive and developmental toxicity

There are no studies available.

5.6 Genotoxicity

5.6.1 Invitro

In the Microscreen prophage-induction assay using lambda lysogen WP2g cells, pentachloroethane yielded positive
results in the presence of a metabolic activation system at concentrations of 25.8 mM and above. Cytotoxicity was
observed at 206.5 mM. Without the addition of metabolic activation, the test result was negative (DeMarini and Brooks
1992).
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In yeasts that were in the stationary growth phase, the induction of point mutations and gene conversions was observed
in the presence of a metabolic activation system; the incidences were low but statistically significant. Statistically sig-
nificant, concentration-dependent results were obtained without the presence of a metabolic activation system when
cells were in the logarithmic growth phase. In this phase, the level of CYP in yeast cells is high (Bronzetti et al. 1989).

Pentachloroethane was not mutagenic up to the toxic concentration of 333 pg/plate in the Salmonella typhimurium
strains TA98, TA100, TA1535 and TA1537 in either the presence or absence of a metabolic activation system from the
livers of male Sprague Dawley rats or male Syrian hamsters treated with Aroclor 1254 (Haworth et al. 1983; NTP 1981).

In Chinese hamster ovary cells, in the absence of a metabolic activation system, the concentration-dependent induc-
tion of sister chromatid exchange was observed at 100 to 160 pg pentachloroethane/ml. The concentration of 50 ug/ml
was without effect; strong cytotoxicity occurred at 200 pg/ml and above. In the presence of a metabolic activation
system from rat liver, a negative result was obtained (Galloway et al. 1987).

Up to the highest pentachloroethane concentration tested of 266 pg/ml, there was no increased incidence of chromo-
somal aberrations in Chinese hamster ovary cells in the presence or absence of a rat liver metabolic activation system
after 10.5 or 21 hours of incubation. Cytotoxicity occurred at the highest concentrations tested. The results for the
positive controls mitomycin C and cyclophosphamide were positive in the test system (Galloway et al. 1987).

Structural chromosomal aberrations and polyploidy were induced in Chinese hamster lung fibroblasts in the absence
of a metabolic activation system. After the addition of a metabolic activation system from rat liver, the result was
negative (Matsuoka et al. 1996).

Positive results were induced in the TK*~ assay in L5178Y mouse lymphoma cells (McGregor et al. 1988; Sofuni et al.
1996) interpreted as clastogenic effects (Sofuni et al. 1996).

Tab.2 Genotoxicity of pentachloroethane in vitro
End point  Test system Concentration Effective Cytotoxicity® Results References
a, 1 a,
[pg/plate]® concentration® m.a om.ab
prophage Escherichia coli ~ 0.1-206 mM 25.8 mM 206 mM - + DeMarini
induction WP2s (M) and Brooks
1992
gene Saccharomyces stationary growth stationary growth higher toxicity in stationary + Bronzetti et
conversion  cerevisiae D7 phase: 2.5-10 mM phase: 2.5 mM logarithmic growth growth al. 1989
and reverse  gene conversion  logarithmic growth  (+m.a.) phase than in phase: -
point at trp locus phase: 0.5-2.5 mM logarithmic growth  stationary growth log-
mutation phase: =1 mM phase arithmic
stationary growth  growth
phase: 22.5 mM phase: +
logarithmic growth
phase: 0.5 mM
Saccharomyces stationary growth stationary growth stationary growth  stationary stationary
cerevisiae D7 phase: 2.5-10 mM phase: at 7.5 mM phase: 2.5 mM growth growth
reverse point logarithmic growth  (+m.a.) logarithmic growth phase: - phase: +
mutation at ilv phase: 0.5-2.5 mM logarithmic growth  phase: no data loga- loga-
locus phase: =1 mM (+m.a.) rithmic rithmic
growth growth
phase:no  phase: +
data
gene Salmonella 3-333 - 333 - =) Haworth
mutation typhimurium et al. 1983;
TA98, TA100, NTP 1981

TA1535, TA1537
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Tab.2 (continued)

