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2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health
of ficials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of 1,2,3-trichloropropane
and a depiction of significant exposure |levels associated with various adverse
health effects. It contains descriptions and eval uati ons of studies and
presents |levels of significant exposure for 1,2,3-trichloropropane based on
t oxi col ogi cal studi es and epi dem ol ogi cal investigations.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living
or working near hazardous waste sites, the information in this section is
organi zed first by route of exposure--inhalation, oral, and dermal --and then
by health effect--death, system c, inmnunological, neurol ogical, devel opnental
reproductive, genotoxic, and carcinogenic effects. These data are di scussed
in ternms of three exposure periods- -acute (less than 15 days), internedi ate
(15- 364 days), and chronic (nore than 365 days).

Level s of significant exposure for each route and duration are presented
in Tables 2-1, 2-2 and 2-3 and illustrated in Figures 2-1 and 2-2. The points
in the figures showi ng no-observed-adverse-effect |evels (NOAELS) or | owest-
observed- adverse-effect |levels (LOAELS) reflect the actual doses (levels of
exposure) used in the studies. LOAELs have been classified into "l ess
serious" or "serious" effects. These distinctions are intended to help the
users of the docurment identify the |levels of exposure at which adverse health
effects start to appear. They should also help to deterni ne whether or not
the effects vary with dose and/or duration, and place into perspective the
possi bl e significance of these effects to hunan heal t h.

The significance of the exposure | evels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with “serious"” effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites nmay want information on | evels of exposure
associated with nore subtle effects in hunans or aninmals (LOAEL) or exposure
| evel s bel ow which no adverse effects (NOAEL) have been observed. Estinmates
of levels posing mninmal risk to humans (M nimal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Esti mates of exposure levels posing mnimal risk to humans (MRLs) have
been made, where data were believed reliable, for the nost sensitive noncancer
ef fect for each exposure duration. MRLs include adjustnents to reflect hunman
variability fromlaboratory animal data to humans.
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Al t hough net hods have been established to derive these |evels (Barnes et
al . 1988; EPA 1989a), uncertainties are associated with these techniques.
Furthernore, ATSDR acknow edges additional uncertainties inherent in the
application of the procedures to derive less than lifetine MRLs. As an
exanpl e, acute inhalation MRLs may not be protective for health effects that
are del ayed in devel opnent or are acquired followi ng repeated acute insults,
such as hypersensitivity reactions, asthnma, or chronic bronchitis. As these
ki nds of health effects data beconme avail abl e and nmet hods to assess |evels of
significant hunan exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

No studies were | ocated regarding death in hunmans after inhalation
exposure to 1,2,3-trichl oropropane.

Exposure to 1, 2,3-trichloropropane of unknown purity for 4-6 hours
caused death in mice at concentrations as |ow as 343 ppm (Gushow and Quast
1984) and rats at concentrations as |ow as 500 ppm (Uni on Carbide 1958). An
i nternedi ate-duration study showed that intermttent exposure to 297 ppm and
hi gher concentrations of 1,2,3-trichloropropane for 4 weeks was lethal in rats
(Johannsen et al. 1988). The avail abl e data suggest that 1,2,3-trichl oropropane
concentrations producing death in rodents may be simlar (i.e.
approxi nately 300 ppn) for acute- and internediate-duration exposures of
several weeks. The cause of death is unclear, but signs suggestive of central
nervous system (CNS) inpairnent (e.g., incoordination and convul sions) have
been observed prior to death in both species. The hi ghest NOAEL val ues and
all reliable LOAEL values for death in both species and duration categories
are recorded in Table 2-1 and plotted in Figure 2-1

2.2.1.2 Systemc Effects ,

System c effects of inhaled 1,2,3-trichloropropane are di scussed bel ow.
The hi ghest NOAEL values and all reliable LOAEL val ues for these effects in
each species and duration category are recorded in Table 2-1 and plotted in
Fi gure 2-1.

Respiratory Effects. Limted information indicates that brief exposure
(15 mnutes) to 100 ppm 1,2, 3-trichl oropropane (purity unknown) can cause
throat irritation in humans (Silverman et al. 1946).

Repeat ed exposure of animals to 1,2,3-trichloropropane concentrations
much [ ower than 100 ppm causes respiratory systemeffects that are indicative
of irritant action. Intermttent 4-hour exposures for 11 days produced
alterations in nasal tissues of rats and nmice, particularly of the olfactory
epithelium (MIler et al. 1986a, 1986b). These changes included decreased
t hi ckness of the olfactory epitheliumin rats at 3 ppm degeneration of the



TABLE 2-1. Levels of Significant Exposure to 1,2,3-Trichloropropane - Inhalation
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 1d 343 697 Gushow and Quast
4 hr/d 1984
2 Rat 1d 1,000 Smyth et al.
4 hr/d 1962
3 Rat 1d 500 Union Carbide
1-4 hr/d 1958
4 Rat 1d 888 Johannsen et al.
6 hr/d 1988
5 Mouse 1d 126 343 Gushow and Quast
4 hr/d 1984
Systemic
6 Human 1d Resp 100 (throat irritation) Silverman et al.
15 min/d Derm/oc 100 (eye irritation) 1946
7 Rat 1d Derm/oc 126 (eye irritation) Gushow and Quast
4 hr/d 1984
8 Rat 11 d Resp 13 (nasal olfactory Miller et al.
5 d/wk degeneration) 1986a
6 hr/d Cardio 132
Gastro 132
Hemato 132
Musc/skel 132
Hepatic 40 132 (increased liver
weight)
Renal 132
Other 132
<] Rat 11 4d Resp 1P 3 (decreased thickness Miller et al.
5 d/wk of olfactory 1986b
6 hr/d epithelium)
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System {ppm) (ppm) (ppm) Reference
10 Mouse 11 4 Resp 13 (decreased thickness of Miller et al.
5 d/wk olfactory epithelium) 1986a
6 hr/d Cardio 132
Gastro 132
Hemato 132
Musc/skel 132
Hepatic 40 132 (increased liver
weight)
Renal 132
Other 132
11 Mouse 1d Derm/oc 126 (eye irritation) Gushow and Quast
4 hr/d 1984
N
12 Mouse 11 d Resp 3 10 (nasal olfactory Miller et al. .
5 d/wk inflammation) 1986b
6 hr/d o)
INTERMEDIATE EXPOSURE E
3
Death e oo
13 Rat 4 wk 895 297 Johannsen et al. g
5 d/wk 1988 o]
6 hr/d Eg
(=
Systemic A
14 Rat 13 wk Resp 1.54 4.5 (peribronchial Johannsen et al.
5 d/wk hyperplasia) 1988
6 hr/d Cardio 49
Gastro 49
Hemato 49
Musc/skel 49
Hepatic 1.54 4.5 (increased liver
weight)

Renal 15 49 (increased kidney

Cov s




TABLE 2-1 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
15 Rat 4 wk Hepatic 95 (increased liver Johannsen et al.
5 d/wk weight) 1988
6 hr/d Renal 297 (increased kidney
’ weight)
Other 297 (decreased weight
gain)
Reproductive
16 Rat Premating: 15 Johannsen et al.
10 wk, 5 d/wk, 1988
6 hr/d
Mating:
30-40 d,
5 d/wk, 6 hr/d
Gestation:

6 hr/d, gd 0-14

2The number corresponds to entries in Figure 2-1.

bysed to derive an acute inhalation Minimal Risk Level (MRL) of 0.0003 ppm; dose adjusted for intermittent exposure,
converted to an equivalent concentration in humans, and divided by an uncertainty factor of 100 (10 for extrapolation
from animals to humans, and 10 for human variability).

Cardio = cardiovascular; d = day; Derm/oc = dermal/ocular; Gastro = gastrointestinal; gestat = gestation; gd = gestation
day; Hemato = hematological; hr = hour; LOAEL = lowest-observed-adverse-effect level; min = minute; Musc/skel =
musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week
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FIGURE 2-1. Levels of Significant Exposure to 1,2,3-Trichloropropane - Inhalation
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FIGURE 2-1 (Continued)
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ol factory epitheliumin rats at 10 ppm and hi gher concentrations, and

i nfl anmati on and decreased thickness of the olfactory epitheliumin nice at

| 0-13 ppmwi th degeneration at hi gher concentrations. Based on the NOAEL of

1 ppmfor these effects in rats, an acute inhalation MEL of 0.0003 ppm was
cal cul ated as described in the footnote in Table 2-1. Internittent exposure
to slightly higher concentrations of 1,2,3-trichloropropane (4.5 ppn) or nore
for 13 weeks caused focal peribronchial hyperplasia in rats (Johannsen et al
1988). Intermittent exposure to 132 ppmfor 11 days caused nasal subnucosa
fibrosis inrats (Mller et al. 1986a).

Car di ovascul ar Effects. No studies were |ocated regarding
cardi ovascul ar effects in humans after inhal ati on exposure to
1,2,3-trichl oropropane.

There were no hi stopat hol ogi cal changes in the hearts of rats and nice
that were intermttently exposed to concentrations as high as 132 ppm
1,2,3-trichloropropane for 11 days (MIller et al. 1986a) or rats that were
simlarly exposed to up to 49 ppm 1, 2,3-trichloropropane for 13 weeks
(Johannsen et al. 1988).

Gastrointestinal Effects. No studies were | ocated regardi ng
gastrointestinal effects in humans after inhalation exposure to
1,2,3-trichl oropropane.

There were no hi stopathol ogi cal changes in the stomach and intestines of
rats and mice that were intermttently exposed to concentrations as high as
132 ppm 1, 2, 3-trichl oropropane for 11 days (Mller et al. 1986a) or rats that
were simlarly exposed to up to 49 ppm1, 2,3-trichloropropane for 13 weeks
(Johannsen et al. 1988).

Hermat ol ogi cal Effects. No studies were | ocated regardi ng henatol ogi ca
effects in humans after inhalation exposure to 1,2, 3-trichloropropane.

Hemat ol ogi cal eval uations were nornal in rats and mce that were
intermttently exposed to concentrations as high as 132 ppm
1,2,3-trichloropropane for 11 days (Mller et al. 1986a). Hematol ogica
eval uations of rats that were sinmlarly exposed to up to 49 ppm
1,2,3-trichl oropropane for 13 weeks al so were nornal, but splenic
hemat opoi esis was increased at 4.5 ppmor nore (Johannsen et al. 1988).

Al t hough i ncreased spl eni ¢ henat opoi esis was observed, other henmatol ogy
paramet ers were unremarkabl e. Spleen weights were decreased in rats that were
intermttently exposed to 579 ppm 1, 2, 3-trichl oropropane for 4 weeks, but the
hemat ol ogi cal significance of this effect cannot be determni ned because

eval uati on of hematol ogy and hi stol ogy was not perforned (Johannsen et al
1988) .
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Muscul oskel etal Effects. No studies were |ocated regarding
nmuscul oskel etal effects in humans after inhalation exposure to
1,2,3-trichl oropropane.

There were no hi st opat hol ogi cal changes in the skel etal nuscle or bone
of rats and nmice that were intermttently exposed to concentrations as high as
132 ppm 1, 2, 3-trichl oropropane for 11 days (Mller et al. 1986a) or rats that
were simlarly exposed to up to 49 ppm 1, 2,3-trichloropropane for 13 weeks
(Johannsen et al. 1988).

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans after inhal ation exposure to 1,2,3-trichloropropane.
Acute and intermedi ate duration inhalation exposure to
1,2,3-trichl oropropane causes increased liver weight in rats and m ce.
Increased |iver weight was produced by intermttent exposure to 132 ppmfor
11 days (Mller et al. 1986a), 95 ppmor nore for 4 weeks (Johannsen et al
1988), and 4.5 ppmor nore for 13 weeks (Johannsen et al. 1988). MId
hepat ocel | ul ar hypertrophy occurred in nost of the rats exposed to 4.5 ppm or
nore in the 13-weeks study. Al though not acconpani ed by serious histol ogica
alterations, the increased |liver weight may represent an adverse effect
because oral exposure studies (see discussion of Hepatic Effects in
Section 2.2.2.2) indicate that this effect is a manifestation of
1,2,3-trichl oropropane-i nduced hepatotoxicity.

