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FOREWORD

The Superfund Amendnents and Reaut horization Act (SARA) of 1986
(Public Law 99-499) extended and anended the Conprehensive Environnental
Response, Conpensation, and Liability Act of 1980 (CERCLA or Superfund).
This public | aw directed the Agency for Toxic Substances and Di sease
Regi stry (ATSDR) to prepare toxicol ogical profiles for hazardous
subst ances which are nmost commonly found at facilities on the CERCLA
Nati onal Priorities List and which pose the nost significant potential
threat to human health, as determ ned by ATSDR and the Environnental
Protection Agency (EPA). The lists of the 250 npbst significant
hazar dous substances were published in the Federal Register on April 17,
1987; on Cctober 20, 1988; on Cctober 26, 1989; and on COctober 17, 1990.
A revised list of 275 substances was published on Cctober 17, 1991.

Section 104(i)(3) of CERCLA, as anended, directs the Administrator
of ATSDR to prepare a toxicological profile for each substance on the
lists. Each profile nust include the follow ng content:

(A) An examination, summary, and interpretation of available

t oxi col ogi cal information and epideni ol ogi cal eval uations on the
hazar dous substance in order to ascertain the |levels of significant
human exposure for the substance and the associ ated acute,
subacute, and chronic health effects.

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of

devel opnent to deternine |evels of exposure which present a
significant risk to hunan health of acute, subacute, and chronic
heal t h effects.

(C VWhere appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in hunans.

This toxicological profile is prepared in accordance with
gui del i nes devel oped by ATSDR and EPA. The origi nal guidelines were
published in the Federal Register on April 17, 1987. Each profile wll
be revised and republished as necessary.

The ATSDR toxicological profile is intended to characterize
succinctly the toxicol ogi cal and adverse health effects infornmation for
t he hazardous substance being described. Each profile identifies and
reviews the key literature (that has been peer-revi ewed) that describes
a hazardous substance's toxicol ogical properties. O her pertinent
literature is also presented but described in |less detail than the key
studies. The profile is not intended to be an exhaustive docunent;
however, nore conprehensive sources of specialty information are
ref erenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance’s relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance’s health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
.Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statement was prepared to give you information about
1,2,3-trichl oropropane and to enphasi ze the human health effects that nay
result fromexposure to it. The Environnental Protection Agency (EPA) has
identified 1,300 National Priorities List (NPL) sites. 1,2,3-Trichl oropropane
has been found at 8 of these sites. However, we do not know how many of the
1,300 NPL sites have been evaluated for 1,2,3-trichloropropane. As EPA
eval uates nore sites, the nunber of sites at which 1,2,3-trichloropropane is
found nmay change. The infornmation is inportant for you because
1,2,3-trichl oropropane nay cause harnful health effects and because these
sites are potential or actual sources of human exposure to
1,2,3-trichl oropropane.

When a chemical is released froma |large area such as an industria
plant, or froma container such as a drumor bottle, it enters the environnment
as a chem cal emi ssion. This em ssion, which is also called a rel ease, does
not always | ead to exposure. You can be exposed to a chemical only when you
cone into contact with the chem cal. You may be exposed to it in the
envi ronnent by breathing, eating, or drinking substances containing the
chemical, or fromskin contact with it

If you are exposed to a hazardous substance such as 1,2,3-trichloropropane,
several factors will determ ne whether harnful health effects will
occur and what the type and severity of those health effects will be. These
factors include the dose (how nuch), the duration (how long), the route or
pat hway by which you are exposed (breathing, eating, drinking, or skin
contact), the other chemcals to which you are exposed, and your i ndividua
characteristics such as age, sex, nutritional status, famly traits, life
style, and state of health.

1.1 WHAT IS 1, 2, 3- TRI CHLOROPROPANE?

1,2,3-Trichl oropropane is a colorless, heavy liquid with a sweet but
strong odor. It evaporates al nost as fast as water does at nornal
tenperatures. Small amunts of 1,2,3-trichloropropane will dissolve in water.
1,2, 3-Trichl oropropane can di ssol ve several substances, such as oils and
waxes, the way water dissolves salt. For this reason, it has been and may
continue to be used as an industrial solvent, paint renover, and cl eaner. W
do not know exactly how much of it is nade or used now, but it nmay be a | arge
amount. Most of the 1,2,3-trichloropropane is used to nake other substances.

