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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
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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)

4

S10d449 HITVAIH

61



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



24
2. HEALTH EFFECTS

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



25
2. HEALTH EFFECTS

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

A
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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

'

S10d44d HITIVIH

o€




31
2. HEALTH EFFECTS

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
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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.
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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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however, showed that gl utathione decreased protein binding and increased the
formati on of water-soluble G 1,2,3-trichloropropane equival ents, and that
there was no significant coval ent binding of 1,2,3-trichloropropane to DNA
The in vitro data indicated that the role of biotransformation in

1,2, 3-trichl oropropane-i nduced genotoxicity is still unclear.

The results of an investigation of the cardiotoxic and hepatic effects
of 1,2,3-trichloropropane were reported in an abstract (Robinson et al. 1989).
Rats were adm ni stered various doses of 1,2,3-trichloropropane by gavage for
durations ranging from1 to 10 days. Doses of 0.2, 0.4, 0.6, and 0.8 nmol/kg
(29.5-117.9 ny/ kg) produced nyocardial necrosis in 0% 0% 10% and 80% of the
rats, respectively. This effect was observed after 6 days of treatnent at
0.8 mml /kg (117.9 ng/kg). Doses of 1.6-2.8 mmol/kg (235.9-412.8 ny/ kg)
caused i ncreasi ng hepatotoxicity and eventual death but no nyocardi a
necrosis. Tissue levels of 1,2,3-trichloropropane were markedly increased
after 10 days conpared to |-day exposure, suggesting bioaccumrul ation
Peri pheral catechol am ne depletion with 6-hydroxydopan ne reduced myocardi a
necrosis fromnoderate to ninimum severity. The results of this study
suggested that dose and time of 1,2,3-trichloropropane exposure deternine the
appearance of heart or liver toxicity, and that cardiotoxic effects of
1,2,3-trichl oropropane nay invol ve bioaccunul ati on and synpat hoadr energi c
factors.
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3.1 CHEM CAL | DENTI TY

Data pertaining to the chenical identity of 1,2,3-trichloropropane are
listed in Table 3-1.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

The physical and chemi cal properties of 1,2,3-trichloropropane are
presented in Table 3-2.



54

3. CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-1. Chemical Identity of 1,2,3-Trichloropropane

Characteristic Information Reference
Chemical name 1,2,3-Trichloropropane CAS 1989
Synonyms Allyl trichloride; CAS 1989
glycerol trichlorohydrin;
trichlorohydrin
Trade names No data
Chemical formula C,H;C1, CAS 1989

Chemical structure

CH,— CH— CH,
1 | ]

cl Ct Ci

Identification numbers:
CAS registry 96-18-4 CAS 1989
NIOSH RTECS TZ9275000 RTECS 1989
EPA hazardous waste No data
OHM/TADS No data
DOT/UN/NA/IMCO shipping No data
HSDB ' 1340 CHEMLINE 1989
NCI C60220 HSDB 1989
uspa AI3-26040 CHEMLINE 1989

CAS = Chemical Abstracts Service

DOT/UN/NA/IMCO = Department of Transportation/ United Nations/ North America/
International Maritime Dangerous Goods Code

HSDB = Hazardous Substances Data Bank

NCI =~ National Cancer Institute

NIOSH = National Institute for Occupational Safety and Health

OHM/TADS = 0il and Hazardous Materials/ Technical Assistance Data System

RTECS = Registry of Toxic Effects of Chemical Substances

USDA = United States Department of Agriculture
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TABLE 3-2. Physical and Chemical Properties of 1,2,3-Trichloropropane
Property Information Reference
Molecular weight 147.43 Weast 1985
Color Colorless Hawley 1981
Physical state Liquid Hawley 1981
Melting point -14.7°C Williams 1949
Boiling point 156.8°C Riddick et al. 1986
Density at 20°C 1.3888 g/cm® Riddick et al. 1986
Dissociation constant No data

at 25°C (pKa)
Odor

Odor threshold:
Water

Alr

Solubility:
Water at 20°C
Organic solvents

Partition coefficients:

Log octanol/water
Log K,c®

Bioconcentration factor®

Vapor pressure at 25°C
Henry’s law constant:
at 25°C¢

Autoignition temperature

Flashpoint
open cup
open cup
closed cup

Strong, acrid;
trichloroethylene-
like: "sweet
smelling"

No data
No data

1750 mg/L

Soluble in
ethyl alcohol and
higher alcohols,
chloroform and
other chlorinated
hydrocarbons,
ethyl ether,
benzene

.98

.99 (estimated)

.2 (estimated)

.1 mmHg

3.17x10™* atm-m3/mol
(calculated)

304°C (580°F)

WO =

82.2°C (180°F)
78.9°C (174°F)
73.3°C (164°F)

Ruth 1986; HSDB
1989; McNeill 1979

Riddick et al. 1986
Weast 1985;
Williams 1949

EPA 1988b

Lyman et al. 1982

Lyman et al. 1982

Mackay et al. 1982

Lyman et al. 1982
Hawley 1981

Hawley 1981
Williams 1949
Williams 1949
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TABLE 3-2 (Continued)

Property

Information Reference

Flammability limits
Conversion factors
ppm (v/v) to mg/m®
in air (20°C)
mg/m> to ppm (V/V)
in air (20°C)
Explosive limits

No data
1 ppm (v/v)x6.03 = mg/m’
1 mg/m®*x0.166 = ppm (v/v)

No data

*Calculated from water solubility using equation 4-7 (Lyman et al. 1982).

®Calculated ;rom from

°Calculated from vapor pressure and water solubility using equation 15-8

(Lyman et al. 1982).

log K,w using equation 5-2 (Lyman et al. 1982).
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4.1 PRODUCTI ON

Recent data regarding production volumes for 1,2,3-trichloropropane are
not avail able. The estimated 1977 production volune for the chem cal ranged
from?21 to 110 million pounds (EPA 1989b). Current manufacturers of
1,2,3-trichloropropane include Dow Chenical U S. A, Freeport, Texas, and Shel
Q| Conpany, Deer Park, Texas (SRl 1989). In 1977, two additional manufacturing
| ocations were Dow Chemical U S. A, a major producer in Mdland, Mchigan, and
Col unbia Organic Chenicals Co., a minor producer in Colunbia, South Carolina (EPA
1989b). 1, 2,3-Trichl oropropane can be produced via the chlorination of propyl ene
(Hawl ey 1981). Ot her reported nethods for producing 1,2,3-trichloropropane include
the addition of chlorine to allyl chloride, reaction of thionyl chloride with
gl ycerol, and the reaction of phosphorus pentachloride with either 1,3- or 2, 3-
di chl oropropanol (NI OSH 1981; Wl lians 1949). 1,2,3-Trichloropropane al so may be
produced in potentially significant anounts as a byproduct of processes prinmarily
used to produce other chem cals, including dichloropropene (a soil fum gant and
nemat oci de), propyl ene chl orohydrin, propyl ene oxide, dichlorohydrin, and glycero
(Baier et al. 1987; NI OSH 1981). Technical -grade 1, 2,3-trichloropropane reportedly
varies between 97.5% and 99.4% purity (Al berti 1982; NTP 1983a). The nmteri al
tested by the NTP (1983a) contains the following inpurities: 0.066%water, 0.14%
unspeci fi ed chl orohexene, two unspecified chl orohexadi enes (0.24% and 0.13%,
and total acidity of 48 ppm (as HCO ).