Renal Effects. No studies were |ocated regarding renal effects in
humans after inhalation exposure to 1,2,3-trichl oropropane.

Intermttent exposure to 297 ppmor nore 1,2,3-trichloropropane for
4 weeks and 49 ppm for 13 weeks caused increased ki dney wei ghts wi thout
hi stopathol ogy in rats (Johannsen et al. 1988). As with Iiver weight changes,
the increased ki dney wei ght may represent an adverse effect because ora
exposure studies indicate that the increased weight is a nmanifestation of
1,2,3-trichl oropropane-i nduced nephrotoxicity (see discussion of Renal Effects
in Section 2.2.2.2.).

Dermal / Ccul ar Effects. Limited information indicates that brief
(15-m nute) exposure to 100 ppm 1, 2, 3-trichl oropropane vapor causes eye
irritation in humans (Silvernan et al. 1946).

A single 4-hour exposure to vapor concentrations as |ow as 126 ppm
1,2,3-trichl oropropane (Gushow and Quast 1984) caused eye irritation in rats
and m ce. Repeated intermttent exposure to vapor concentrations as |ow as
15 ppm for 13 weeks (Johannsen et al. 1988) caused eye irritation in rats.

O her Systemic Effects. No studies were | ocated regardi ng other
system c effects in hunans after inhalation exposure to
1,2,3-trichl oropropane.
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Intermittent exposure to 1,2,3-trichloropropane concentrations as high
as 132 ppmfor 11 days did not adversely affect body weight gain in rats or
mce (MIller et al. 1986a). Body weight gain was decreased in rats that were
intermttently exposed to | ethal concentrations (297 ppmor nore) of
1,2,3-trichl oropropane for 4 weeks and concentrations as |ow as 15 ppm
1,2,3-trichloropropane for 13 weeks (Johannsen et al. 1988). The decreased
wei ght gain was nore severe at higher concentrations and there was initia
wei ght loss at 600 ppmin the 4-week study.

2.2.1.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans after
i nhal ati on exposure to 1,2,3-trichl oropropane.

There were no hi stopathological alterations in the thynus, spleen
| ynphoid tissue, or bone marrow of rats and nmice that were intermttently
exposed to concentrations as high as 132 ppm 1, 2, 3-trichl oropropane for
11 days (Mller et al. 1986a) or rats that were sinmlarly exposed to up to
49 ppm for 13 weeks (Johannsen et al. 1988). Intermittent exposure to a
hi gher (lethal) concentration (579 ppm) for 4 weeks caused decreased spl een
weight in rats (Johannsen et al. 1988). Due to the |lack of histologica
exam nations and i mmunoassays, the inmunol ogi cal significance of the decreased
spl een wei ght cannot be determ ned.

2.2.1.4 Neurological Effects

No studies were | ocated regardi ng neurol ogi cal effects in humans after
i nhal ati on exposure to 1, 2,3-trichl oropropane.

No hi st opat hol ogi cal effects were observed in the brain, spinal cord,
and peripheral nerves of rats and nmice that were intermttently exposed to
concentrations as high as 132 ppm 1, 2, 3-trichl oropropane for 11 days (M ler
et al. 1986a). No effect was observed on brain and spinal cord histol ogy and
brain weight in rats that were internittently exposed to up to 49 ppm for
13 weeks (Johannsen et al. 1988). These data do not necessarily mean that
1,2,3-trichl oropropane is not neurotoxic, however, due to a | ack of
neur ol ogi cal eval uations. Brain weight was increased in rats exposed to 297
or 579 ppm1, 2, 3-trichloropropane for 4 weeks (Johannsen et al., 1988), but it
is unclear if absolute or relative brain weight was increased. The rats in
t he 4-week study were hypoactive and had | abored breathing, but were not
subj ected to histol ogical and neurol ogi cal evaluations. Due to the | ack of
hi st ol ogi cal and neurol ogi cal eval uations, signs attributable specifically to
CNS inpairment, and sufficient information to determine if relative brain
wei ght was increased (which could reflect decreased body wei ght), the
neur ol ogi cal significance of the increased brain weight cannot be determn ned.
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2.2.1.5 Devel opnental Effects

No studi es were | ocated regardi ng devel opnental effects in humans after
i nhal ati on exposure to 1, 2,3-trichl oropropane.

Limted information regardi ng devel opmental effects of inhaled
1,2,3-trichloropropane in animals is available froma reproduction study in
which male and fenale rats were intermttently exposed to concentrations as
high as 15 ppmprior to mating, during nating, and during gestation (Johannsen
et al. 1988). There were no effects on gestation |length, and pup viability
and weight at birth and during lactation were normal. These data inconpletely
characterize devel opnental toxicity because the fetuses were not exam ned for
teratogenicity.

2.2.1.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in hunans after
i nhal ati on exposure to 1,2,3-trichl oropropane.

In the only inhalation reproductive study of 1,2,3-trichl oropropane,
mal e and fenmale rats were internmittently exposed to concentrations of
0.49-15 ppmprior to mating, during mating, and during gestation (Johannsen et
al. 1988). There were no effects on mating performance or fertility in either
sex, but the data for the males at 4.5 ppm and hi gher concentrations are
i nconcl usi ve because the control group for these nales had | ow mating
performance conpared to another nmale control group. The highest NOAEL val ue
is recorded in Table 2-1 and plotted in Figure 2-I

Studi es with ani mal s exposed to hi gher concentrations of
1,2,3-trichl oropropane have exanined effects on reproductive organs.
Intermttent expcsure to less than or equal to 132 ppmfor 11 days (Mller et
al . 1986b) and Il ess than or equal to 49 ppm 1, 2,3-trichl oropropane for
13 weeks (Johannsen et al. 1988) had no effect on the weights or histol ogy of
t he reproductive organs of nale and female rats. Intermttent exposure to
1,2,3-trichloropropane for 4 weeks at concentrations that caused sone deaths
decreased ovary weights (greater than or equal to 297 ppm) and testes wei ghts
(579 ppm) in rats, but these organs were not examined histologically
(Johannsen et al. 1988). Reproductive function was not evaluated in any of
t hese studi es. Because of inconplete information on reproductive organ
hi stol ogy and lack of information regardi ng spermcounts and reproductive
function, conclusions regarding the reproductive toxicity of
1,2,3-trichl oropropane cannot be drawn fromthese studies.

2.2.1.7 Genotoxic Effects
No studies were | ocated regardi ng genotoxicity in humans or animals

after inhalati on exposure to 1,2, 3-trichloropropane. O her nutagenicity
studi es are discussed in Section 2.4.
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2.2.1.8 Cancer

No studies were | ocated regarding carcinogenicity in humans or aninmals
after inhal ati on exposure to 1,2, 3-trichl oropropane.

2.2.2 Oral Exposure
2.2.2.1 Death

No studies were | ocated regarding death in humans after oral exposure to
1,2,3-trichl oropropane.

Oral LD, values as |low as 150 ng/ kg have been deternmined for rats

(Al pert 1982; Snyth et al. 1962). Variations in LD, val ues are apparent,

whi ch could be due to differences in animal strain, sex, fed/fasted state or
conmpound purity. The cause of death is unclear, but signs suggestive of CNS

i mpai rment (e.g., piloerection, salivation, ataxia, coma) prior to death and
henorrhagi ¢ damage in visceral tissues (e.g., liver, kidney) were observed.
Daily gavage adm nistration of 1,2,3-trichl oropropane caused death due to
liver and kidney toxicity in 15% of female rats by the 13th week at a dose of
125 nmg/ kg, in 100% of femmle rats by week 2 at 250 ng/kg, and in 80% of fenmle
m ce by week 4 at 250 ng/kg (NTP 1983a, 1983b). Mortality occurred at a | ower
rate or occurred later in simlarly treated nale rats and mice. Lethal gavage
doses of 1,2,3-trichloropropane in rodents, therefore, appear to be simlar
for acute exposures and internedi ate-duration exposures of several weeks.
Doses as high as 149 ng/kg/day were not lethal in rats, however, when

adm nistered in the drinking water for the 13 weeks (Villeneuve et al. 1985).
Al t hough absorption of 1,2,3-trichloropropane fromdrinking water could have
been decreased due to use of a solubilizer, this suggests that

1,2,3-trichl oropropane nay be | ess toxic when ingested gradually throughout
the day than when administered as a bolus. The hi ghest NOAEL val ues and al
reliable LOAEL val ues for death for both species and duration categories are
recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systenic Effects

System c effects resulting fromoral exposure to 1,2,3-trichloropropane
are di scussed bel ow. The hi ghest NOAEL val ues and all reliable LOAEL val ues
for these effects in each species and duration category are recorded in
Table 2-2 and plotted in Figure 2-2.

Respiratory Effects. No studies were | ocated regarding respiratory
effects in humans after oral exposure to 1,2,3-trichl oropropane.
Two ani mal studi es showed that 1,2,3-trichl oropropane produced
pat hol ogi ¢ changes in the nasal turbinates of rats and nice when adm ni stered
by oral intubation (NTP 1983a, 1983b). These changes were produced by daily



TABLE 2-2. Levels of Significant Exposure to 1,2,3-Trichloropropane - Oral
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat (G) 1x 444 (LDgq) Smyth et al.
1962
2 Rat (G) 1x 150 (LDgq) Alpert 1982
3 Rat (GO) 2 wk 125 250 NTP 1983a
5 d/wk
4 Mouse (GO) 2 wk 125 250 NTP 1983b
5 d/wk
. N
Systemic :
5 Rat (GO) 2 wk Resp 250 (nasal necrosis) NTP 1983a a5}
5 d/wk Hepatic 250 (necrosis) g
Renal 250 (necrosis) =
=
6 Rat (GO) 14 d Renal 60 Dix 1978 =
1x/d Other 15 60 (decreased weight =3
gain) rry
=
7 Mouse (GO) 2 wk Resp 250 (inflammation, NTP 1983b e}
necrosis) =
5 d/wk Hepatic 250 (necrosis) v
Renal 250 {tubular casts)
Reproductive
8 Rat (G0) 5d 80 Saito-Suzuki et
1x/d al. 1982
INTERMEDIATE EXPOSURE
Death
9 Rat (W) 13 wk 149 Villeneuve et
7 d/wk al. 1985
10 Rat (GO) 17 wk 63 125 NTP 1983a
5 d/wk
11 Mouse (GO) 17 wk 125 250 NTP 1983b

5 d/wk

LT



TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Systemic
12 Rat (W) 13 wk Cardio 149 Villeneuve et
7 d/wk Hemato 149 al. 1985
Hepatic 17.6 113 (mild histology)
Renal 17.6 113 (mild histology)
Other 17.86 113 (mild thyroid
histology, reduced
body weight gain)
13 Rat (GO) 17 wk Resp 63 125 (nasal necrosis) NTP 1983a
5 d/wk Cardio 125
Gastro 63 125 (hyperkeratosis,
acanthosis)
Hemato 8 16 (anemia)
Musc/skel 1zg
Hepatic 8 16 (increased liver 125 (necrosis)
weight)
Renal 16 32 (increased kidney 125 (necrosis)
weight)
Derm/oc 32 63 (alopecia)
Other 32 63 (decreased weight
gain)
14 Mouse (GO) 17 wk Resp 32 63 (bronchiole epi- NTP 1983b
5 d/wk thelial changes)
Cardio 250
Gastro 32 63 (hyperkeratosis,
acanthosis)
Hemato 250
Musc/skel . 250
Hepatic 63 125 (necrotic changes) 250 (necrosis)
Renal 125 250 (necrotic changes)
Derm/oc 250
Other 125 250 (decreased weight
gain)
Reproductive
15 Rat (GO) 17 wk 125 NTP 1983a

5 d/wk

'
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TABLE 2-2 (Cont.inued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
16 Mouse (GO) 17 wk 125 NTP 1983b
5 d/wk
CHRONIC EXPOSURE
Cancer
17 Rat (GO) 2 yr 3 (CEL - tumors NTP 1991
5 d/wk of forestomach,
pancreas)
18 Mouse (GO) 2 yr 6 (CEL - tumors NTP 1991
5 d/wk of forestomach,

liver, uterus)

2The number corresponds to entries in Figure 2-1.
bUsed to derive an intermediate oral minimal risk level (MRL) of 0.06 mg/kg/day; dose divided by an uncertainty factor

of 100 (10 for extrapolation from animals to humans and 10 for human variability).