End point  Test system Concentration Effective Cytotoxicity® Results References
late]?) tration?
[ng/plate] concentration .. vm.ab
SCE CHO cells -m.a.: 16.1-537 pg/ml -m.a.: 100 pg/ml -m.a.: 200 pg/ml + . Galloway
+m.a.: 101-172 pg/ml +m.a.: 172 pg/ml et al. 1987;
NTP 1982 b
CA CHO cells -m.a. - -m.a.: 225 pg/ml - - Galloway
128.8-266 pug/ml +m.a.: 193 pg/ml et al. 1987,
+m.a.: NTP 1982 a
112.5-266 pg/ml
structural CHL cells 80-600 pg/ml -m.a.: 600 pg/ml -m.a.: 600 pg/ml + - Matsuoka
cA etal. 1996
polyploidy ~ CHL cells 80-600 pg/ml -m.a.: 80 pg/ml -m.a.: 600 pg/ml + - Matsuoka
et al. 1996
TK*~ mouse lymphoma 6.25-200 pg/ml 70 pg/ml 200 pg/ml + not tested  McGregor
cells L5178Y et al. 1988
TK*~ mouse lymphoma 20-100 pg/ml -m.a.: 80 pg/ml no data + - Sofuni et al.
cells L5178Y 1996
(microtiter
method)

) unless otherwise indicated [pg/plate]

b metabolic activation from rat liver

9 metabolic activation from hamster liver

CA: chromosomal aberration; CHL: cell line derived from Chinese hamster lung cells; CHO: cell line derived von Chinese hamster ovary cells;
m.a.: metabolic activation system; SCE: sister chromatid exchange; TK: thymidine kinase

5.6.2 Invivo

A sex-linked recessive lethal test in Drosophila melanogaster yielded negative results after the administration of
pentachloroethane in a concentration of 300 mg/l with the diet or the injection of 800 mg/1 (Foureman et al. 1994).

Radiolabelled [*C]-pentachloroethane (127 uCi/kg body weight = 1.75 mg/kg body weight) was administered intraperi-
toneally to 7 male Wistar rats and 12 male BALB/c mice. After 22 hours, covalent binding of the radioactivity to DNA,
RNA and proteins of the liver, kidneys, lungs and stomach was found. Binding was highest in the liver and higher in
the lungs and liver in the mouse than in the rat (Turina et al. 1989). However, the metabolic incorporation of *C into
DNA as well as DNA adducts were not studied.

Pentachloroethane increased replicative DNA synthesis as a measure of cell proliferation in the hepatocytes of B6C3F1
mice 39 and 48 hours after the administration of 1000 mg/kg body weight (Miyagawa et al. 1995).

In 4 male B6C3F1 mice, the frequency of sister chromatid exchange in the bone marrow was not increased 23 hours
after intraperitoneal injection of pentachloroethane doses of 0, 475, 950 or 1900 mg/kg body weight in corn oil (NTP
1987 b).

In male mice, the incidences of chromosomal aberrations in the bone marrow were not increased 17 hours after
intraperitoneal injection of pentachloroethane doses of 0, 475, 950 or 1900 mg/kg body weight in corn oil. The groups
consisted of 8 animals (NTP 1987 a). Also, 36 hours after intraperitoneal administration of pentachloroethane doses
of 0, 325, 650 or 1300 mg/kg body weight in corn oil, the incidence of chromosomal aberrations in the bone marrow
was not increased (NTP 1992).

In male B6C3F1 mice, the incidence of micronuclei in the bone marrow was not increased 24 hours after the last of
three intraperitoneal injections of pentachloroethane doses of 39 to 2500 mg/kg body weight in corn oil up to the
dose of 625 mg/kg body weight. The ratio of polychromatic erythrocytes to normochromatic erythrocytes remained
unchanged. Higher doses could not be evaluated. The groups consisted of 5 animals (NTP 1995).
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A micronucleus test with bone marrow cells from CD-1 mice yielded negative results after a single intraperitoneal
injection of up to 2000 mg pentachloroethane/kg body weight (Crebelli et al. 1999).