4.2 | MPORT/ EXPORT

No data concerning the inport or export of 1,2,3-trichloropropane were
| ocat ed.

4.3 USE

1,2,3-Trichl oropropane has, in the past, been used mainly as a sol vent
and extractive agent. No current information is avail able that indicates that
the conpound is still used for these purposes today. It dissolves a variety
of resins, oils, waxes, and other materials while having a low solubility in
water (WIlians 1949). Commopn uses have included use as a paint- and varnish-
renover, a cleaning and degreasing agent, and a cl eani ng and mnmi nt enance
reagent (Hawl ey 1981; NI OSH 1981). Currently, it is used as a chem cal
i nternediate, for exanple, in the production of polysulfone |iquid polyners
and di chl or opr opene, synthesis of hexafl uoropropyl ene, and as a crosslinking
agent in the synthesis of polysulfides (Baier et al. 1987; Ellerstein and
Bertozzi 1982; Gangal 1980; HSDB 1989). No data were found concerning the
approxi mate amounts currently used for particul ar purposes.

4.4 DI SPOSAL

1,2, 3-Trichl oropropane has been identified as a hazardous waste by the
EPA, and the disposal of this conmpound is regul ated under the Resource
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Conservation and Recovery Act (RCRA). Specific information regarding the
federal regulations of |and disposal of 1,2,3-trichloropropane is avail able
(EPA 1988a). 1,2,3-Trichl oropropane can be di sposed of via atom zation in a
sui tabl e incinerator equipped with appropriate effluent gas scrubbers (HSDB
1989). In case of accidental spills, the chem cal may be di sposed of by
absorption onto vermculite, dry sand, earth, or simlar material followed by
di sposal in a secured landfill (HSDB 1989); however, |and disposal nay no

| onger be allowed by the disposal regul ations discussed above. Significant
renoval of 1,2,3-trichloropropane fromwaste water and sewage nay be
acconpl i shed through the use of activated sludge treatnent processes (Matsu
et al. 1975). No data were found concerning the approximate anounts di sposed
by the various nethods.
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5. POTENTI AL FOR HUVMAN EXPOSURE
5.1 OVERVI EW

1,2,3-Trichl oropropane is a man-nade chemical that is present in the
environnent as a result of anthropogenic activity. Releases to the
environnent are likely to occur as a result of its manufacture, fornulation
and use as a solvent and extractive agent, paint- and varni sh-renover,
cl eani ng and degreasi ng agent, cleaning and nai ntenance reagent, and chem ca
i nternedi ate (HSDB 1989). Rel eases may occur as a result of the disposal of
wast es from production of 1,2,3-trichloropropane and di sposal of products that
contain the chenical, especially at hazardous waste sites that received
1,2, 3-trichl oropropane-contai ni ng wastes. Release to soil can occur through
the use of certain soil fumi gants and nenatoci des that are known to contain
1,2,3-trichloropropane as an inpurity and through the di sposal of
1,2,3-trichl oropropane-contai ni ng sewage sl udge from nuni ci pal sewage
treatment plants.

In anmbient air, the primary renoval process is expected to be the vaporphase
reaction with photochemically generated hydroxyl radicals. In surface
waters, the primary renoval process is likely to be volatilization. In soil
the primary renoval processes are volatilization fromnear-surface soil and
| eaching to groundwater. Aerobic biodegradation is probably a slow process in
natural waters and soil. It may persist in groundwater for a relatively |long
time.

Data regardi ng the concentrations of 1,2,3-trichloropropane in the
environnent are limted, but concentrations should not be |arge except in case
of an accidental spill. It has been found at low levels in the United States
in a fewrivers and bays, drinking water, groundwater, and hazardous waste
sites. The EPA has identified 1,177 NPL sites. 1,2,3-Trichloropropane has
been found at eight of the sites evaluated for the presence of this chemical
However, we do not know how many of the 1,177 NPL sites have been eval uated
for this chemcal. As nore sites are evaluated by EPA, the nunber nay change.
The frequency of these sites within the United States can be seen in
Figure 5.1.

The general popul ation can be exposed to |low | evels of 1,2, 3-
trichl oropropane nainly by ingesting contam nated water. Menbers of the genera
popul ation living near waste sites that contain 1,2, 3-trichl oropropane may be
exposed to low levels of 1,2,3-trichloropropane in their drinking water if they
obtain their household water froma well. Additional exposure may occur through
the inhal ati on of contaminated air, especially for those who |ive near facilities
that manufacture or use 1,2,3-trichloropropane or at treatnent or disposa
facilities. Inhalation and dernmal exposure nmay occur during the use of consuner
products containing 1,2,3-trichloropropane, such as certain paint renovers. It is
difficult to assess the extent of general popul ation and occupati onal exposure
because data are | acking. However, significant exposure to 1,2,3-trichloropropane
may be unlikely because the conmpound may no | onger be used for purposes other than
a chenical internediate, and current
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manuf acturi ng processes generally occur in closed and tightly seal ed systens
(NIOSH 1981). The National Cccupational Exposure Survey (NOES) conducted by
NI OSH from 1981 to 1983 statistically estimated that 492 workers are
potentially exposed to 1,2,3-trichloropropane in the United States. The NOES
dat abase does not contain information on the frequency, concentration, or
duration of exposure of workers to any of the chenicals listed therein. This
summary provides only estimtes of the nunber of workers potentially exposed
to chemicals in the workplace. Cccupational exposure probably results from

i nhal ati on and dermal contact.

5.2 RELEASES TO THE ENVI RONMENT
5.2.1 Air

Data on releases of 1,2,3-trichloropropane to the atnosphere are
| acki ng. Based on the few data available, current releases to the air are
expected to be relatively small. M nor rel eases may have occurred as exhaust,
stack, and fugitive emissions fromits manufacture, formulation, and use as a
solvent (HSDB 1989). 1,2,3-Trichloropropane nmay have been rel eased in the
past into the air as a result of its use as a paint- and varni sh-renover, a
degreasi ng agent, and a cl eani ng and nmi nt enance reagent (Haw ey 1981; N OSH
1981). No information was found that indicates that 1,2,3-trichloropropane is
still used for these purposes today. Very snall anmounts nmay be rel eased
during its use as a chemical internediate and as a result of its formation
during the synthesis of other organic chenicals (see Section 4.1).
Vol atilization fromcontam nated surface waters, effluent waters, and near-
surface soils nay al so be mnor atnospheric sources of this conpound. This
i ncludes volatilization fromidentified and unidentified hazardous waste dunps
that contain 1,2,3-trichloropropane and fromfarm and treated with
1,2, 3-trichl oropropane-contani nated fumi gants and nemat oci des (no i nfornmation
is available to deternine whether or not the soil fum gants and nematoci des
currently manufactured contain 1,2,3-trichloropropane). Small anmounts may be
rel eased to the air during treatnent of water containing
1,2,3-trichl oropropane, because sone of the chemi cal may be renoved via
evaporative stripping fromthe water