BUN = blood urea nitrogen; Cardio = cardiovascular; CEL = cancer effect level; d = day; Derm/oc = dermal/ocular; (G) = gavage;
Gastro = gastrointestinal; (GO) = gavage in oil vehicle; Hemato = hematological; LOAEL = lowest-observed-adverse-effect level;
LDgg = lethal dose 50X kill; Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory;

(W; = water; wk = week; X = time; yr = year(s)
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FIGURE 2-2. Levels of Significant Exposure to 1,2,3-Trichloropropane - Oral
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FIGURE 2-2 (Continued)
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doses of 250 ng/kg (rats and mice) for 2 weeks and 125 ng/kg (rats) or

250 ng/ kg (mce) for up to 17 weeks. Effects were sinmilar in both species;
these typically included inflammtion, attenuation of the epithelial I|ining,
and necrotic alterations, and principally occurred in the dorsal posterior of
t he nasal passages. These effects are simlar to those caused by inhal ation
exposure to 1,2,3-trichl oropropane (see discussion of Respiratory Effects in
Section 2.2.1.2.) The oral doses that produced the nasal alterations were in
the near |ethal range. Repeated daily exposure of mice to | ower doses of
1,2,3-trichl oropropane (as |ow as 63 ng/kg) by oral intubation over a period
of 17 weeks caused regenerative changes (e.g., hyperplasia) in the bronchiolar
epitheliumthat did not progress or regress with continued exposure. It is
possi bl e that the nasal and pul nonary effects caused by oral treatnment were
due to inadvertent |local exposure (see discussion of Systemic Effects in
Section 2.4.) or excretion of 1,2,3-trichloropropane or its netabolites in the
breath (see Section 2.3.4).

Car di ovascul ar Effects. No studies were | ocated regarding
cardi ovascul ar effects in humans after oral exposure to
1,2,3-trichl oropropane.

Two ani mal studies found that daily administration of
1,2,3-trichl oropropane by gavage over a period of 17 weeks caused decreased
heart wei ght w thout histological alterations in rats and mice at doses up to
125 and 250 ng/ kg, respectively (NTP 1983a, 1983b). This effect is not
consi dered adverse, due to the | ack of histopathology. There was no effect on
heart weight or histology in rats that were adm ni stered
1,2,3-trichloropropane in the drinking water at doses as high as 149 ng/kg/ day
for 13 weeks (Villeneuve et al. 1985).

Gastrointestinal Effects. No studies were | ocated regarding
gastrointestinal effects in hunans after oral exposure to
1,2,3-trichl oropropane.

Two ani mal studies found that daily administration of
1,2,3-trichl oropropane over a period of 17 weeks caused gastrointestina
effects indicative of irritant action, particularly increased hyperkeratosis
and/ or acanthosis of the esophagus and stomach (NTP 1983a, 1983b). These
ef fects occurred at doses of 63 ng/kg/day and higher in mce and 125 ng/ kg/ day
in rats.

Hemat ol ogi cal Effects. No studies were | ocated regardi ng hematol ogi ca
effects in humans after oral exposure to 1,2,3-trichloropropane.

One study found evidence of anem a, indicated by decreased hematocrit,
henogl obi n, and erythrocyte counts, in rats that were adm ni stered
1,2,3-trichl oropropane by gavage at doses as |ow as 16 ng/ kg/day over a period
of 17 weeks (NTP 1983a). The anemia was mld at the | ower doses and appears
to be nonregenerative and associ ated with depressed erythropoiesis. Higher
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doses (63 ng/kg/day or nore) in this gavage study produced hi stol ogica
alterations in the spleen (lynphoid depletion) of rats, and mice sinlarly
treated with 250 ng/ kg/day 1, 2,3-trichl oropropane had splenic |ynphoid

depl etion with occasional |ynphoid necrosis (NTP 1983b). The hemmat ol ogi ca
significance of these splenic effects is unknown because hematol ogy was norma
except for the anemia in rats. 1,2,3-Trichloropropane did not produce
significant hematol ogical alterations in rats when adninistered in the
drinking water at doses as high as 149 ng/ kg/day for 13 weeks (Villeneuve et
al. 1985).

Muscul oskel etal Effects. No studies were | ocated regarding
nmuscul oskel etal effects in humans after oral exposure to
1,2,3-trichl oropropane.

There were no pathol ogical effects in bone or skeletal nuscle of rats
and mce that were adnmnistered 1,2,3-trichloropropane at doses as high as 125
and 250 ng/ kg, respectively, over a period of 17 weeks (NTP 1983a, 1983b).

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans after oral exposure to 1,2,3-trichloropropane.
Liver toxicity is a major systenic effect of orally adm nistered
1,2,3-trichloropropane in animals. Daily gavage doses of 250 ng/kg produced
hepatotoxicity (e.g., necrosis) severe enough to contribute to death in rats
and mce within 2 weeks (NTP 1983a, 1983b). Necrotic changes al so occurred in
the livers of rats and mice treated with daily gavage doses as | ow as
125 ng/ kg over a period of 17 weeks (NTP 1983a, 1983b). Sinilar doses of
1,2,3-trichl oropropane (113 or 149 ng/kg) admi nistered in drinking water for
13 weeks produced nild hepatic changes (e.g., occasional fatty vacuolization
and biliary hyperplasia) in rats (Villeneuve et al., 1985), suggesting that
1,2,3-trichl oropropane nay be | ess toxic when ingested gradually throughout
the day than when administered as a bolus. One study found hepatic effects in
rats treated by gavage with doses as | ow as 16 ng/kg/day over a period of
17 weeks (NTP 1983a). These effects included decreased serum
pseudochol i nesterase activity and increased |iver weight. It is likely that
t he decreased serum pseudochol i nesterase activity is attributable to depressed
synthesis resulting from hepatocel | ul ar danage, but it could indicate that
1,2,3-trichloropropane inhibits pseudocholinesterase. Based on the NOAEL
(8 my/ kg) for these effects, which is the sane as the NOAEL for anemia in rats
(see discussion of Hematologic Effects in Section 2.2.2.2), an internedi ate
oral MRL of 0.06 ny/kg/day was cal cul ated as described in a footnote to
Tabl e 2-2.

Renal Effects. No studies were |ocated regarding renal effect in hunmans
after oral exposure to 1,2,3-trichloropropane.

Kidney toxicity is a major systemc effect of orally adm nistered
1,2,3-trichloropropane in animals. Daily gavage doses of 250 ng/kg produced
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serious renal toxicity (e.g., tubular nephropathy, necrosis) in rats and mce
within 2 weeks (NTP 1983a, 1983b). The ki dney danmge in rats was severe
enough to contribute to death. Necrotic changes occurred in the ki dneys of
rats and mce treated with daily gavage doses as |ow as 125 ng/ kg over a

peri od of 17 weeks (NTP 1983a, 1983b). Simlar doses of
1,2,3-trichloropropane (113 or 149 ng/kg) adnministered in drinking water for
13 weeks produced nild renal changes (e.g., pyknosis, fine glonmular adhesions,
and occasional histologic proteinuria) in rats (Villeneuve et al. 1985). The
term"histologic proteinuria” presunably refers to protein in the |unmen of
tubules. The mld renal changes suggest that 1,2,3-trichloropropane may be

| ess toxic when ingested gradually throughout the day than when adm ni stered
as a bolus. Daily gavage doses as high as 60 ng/kg for 2 weeks did not
produce renal histological alterations in rats (Dix 1979), but rats treated
wi th gavage doses as |ow as 32 ng/ kg/day over a period of 17 weeks displ ayed
| ess serious renal effects consisting of increased kidney wei ght and mi ni nal

i nfl anmation (NTP 1983a).

Dermal / Ccul ar Effects. No studies were | ocated regardi ng dernal or
ocul ar effects in humans after oral exposure to 1,2,3-trichloropropane.

Dai ly gavage adm nistration of 1,2,3-trichloropropane at doses of
63 nmg/ kg or nore for up to 17 weeks caused al opecia but no gross eye
irritation in rats (NTP 1983a). Mce that were simlarly treated with up to
250 mg/ kg 1,2,3-trichl oropropane had no macroscopi c skin | esions or gross eye
irritation (NTP 1983b).

O her Systemic Effects. No studies were | ocated regarding other
system c effects in hunans after oral exposure to 1,2,3-trichloropropane.

Reduced body weight gain occurred in rats treated with
1,2,3-trichl oropropane by gavage at doses of 60 ng/kg/day for 2 weeks (D x
1979) or 63 or 125 ng/kg/day for up to 17 weeks (NTP 1983a). Thyroid
hi stol ogy, evaluated in the rats treated for up to 17 weeks, was nor nal
Doses of 113 or 149 ng/ kg/ day, when administered in the drinking water for
13 weeks, caused reduced body wei ght gain and thyroid histol ogical alterations
inrats (Villeneuve et al. 1985). Decreased wei ght gain w thout abnorma
thyroid histology occurred in nice that were treated with 250 ng/ kg/ day by
gavage for up to 17 weeks (NTP 1983b).

2.2.2.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans after
oral exposure to 1,2,3-trichl oropropane.

Lynphoi d depl eti on was observed in the spleen and thynus of rats that
were administered 1, 2,3-trichloropropane at doses greater than or equal to
63 ng/ kg/ day over 17 weeks (NTP 1983a). Mce that were sinmlarly treated with
| et hal doses (250 ng/kg) showed splenic [ynphoid depletion with occasi ona
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I ynphoi d necrosis and increased thynus wei ght. The inmunol ogi cal significance
of these effects are not known.

2.2.2.4 Neurological Effects

No studies were | ocated regardi ng neurol ogi cal effects in hunans after
oral exposure to 1,2,3-trichl oropropane.

There were no treatnent-related changes in brain weight or brain
histology in rats and mice that were adninistered 1,2, 3-trichloropropane doses
as high as 250 ng/kg/day for periods as long as 17 weeks (NTP 1983a, 1983b).
These data do not necessarily nean that 1,2,3-trichl oropropane is not
neur ot oxi ¢, however, due to a |ack of neurol ogi cal eval uations.

2.2.2.5 Developnental Effects

No studies were | ocated regardi ng devel opnental effects in humans or
animal s after oral exposure to 1,2,3-trichloropropane.
2.2.2.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in hunans after
oral exposure to 1,2,3-trichl oropropane.

No effects on mating, fertility, or histol ogical appearance of the
testes were found in male rats that were treated with 80 ng/kg/ day
1,2,3-trichloropropane for 5 days in a dom nant |lethal nutation study (Saito-
Suzuki et al. 1982). Testis and epididym s weights were decreased in rats and
mce that were administered 1, 2,3-trichloropropane doses as high as 125 ng/ kg
for 60-120 days, but testicular histology, spermcounts, and sperm nor phol ogy
were nornmal or inconclusive (NTP 1983a, 1983b). Although a definite
concl usion regarding the reproductive toxicity of 1,2,3-trichloropropane in
this study is precluded by a lack of information on reproductive function and
the short exposure duration, the doses are consi dered NOAELs because the | ack
of testicular histological |esions and effects on spermreduces concern that
t he decreased testicular and epididyrmal weights reflect a biologically
significant change. The NOAEL val ues for reproductive effects in both species
and duration categories are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studies were | ocated regardi ng genotoxic effects in hunans after ora
exposure to 1, 2,3-trichl oropropane.

As indicated in Section 2.2.2.6, orally adm nistered
1,2,3-trichl oropropane did not produce dom nant lethal nmutations in male rats
(Saito-Suzuki et al. 1982). Other nutagenicity studies are discussed in
Section 2.4.
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2.2.2.8 Cancer

No studies were | ocated regarding carcinogenicity in humans after ora
exposure to 1,2,3-trichl oropropane.