5.6.3 Summary

Pentachloroethane is not mutagenic in bacteria but mutagenic in yeast. Positive results were observed in the TK*~
assay in mouse lymphoma cells probably due to clastogenicity. The substance induced SCE and chromosomal aberra-
tions in mammalian cells only in the absence of a metabolic activation system; negative results were obtained after the
addition of a metabolic activation system. After intraperitoneal administration, pentachloroethane is not clastogenic
in mouse bone marrow. In mammals, no mutagenicity tests in vivo or germ cell tests are available.

5.7 Carcinogenicity

Pentachloroethane was administered to F344 rats for 2 years at dose levels of 0, 75 or 150 mg/kg body weight and day by
gavage. No statistically significant increases in tumour incidences occurred. A trend for benign and malignant tubular
cell tumours of the kidneys (1/50, 2/49, 4/50), which was not statistically significant, was observed in the males; this was
accompanied by dose-dependent renal toxicity. There was a statistically significant negative trend for subcutaneous
tissue fibromas in male rats and for pituitary gland adenomas in male and female animals. For further findings, see
Section 5.2.2. The accumulation of a,,-globulin in the kidneys of male F344 rats was observed. The tumours induced
by this mechanism in the kidney of the male rat have no relevance to humans (NTP 1983). Pentachloroethane was not
carcinogenic in the liver of F344 rats.

Long-term gavage administration of pentachloroethane at dose levels of 0, 250 or 500 mg/kg body weight and day
resulted in increased mortality in B6C3F1 mice (see Table 3 and Section 5.2.2). In the males of the high dose group,
42 of 50 animals had died by week 41, and the eight remaining were killed and examined in week 41, as were 25 males
from the control group. Only 22 of 50 animals (44%) in the low dose group were alive at the end of the study period. In
the female mice, all high-dose animals had died by week 74 and only 9 of 50 (18%) in the low-dose group were alive at
the end of the study. The incidence of hepatocellular carcinomas was increased in the treated male and female mice
compared with that in the control animals. However, due to the increased mortality, the usual statistical analysis is
only of limited applicability (NTP 1983). Pentachloroethane was hepatocarcinogenic in B6C3F1 mice.

A comparison of the studies with different chloroethanes showed that many of the substances led to an increased
incidence of hepatocellular carcinomas in mice but not in rats. A common mechanism is suspected. This could be a
tumour-promoting effect, since in vitro mutagenicity tests with the corresponding substances yielded negative results
(see Section 2).

Conclusion: Pentachloroethane does not have any relevant genotoxic potential in vivo, and a tumour-promoting
effect has not been investigated. However, since structurally related substances with the same activity profile such
as hexachloroethane and 1,1,2-trichloroethane had a promoting but not an initiating effect in a liver foci assay in rats,
the liver tumours in mice are most likely due to the promotion of spontaneously initiated cells in the liver. These are
present in high numbers in B6C3F1 mice and result in relatively high spontaneous incidences of liver tumours in this
mouse strain, which is sensitive to liver carcinogenesis, whereas rats are less sensitive as regards tumour-promotion
in the liver due to the low spontaneous incidence.
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Tab.3  Study of the carcinogenicity of pentachloroethane in mice

Author: NTP 1983
Substance: pentachloroethane (purity 95.5%, 4.2% hexachloroethane)
Species: mouse, B6C3F1, 50 &, 50 @
Administration route: gavage
Dose: 0, 250, 500 mg/kg body weight and day
Duration: 40-103 weeks, 5 days/week
Toxicity: increased mortality at 250 mg/kg body weight and above
Dose (mg/kg body weight and day)

0 250 500
Survivors 3 19/25 (76%) week 103 (another  22/50 (44%) week 103 8/50 (16%) week 41 (= end of

25 examined after week 41) study)

Q 38/50 (76%) week 103 9/50 (18%) week 103 0/50 (0%) week 74

Tumours
liver:

hepatocellular adenomas

total 3 10/48 (21%) 4/44 ( 9%) 7/45 (16%)
weeks 0-52 3 5/25 (20%) 0/2 ( 0%) 7/45 (16%)
weeks 53-103 3 0/4 ( 0%) 2/18 (11%) -
end of study, week 104 8 5/19 (26%) 2/24 ( 8%) -