5.2.2 Water

Data on the release of 1,2,3-trichloropropane to environnmental waters
are | acking. Based on the few data avail able, current releases to
environnental waters are expected to be relatively small. Rel eases to surface
wat er may have occurred through runoff of waste water from hazardous waste
sites containing 1,2,3-trichloropropane and runoff fromfarm and treated with
certain soil fum gants and nematoci des that contain 1,2, 3-trichl oropropane.
Rel eases to surface and groundwater may have occurred as a result of the
i mproper disposal of 1,2,3-trichloropropane-containing industrial wastes or
wastes fromits use in paint- and varni sh-renovers, cleaning and degreasing
agents, and nai ntenance reagents. Rel eases to groundwater may have occurred
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as a result of the chem cal |eaching through soil at waste sites and
agricultural soil treated with funigants that contain the chem cal. Snall
amounts of the chem cal may have entered surface waters as a result of washout
from1, 2,3-trichl oropropane-contam nated air; however, sone of the
1,2,3-trichl oropropane renmoved fromthe atnmosphere by washout is likely to
have re-entered the atnosphere by volatilization. The chenical was found in
groundwater at 0.71% of the sites in the Contract Laboratory Program
Statistical Database (CLPSD) at a geonetric nean concentration of 57.3 ug/L
(CLPSD 1989). Note that the CLPSD includes data from both NPL and non- NPL
sites.

5.2.3 Soi

Data on releases of 1,2,3-trichloropropane to soils are sparse, which
makes a quantitative estimation of the nagnitude of such rel eases inpossible.
However, releases to soils are expected to be relatively small based upon the
avail abl e data. Rel eases to farm and soil have occurred as a result of the
use of certain soil fumigants and nenatoci des known to contain
1,2,3-trichloropropane as an inmpurity. No current information is avail able,
however, that indicates that these soil funm gants and nenmatoci des stil
contain 1,2, 3-trichl oropropane. Rel eases of the chemi cal to soil may have
occurred as a result of disposal of 1,2,3-trichloropropane-containing sewage
sl udge from muni ci pal sewage treatment plants (Jacobs and Zabi k 1983). Very
smal | amounts of the chemi cal nay be brought to the surface of the earth as a
result of washout from 1, 2,3-trichloropropane-containing air; however, nuch of
the 1,2,3-trichl oropropane renoved fromthe atnnosphere by washout nay re-enter
t he atnosphere by volatilization fromnear-surface soil. Land di sposal of
wastes fromits use in paint- and varni sh-removers, cleaning and degreasing
agents, and cl eaning and nai ntenance reagents nay have rel eased
1,2,3-trichloropropane to soil. The chenical was found in soil at 0.71% of
the sites in the CLPSD at a geonetric nmean concentration of 204 pg/ kg (CLPSD
1989). Note that the CLPSD includes data fromboth NPL and non-NPL sites.

5.3 ENVI RONVENTAL FATE
5.3.1 Transport and Partitioning

No experimental or predictive data were located in the literature
regarding the transport of 1,2,3-trichloropropane in the atnosphere.
1,2,3-Trichl oropropane is expected to exist in the atnosphere predom nantly in
t he vapor phase, based on its vapor pressure (Table 3-2) (Eisenreich et al
1981; MacKay et al. 1982). The specul ation that substantial anmounts of
1,2,3-trichloropropane are not likely to be present in the particul ate phase
i ndicates that dry deposition to the earth's surface will not be an inportant
renoval process. Based upon its | ow water solubility and noderate vapor
pressure (Table 3-2), very small anounts of 1,2,3-trichloropropane present in
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air may be renmoved by wet deposition; however, rmuch of the 1,2,3-trichl oropropane
renoved fromthe at nosphere by washout is likely to re-enter the
at nosphere by volatilization.

Based upon an estinated soil organic carbon partition coefficient (K,)
of 98 (calculated fromwater solubility) (Lyman et al. 1982; Riddick et al
1986), 1,2,3-trichloropropane is expected to display high nobility in soi
(Swann et al. 1983); therefore, it has the potential to leach into
groundwater. This predicted nobility is confirned by the detection of
1,2,3-trichl oropropane in groundwater fromvarious |ocations (see
Section 5.4.2). The vapor pressure of 1,2,3-trichloropropane (3.1 mtHg at
25°C) (MacKay et al. 1982), and the cal culated Henry's | aw const ant
(3.17x10* atm m/ ol at 25°C) (Lyman et al. 1982) suggest that volatilization
fromeither dry or noist soil to the atnosphere will be a significant
envi ronnent al process.

1,2,3-Trichl oropropane in surface water is expected to volatilize
rapidly to the atnosphere. An experinental half-life of 56.1 minutes has been
neasured for evaporation of 1,2,3-trichloropropane froma 1 ppmsolution, with
a depth of 6.5 cm stirred with a shallow pitch propeller at 200 rpmat 25°C
under still air (less than 0.2 nph air currents) (Dilling 1977). Using the
Henry's |l aw constant, a half-life of 6.9 hours was cal cul ated for evaporation
froma nodel river 1 mdeep, flowing at 1 mset, with a wind velocity of
3 mset, and neglecting adsorption to sedinent (Lynan et al. 1982). A
vol atilization half-life of 3.5 days froma nodel pond can be estimated (EPA
1985). 1,2,3-Trichloropropane is not expected to significantly adsorb to
sedi nent and suspended organic matter based upon the estimted K _of 98
(calculated fromwater solubility) (Lyman et al. 1982; Riddick et al. 1986).
It is also not expected to significantly bioconcentrate in fish and aquatic
organi sns based upon an estimated bioconcentration factor (BCF) of 9.2
(calculated fromlog octanol -water partition coefficient (K, (EPA 1988b;
Lyman et al. 1982). No data were located to indicate a potential for
1,2,3-trichl oropropane to biomagnify fromlower to higher trophic states of
the food chain, but based upon the estimated BCF, this is not likely.

5.3.2 Transformati on and Degradation
5.3.2.1 Air

The primary degradati on process for 1,2,3-trichloropropane in the
at nosphere is expected to occur via gas-phase reaction with photochemically
produced hydroxyl radicals. The rate constant for this process is an
estimated 1.0475x10** cmi/ nol ecul e-sec (Atkinson 1987). This corresponds to a
half-1ife of 15.3 days at an estinated atnospheric concentration of 5x10°
hydroxyl radicals/cni. Direct photolysis of 1,2, 3-trichloropropane i s not
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expected to occur in the atnosphere because the chemical |acks a chronophore
that absorbs light at environmentally significant wavel engths (greater than
290 nm (Silverstein et al. 1974).