1,2, 3-Trichl oropropane has been denonstrated to be carcinogenic in a
variety of organs in Fischer-344 rats and B6C3Fl nice when adnini stered by
gavage in corn oil in a 2-year study (NTP 1991). In nale rats treated with
23 ng/ kg/ day, clear evidence of carcinogenicity was found, based on increased
i nci dences of squanobus cell papillom and carci nonma of the oral mucosa and/ or
forestomach, pancreatic aci nar adenoma, renal tubul e adenonm, and preputia
gl and adenona and carcinoma. In female rats simlarly treated, clear evidence
of carcinogenicity was al so found, based on increased incidences of squanous
cell papillona and carcinoma of the oral nucosa and forestonach, clitora
gl and adenoma and carci nona, and nmammary gl and adenocar ci nona. Hi gh
i nci dences of Zynbal's gl and carci noma and intestinal adenocarci noma were al so
found in the male and female rats, and may be related to the
1,2,3-trichl oropropane exposure.

Cl ear evidence of carcinogenicity was also found in male and fenale nice
treated with 6 ng/kg/ day or greater (NTP 1991). The evi dence consisted of
i ncreased incidences of squanous cell carcinoma of the oral nucosa (fenales),
squanmous cel |l papilloma and carci noma of the forestomach (nales and fenal es),
hepat ocel | ul ar adenonma or carci noma (males and femal es), Harderian gl and
adenoma (mal e and fenale), and uterine adenoma, adenocarci noma, and strona
polyp (fermal es). High dose nmale nice (60 ng/kg/day) al so had squanous cel
papi |l oma of the oral mucosa, which occurred in |owincidence, but was
probably related to 1,2,3-trichloropropane treatnent.
The | owest doses associated with cancer in rats and mice are recorded in
Table 2-2 and plotted in Figure 2-2 as Cancer Effect Levels (CELs).

2.2.3 Dermal Exposure
2.2.3.1 Death

No studies were | ocated regarding death in humans after dermal exposure
to 1,2,3-trichloropropane.

Singl e dermal doses as | ow as 250 ng/ kg caused death in rabbits (Al pert
1982). A dernal LD,, of 836 ng/ kg has been determined for rats using
1,2,3-trichl oropropane of relatively low purity (92% (Cark 1977). The
treated skin of the animals in these studies was covered with an inpervious
barrier for 24 hours to prevent evaporation of the volatile conpound. The
cause of death is unclear, but synptonms suggestive of CNS inpairnent (e.g.
ataxia, trenors, comm) and internal henorrhage have been observed. Letha
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dermal doses of 1,2,3-trichloropropane in these species are recorded in
Tabl e 2-3.

2.2.3.2 Systenmic Effects

Systemc effects resulting fromdermal exposure to 1,2,3-trichloropropane
are di scussed bel ow. The hi ghest NOAEL val ues and all reliable LOAEL
val ues for these effects in each species and duration category are recorded in
Tabl e 2-3.

No studies were | ocated regardi ng cardi ovascul ar, henmatol ogi cal, or
nmuscul oskel etal effects in humans or aninmals after dermal exposure to
1,2,3-trichl oropropane.

Respiratory Effects. No studies were |ocated regarding respiratory
effects in humans after dermal exposure to 1,2,3-trichloropropane.
Lung henorrhage and apparently related effects (e.g., discoloration of
the lungs and liquid in the thoracic cavity) have been observed in rabbits
exposed to lethal dernmal doses of 1,2,3-trichloropropane (Al pert 1982; Union
Car bi de 1958).

Gastrointestinal Effects. No studies were | ocated regardi ng
gastrointestinal effects in humans after dermal exposure to
1,2,3-trichl oropropane.

U ceration of the stomach wall was observed in rabbits exposed to |etha
dermal doses of 1,2,3-trichloropropane (Al pert 1982).

Hepatic Effects. No studies were |ocated regarding hepatic effects in
humans after dernmal exposure to 1,2,3-trichloropropane.

Turgid and discolored livers were observed in rabbits exposed to |letha
dermal doses of 1,2,3-trichloropropane (Al pert 1982; Uni on Carbide 1958).
These nacroscopic alterations are consistent with oral and inhal ati on evi dence
of hepatotoxicity.

Renal Effects. No studies were |ocated regarding renal effects in
humans after dermal exposure to 1,2,3-trichloropropane.

Di scol ored ki dneys and hematuria were observed in rabbits exposed to
| ethal dernmal doses of 1,2,3-trichloropropane (Al pert 1982; Union Carbide
1958). These nacroscopic alterations are consistent with oral and inhal ation
evi dence of renal toxicity.

Dermal / Ccul ar Effects. No studies were |ocated regardi ng dermal effects
in humans after dermal exposure to 1,2,3-trichloropropane. Limted
i nformation indicates that brief (15-m nute) exposure to 100 ppm



TABLE 2-3. Levels of Significent Exposure to 1,2,3-Trichloropropane - Dermal
Exposure LOAEL (effect)
frequency/ Less serious Serious
Species duration System NOAEL (mg/kg) Reference
ACUTE EXPOSURE
Death
Rat 24 hr 278 mg/kg 836 (LDgq) Clark 1977
Rabbit 24 hr 250 Alpert 1982
Systemic
Human 14d Derm/oc 100 ppm (eye irritation) Silverman et al.
15 min/d 1946
Rabbit 24 hr Derm/oc 174 mg/kg/day (skin irritation) Clark 1977
Rabbit 24 hr Resp 250 (lung discolor-  Alpert 1982
ation)
Gastro 250 (stomach ulcer-
ation)
Hepatic 250 (liver discolor-
ation)
Renal 250 (discoloration of
kidneys and
bladder contents)
Rabbit 10x Derm/oc 2 mL (intense skin McOmie and
in 15d irritation, sub- Barnes 1949
dermal bleeding)
Rabbit 24 hr Derm/oc 278 mg/kg/day (skin irritation) Alpert 1982
Rabbit ix . Derm/oc 0.1 mL (eye irritation) Alpert 1982
Rabbit 1x Derm/oc 0.1 mL (eye irritation) Clark 1977
Rat 14d Derm/oc 126 ppm (eye irritation) Gushow and Quast
4 hr/d 1984
Rat 13 wk Derm/oc 4.5 ppm 15 ppm (eye irritation) Johannsen et al.
5 d/wk 1988
6 hr/d
Mouse 1d 126 ppm (eye irritation) Gushow and Quast

4 hr/d

1984
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TABLE 2-3. (Comntinued)

Exposure LOAEL (effect)

frequency/ Less serious Serious
Species duration System NOAEL (mg/kg) Reference

Gn pig 3 wk Derm/oc 0.51 mLP Alpert 1982
1d/wk
6hr/day

2Two 0.1 ml. injections followed 1 week later by covered topical application for 48 hours. Challenge conducted 2 weeks later
by covered topical application for 24 hours.

Challenge dose applied to sensitized and virgin skin for 6 hours 14 days after the last sensitizing dose. Both sensitizing
and challenge doses were covered,

d = day; Derm/oc = dermal/ocular; Gastro = gastrointestinal; Gn pig = guinea pig; hr = hour; LOAEL = lowest-observed-adverse-
effect level; LD50 = lethal dose 50X kill; mg/kg/day = milligrams per kilogram per day; mL = milliliter; min = minute;
NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week; x = times

'
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1,2,3-trichl oropropane vapor causes eye irritation in humans (Silvernan et al
1946) .

1,2,3-Trichl oropropane vapor caused eye irritation in rats and mce
exposed for 4 hours to concentrations as |ow as 126 ppm (Gushow and Quast
1984) and in rats exposed internittently to concentrations as |ow as 15 ppm
over a period of 13 weeks (Johannsen et al. 1988). Ccul ar application of
1,2,3-trichl oropropane caused eye irritation in rabbits (Al pert 1982; dark
1977).

Dermal application of 1,2,3-trichloropropane causes severe skin
irritation in rabbits. Evidence suggests that prolonged exposure (e.g., for
24 hours) or repeated daily application (e.g., for 2 weeks) may be necessary
to cause irritation (Cark 1977; MQrie and Barnes 1949). The results of one
study suggest that 1,2,3-trichloropropane in corn oil vehicle was a very mld
skin sensitizer in guinea pigs (Cark 1977). Another study that used a | ess
sensitive procedure found no evidence of skin sensitization by undil uted
1,2,3-trichl oropropane in guinea pigs (Al pert 1982). This study also found
that corn oil itself was a mld skin sensitizer in guinea pigs, indicating
that there is a possibility that the vehicle my enhance the weak effect
observed by dark (1977).

2.2.3.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans after
dermal exposure to 1,2,3-trichloropropane.

As indicated in the discussion of Dermal/Ccular Effects in

Section 2.2.3.2, one study provides limted evidence that
1,2,3-trichloropropane nmay be a very weak dermal sensitizer in animals (C ark
1977).

No studies were | ocated regarding the follow ng effects in humans or
animal s after dernmal exposure to 1,2,3-trichl oropropane:

.4 Neurol ogi cal Effects
.5 Devel opnental Effects
.6 Reproductive Effects
.7 Genotoxic Effects

NI
NI
W www

O her mutagenicity studies are discussed in Section 2.4.

2.2.3.8 Cancer

No studies were | ocated regardi ng carcinogenicity in humans or aninmals
after inhalation exposure to 1,2, 3-trichl oropropane.
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2.3 TOXI CXKI NETI CS
2.3.1 Absorption
2.3.1.1 Inhal ati on Exposure

No quantitative information was |ocated regardi ng absorption of
1,2,3-trichl oropropane in hunmans or aninals follow ng inhalation exposure;
however, since liver and kidney toxicity has been reported in aninmals exposed
by the inhalation route (see discussions of Hepatic Effects and Renal Effects
in Section 2.2.1.2), it can be concluded that absorption occurs to sone
extent.

2.3.1.2 Oal Exposure

No quantitative informati on was | ocated regardi ng absorption of
1,2,3-trichl oropropane in humans foll owi ng oral exposure.

The results of studies performed in rats indicate that near conplete
absorption (greater than 80% fromthe gastrointestinal tract occurs within
the first day followi ng oral exposure (Sipes et al. 1982; Volp et al. 1984).

2.3.1.3 Dermal Exposure

No quantitative information was |ocated regardi ng absorption of
1,2,3-trichl oropropane in humans or aninals followi ng dernal exposure.
However, internal pathol ogy and death have been reported in ani mals exposed by
the-dermal route (see Sections 2.2.3.1 and 2.2.3.2). Since vapor exposure was
unlikely due to occlusive covering of the treatnent area, it can be concl uded
that dermal absorption occurs to sone extent.

2.3.2 Distribution
2.3.2.1 Inhal ati on Exposure

No i nformati on was | ocated regardi ng the distribution of
1,2,3-trichloropropane in humans or aninals follow ng inhal ati on exposure.
2.3.2.2 Oal Exposure

No i nformati on was | ocated regardi ng the distribution of
1,2,3-trichloropropane in humans followi ng oral exposure.

Muscl e, blood, liver, skin, and adi pose tissue contained the |argest
amounts of 1,2,3-trichloropropane follow ng oral exposure in rats (Sipes et
al. 1982). Retention in all tissues was |ow, however, as elimnation of
1,2,3-trichl oropropane-derived radioactivity fromtissues was nearly conplete
(greater than 97% within 8 days after exposure.
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Elimnation of 1,2,3-trichloropropane fromtissues is nearly conplete
(greater than 97% wthin 8 days after oral exposure in rats (Sipes et al
1982).

2.3.2.3 Dermal Exposure

No i nformati on was | ocated regardi ng the distribution of
1,2,3-trichl oropropane in humans or aninals followi ng dernmal exposure.

2.3.2.4. O her Routes of Exposure

No i nformati on was | ocated regardi ng the distribution of
1,2,3-trichl oropropane in humans foll owi ng exposure by other routes.