In sunlight, 1,2,3-trichloropropane in the air will break down. Mbst of
the 1,2,3-trichloropropane that is released to the air will disappear in a
nonth. In water, half of it will evaporate into the air w thin hours or
several days. Very little of it will stick to the soil at the bottom of

rivers, lakes, or ponds, and very little of it will be expected to concentrate
in fish or other seafoods. 1,2,3-Trichloropropane will not stick to soil. If
it is spilled onto nost soils, sone will evaporate and sone will travel

through the soil into the groundwater, where it may stay for a long tine. It
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may slowly change to a sinpler formin water and soil by natural biologica
and cheni cal processes.

You will find nore information on the properties of 1,2,3-trichloropropane
in Chapters 3, 4, and 5.

1.2 HOWM GHT | BE EXPCSED TO 1, 2, 3- TRI CHLOROPROPANE?

If you live near a hazardous waste disposal site in which
1,2,3-trichloropropane is not stored properly, you could be exposed to
1,2,3-trichl oropropane frombreathing air or drinking water. Because
1,2,3-trichl oropropane easily changes into a vapor, you are nore likely to be
exposed frombreathing air than fromdrinking water. A child playing in this
wast e di sposal site could be exposed by drinking |iquids containing
1,2,3-trichl oropropane, by eating soil coated with 1,2,3-trichloropropane, or
getting this soil or liquid on his or her skin

You coul d be exposed to 1,2,3-trichloropropane in other ways that have
nothing to do with hazardous waste sites. For exanple, you may be exposed to
hi gher levels of 1,2,3-trichloropropane if you are using paint- and varni sh-
renovers that contain it; however, sonme of these products may no | onger
contain this chemcal. If you breathe air near an accidental spill of
1,2,3-trichl oropropane, you can be exposed to higher |evels of the chem cal
Exposure in the workplace nmay result fromspills or other accidents or from
normal operations in the workpl ace.

1,2,3-Trichl oropropane is not common in the environnent (air, water, and
soil), but it has been found in a few rivers, bays, drinking water,
groundwat er, and hazardous waste sites at low levels. This is because
1,2,3-trichloropropane can enter the environnent while it is being made, where
it is used to make or to dissolve other substances, or where it is released in
the waste that is made during these processes. Although 1,2,3-trichl oropropane
is usually not found in the environment, disposal at hazardous waste
sites in the past, or release during spills and accidents have | ead to hi gher
| evel s in nearby water, soil, and groundwater. Although we do not know
exactly how nuch 1, 2,3-trichloropropane the general public or workers are
exposed to, the information that we have shows that the |evels are probably
| ow and exposure probably does not occur often.

You can find nore information in Chapter 5 on how rmuch 1, 2, 3-
trichl oropropane is in the environment and how you can be exposed to it.

1.3 HOWCAN 1, 2, 3- TRI CHLOROCPROPANE ENTER AND LEAVE MY BODY?

If you were to drink water containing 1,2, 3-trichloropropane, nost of

the chem cal would pass into your body fromyour stomach and intestines within
the sane day. 1,2,3-trichl oropropane would al so pass into your body from your
lungs if you were to breathe in air containing it or fromyour skin if you
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were to touch it. However, we do not know how quickly or conpletely
1,2,3-trichl oropropane passes into your body fromyour |lungs or skin
1,2,3-Trichl oropropane that enters your body | eaves your body al nost
conpletely within a few days in your breath, urine, and feces. Mre

i nformati on on how 1, 2, 3-trichl oropropane can enter and | eave your body is
presented in Chapter 2.

1.4 HOWCAN 1, 2, 3- TRI CHLOROPROPANE AFFECT MY HEALTH?

Sone peopl e who breathed air containing high levels of 1,2, 3-
trichl oropropane for several mnutes had eye and throat irritation. These |evels
of 1,2,3-trichloropropane are ikely to be nuch higher than I evels usually found
in outdoor air, including air at hazardous waste sites. W do not know what
ef fects might occur in people who breath 1,2,3-trichloropropane for days,
weeks, or longer durations. W also do not know the possible effects of
1,2,3-trichl oropropane in people who swallow 1,2, 3-trichl oropropane or get
1,2,3-trichl oropropane on their skin.