5.3.2.2 Water

Degradation of 1,2,3-trichloropropane in natural waters is expected to
be a sl ow process. The chenical should volatilize fromsurface waters before
signi ficant degradati on can occur. Hydrolysis of 1,2,3-trichloropropane in
natural waters is not expected to be a significant renoval process. The
measured neutral and base hydrolysis rate constants at 25°C are 1.8x10° hour"
and 9.9x10* M' hour™', respectively (EPA 1988c). These rate constants
correspond to a hydrolysis half-life of 44 years over a pH range of 5-9.
Direct photolysis of 1,2,3-trichloropropane is not expected to occur in
environnental waters because the chenical |acks a chronophore that absorbs
[ight at environmentally significant wavel engths (greater than 290 nm
(Silverstein et al. 1974).

No studi es were | ocated regardi ng the biodegradation of
1,2,3-trichloropropane in natural waters. An aqueous screening study with
activated sewage sludge has indicated that 1,2,3-trichloropropane can be
renoved by biol ogical treatnment processes and that at |east part of the
renoval was due to volatilization. However, this study cannot be used to
predi ct the biodegradability of this conpound under natural conditions. O her
aut hors have observed that hal ogenat ed hydrocarbons, in general, and
especially those with nultiple chlorine substitution, such as
1,1,2-trichloroethane and 1,1, 2,2-tetrachl oroet hane, are recalcitrant towards
bi odegradati on (Kawasaki 1980; Tabak et al. 1981). No data concerning the
potential for anaerobic aqueous bi odegradation of 1,2,3-trichloropropane were
f ound.

5.3.2.3 Soi

No data specifically regarding the degradation of 1,2,3-trichloropropane
in soil were found. However, it has been observed that 1, 2-dichl oropropane
will not significantly biodegrade in soil (Roberts and Stoydin 1976).
Therefore, 1,2,3-trichloropropane is expected to be even | ess bi odegradabl e
because it contains an additional chlorine. The rate of 1,2,3-trichloropropane
|l oss fromsoil due to biodegradati on may not be significant when conpared with its
loss by volatilization and | eaching fromsoil. 1,2,3-Trichloropropane will be | ost
fromthe soil by evaporation (fromboth noist and dry near-surface soil) and by
| eaching to groundwater before 1,2,3-trichloropropane will hydrolyze in soil
Direct photolysis on the surface of soil will not occur.
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5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONVENT
5.4.1 Air

No data were | ocated regarding the detection of 1,2,3-trichloropropane
in anmbient air in the United States. Therefore, no estimate of U. S
at nospheric | evels of the chemcal, including background |evels, is possible.

5.4.2 Wat er

Limted data are avail abl e regardi ng the detection of
1,2,3-trichloropropane in environmental waters. It has been detected by one
of the sanpling techniques at less than 0.2 pg/L in drinking water fromthe
Carrollton Water Plant in New Ol eans, Louisiana, sanpled during August, 1974;
however, since two of the three sanpling techniques failed to detect the
conmpound, the significance of this detection is in question (Keith et al
1976). 1,2,3-Trichloropropane has been qualitatively detected in the drinking
wat er of Cincinnati, GChio, sanpled during 1978 (EPA 1984), and Anes, lowa, on
an unspecified date (EPA 1987). Data fromthe EPA STORET Data Base indicate
that 1,2,3-trichloropropane was found in 39% of 941 sanples of groundwater at
a nedi an concentration of 0.69 pg/L, at an average concentration of 1.0 ug/L,
and a range of trace (bel ow unspecified detection limt) to 2.5 pg/L (STORET
1989). It has been found at concentrations ranging from0.1 to 5.0 pg/L in
groundwat er sanples from California and Hawaii during small- and | arge-scale
retrospective studies of farm ands possibly treated with fum gants and
nemat oci des that contained 1,2,3-trichloropropane as an inpurity (Cohen et al
1986, 1987). The locations that had 1, 2,3-trichl oropropane-contam nated wells
i ncluded the island of Gahu, Hawaii, and the Central Valley of California.
Typi cal concentrations ranged fromO0.2 to 2 pg/L. 1,2,3-Trichloropropane was
found in water fromnine of nine wells in Cahu, Hawaii, sanpled in 1983 and
1984 at maxi mum concentrations ranging from0.30 to 2.8 pg/L (Cki and
G anbel l uca 1987). The wells had been cl osed previously to drinking water use
due to contami nation wth other hal ogenated hydrocarbons. 1, 2, 3-

Tri chl or opropane has been detected in groundwater from2 of 10 sites in
an agricultural comunity in Suffol k County, New York, at concentrations of 6
and 10 pg /L (Lykins and Baier 1985).

1,2,3-Trichl oropropane was qualitatively found in 1 of 30 water sanples
fromthe Del aware, Schuylkill, and Lehigh Rivers, taken February 17-20, 1976
(DeVél 1 e and Chian 1978). 1,2,3-Trichl oropropane was qualitatively found in
wat er from Narragansett Bay, Rhode |sland, sanpled during the sumers of 1979
and 1980, and the winters of 1980 and 1981 (Wakeham et al. 1983). Sone
sanpl es reportedly contained significant |evels of the chemi cal. The chenica
was qualitatively detected in effluent froman advanced waste treatnment plant
in Lake Tahoe, California, in 1974 (EPA 1984). The chemi cal was found in
groundwater at 0.71% of the sites in the CLPSD, which includes data from both
NPL and non-NPL sites, at a geonetric mean concentration of 57.3 pg/L (CLPSD
1989). 1,2,3-Trichl oropropane was found in 69 of 141 sanples of sewage
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sl udges from nuni ci pal sewage treatnment plants in Mchigan in 1980 (Jacobs and
Zabi k 1983). The nedi an and average concentrations of 1,2,3-trichloropropane
in the sludges were 0.352 and 1.07 ng/kg, respectively, and the range was
0.00459-19.5 ng/ kg on a dry-wei ght basis.
5. 4.3 Soi

Limted data are avail abl e regarding the detection of 1,2,3-trichloropropane
in soil sanples. It has been found in soil sanples fromCalifornia and Hawai

during small- and | arge-scale retrospective studies at |evels typically ranging
fromO0.2 to 2 ppb (Cohen et al. 1987). It was found at |least 10 feet down in the
soil profiles in Hawaii. 1,2,3-Trichloropropane nay be present in these soils as a

result of the use of dichloropropene (a soil funigant and nenatocide). 1,2, 3-
Trichl oropropane is used in the preparation of this nematocide and is an inpurity
inthe fornulation of it (Baier et al. 1987). 1,2,3-Trichloropropane was not found
in any of the soil sanples fromthe sites in the CLPSD (1988). The detection

of the chemi cal in the groundwater of hazardous waste sites, however, suggests
that it is released to soil at these sites. The chenical was found in soil at
0.71% of the sites of the CLPSD at a geonetric mean concentration of 204 pg/L
(CLPSD 1989); the CLPSD includes data fromboth NPL and non-NPL sites.