Distribution studies of intravenously injected 1,2,3-trichloropropane in
rats have provided a quantitative description of the distribution kinetics
fromwhi ch predictions can be nade regardi ng other routes of exposure (Sipes
et al. 1982; Volp et al. 1984). Intravenously injected 1,2, 3-trichloropropane
rapidly distributes to many tissues. The major sites of accunulation are
liver, kidney, small and large intestine, adipose tissue, nuscle, and skin
Peak concentrations are achieved within |I-2 hours after intravenous injection

Elimnation of 1,2,3-trichloropropane fromtissues in the rat is also
rapi d and a two-phase process (Volp et al. 1984). Elinination half-tinmes for
greater than 90% of the 1,2,3-trichloropropane in tissues ranged from
20 minutes in kidney to 2 hours in adi pose tissue (first phase). A snal
fraction of the 1,2,3-trichloropropane in these tissues (less than 10% was
elimnated nmore slowy, with half-tinmes ranging from23 to 45 hours (second
phase). Elimnation of total radioactivity fromthe tissues after intravenous
i njection of radiolabeled 1,2,3-trichl oropropane (phase one hal f-tinmes between
2-5 hours, phase two half-tinme between 87-182 hours) is slower than
elimnation of parent 1,2,3-trichloropropane. This suggests that netabolites
of 1,2,3-trichloropropane are elimnated sl ower than the parent conpound.

Based on the results of studies in the rat, it can be concl uded that
1,2,3-trichl oropropane absorbed by any route is likely to be w dely
distributed in the body. Mdst of the 1,2,3-trichloropropane that enters
tissues is elinmnated within hours to days.

2.3.3 Metabolism

No i nformati on was | ocated regardi ng the netabolism of
1,2,3-trichl oropropane in humans; however, studies in aninmals have provided
i nfornmati on about netabolic pathways and rates of netabolismthat are |ikely
to occur in humans. Intravenously injected 1,2,3-trichloropropane is
extensively metabolized within hours in rats. Metabolic products in rats
i ncl ude carbon di oxi de, which is expired, and numerous unidentified
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netabolites that are excreted in urine and enter the bile to be excreted in
feces or absorbed in the intestines (Sipes et al. 1982; Volp et al. 1984).

Al t hough the nonvol atile netabolites of 1,2,3-trichloropropane that are fornmed
in the rat have not been identified, dehal ogenation products, glutathione

conj ugat es, and subsequent nmetabolites (e.g., nercapturic acids) can be

antici pated, based on the netabolic pathways that have been identified for

ot her hal ogenat ed al kanes.

Chl or oal kanes such as 1, 2,3-trichloropropane undergo dehal ogenati on
reactions catal yzed by cytochrone P-450 (lvanetich et al. 1978; Sal non et al
1981; Van Dyke et al. 1971). Depending on the reaction nechani sm highly
reactive internediates (e.g., radicals) can be fornmed fromthese reactions
| eading to protein and DNA adducts or |ipid peroxidation. Conjugation with
glutathione could result in formati on of sulfur nustard-like conmpounds that
are potential alkylating agents.

2.3.4 Excretion
2.3.4.1 I nhal ati on Exposure

No i nformati on was | ocated regardi ng the excretion of
1,2,3-trichl oropropane in humans or animals follow ng inhal ation exposure.

2.3.4.2 Oral Exposure

No i nformati on was | ocated regardi ng the excretion of
1,2,3-trichl oropropane in humans followi ng oral exposure.

St udi es conducted with rats showed that 1,2,3-trichloropropane and its
net abolites were excreted in urine, feces, and exhal ed breath after ora
exposure (Sipes et al. 1982). Excretion was nearly conplete (95-96% within
2 days. Most of the dose was excreted in the urine and feces (up to 56% and
25% respectively), with the remainder in the breath.

2.3.4.3 Dermal Exposure

No i nformati on was | ocated regardi ng the excretion of
1,2,3-trichl oropropane in humans or aninals followi ng dernmal exposure.

2.3.4.4 O her Routes of Exposure

No i nformati on was | ocated regardi ng the excretion of
1,2,3-trichl oropropane in hunmans followi ng other routes of exposure.

Studi es of the excretion of intravenously injected 1,2,3-trichloropropane
in rats have provided a quantitative description of the excretion
ki netics fromwhich predictions can be made about other routes of exposure
(Sipes et al. 1982; Volp et al. 1984). Excretion of intravenously injected
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1,2,3-trichl oropropane and netabolites is nearly conplete within 2 days.
Unchanged 1, 2,3-trichloropropane and its major netabolite, carbon dioxide, are
expired in exhal ed breath. Nonvolatile netabolites are excreted in the urine.
Extensive biliary excretion of nonvolatile nmetabolites also occurs, resulting
in fecal excretion as well as reabsorption of netabolites fromthe
gastrointestinal tract. Based on the results of studies in rats, exhal ed
breath, urine, and feces are likely to be significant routes of excretion of
absorbed 1, 2,3-trichloropropane and its netabolites in humans.

2.4 RELEVANCE TO PUBLI C HEALTH

The only information that is available on the health effects of
1,2,3-trichl oropropane in hunans indicates that exposure to
1,2,3-trichl oropropane of unknown purity in air can produce eye and throat
irritation. Effects in the respiratory system eyes and skin
gastrointestinal tract, liver, kidneys, blood, and spl een have been observed
in animals exposed to 1,2,3-trichloropropane by air, nmouth, and/or skin
1,2,3-Trichl oropropane al so induced tunors at multiple sites in aninals
exposed orally.

Sufficient information is available on the health effects of
1,2,3-trichl oropropane to derive MRLs for acute duration inhalation exposure
and intermedi ate duration oral exposure. Based on a NOAEL of 1 ppm for
hi st ol ogi cal changes in the nasal olfactory epitheliumof rats (Mller et al
1986b), an acute inhalation MEL of 0.0003 ppmwas cal cul ated by adjusting the
NOAEL for intermttent exposure, converting the adjusted NOAEL to an
equi val ent concentration in humans, and dividing the equival ent concentration
by an uncertainty factor of 100 (10 for extrapolation fromanimls to humans,
and 10 for human variability). The LOAEL for effects on the olfactory
epi thelium (decreased thickness) inrats is 3 ppm(Mller et al. 1986b).
Supporting studies show that simlar nasal effects occurred in mce at 10 ppm
and nore pronounced changes in nasal tissues occurred in rats and mce at
hi gher concentrations (MIller et al. 1986a, 1986b). An internediate duration
i nhal ation MEL for 1,2,3-trichloropropane cannot be derived due to a | ack of
i nformati on on effects on the nasal ol factory epithelium which, based on the
acute data, is the critical target of inhalation exposure. A chronic
i nhal ation MEL is precluded by a | ack of data on chronic toxicity.
Insufficient information is avail able on the systenmic effects of acute ora
exposure to 1,2,3-trichloropropane at sublethal doses to derive an acute ora
MEL. Based on a NOAEL of 8 ng/kg/day for hepatic effects in rats (NTP 1983a),
an oral MEL of 0.06 ng/kg/day was cal cul ated for internediate duration
exposure by dividing the NOAEL by an uncertainty factor of 100 (10 for
extrapol ation fromanimls to humans, and 10 for hunman variability). The
LOAEL for hepatic effects (increased |iver weight, decreased serum
cholinesterase) is 16 ng/ kg/day (NTP 1983a). The NOAEL and LQOAEL for anem a
inrats are the sane as the NOAEL and LOAEL for hepatic effects, but other
data that |end support to the internediate oral MEL are not available. A
chronic oral MEL is precluded by |ack of information on chronic toxicity.
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Acut e-duration, internediate-duration, and chronic duration dernal MRLs were
not derived for 1,2,3-trichloropropane due to the I ack of an appropriate
net hodol ogy for the devel opnent of dermal MRLs.

Death. Information regarding death in humans foll ow ng exposure to
1,2,3-trichl oropropane by any route was not found.

Studies with rats and m ce suggest that 1,2,3-trichloropropane is
simlarly toxic followi ng acute- and internedi ate-durati on exposure by either
the inhalation or oral route. Lethal concentrations as |ow as approxi mately
300 ppm for inhalation exposure and | ethal doses in the range of 125-250 ng/ kg
for gavage exposure indicate that the 1,2,3-trichloropropane is likely to be
noderately toxic for humans. However, 1,2,3-trichloropropane nmay be | ess
toxi ¢ when ingested gradual |y throughout the day, such as in the drinking
wat er, than when taken as a bolus. Acute dermal and oral |ethal doses of
1,2,3-trichloropropane in aninmals appear to be simlar in nmagnitude,
suggesting that skin contact with liquid 1,2,3-trichloropropane at waste sites
could be toxic for humans. The dernmal doses mamy actually overestinmate
lethality, however, because the testing nmethods may have prevented evaporation
of 1,2,3-trichloropropane fromthe skin

System c Effects.

Respiratory Effects. The respiratory tract is a principal target of
i nhaled 1,2,3-trichloropropane in studies with humans and ani mal s. Hunman
subj ects experienced objectionable throat and eye irritation at 100 ppm Sone
subj ects found 50 ppm unacceptable for an 8-hour day, but information on
irritation in humans at | ower concentrations is not avail able. Rodent data
showi ng that 1,2,3-trichloropropane causes irritative effects in the
respiratory tract, eyes, and skin follow ng vapor exposure, and in the
gastrointestinal tract followi ng oral exposure support the fact that
1,2,3-trichloropropane is a local irritant in humans. Effects indicative of
local irritation have occurred in rats and mice at air concentrations as | ow
as 3 ppm(rats); these effects consisted of mcroscopic alterations in the
nasal cavity (inflamuatory and degenerative changes) and bronchi (Iynphoid
hyperpl asi a). The ani mal evi dence suggests that the nasal ol factory
epitheliumis nore sensitive than the respiratory epitheliumto inhaled
1,2,3-trichl oropropane, but nobst inhalation studies, including the only
i nternedi ate-duration study in animals (rats), did not exam ne the nasa
cavity. Because rodents are obligate nose breathers (Mller et al. 1986a,
1986b), histologicai alterations in rodent ol factory nmucosa ni ght be
pronounced in conparison to humans, who are capable of breathing via the
nout h. However, because the effects on the olfactory tissue are progressive
and show the potential for olfactory inpairnent in humans, they are an
appropriate basis for the acute inhalation MRL.

Hi st ol ogi cal effects have al so been observed in the nasal cavity and
bronchi ol ar epitheliumof rats and/or nice that were exposed to
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1,2,3-trichloropropane for acute and internedi ate durations by oral intubation
at doses of 63 ng/kg/day and nore. These effects seemto be generally
consistent with those found in the inhalation studies and confirmthat
1,2,3-trichloropropane is a probable respiratory tract toxicant in humans.
The nasal effects ranged frominflanmation to nmucosal necrosis at |etha
doses, but appear to have occurred principally in the dorsal posterior nasa
nmucosa rather than the ol factory nucosa. The pat hogenesis of the nasa
lesions in orally treated animals is unclear since the principal |ocation of
the nasal effects in these animals (dorsal posterior) may suggest a |oca
rather than systemc effect. This could possibly result fromsmall anobunts of
resi dual compound in the pharynx after dosing, escape of volatile material
fromthe stomach into the nasal passages, or elinmnation of
1,2,3-trichloropropane or netabolites in expired air. Therefore, the
respiratory effects seen in aninals after gavage exposure nmay be relevant to
human exposure to 1,2,3-trichl oropropane via drinking water because
1,2,3-trichl oropropane could al so escape fromthe pharynx and stonmach into the
nasal passages or be elimnated in expired air after exposure by this route.
The rel evance of the effects in the bronchiolar epithelium which were
primarily regenerative changes such as hyperplasia in mce, is uncertain
because it is possible that they were caused by exposure due to inproper
gavage treatnent. This possibility may be substantive since there were a
nunber of deaths resulting fromfaulty intubation techniques in the sane
study. Based on the overall evidence fromaninal studies, it appears that
continued exposure to 1,2,3-trichloropropane in air or water at sufficiently
hi gh | evel s nay be capabl e of producing adverse changes in nasal tissues of
humans.

Hemat ol ogi cal Effects. 1,2,3-Trichloropropane has not been reported to
produce hematol ogi cal effects in humans. Nonregenerative anenmia occurred in
rats orally exposed to 1,2,3-trichloropropane for internediate durations.
This is one of nobst sensitive effects of 1,2,3-trichloropropane in animals.
Effects in the spleen (increased hemat opoi esis, decreased spl een wei ght or
| ynphoi d depletion) in rats and mce exposed orally or by inhalation may
i ndi cate hemat ol ogical effects of 1,2,3-trichloropropane, but the biologica
significance of these changes is uncertain because anem a was the only
abnormal hemat ol ogy nmeasurenent in the rats and henatol ogy was nornal in the
nmce. Overall, the aninmal data suggest sone potential for adverse
hemat ol ogi cal effects in humans exposed to 1,2, 3-trichl oropropane.