Aninal s that breathed air containing 1,2,3-trichl oropropane at |evels
hi gher than those usually found in the environnent devel oped ot her health
effects. Rats and mice died after they breathed air containing high | evels of
1,2,3-trichl oropropane for several hours, but we do not know the exact cause
of death. These levels of 1,2,3-trichloropropane are several tinmes higher
than those that can cause eye and throat irritation in humans. Rats that
breathed 1, 2,3-trichloropropane for a few nonths at levels |ower than those
that affected humans devel oped eye, nose, and lung irritation and |iver and
ki dney di sease.

Rats and mice usually died fromdamage to the liver and kidney within a
few days after they swallowed a | arge amount of 1,2,3-trichl oropropane. Most
rats and mice that swallowed small anpunts of 1,2,3-trichloropropane every day
for a few nonths also died fromliver and ki dney damage. Rats that swal | owed
even smal |l er amobunts of 1,2,3-trichloropropane every day for a few nonths did
not die but devel oped stomach irritation, blood disorders, and mnor |iver and
ki dney damage.

Rabbits had severe skin irritation and even injury to internal organs,
including the liver, kidneys, and stomach after 1,2, 3-trichloropropane was
applied to their skin in large amounts for 1 day. These injuries can result
in death. 1,2,3-Trichloropropane al so caused eye irritation in rabbits and
rats when it was applied to the eyes.

We have limted know edge of the effects in aninals exposed to very
snmal | amounts of 1,2,3-trichl oropropane by breathing, swallow ng, or skin
contact for nmany nonths or years |eads to serious disease or death. Rats that
breathed |l ow | evels of 1,2,3-trichloropropane for several weeks or swall owed
| arge anmobunts of 1,2,3-trichloropropane for a few days did not devel op
fertility problens, but we do not know whet her breathing high | evels of
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1,2,3-trichloropropane or swallow ng 1,2,3-trichloropropane for nore than a
few days affects fertility in animals. 1,2,3-Trichl oropropane has not been
found to cause birth defects when injected in rats. W do not know whet her
1,2,3-trichl oropropane causes cancer in humans, but aninmals that swallowed | ow
doses of 1,2,3-trichloropropane for nmost of their lives devel oped cancer in a
nunmber of organs.

More information on how 1,2, 3-trichl oropropane can affect health can be
found in Chapter 2.

1.5 IS THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED TO
1, 2, 3- TRI CHLOROPROPANE?

Scientists can neasure 1,2,3-trichloropropane in blood, urine, and
breath, but there are no readily avail able tests to determ ne whether you have
been exposed. W do not think these tests would be adequate to all ow doctors
to predict harnful health effects. More information about tests for exposure
and effects can be found in Chapters 2 and 6.

1. 6 WHAT RECOMMVENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUVAN HEALTH?

The federal government has a rule designed to protect workers who nay be
exposed to 1,2, 3-trichloropropane. The Qccupational Safety and Health
Admi ni stration (OSHA) states that workers nay not be exposed to average |evels
of 1,2,3-trichloropropane greater than 10 ppmin air during an 8-hour workday.
The federal governnent has no recomendati ons on environnental exposure to
1,2,3-trichl oropropane. More informati on on regul ations and advi sori es can be
found in Chapter 7.

1.7 WHERE CAN | GET MORE | NFORVATI ON?

If you have any nore questions or concerns not covered here, please
contact your state health or environnmental departnment or

Agency for Toxic Substances and Di sease Registry
Di vi si on of Toxi col ogy
1600 difton Road, E-29
Atl anta, Georgia 30333

Thi s agency can al so provide you with information on the |location of the
near est occupational and environmental health clinic. Such clinics specialize
in recogni zing, evaluating, and treating illnesses that result from exposure
to hazardous substances.
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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)

Z

S10d44d HLTVIH



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) .



13
2. HEALTH EFFECTS

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)

4
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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 oc