5.4.4 O her Environnental Mdia

1,2,3-Trichl oropropane has been qualitatively identified as a conponent
of ethylene dichloride-tar, a tarlike, oily waste byproduct of vinyl chloride
production that had been disposed of by dunping into the sea (Jensen et al
1975). The chemical has been found in the volatile products fromthe thernal
oxi dative degradation of the flame-retardant plasticizer, tris(dichloropropyl)
phosphate (Christos et al. 1977). No informati on was found that indicated
that 1,2,3-trichloropropane has been found in food. Because of the |ack of
recent conprehensive nmonitoring data, the average daily intake of
i,2,3-trichloropropane and the relative significance of each source of
exposure cannot be determ ned.

5.5 GENERAL PCPULATI ON AND OCCUPATI ONAL EXPOSURE

There are not enough neasured data to assess the general population's
exposure to this compound. The paucity of data may be the result of either a
lack of 1,2,3-trichloropropane contam nation in the environment or a |lack of
studies that attenpt to identify and quantify the conpound in the environment
using sufficiently sensitive techni ques. Based upon the few data avail abl e,
the estimated transport and partitioning properties of the conpound, and
i nfornmati on on production and use, the foll ow ng estimations concerning
exposure can be made. A snall part of the population may be exposed to very
|l ow |l evel s of 1,2,3-trichloropropane through the ingestion of contam nated
drinking water. Exposure to very low levels of 1,2,3-trichloropropane al so
may occur through the inhalation of contam nated air; however, no nonitoring
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data regarding the presence of 1,2,3-trichloropropane in the atnosphere in the
United States were | ocated. General exposure to air containing |ow |l evels may
occur near chem cal nanufacturing facilities that produce 1,2, 3-trichl oropropane
and certain other chemcals, near 1,2,3-trichloropropane-contai ning

hazar dous waste dunps, and farm ands treated with fum gants and nemat oci des
that contain 1,2,3-trichloropropane. No current information is avail abl e,
however, that indicates that 1,2,3-trichloropropane is still present in soi
fum gant formul ati ons, and comrerci al manufacturing processes generally occur
in closed and tightly seal ed systens (NIOSH 1981). Inhal ati on and der mal
exposure may occur during the use of 1,2,3-trichloropropane as a solvent and
extractive agent, in paint- and varnish-renovers, in cleaning and degreasing
agents, and in cleaning and nai ntenance reagents, although there is no current
i nformati on that indicates that the conpound is still used for these purposes
(Haw ey 1981; NI OSH 1981). No data regarding the detection of
1,2,3-trichloropropane in humans in the United States were | ocat ed.

According to the NOES conducted by NIOSH from 1981 to 1983, 492 workers
(of which 9 were wonen) were potentially exposed to 1,2,3-trichloropropane in
t he workplace in 1980 (NI OSH 1989); however, no report of actual neasured
exposure levels in any occupational situation in the United States was
| ocated. The NCES dat abase does not contain infornmation on the frequency,
concentration, or duration of exposure of workers to any of the chenicals
therein. This survey provides only an estimte of the nunber of workers
potentially exposed to chenicals in the workplace. Cccupational exposure to
1,2,3-trichloropropane is expected to be higher in facilities where the
chemical or products containing the chemical are used than in facilities that
produce 1,2,3-trichl oropropane either directly or as a byproduct, since the
conmer ci al manufacturing processes generally occur in closed and tightly
seal ed systenms (NI OSH 1981). Furthernore, exposure may result from procedures
that require direct handling of the material; these include purification
formul ati on of products, sanpling and quality control, packagi ng and storage,
| eakage of equi pment, startup and shutdown procedures, naintenance, cleanup
spills, and other plant energencies (N OSH 1981).

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

Data regardi ng the presence of 1,2,3-trichloropropane in the environnment

are | acking, which prevents the thorough assessnent of the potential for high
exposure in various popul ations. Popul ations with potentially high exposure
to 1,2,3-trichloropropane will generally include those that may be exposed to
envi ronnental contam nation over |ong periods of tine. These may include
popul ati ons exposed to |low |l evels of 1,2,3-trichloropropane via inhalation of
contanminated air at or near both identified and unidentified

1,2,3-trichl oropropane-containing waste di sposal sites and landfills.
Children playing in and around these sites nay al so be dermally exposed to
soil containing 1,2,3-trichloropropane, although any 1,2,3-trichloropropane il
surface soil would be expected to volatilize or |each through the soil
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Per sons whose drinking water is derived from1, 2, 3-trichl oropropanecont am nat ed
groundwat er or surface water for a long period of tinme may be

exposed to relatively high levels of 1,2,3-trichloropropane. Wrkers invol ved
in the manufacture or use of 1,2,3-trichloropropane or 1,2, 3-

trichl oropropanecont ai ni ng products may have the highest potential for exposure to
1,2,3-trichl oropropane. Potentially high general popul ati on exposure may

occur during the use of 1,2,3-trichloropropane-containing products, such as

pai nt- and varni sh-renovers and cl eaners, especially when they are used in
poorly ventilated areas such as in the cleaning of reactors. Exposure through

t he manufacture or use of 1,2,3-trichloropropane-containing products may not

be significant, however, since current manufacturing processes generally occur
in closed and tightly seal ed systens (NIOSH 1981) and no current infornmation

i ndicates that 1,2,3-trichloropropane is still used for those purposes |isted.

5.7 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 NTP, is required
to assure the initiation of a program of research designed to deternine the
health effects (and techni ques for devel opi ng methods to determ ne such health
effects) of 1,2,3-trichloropropane. The foll owi ng categories of possible data
needs have been identified by a joint teamof scientists from ATSDR, NTP, and EPA.
They are defined as substance-specific informational needs that, if met, would
reduce or elinmnate 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.

5.7.1 Data Needs

Physi cal and Chemi cal Properties. Physical and chemnical property data
are essential for estimating the transport and partitioning of a chenical in
t he environnent. Many of the physical and chem cal properties of
1,2,3-trichl oropropane are available (Table 3-2) (Haw ey 1981; HSDB 1989;
Mackay et al. 1982; MNeill 1979; R ddick et al. 1986; Ruth 1986; Wast 1985;
WIliams 1949). However, only estinmated values are listed for the log K,

K., and BCF (Lyman et al. 1982). Since the log K, was used to estimte the
K, and BCF, an experinmentally determined log K, would lead to | ess
uncertainty in those estimted properties. Experinentally determn ned val ues
woul d renpve any doubt regarding the reliability of these data, although the
techni ques used for the estinations appear to be accurate.