Hepatic Effects. Adverse effects on the liver in humans have not been
reported; however, the liver is a major target organ of 1,2,3-trichloropropane
in animals. 1,2,3-Trichloropropane causes dose-rel ated hepatic toxicity that
is severe enough at high doses to contribute to death in rats and nice
foll owi ng acute- or intermnedi ate-durati on gavage admi ni stration
1,2,3-Trichl oropropane appears to be | ess hepatotoxi c when ingested throughout
the day (i.e., in drinking water) than when taken as a bolus. Hepatic effects
other than increased |iver weight and hepatocel | ul ar hypertrophy have not been
observed in rats and mice exposed by inhal ation, but exam nations were not
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performed on ani mal s exposed for periods |onger than 13 weeks. Gavage studies
show that the changes in the liver are progressive, with increased organ

wei ghts, mnimal histological alterations, and/or clinical chemstry
alterations occurring at |ower doses. The npbst sensitive hepatic effect
observed appears to be decreased serum pseudochol i nesterase activity which, in
t he absence of known inhibitors, suggests depressed synthesis due to
hepat ocel | ul ar damage (NTP 1983a). The oral MRL for internediate-duration
exposure is based on this effect. There was nmacroscopi c evidence of |iver
damage in rabbits that died foll owing acute dernmal exposure to

1,2,3-trichl oropropane. Although effects on the liver have not been observed
in humans, the studies in animals indicate that such hepatic effects m ght
occur in humans at sufficiently high or prolonged exposures.

Renal Effects. Adverse effects on the kidneys in humans have not been
reported, but the kidneys are a mmjor target of 1,2,3-trichloropropane
toxicity in animals. 1,2,3-Trichloropropane causes dose-rel ated rena
toxicity that is severe enough at high doses to contribute to death in rats
and mce followi ng acute- or internediate-duration gavage admni nistration
1,2,3-Trichl oropropane appears to be less toxic to the kidneys when ingested
t hroughout the day (i.e., in drinking water) than when taken as a bol us.
Renal effects other than increased kidney wei ghts have not been observed in
rats exposed by inhal ation, but exami nations were not perforned on aninmals
exposed for |onger than 13 weeks. CGavage studies indicate that the rena
effects are progressive, with increased organ wei ght and clinical chemstry
alterations occurring at |ower doses. Macroscopic evidence of kidney damage
was observed in rabbits that died following acute dernal exposure to
1,2,3-trichl oropropane. Although effects on ki dneys have not been observed in
humans, the studies in animals indicate that renal effects mght occur in
humans at sufficiently high or prol onged exposures.

O her Systenmic Effects. Other systemic effects observed in rats
followi ng internedi ate-durati on oral exposure to 1,2, 3-trichloropropane
i ncl uded wei ght | oss, alopecia, and histological changes in the thyroid
(reduced follicular size, increased epithelial height). Insufficient
information is available to determine if 1,2,3-trichloropropane is likely to
produce these effects in exposed hunans.

I mmunol ogi cal Effects. |nmunol ogical effects of 1,2,3-trichloropropane
have not been reported in humans. Internediate-duration studies with rats and
m ce have shown effects in the spleen and thynus (I ynphoid depl etion and/or
decreased organ weight) follow ng oral or inhalation exposure. The effects
occurred at high levels of exposure, frequently in the |lethal range. These
effects cannot be used to infer imunotoxicity of 1,2,3-trichloropropane in
humans because i nmune function has not been eval uat ed.

Neur ol ogi cal Effects. Neurological effects of 1,2,3-trichloropropane
have not been reported in humans. Signs suggestive of CNS inpairment occur in
rodents exposed to lethal levels of 1,2,3-trichloropropane by the inhalation
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oral, and dermal routes, but these effects do not necessarily indicate that
1,2,3-trichl oropropane is neurotoxic because they could be due to indirect
causes (e.g., asphyxiation, kidney failure) in dying animals. Brain weights
were reported to have increased in rats that inhaled | ethal concentrations of
1,2,3-trichl oropropane in an internedi ate-duration study, but this could
sinply reflect a decrease in body weight (i.e., if relative brain weight was
i ncreased). Since the studies that reported the aforementioned effects did
not perform neurol ogi cal or behavioral evaluations, insufficient information
is available to determne if 1,2,3-trichloropropane is likely to produce
neur ol ogi cal effects in hunans at subl ethal |evels.

Devel opnental Effects. Devel opnental effects of 1,2,3-trichloropropane
have not been reported in humans. 1,2, 3-Trichl oropropane did not produce
effects on survival or growh during gestation or lactation in offspring of
rats exposed by inhal ation, but teratogenicity was not eval uated.

Devel opnental toxicity of 1,2,3-trichloropropane has not been evaluated in

ani mal s exposed orally or dermally. There was no evidence of teratogenicity

or fetal toxicity in rats treated with a maxi nrumtol erated dose of
1,2,3-trichloropropane (37 ng/kg) by intraperitoneal injection on days |-15 of
gestation (Hardin et al. 1981). Although the availabl e data provide sone
assurance that 1,2,3-trichloropropane is not developnentally toxic in aninmals,
additional information, particularly teratogenicity evaluations in animls by
environnental |y rel evant routes of exposure, would be needed to prove that
1,2,3-trichloropropane is not a |likely devel opnental toxicant in hunmans.

Reproductive Effects. Reproductive effects of 1,2,3-trichloropropane in
humans have not been reported. There were no effects on mating performance or
fertility in rats exposed orally for 5 days or by inhalation at relatively | ow
concentrations (less than or equal to 15 ppm) for 10 weeks. O al
administration for up to 4 nonths at lethal |evels caused decreased testes and
epididynis weights in rats and mice, but no effects on testicular histology or
sperm Rats exposed by inhalation for 4 weeks at lethal |evels experienced
decreased testes and ovary wei ghts, but histology and sperm were not
eval uated. Although effects of 1,2,3-trichloropropane on reproductive
function have not been evaluated in animals treated at high (near maxi mum
tol erated) doses or concentrations, the normal testicular histology and sperm
counts and norphol ogy at lethal levels in the 4-week inhalation study are

consistent with normal reproductive function. Overall, the available data
suggest that 1,2,3-trichloropropane will not be a reproductive toxicant in
humans.

Genotoxic Effects. Genotoxic effects of 1,2,3-trichloropropane in
humans have not been reported. 1,2,3-trichloropropane was nutagenic in
certain strains of Salnonella typhinmuriumwhen assayed with exogenous
net abolic activation preparation, and it induced sister chromatid exchanges in
cultured hanster cells (Table 2-4). 1,2,3-trichl oropropane did not induce
dom nant | ethal mnutations when adnministered orally to rats (Saito-Suzuki et
al. 1982) (see Section 2.2.2.7). Athough only linited data are avail abl e,



TABLE 2-4. Genotoxicity of 1,2,3-Trichloropropane In Vitro
Results
With Without
Species (test system) End point activation activation Reference
Prokaryotic organisms:
Salmonella typhimurium (plate Gene mutation + - Stolzenberg and Hine 1980
incorporation test)
S. typhimurium (liquid preincubation Gene mutation + - Haworth et al. 1983
test)
S. typhimurium (plate incorporation Gene mutation + - Ratpan and Plaunmann 1988
test)
Eukaryotic organisms:
Mammalian cells:
Chinese hamster V79 cells Sister-chromatid exchange + - Von Der Hude et al. 1987

+ = positive result; - = negative result
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this evidence indicates that 1,2,3-trichloropropane is genotoxic in aninmals
and nmay be genotoxic in humans.

Cancer. Information regardi ng the carcinogenicity of 1,2,3-trichloropropane
i n humans by any route of exposure was not |ocated. C ear evidence of
carcinogenicity was found for 1,2,3-trichloropropane in male and fenale rats
at doses of 3 ng/kg/day or nmore and in nmale and fermal e nmice at doses of
6 ng/ kg/day or nore in a 2-year gavage study (NTP 1991). Increased incidences
of squanous cell papilloma and/or carcinona were found in the oral nucosa
and/ or the forestomach of both sexes of both species. These tunors were
nmor phol ogically simlar in the oral nucosa and forestonach, formng a
conti nuum Oher tunors that were considered to be related to
1,2,3-trichl oropropane exposure consisted of pancreatic aci nar adenonm, rena
t ubul e adenoma, adenoma and carci nona of the preputial gland in nale rats;
clitoral gland adenona and carci noma, namuary gl and adenocarci nona in fenale
rats; hepatocellul ar adenona and carci noma and Harderi an gl and adenona in nale
and femal e mce; and uterine neoplasns in female mce. Zynbal's gl and
carci nona and intestinal adenocarcinoma also found in the nale and fermale rats
may be related to the 1,2,3-trichl oropropane exposure. The carcinogenicity of
1,2,3-trichloropropane is consistent with the positive genotoxicity findings
in the presence of bhioactivation (see Table 2-4) and with its netabolismto
reactive internedi ates, such as al kylating agents, which can lead to protein
and DNA adducts (see Section 2.3.3). NIP, | ARC, and EPA have not yet
classified 1,2,3-trichloropropane with respect to its potentia
carci nogenicity for humans, but the evidence in both sexes of two species of
ani mal s strongly suggests a public health concern

2.5 BI OVARKERS OF EXPCSURE AND EFFECT

Bi omar kers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as markers of
exposure, markers of effect, and narkers of susceptibility (NAS/ NRC 1989).

A bi omarker of exposure is a xenobiotic substance or its netabolite(s)
or the product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is neasured within a conpartnment of an organi sm
(NAS/ NRC 1989). The preferred bi omarkers of exposure are generally the
substance itself or substance-specific nmetabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
interpretation of biomarkers of exposure. The body burden of a substance nay
be the result of exposures fromnore than one source. The substance being
neasured may be a netabolite of another xenobiotic substance (e.g., high
urinary levels of phenol can result from exposure to several different
aromati ¢ conmpounds). Depending on the properties of the substance (e.g.
biologic half-life) and environnental conditions (e.g., duration and route of
exposure), the substance and all of its netabolites may have | eft the body by
the tine biologic sanmples can be taken. It may be difficult to identify
i ndi vi dual s exposed to hazardous substances that are comonly found in body
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tissues and fluids (e.g., essential mineral nutrients such as copper, zinc,
and sel enium. Biomarkers of exposure to 1,2,3-trichl oropropane are di scussed
in Section 2.5.1.

Bi omar kers of effect are defined as any measurabl e bi ochem cal
physi ol ogic, or other alteration within an organi smthat, depending on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses biochem cal or
cellular signals of tissue dysfunction (e.g., increased liver enzyme activity
or pathologic changes in female genital epithelial cells), as well physiologic
signs of dysfunction such as increased blood pressure or decreased |ung
capacity. Note that these narkers are often not substance specific. They
al so may not be directly adverse, but can indicate potential health inpairment
(e.g., DNA adducts). Bionmarkers of effects caused by 1,2, 3-trichloropropane
are discussed in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
l[imtation of an organisms ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. |f
bi omar kers of susceptibility exist, they are discussed in Section 2.7,
"POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Biomarkers Used,to Identify and/or Quantify Exposure
to 1, 2,3-Trichl oropropane

Bi omar kers of exposure to 1,2,3-trichl oropropane cannot be identified
because information on levels of 1,2,3-trichloropropane or its netabolites in
hurman tissues, fluids, or excreta or information on effects specific for
1,2,3-trichloropropane is not available. Studies with rats indicate that
excretion of 1,2,3-trichloropropane in the breath or urine nmay be sufficient
for nonitoring purposes (see Section 2.3.4). MIld anemi a and serum enzyne
alterations associated with liver toxicity, particularly decreased serum
pseudochol i nesterase activity, occurred in rats exposed to
1,2,3-trichloropropane. The enzyne alterations were used as the basis for the
i nternedi ate-duration oral MRL. Although the anenia and enzyne alterations
are sensitive indicators of toxicity in rats, they are not specific indicators
of exposure to 1,2,3-trichloropropane and may not occur in humans.