P=0.235N% P=0.162N? P=0.444NP

total Q 2/46 ( 4%) 8/42 (19%) 19/45 (42%)
adjusted® Q 5.4% 44.6% 60.9%
end of study, week 104 Q 2/37 ( 5%) 3/9 (33%) -

statistical tests
life table test o) P<0.0019 P<0.001 P<0.001Y
incidental tumour test Q P=0.060% P=0.023 9
Fisher’s exact test Q P<0.001° P=0.032» P<0.001"
hepatocellular carcinomas

total 3 4/48 ( 8%) 26/44 (59%) 7/45 (16%)
weeks 0-52 3 0/25 ( 0%) 172 (50%) 7/45 (16%)
weeks 53-103 3 0/4 ( 0%) 9/18 (50%) -
end of study, week 104 3 4/19 (21%) 16/24 (67%) -

P<0.001 P <0.001" P=0.049"

total Q 1/46 ( 2%) 28/42 (67%) 13/45 (29%)
adjusted® Q 2.7% 84.6% 67.7%
end of study, week 104 Q 1/37 ( 3%) 5/9 (56%) -

statistical tests
life table test o) P<0.0019 P <0.001 P<0.001Y
incidental tumour test Q P=0.005% P <0.001" 4
Fisher’s exact test Q P=0.004°9 P <0.001 P <0.001?
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Tab.3 (continued)

Dose (mg/kg body weight and day)

0 250 500

hepatocellular adenomas and carcinomas

total 3 14/48 (29%) 30/44 (68%) 14/45 (31%)
weeks 0-52 3 5/25 (20%) 1/2 (50%) 14/45 (31%)
weeks 53-103 3 0/4 ( 0%) 11/18 (61%) -
end of study, week 104 3 9/19 (47%) 18/24 (75%) -

P=0.026% P=0.005 P=0.237"

total Q 3/46 ( 7%) 36/42 (86%) 32/45 (71%)
adjusted® o 8.1% 96.8% 93.6%
end of study, week 104 Q 3/37 ( 8%) 8/9 (89%) -

statistical tests
life table test Q P <0.0019 P <0.001 P <0.001
incidental tumour test Q P <0.001% P <0.001" )
Fisher’s exact test Q P <0.0019 P <0.001Y P <0.001

3 trend test; “N” = negative trend

b pairwise comparison with controls

9 estimated lifetime tumour incidence after adjustment for intercurrent mortality
9 no statistical evaluation possible due to high mortality

9 Cochran Armitage trend test

6 Manifesto (MAK valuelclassification)

No information is available for effects in humans.

Pentachloroethane caused hepatocellular carcinomas in B6C3F1 mice, in which the spontaneous incidence of this
tumour is high. Increased mortality occurred in both rats and mice without specific toxicity.

MAK value. Ina13-week toxicity study in male and female F344 rats with gavage administration on 5 days per week,
the body weight gains were reduced by 8% at 125 mg/kg body weight and day. The systemic NOAEL was 50 mg/kg
body weight and day. The following toxicokinetic data are taken into consideration for the extrapolation of this
NOAEL to a concentration in workplace air: the species-specific correction value for the rat (1:4), oral absorption of
95% as determined for hexachloroethane (Hartwig and MAK Commission 2022 c), the body weight (70 kg) and the
respiratory volume (10 m3) of the person, and the assumed 100% absorption by inhalation. As this value is derived
from a NOAEL from experimental studies with animals (1:2) and a decrease in the NOAEL with chronic exposure
cannot be excluded (1:2), a concentration of 20.8 mg/m? in the air is calculated. This corresponds to 2.5 ml/m3, as
pentachloroethane may be present also in vapour form at this concentration. Using the preferred value approach, a
MAK value of 2 ml pentachloroethane/m?® can be derived.