Production, Inport/Export, Use, and Disposal. Data regarding the
production nmethods for 1,2,3-trichl oropropane are avail abl e (Bauer et al
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1987; Hawl ey 1981; NI OSH 1981; SRI 1989; WIlians 1949); however, data
regardi ng current production, inport, and export volunes, and use patterns are
| acking. W do know that the chemical is currently produced (SRl 1989), but

not in what quantities or whether future production levels will increase, W
do not know if the chemical is widely used in the honme, the environnent, or in
t he workpl ace, but it does not appear that such wi despread use is likely. It
has not been found in food although foods nmay not have been tested for its
presence. Use, release, and disposal information is useful for determ ning
where environnental exposure to 1,2,3-trichloropropane nmay be high, and may
help in estimting whether exposure is likely, and therefore may help to

det erm ne whether further toxicological studies are warranted. Ceneral data
are avail able regarding the nethods of disposal of 1,2,3-trichloropropane
(HSDB 1989; Matsui et al. 1975), but information concerning the efficiencies
of these nethods, as well as the anpunt disposed of by each nethod is | acking.
Speci fic disposal information, obtainable by polling industries or industry
organi zati ons, may be useful for determ ning environmental burden and
potential concentrations where environmental exposures nay be high. Rules and
regul ati ons governing |and disposal of 1,2,3-trichloropropane are known (EPA
1988a) .

Environnental Fate. The environnental fate of 1,2,3-trichloropropane
remai ns uncl ear due to a | ack of experinental data. W do not know where the
chemical partitions in the environnment. However, based upon estimated
physi cal properties (Lyman et al. 1982), the chemical is expected to partition
into the atnosphere and groundwater (Swann et al. 1983). It has been shown
that the chem cal |eaches through soil (Cohen et al. 1986, 1987; Lykins and
Bai er 1985; ki and G anel luca 1987; STORET 1989). It is estimated that it
can vol atilize ,through near-surface soil and water to the atnosphere (EPA
1985; Lynan et al. 1982). Nothing definitive is known about the
bi odegradability of the conpound. The rate constant for reaction wth
hydroxyl radicals in the atnosphere is an estimted val ue (Atkinson 1987), as
are significant partition coefficient values used in predicting the
environnental fate of the conpound (EPA 1988b). Experinental data in these
areas would aid in assessing the ultimte environnental fate of
1,2,3-trichloropropane, which would, in turn aid in assessing its background
levels in the environnent and | evels of human exposure.

Bi oavai lability from Environnental Media. Studies have shown that
1,2,3-trichl oropropane is absorbed through the |ungs, gastrointestinal tract,
and skin of animals (see Section 2.3.1) (Al pert 1982; Cark 1977; Johannsen
et al. 1988; Sipes et al. 1982; Union Carbide 1958; Volp et al. 1984). This
indicates that it nay be absorbed through the inhalation of contaninated air
i ngestion of contani nated water, food, and soil, and through dermal contact.
The amount of 1,2,3-trichloropropane that is bioavailable fromeach route is
not well documented, and no data were found for humans. Data on the
bi oavailability of 1,2,3-trichloropropane woul d be hel pful in assessing the
i mportance of environmental exposure |evels.
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Food Chai n Bi oaccunul ation. The estimted BCF for 1,2,3-trichl oropropane
(EPA 1988b; Lynman et al. 1982) indicates that this conmpound woul d not
significantly bioconcentrate in plants, aquatic organisns, or aninmals. No
experimental data were found to support this conclusion. Information was
unavail able on the biomagnification of 1,2,3-trichloropropane in food chains.
Addi tional information on bioconcentration by plants, aquatic organi sns, and
ani mal s and bi omagnification in terrestrial and aquatic food chains could be
hel pf ul because it might help to indicate whether the chem cal biomagnifies in
food chains and thereby poses a potential for significant exposure.
Bi omagni fication is not |likely, however, based upon the estinated BCF

Exposure Levels in Environmental Media. Linmited data were avail able
regarding the levels of 1,2,3-trichloropropane in the environnent (Baier et
al. 1987; CLPSD 1989; Cohen et al. 1986, 1987; Dewall e and Chian 1978; EPA
1984, 1987; Jacobs and Zabi k 1983; Keith et al. 1976; Lykins and Bai er 1985;
i and G anbel l uca 1987; STORET 1989; Wakeham et al. 1983). Information on
exposure to 1,2,3-trichl oropropane from environnmental nedia would be useful
especially fromdrinking water derived from groundwat er downgradi ent from
1,2,3-trichl oropropane-contai ni ng hazardous waste di sposal sites and ot her
contam nated surface waters, air near facilities that nake or use products
contai ning the conpound, and soil at waste di sposal sites. Data concerning
the presence of 1,2,3-trichloropropane in foods would al so be useful in
assessi ng potential exposure.

Exposure Levels in Hunmans. No data have been found that indicate that
1,2,3-trichl oropropane has been found in human sanples of blood, urine, fat,
or breast mlk. Furthernore, no bionmarkers of exposure or effect have been
identified. Data on both workpl ace exposure and anbi ent environnenta
exposure are sparse and outdated (N OSH 1981; 1989). A detailed, recent
dat abase of exposure woul d be hel pful in determning the current exposure
| evel s, thus allowi ng estination of the average daily dose associated with
various scenarios such as living near a hazardous waste di sposal site,
drinki ng contam nated drinking water, or working in a contanm nated workpl ace.
Thi s dat abase of exposure may be very useful if current use patterns, for
which information is not available, warrant it.

Exposure Regi stries. No exposure registries for 1,2,3-trichl oropropane
were | ocated. This conpound is not currently one of the conpounds for which a
subregi stry has been established in the National Exposure Registry. The
conmpound wi Il be considered in the future when chemical selection is nade for
subregistries to be established. The information that is anassed in the
Nati onal Exposure Registry facilitates the epideniol ogi cal research needed to
assess adverse health outcones that nmay be related to the exposure to this
conpound.
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5.7.2 On-going Studies

Renedi al investigations and feasibility studies conducted at the eight
NPL sites known to be contaminated with 1,2, 3-trichloropropane will add to the
avai | abl e dat abase on exposure levels in environmental nedia, exposure levels
i n hunans, and exposure registries and will increase the current know edge
regardi ng transport and transformation of 1,2,3-trichloropropane in the
envi ronnent .

As part of the Third National Health and Nutrition Eval uation Survey
(NHANES 111), the Environmental Health Laboratory Sciences Division of the
Center for Environmental Health and Injury Control, Centers for Disease
Control, will be analyzing human bl ood sanples for 1,2,3-trichloropropane and
other volatile organic conpounds. These data will indicate the frequency of
occurrence and background | evel s of these conmpounds in the general popul ation

No ot her on-going studies were | ocated.
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The purpose of this chapter is to describe the analytical nethods that
are available for detecting and/or neasuring and nonitoring 1,2, 3-trichl oropropane
in environnental media and in biological sanples. The intent is not
to provide an exhaustive list of analytical nethods that could be used to
detect and quantify 1,2,3-trichl oropropane. Rather, the intention is to
identify well-established nmethods that are used as the standard nethods of
anal ysis. Many of the analytical nethods used to detect 1,2,3-trichloropropane
in environnental sanples are the nethods approved by federal agencies
such as EPA and the National Institute for Cccupational Safety and Heal th
(NIGSH). O her nethods presented in this chapter are those that are approved
by groups such as the Association of Oficial Analytical Chenists (AOAC) and
the Anmerican Public Health Association (APHA). Additionally, analytica
nmet hods are included that refine previously used nethods to obtain | ower
detection linmts, and/or to inprove accuracy and precision

6.1 BI OLCd CAL MATERI ALS

No conmpl eted studies were located in the literature that reported the
analysis of 1,2,3-trichloropropane in human biol ogical matrices. Methods were
| ocated, however, for the analysis of the conpound in rat biological matrices.
These nethods are listed in Table 6-1. Wth suitable nodifications, the
nmet hods used to detect this chemical in animal sanples may apply generally to
its determination in hunan biol ogi cal sanples. Section 6.2 includes a
di scussion of the methods that may be nost sensitive for the determ nation of
1,2,3-trichl oropropane concentrations in environmental sanples, including
advant ages and di sadvant ages of the commonly used nethods. Initial testing to
determ ne mninumdetection Iimts, recovery, accuracy, and precision of the
particular, suitably nodified methods is necessary to gauge the applicability
of the nethods used to detect 1,2,3-trichloropropane in aninal biologica
sanples for the chenmical's deternination in human biol ogi cal sanpl es.