2.5.2 Biomarkers Used to Characterize Effects Caused by
1,2, 3-Tri chl or opr opane

Effects in hunans that are specifically attributable to 1,2, 3-
trichl or opr opane
exposure are not known. Principal targets of 1,2,3-trichloropropane
in animals are the respiratory tract, blood, liver, and kidneys (see
Section 2.4). One study with rats suggests that alterati ons of serum enzynes
(e.g., decreased serum pseudocholinesterase activity) and anem a ni ght be
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usef ul biomarkers for hepatic and hematol ogi c effects, respectively, of
1,2,3-trichloropropane. Insufficient data exist, however, to detern ne
whet her 1,2,3-trichloropropane is likely to cause anem a i n humans, and
substances other than 1,2,3-trichl oropropane could al so cause sinilar
hemat ol ogi ¢ and hepatic effects.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

Rats were exposed by inhalation to 500 ppm 1, 2, 3-trichl oropropane and
1, 000 ppm di chl or opropane al one and in conbination for 4 hours (Drew et al
1978). Activities of liver-associated serumenzymes (serum gl ut am coxal oacetic
transam nase, serum gl utam c-pyruvic transani nase, ornithine
car banyl transferase) were increased 24-48 hours foll owi ng exposure to each
chem cal al one. The conbi ned exposure resulted in higher enzyne activities
than with either chem cal al one, but the increases were | ess than additive.

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

No popul ations with unusual susceptibility to health effects of
1,2,3-trichl oropropane have been identified. The respiratory tract, blood,
liver, and kidneys are principal targets of 1,2,3-trichloropropane in aninmals
(see Section 2.4). It is therefore possible that people with chronic
respiratory, liver, or kidney disease, or possibly people with conprom sed
pul monary, hepatic, or renal function (e.g., alcoholics), might be unusually
susceptible to 1, 2,3-trichloropropane.

2.8 MTIGATI ON OF TOXI COLOG CAL EFFECTS

This section will describe the clinical practice and research methods
for reducing toxic effects of exposure to 1,2,3-trichloropropane. However,
because sone the treatnments di scussed may be experinental and unproven, this
section should not be used as a guide for treatnment of exposures to
1,2,3-trichl oropropane. Wen specific exposures have occurred poi son control
centers and nedical toxicologists should be consulted for nedical advice.

Human exposure to 1,2,3-trichl oropropane may occur by inhal ation
i ngestion, or by dernmal contact. Specific information on the managenent and
treatment of toxicological effects follow ng acute exposure to
1,2,3-trichl oropropane were not located in the literature. However, since
effects of 1,2,3-trichloropropane are consistent with those produced by other
hal ogenat ed al i phati c hydrocarbons conmpounds, general information on
nmtigation for this chenmical class pertains to 1,2,3-trichloropropane (Stutz
and Janusz 1988). Mtigation approaches to reduce absorption of
1,2,3-trichl oropropane have included general reconmendations of separating
contam nated food, water, air, and clothing fromthe exposed individual
Externally, 1,2,3-trichloropropane can produce irritation and injury to the
skin and nucous nmenbranes. Exposed eyes are flushed with a clean neutra
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sol ution such as water or normal saline. The skin is inmediately washed with
| arge anounts of soapy water

If oral exposure has occurred, inducing enesis may be indicated within
the first 30 minutes foll owi ng substantial ingestion unless the patient is or
coul d rapidly becone obtunded, comatose, or convul sing (HSDB 1992). The
victimis then given water or mlk to dilute the chemical and activated
charcoal to adsorb the chemical (Stutz and Janusz 1988). Although of unproven
value in all cases of ingestion, admnistration of a cathartic such as
magnesi um sul fate nay stinulate fecal excretion of the chemical before it is
conpl etely absorbed by the body (Stutz and Janusz 1988).

Little information specific to enhanci ng excretion or reduci ng body
burden of 1,2,3-trichloropropane was avail abl e. However, aninal data indicate
that once absorbed orally in rats, 95-96% of 1,2,3-trichloropropane is
excreted within 2 days. Most of the dose (56% was excreted in the urine and
25%in the feces, with the remai nder exhaled in the breath. (Sipes et al
1982). Mtigation strategies to increase urinary output and dilute the
chemical in humans mght include flushing the gastrointestinal and circul atory
systems with fluid while carefully nonitoring fluid and el ectrol yte bal ances.
Muscl e, blood, liver, skin, and adi pose tissue contained the |argest anounts
of radiolabled 1,2,3-trichl oropropane followi ng oral exposure in rats (Sipes
et al. 1982).

Based on netabolic pathways for other chloroal kanes, 1,2,3-trichloropropane
probabl y undergoes dehal ogenation reactions via cytochronme P-450
dependent m crosonmal netabolism resulting in the formation of highly reactive
internediates that may | ead to protein and DNA adducts or |ipid peroxidation
(lvanetich et al. 1978; Salnon et al. 1981; Van Dyke et al. 1971). If the
nmechani sm of 1,2,3-trichloropropane induced toxicity involves the action of
reactive internmedi ates, administration of chemicals that interfere with these
net abol i ¢ processes m ght be effective in reducing adverse health effects.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA as anended directs the Adm nistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of 1,2,3-trichloropropane is avail able. Were adequate
information is not available, ATSDR, in conjunction with the Nationa
Toxi col ogy Program (NTP), is required to assure the initiation of a program of
research designed to determine the health effects (and techni ques for
devel opi ng nethods to determine such health effects) of
1,2,3-trichl oropropane.

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NIP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
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the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

2.9.1 Existing Infornmation on Health Effects of 1,2,3-Trichloropropane

The existing data on health effects of inhalation, oral, and dernal
exposure of humans and aninmals to 1,2, 3-trichloropropane are sumari zed in
Figure 2-3. The purpose of this figure is to illustrate the existing
i nformati on concerning the health effects of 1,2,3-trichloropropane. Each dot
in the figure indicates that one or nore studies provide information
associated with that particular effect. The dot does not inply anything about
the quality of the study or studies. Gaps in this figure should not be
interpreted as "data needs" information (i.e., data gaps that nust necessarily
be filled).

Information on health effects of 1,2,3-trichloropropane in humans is
limted to one report of systemic effects (eye and throat irritation)
resulting fromacute vapor exposure (Silverman et al. 1946). As indicated in
Figure 2-3, data are available for the lethality, acute systemc toxicity,

i nternedi ate systenmic toxicity, and reproductive effects of 1,2,3-trichl oropropane
in animal s exposed by the oral and inhalation routes. Limted

information is available for i munol ogic and neurol ogic effects by the

i nhal ati on and oral routes, and devel opnental and genotoxic effects by the

oral route. Infornmation is also avail able on the carcinogenicity of

1,2,3-trichl oropropane in animals exposed by the oral route. Dermal toxicity
studies of 1,2,3-trichloropropane provide acute lethality data and limted

i nformati on on acute systenic and neurol ogi c effects.

2.9.2 Data Needs

Acut e-Durati on Exposure. There is evidence that 1,2,3-trichl oropropane
vapor irritates the eyes and throat of humans (Silverman et al. 1946), but
i nformati on on other targets of acute 1,2,3-trichloropropane toxicity in
humans is not available. The respiratory tract, liver, and kidneys appear to
be principal targets of 1,2,3-trichloropropane toxicity in rats and nice
followi ng inhalation or oral exposure for approxinmately 2 weeks (MIller et al
1986a, 1986b; NTP 1983a, 1983b), and are likely targets of acute exposure in
humans. Sufficient respiratory (nasal) effects data are available on which to
base an acute MRL for inhalation exposure (MIler et al. 1986b). Respiratory
effects of 1,2,3-trichloropropane, however, have been investigated in only two
ani mal species (rats and mce). Studies with other species could confirmthat
the respiratory systemis the nbst sensitive target of acute-duration
i nhal ati on exposure to 1,2,3-trichl oropropane. Additional acute oral studies
could help characterize the systenic effects of 1,2,3-trichloropropane at
subl et hal doses to enable determ nation of an acute-duration oral MRL.
Information is available for effects of 1,2,3-trichloropropane on the skin and
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FIGURE 2-3. Existing information on Health Etfects of
1,2,3-Trichloropropane

SYSTEMIC o/ .
<§'9° e°° &/ o
A 3
‘b{o Q\Q) q} 6& ‘\o (\\0 e°°° 0\6 Q}OQ é N ¥ °\°+ (\o Q}
/S SS/S)S ) F/PLE/F/) P
Inhalation e
Oral
Dermal ¢
HUMAN
/ SYSTEMIC /@0 s e/
&/ S éép 5§ ééb $§9 -§§ d§> é§$ g
N EASTESEE - VE -V VAVl
inhalation | @ | ® | @ (0 ®
Oral ojo|o A IR
Dermal L BN o

ANIMAL

@ Existing Studies



47
2. HEALTH EFFECTS

eyes (Al pert 1982; dark 1977; Gushow and Quast 1984), but not on ot her
tissues, follow ng acute nonl ethal dermal exposure. There are no

phar macoki neti c data available to support the identification of target organs
across routes of exposure. Dermal studies nmay not be necessary to provide

i nformati on on systemic toxicity since it appears, based on inhalation and
oral data, that systemic effects of 1,2,3-trichloropropane, other than
respiratory effects, may not be route-specific.

I nt er nedi at e- Durati on Exposure. Information is not avail able on
system c effects of 1,2,3-trichloropropane in hunans foll ow ng internediate-
durati on exposure by any route. The respiratory system blood, |iver, and
ki dneys appear to be principal targets of 1,2,3-trichloropropane in rats and
nm ce exposed by inhalation or orally for internediate durations (Johannsen et
al . 1988; NTP 1983a, 1983b; Villeneuve et al. 1985), but studies |onger than
2-4 nont hs have not been perfornmed (inhalation) or are not conpleted (NTP oral
bi oassay; see Section 2.8.3). The spleen and thyroid are | ess sensitive
targets of internediate-duration oral exposure in aninmals (NTP 1983a;
Villeneuve et al. 1985), but the biological significance of effects observed
in these organs is uncertain. Although internediate-duration inhalation
studies with animals are consistent with acute data in showing the respiratory
systemto be a target of 1,2,3-trichloropropane toxicity, internediate-
duration exposure |l evels that do not cause adverse respiratory (nasal) effects
have not been determ ned. Although the respiratory system does not appear to
be the nost sensitive target for intermedi ate-duration oral exposure, drinking
wat er studies could help ascertain if the pul monary effects observed i n gavage
studi es are a consequence of the nethod of treatnent. Sufficient information
is available fromone study (NTP 1983a) to determine a dose that does not
cause adverse hepatic and hematol ogic effects and to derive an MRL for
i nternedi ate-duration oral exposure based on these effects. Confidence in
this MRL coul d be strengthened by additional studies. Additional information
woul d be useful to deternine if internediate-duration exposure to
1,2,3-trichl oropropane is capable of causing biologically significant
alterations to the spleen and thyroid, particularly at doses in the range for
nonadverse |liver and henatol ogic effects. Information is not avail able on
effects of internedi ate-duration dermal exposure to 1,2,3-trichloropropane in
animal s, and there are no pharnacokinetic data to support the identification
of target organs across routes of exposure. Acute-duration toxicity data,
however, suggest that systemic effects of 1,2,3-trichloropropane, other than
respiratory effects, may not be route-specific.