In safety data sheets, pentachloroethane is described as being an eye and respiratory tract irritant, but relevant studies
are not described. Oral animal studies do not indicate a strong irritant potential, as no effects in the forestomach were
reported even after 2 years of gavage administration. For the structurally similar chloroalkanes hexachloroethane and
1,1,2,2-tetrachloroethane, the NOAECs for irritant effects in the respiratory tract are 48 ml/m? (inhalation studies in
animals; Hartwig and MAK Commission 2022 c) and about 13 ml/m? (human studies of limited usefulness; Hartwig
and MAK Commission 2022 a). Because of its very similar molecular structure, pentachloroethane is not expected to
be irritating with exposure at the MAK value of 2 ml/m3.
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Peak limitation. As the critical effect is systemic, the substance has been assigned to Peak Limitation Category II. The
default excursion factor of 2 has been set because the half-life is not known. Irritant effects are not to be expected at the
permissible short-term concentration of 4 ml/m?® in view of the data for hexachloroethane and 1,1,2,2-tetrachloroethane
(see above).

Prenatal toxicity. There are no developmental toxicity studies of pentachloroethane and the substance has therefore
been assigned to Pregnancy Risk Group D.

Carcinogenicity. Administration of pentachloroethane by gavage did not result in a statistically significant increase
in tumour incidences in rats. However, in the males, there was a not statistically significant trend for benign and
malignant renal tubular cell tumours induced by the a,,-globulin-mediated mechanism. Corresponding proteins
have been detected in short-term experiments in male rats after exposure to pentachloroethane. This mechanism is
not relevant for humans. There was a statistically significant increase in the incidence of hepatocellular carcinomas
in B6C3F1 mice. Pentachloroethane was not found to have genotoxic potential in vivo. The structurally related
substances hexachloroethane and 1,1,2-trichloroethane had promoting, but not initiating effects in a liver foci test in
rats. Pentachloroethane has not been studied in this test system. Therefore, it can be assumed that the liver tumours
in mice are most likely due to the promotion of spontaneously initiated cells in the liver. These are present in high
numbers in B6C3F1 mice and result in relatively high spontaneous incidences of liver tumours in this strain of mice,
which is sensitive for liver carcinogenesis. Pentachloroethane may induce cytotoxic effects in the liver and thus liver
tumours, probably arising from metabolically formed radicals or oxidative metabolites. This effect is relevant also for
humans. To summarize, in high concentrations pentachloroethane is suspected of having carcinogenic effects on the
liver whereby genotoxicity is not the main effect. However, this carcinogenicity in mice has not been confirmed by
studies in the rat. Therefore, pentachloroethane has been classified in Carcinogen Category 3B.

Germ cell mutagenicity. Pentachloroethane is not mutagenic in vitro in bacteria but mutagenic in yeasts. Positive
results were observed in mouse lymphoma cells in the TK*~ assay probably due to clastogenicity. The substance
induced sister chromatid exchange and chromosomal aberrations in mammalian cells only in the absence of a
metabolic activation system; after the addition of an activation system the results were negative. This suggests that
in vivo mutagenicity does not occur or is not the main effect. The carcinogenicity studies confirmed this assumption
(see above). After intraperitoneal administration, pentachloroethane was not clastogenic in the bone marrow of mice.
Thus, the clastogenicity observed in in vitro test systems could not be demonstrated in vivo. Mutagenicity tests in
vivo or tests on germ cells are not available. The substance has not been shown to reach the germ cells. Based on the
available data, pentachloroethane has not been classified in one of the categories for germ cell mutagens.

Absorption through the skin. From a model calculation for humans (Section 3.1), a maximum dermally absorbed
amount of 652 mg can be estimated following exposure to a saturated aqueous solution under standard conditions
(2000 cm? of skin, exposure for 1 hour).

For humans a systemically tolerable concentration of 20.8 mg/m?® can be calculated (see above). For 100% absorption
by inhalation and a respiratory volume of 10 m?, the systemically tolerable amount is 208 mg.

Thus, the amount dermally absorbed is above the systemically tolerable level and the substance has been designated
with an “H” (for substances which can be absorbed through the skin in toxicologically relevant amounts).

Sensitization. There are no data for sensitizing effects in humans and no results from experimental studies in
animals or in vitro studies. Pentachloroethane has therefore not been designated with “Sh” or “Sa” (for substances
which cause sensitization of the skin or airways).
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