6. 2 ENVI RONMVENTAL SAMPLES

Met hods for analyzing 1,2,3-trichloropropane in environnmental sanples
are presented in Table 6-2. Al of the nethods |isted use either adsorption
on a sorption colum (air sanples) or purge-and-trap nmethods (solid and |iquid
sanpl es), followed by thermal desorption and sone form of gas chronatography
(GC) with an appropriate detector as the analytical quantification technique.
Pur ge-and-trap nethods involve the purging of the vapor fromthe sanple or its
suspension in water with an inert gas and the trapping of the desorbed vapors
in a sorbent trap. Particular care nust be taken in sanpling and storage of
sanples in view of the compound's high volatility. Although 1,2,3-trichloropropane
was |isted as a chem cal that could be determ ned using the |isted techniques,
significant factors such as the detection linmt and percent recovery were not
reported for this chenical. Both hal ogen-specific detection (e.g., Hal
el ectrolytic conductivity detectors) and nass spectronmetry (MS) provide excellent
detection limts (EPA 1986a; Ho 1989;



TABLE 6-1. Analytical Methods for Determining 1,2,3-Trichloropropane in Biological Materials

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Exhaled air in rats Dry air drawn through cage GC-ECD No data No data Sipes et al. 1982
and trap filled with ethyl
alcohol at -15°C
Urine, feces, bile, Sample homogenized and GC-ECD No data No data Sipes et al. 1982

major tissues,
blood

centrifuged, extracted with
n-hexane; blood added to water
and bile added to ethyl
alcohol prior to extraction

ECD = electron capture detection
GC = gas chromatography
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TABLE 6-2.

Analytical Methods for Determining 1,2,3-Trichloropropane in Environmental Samples

Sample matrix

Preparation method

Analytical method

Sample
detection
limit

Percent
recovery

Reference

Occupational air

Finished drinking/
raw source water

Finished drinking/
raw source water

Finished drinking/
raw source water

Drinking water

Liquid and solid
waste, groundwater,
soil, and sludge

Solid and liquid
waste, soil

Citrus fruit
(lemon, orange,
grapefruit)

Sample sorbed on charcoal;
desorbed by CSZ

Purge and trap in Tenax/
silica/charcoal; thermally
desorb

Purge and trap in Tenax/
silica/charcoal; thermally
desorb

Purge and trap in Tenax/
silica/charcoal; thermally
desorb

Purge and trap in Tenax/
silica/charcoal; thermally
desorb

Soil and viscous samples
dispersed in water or
methanol/water; purge and

trap in Tenax/silica/charcoal

and thermally desorb

Sample dispersed in a glycol;
purged and trapped in Tenax/

silica/charcoal; thermally
desorbed

Sample blended with water;
distilled into cyclohexane
in essential oil apparatus;

cleanup on Flourisil columm;

injected into GC

GC-FID (NIOSH method 1003)

GC-HECD (EPA method 502.1)
Subambient programmable

HRGC-MS (EPA method 524.1)

Cryofocusing (wide or
narrow hore) HRGC-MS (EPA
method 524.2)

GC-HECD and PID in series

GC-HECD (EPA method 5030

and 8010)

GC-ECD and PID in series

GC-ECD

0.3 mg/sample

No data

No data

0.03 ug/L
(wide bore)

0.14 pug/L
(narrow bore)

0.03 ug/L

No data

No data

No data

95%

100X at
0.4 pg/L

No data

108X at 0.5-
10 ug/L (wide
bore)

NIOSH 1987

EPA 1986a

EPA 1986a

EPA 1986a

96% at 0.5 pg/L

{narrow bore)

972

No data

No data

98%-99% at
0.01 ppm

Ho 1989

EFA 1986b

Lopez-Avila et al.
1987

Tonogal et al. 1986

ECD = electron capture detector

FID = flame ionization detector

GC = gas chromotagraphy

HECD = Hall electron capture detector
HRGC = high-resolution gas chromatography
MS = mass spectrometry :
NIOSH = National Institute for Occupational Safety and Health
PID = photoionization detector

9
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Lopez-Avila et al. 1987; Ranus et al. 1984). An advantage of hal ogenspecific
detectors is that they are very sensitive and specific to hal ogen

conpounds. Ms, on the other hand, provides additional confirmation of the
identity of a compound through its ion fragment patterns. H gh-resolution gas
chromat ography (HRGC) with capillary colums coupled with M5 provi des better
resol ution and increased sensitivity for volatile conpounds than packed
colums. In this nethod, desorbed conpounds are cryogenically trapped onto
the head of the capillary colum. This HRGC- M5 net hod overcones sone comobn
probl ens involved in anal yses of excessively conplex sanples, sanples with

| arge ranges of concentrations, and sanples that also contain nonvolatile
conpounds (Drei sch and Munson 1983; EPA 1986a).

6. 3 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 NTP, is required
to assure the initiation of a program of research designed to determ ne the
health effects (and techni ques for devel opi ng methods to determ ne 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, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6. 3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. No
bi omar ker, other than possibly 1,2,3-trichl oropropane itself, that can be
associ ated quantitatively with exposure to 1,2,3-trichl oropropane has been
identified (see Section 2.5). Even the conpound itself nay not be a
guantitative bi omarker of exposure because the |evels found have not been
proven to qualitatively reflect exposure |evels. Nevertheless, there are
net hods for analyzing 1,2,3-trichloropropane in nost of the biologica
matrices for the rat, although inmportant information such as detection linmts
and recoveries was not reported (Sipes et al. 1982). These nethods nay be
sufficient for the analysis of human biol ogical matrices.