Chroni c-Durati on Exposure and Cancer. Information is not avail able
regarding the chronic toxicity of 1,2,3-trichloropropane in humans or animals
exposed by any route. Chronic studies in animals could provide information on
progression or reversibility of effects caused by subchroni c exposure,
particularly respiratory systemeffects follow ng inhal ati on exposure and
liver and hematol ogi cal effects follow ng oral exposure. Chronic studies in
animal s al so could enable identification of effects produced by | owlevel
exposure that mght not be detected in shorter-duration studies.
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The carcinogenicity of 1,2,3-trichloropropane in humans or aninals
exposed by any route has not been evaluated. 1,2,3-trichloropropane i nduced
nmultiple site tunors in both sexes of rats and nice exposed orally (NTP 1991).
The nost frequently induced tunors were found in the oral and forestonach
mucosa, suggesting local reactivity, in addition to systemc reactivity. As
di scussed in Section 2.8.3, there is evidence that 1,2,3-trichloropropane is
net abol i zed to reactive internedi ates that can bind to DNA (Wber and Sipes
1988). Since these internediates can interact with DNA, and respiratory
effects of inhaled 1,2,3-trichloropropane could be due to local reactivity, it
is reasonabl e to assune that prolonged inhal ation exposure to 1, 2, 3-
trichl oropropane woul d produce | ocal and systemic tunors. An inhalation bioassay
woul d be useful to confirmthis expectation and to deternine the airborne
concentrations necessary to produce a carcinogenic response. 1,2, 3-
Trichl or opropane could al so be tested to deternmi ne whether it is carcinogenic by
the dermal route.

Cenotoxicity. Information on the genotoxicity of 1,2,3-trichloropropane
in hunans is not avail able. The genotoxicity of 1,2,3-trichloropropane has
been evaluated in several assays that provide linmited evidence of mutagenicity
in bacteria and clastogenicity (sister chromatid exchanges) in cultured
hanster cells (Haworth et al. 1983; Ratpan and Pl aumann 1988; Stol zenberg and
H ne 1980; Von der Hude et al. 1987). 1,2,3-Trichloropropane did not induce
domi nant lethal rmutations in rats exposed orally for 5 days (Saito-Suzuki et
al. 1982). Additional studies in manmalian cells in vitro and in animals
woul d nmore fully characterize the genotoxicity of 1,2,3-trichloropropane.

Reproductive Toxicity. Information on reproductive effects of
1,2,3-trichloropropane in humans is not avail able. There were no reproductive
effects in rats exposed to a noderately high oral dose for 5 days or by
i nhal ation to a relatively |ow concentration (near the | owest concentrations
producing respiratory effects) for 10 weeks prior to mating (Johannsen et al
1988; Saito-Suzuki et al. 1982). Oral exposure to |l ethal doses for 4 nonths
caused decreased testes and epididym s weights and no effects on testicular
hi stology or spermin rats and nice, but reproductive function was not
eval uated (NTP 1983a, 1983b). Inhal ati on exposure to |l ethal concentrations of
1,2,3-trichl oropropane for 4 weeks caused decreased testes and ovary wei ghts
in rats, but reproductive organ histol ogy and sperm and reproductive function
were not eval uated (Johannsen et al. 1988). Insufficient toxicokinetic data
are available to determine if 1,2,3-trichloropropane is likely to produce
simlar reproductive effects by different routes of exposure. Eval uation of
reproductive function in aninmals follow ng prol onged | ow dose oral exposure
and inhal ati on exposure at high (near nmaxi mumtol erated) concentrations,
therefore, would nore fully assess the potential reproductive toxicity of
1,2,3-trichl oropropane. Miltigeneration or continuous-breeding studies in
animal s woul d provide a better basis for evaluating reproductive toxicity but
may not be desirable unless other studies indicate that the reproductive
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systemis a target organ. Reproductive toxicity data are particularly
desirable prior to devel opi ng MRLs.

Devel opnental Toxicity. Information on the devel opmental toxicity of
1,2,3-trichloropropane in hunans is not available. There were no effects on
growth or viability of offspring of rats exposed by inhalation to | ow
concentrations of 1,2,3-trichloropropane prior to mating and during gestation
but teratogenicity was not eval uated (Johannsen et al. 1988). 1, 2, 3-
Trichl or opropane was not teratogenic in rats treated by intraperitonea
injection (Hardin et al. 1981). Insufficient toxicokinetic data are avail able
to determine if 1,2,3-trichloropropane is likely to produce sinilar
devel opnental effects by different routes of exposure. Additional eval uations
using natural routes of exposure and hi gher doses, particularly inhalation and
oral teratogenicity studies, would nore fully eval uate the devel opnenta
toxicity potential of 1,2,3-trichloropropane. Devel opnental toxicity data are
particularly desirable prior to devel opi ng MRLs.

| nmunot oxi city. Information on the inmunol ogical effects of
1,2,3-trichloropropane in humans is not available. Effects such as |ynphoid
depl etion and decreased wei ght of the spleen of rats and m ce exposed orally
and by inhalation to near-lethal levels of 1,2,3-trichloropropane for severa
weeks coul d have i munol ogi cal significance (Johannsen et al. 1988; NIP
1983a). Linmited evidence fromone study suggests that 1,2,3-trichloropropane
may be a weak dermal sensitizer in guinea pigs (Cark 1977). The only other
skin sensitization study of 1,2,3-trichloropropane (Al pert 1982), also
perfornmed with guinea pigs, was negative and provi des evidence that the
vehicl e may have accounted for the effect observed by Cark (1977).
Sensitization by 1,2,3-trichloropropane fromother routes of exposure has not
been eval uated. | munoassays and additional sensitization tests would help
assess the immunotoxic potential of 1,2,3-trichloropropane.

Neurotoxicity. Information on the neurol ogical effects of
1,2,3-trichloropropane in humans is not avail able. Signs suggestive of CNS
i mpai rment occur only in aninmals exposed to acute |ethal |evels of
1,2,3-trichloropropane by the inhalation, oral, and dernal routes (Al pert
1982; dark 1977; Gushow and Quast 1984; Union Carbi de 1958), but these do not
necessarily indicate that 1,2,3-trichl oropropane is neurotoxic because they
could be due to other causes in dying aninals. There is evidence that
exposure to 1,2,3-trichl oropropane does not cause hi stopathol ogical lesions in
the CNS (Johannsen et al. 1988; MIler et al. 1986a; NIP 1983a, 1983b), but
this does not necessarily indicate that 1,2,3-trichloropropane is
nonneur ot oxi ¢ because behavi oral, neurochenical, and neurophysi ol ogi ca
exam nations were not perforned. Overall, there is evidence that
neurotoxicity is a critical effect of 1,2,3-trichloropropane.

Epi demi ol ogi cal and Human Dosinmetry Studies. Health effects of
1,2,3-trichloropropane in humans have only been described as a consequence of
i ntentional vapor exposure in a study of sensory response. As indicated in
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Chapter 5, there is probably no identifiable subpopulation w th exclusive or
predoni nant exposure to 1,2, 3-trichloropropane in the general popul ace or

wor kpl ace. |If such a population is identified, excreted 1,2, 3-trichloropropane
or its netabolites could probably be correlated with exposure or health
effects. Metabolites specifically attributable to 1,2, 3-trichl oropropane
however, are presently unknown.

Bi omar kers of Exposure and Effect. There are no known bi onarkers of
exposure for 1,2,3-trichloropropane in hunans. Studies with rats suggest that
respiratory or urinary excretion of 1,2,3-trichloropropane may be sufficient
for nmonitoring purposes (Sipes et al. 1982). Additional studies could help
determine the feasibility of using 1,2,3-trichloropropane in the breath or
urine as a biomarker of exposure. MId anenmia and alterations in |iverassoci ated
serum enzynes occurred in rats treated with 1,2, 3-trichl oropropane
(NTP 1983a) but are not useful as biomarkers of exposure because they can be
due to nany causes and m ght not occur in humans. Information on effects
specific for 1,2,3-trichloropropane would be hel pful for devel oping a
bi omar ker of exposure for 1,2,3-trichloropropane.

There are no known bi onarkers of effects for 1,2,3-trichloropropane in
humans. One study with rats (NTP 1983a) suggests that anenia and alterations
of serumenzynes (e.g., decreased serum pseudochol i nesterase activity) m ght
be sensitive biomarkers for hematol ogi c and hepatic effects of 1,2, 3-
trichl oropropane, respectively. Additional aninal studies or exanination of hunmans
wi th known exposure to 1,2,3-trichloropropane would help deternmine if 1,2, 3-
trichloropropane is likely to cause anem a or consistent serumenzyne alterations
i n humans.

Absorption, Distribution, Metabolism and Excretion. There is linmted
i nformation on absorption and excretion of single oral doses of
1,2,3-trichloropropane in rats (Sipes et al. 1982; Volp et al. 1984), but no
data are avail able on the toxicokinetics of 1,2,3-trichloropropane in aninals
after inhalation or dermal exposure. Tissue distribution, nmetabolism and
excretion of intravenously injected 1,2,3-trichl oropropane al so have been
investigated in rats (Volp et al. 1984). A physiologically based
phar macoki neti c nodel describing tissue distribution and excretion was
devel oped using data fromthis intravenous study. A nore conplete oral study
in animals, as well as aninal studies using inhalation and dernal exposure,
could provide necessary data (e.g., absorption kinetics) for expanding the
nodel to include inhalation, oral, and dernmal exposure and verifying the
nmodel . It mght then be possible to use the nodel to predict the
phar macoki netics of 1,2,3-trichloropropane in humans exposed by these routes.
Studies with several dose |evels and exposure durations would all ow nore
accurate comnparison between routes (e.g., assessnent of relative rates and
extent of absorption, ,distribution, nmetabolism and excretion) as well as
detection of saturation effects.



51

2. HEALTH EFFECTS

Conpar ati ve Toxi cokinetics. The toxicokinetics of 1,2,3-trichloropropane
have been studied only in rats by the oral and intravenous routes (Sipes et al
1982; Volp et al. 1984). A physiologically based pharmacoki neti c nodel has been
proposed based on the intravenous data. Studies in other species would be usefu
for verifying predictions made fromthe nodel about other species, including
hunmans.

Mtigation of Effects. Based on limted toxicokinetic data for
1,2,3-trichl oropropane and i nformati on on the netaboli smof other hal ogenated
al kanes, it is anticipated that 1,2,3-trichl oropropane can undergo
dehal ogenation reactions catal yzed by m crosormal ni xed function oxi dases.
Dependi ng on the reaction nechanisn(s), reactive internediates could be
formed. Also it is possible that 1,2,3-trichloropropane itself contributes to
toxicity. Studies elucidating the mechanismof action and identity of
reactive internediates of 1,2,3-trichl oropropane would be useful in planning
research aimed at devel opi ng agents that could interfere with the nmechani sm of
toxicity, thereby mitigating the effects.

2.9.3 On-going Studies

A bioassasy in which rats and nmice were treated by gavage for 2 years
has been conpl eted and recently approved (NTP 1991). The doses of 1,2, 3-
trichl oropropane used in the bioassay were 0, 3, 10, and 30 ng/kg in
rats and 0, 6, 20, and 60 ng/kg in mice (Burka 1990a). Prelininary results
indicate that treatnment resulted in increased incidences of tunors in both
speci es (Mahnood et al. 1988; Wber and Si pes 1988).

The final report of an NTP continuous-breeding study is in preparation
(Burka 1990b).

The results of a netabolismand nutagenicity study of 1,2, 3-
trichl or opropanehave been reported as an abstract (Mahnood et al. 1988). Rats that
were administered 30 mg/ kg of “C-1,2,3-trichl oropropane by gavage excreted
approxi mately 50% 20% and 20% of the radioactivity in the urine, feces, and
as carbon dioxide, respectively, in the followi ng 60 hours. Two urinary
netabolites were identified as N-acetyl-S-(3-chloro-2-hydroxypropyl) cysteine
and 3-chl oro-2- hydr oxypropyl cysteine. Radi oactivity was npost concentrated in
the liver, kidney, and forestonach. 1,2, 3-Trichloropropane was mutagenic in
Sal nonel l a typhi murium TAL100 in the Ares assay only in the presence of S9 or
m crosones, and mutagenicity decreased upon addition of gl utathione. The
urine fromthe treated rats or synthetic N-acetyl-S-(3-chloro-2-hydroxypropyl)
cysteine were not mutagenic in this assay.

Rats were adninistered a 30 ng/ kg dose of '“C-1,2,3-trichloropropane by
intraperitoneal injection in a prelimnary investigation into the role of
bi otransformation in 1,2,3-trichl oropropane-induced tunmor formation (\Wber and
Si pes 1988). Coval ent binding to hepatic protein and DNA was denonstrat ed,
suggesting that 1,2,3-trichloropropane is genotoxic. In vitro studies,
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