No bi omarkers have been identified that can be associated quantitatively
with effects caused by exposure to 1,2,3-trichloropropane. Therefore, nethods
for biomarkers of effects are not currently avail abl e.
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Met hods for Determ ning Parent Conpounds and Degradati on Products in
Envi ronnental Media. Analytical nethods for determining 1,2,3-trichloropropane in
contam nated air, water, soil, liquid and solid waste, sewage sludge, and citrus
fruits are avail able (EPA 1986a, 1986b; Ho 1989; Lopez-Avila et al. 1987; N OCSH
1987; Tonogai et al. 1986). No nethods were found for the determination of 1,2, 3-
trichloropropane in sedinments. Mdst of the nmethods used for environmental sanples,
however, did not report detection Iimts, recovery, accuracy, and precision for
1,2,3-trichl oropropane. Know edge of these factors, as well as the
devel opnent of alternative nethods of analysis, would help in estimating the
potential for human exposure to 1,2, 3-trichloropropane. No information was
found regardi ng degradation products of 1,2,3-trichloropropane. Consequently,
no conment regarding the availability of analytical nethods for deternmnning
degradati on products can be nade.

6.3.2 On-going Studies

The Environmental Health Laboratory Sciences Division of the Center for
Environnental Health and Injury Control, Centers for Disease Control, is
devel opi ng methods for analyzing 1,2,3-trichl oropropane and other volatile
organi ¢ conpounds in blood. These nethods use high resol ution gas
chr omat ogr aphy and magnetic sector nmass spectronetry, which gives detection
l[imts in the low ppt (parts per trillion) range.
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7. REGULATI ONS AND ADVI SCRI ES

Nati onal regul ations and gui delines pertinent to human exposure to
1,2,3-trichl oropropane are sumrmarized in Table 7-1. Guidance fromthe Wrld
Heal th Organi zation and the International Agency for Research on Cancer is not
avai |l abl e.
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TABLE 7-1. Regulations and Guidelines Applicable to 1,2,3-Trichloropropane
Agency Description Information References
NATIONAL
Regulations:
a. Air: 3
OSHA PEL 50 ppm (300 mg/m”) OSHA 1989 (29 CFR
1910)
TWA 10 ppm (60 mg/m°) OSHA 1989 (29 CFR
1910)
Guidelines:
a. Air:
ACGIH TLV-TWA (skin) 10 ppm (60 ms/ma) ACGIH 1989
b. Water:
EPA ODW Health advisories IRIS 1991
Longer-term, child 0.6 mg/L
Longer-term, adult 2 mg/L
DWEL (lifetime) 0.2 mg/L
c. Other: -
EPA RfD (oral) 6x1073 mg/kg/day IRIS 1991
STATE
Regulations and
Guidelines:
a, Air: Acceptable ambient air
concentrations NATICH 1988
Connecticut 6 ms/m3 (8-hr avg)

North Dakota

Nevada
Virginia

3 ms/m3 sa-hr avg)

4.5 mg/m él-hr avg)
7.143 ?g/m (8-hr avg)
5 mg/m” (24-hr avg)

ACGIH = American Conference of Governmental Industrial Hygienists

avg = average

DWEL = Drinking Water Equivalent Level
EPA = Environmental Protection Agency

hr = hour

OSHA = Occupational Safety and Health Administration
PEL = Permissible Exposure Limit

RfD = Reference dose
TLV = Threshold Limit Value
TWA = Time-Weighted Average
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Acut e Exposure -- Exposure to a chemcal for a duration of 14 days or less, as
specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K, -- The ratio of the anmpbunt of a chem cal adsorbed
per unit weight of organic carbon in the soil or sediment to the concentration
of the chemical in solution at equilibrium

Adsorption Ratio (Kd) -- The anpunt of a chemi cal adsorbed by a sedi nent or
soil (i.e., the solid phase) divided by the anbunt of chemical in the solution
phase, which is in equilibriumwith the solid phase, at a fixed solid/solution
ratio. It is generally expressed in micrograns of chem cal sorbed per gram of
soi |l or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chemical in aquatic organisns at a specific tinme or during a discrete tine
peri od of exposure divided by the concentration in the surrounding water at
the sane tinme or during the same peri od.

Cancer Effect Level (CEL) -- The | owest dose of chemcal in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tunmors) between the exposed popul ation and its appropriate control

Carci nogen -- A chemical capabl e of inducing cancer

Ceiling Value -- A concentration of a substance that should not be exceeded,
even i nstantaneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nore, as specified
in the Toxicol ogi cal Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat may result from exposure to a chemical prior to conception
(either parent), during prenatal devel opment, or postnatally to the tine of
sexual maturation. Adverse devel opnental effects nay be detected at any point
in the life span of the organi sm

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chem cal; the distinguishing feature between
the two terns is the stage of devel opnent during which the insult occurred.
The terms, as used here, include nalformations and variations, altered growth,
and in utero death.

EPA Health Advisory -- An estimate of acceptable drinking water levels for a
chem cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and local officials.
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| nredi atel y Dangerous to Life or Health (IDLH) -- The maxi mum environnenta
concentration of a contami nant from which one could escape within 30 mn
wi t hout any escape-inpairing synptons or irreversible health effects.

I nternedi ate Exposure -- Exposure to a chemical for a duration of 15-364 days
as specified in the Toxicol ogi cal Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the i mmune system
that may result from exposure to environnental agents such as chem cals.

In vitro -- Isolated fromthe living organismand artificially maintained, as
in a test tube.

In vivo -- Cccurring within the Iiving organi sm

Lethal Concentration, (LC,) -- The lowest concentration of a chemcal in
air which has been reported to have caused death in humans or animals.

Lethal Concentrationg, (LG, -- A calculated concentration of a chemical in
air to which exposure for a specific length of tine is expected to cause death
in 50% of a defined experinental aninmal popul ation

Lethal Dose, (LD,) -- The lowest dose of a chemical introduced by a route
other than inhalation that is expected to have caused death in humans or
ani mal s.

Let hal Dose ,(LD,) -- The dose of a chenical which has been calculated to
cause death in 50% of a defined experinental animal popul ation

Lethal Time,, (LTy,) -- A calculated period of time within which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experinmental aninmal popul ation.

Lowest - Cbserved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chemical in
a study, or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control

Mal formations -- Permanent structural changes that may adversely affect
survival, devel opnent, or function

M nimal Risk Level -- An estimate of daily human exposure to a chemnical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.

Mut agen -- A substance that causes mutations. A nmutation is a change in the
genetic material in a body cell. Miutations can lead to birth defects,
nm scarri ages, or cancer.
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Short-Term Exposure Limt (STEL) -- The maxi mum concentration to which workers
can be exposed for up to 15 nmin continually. No nore than four excursions are
al | owed per day, and there nust be at |east 60 mn between exposure periods.
The daily TLV-TWA may not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiol ogical systens (e.g., renal, cardiovascular) extending
fromthose arising through a single limted exposure to those assuned over a
lifetinme of exposure to a chem cal

Teratogen -- A chenical that causes structural defects that affect the
devel opnent of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to whi ch nost
wor kers can be exposed without adverse effect. The TLV nay be expressed as a
TWA, as a STEL, or as a CL.

Ti me- Wi ght ed Average (TWA) -- An all owabl e exposure concentrati on averaged
over a normal 8-hour workday or 40-hour workweek.

Toxic Dose (TD,,) -- A calcul ated dose of a chenical, introduced by a route
ot her than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinental animal popul ation

Uncertainty Factor (UF) -- A factor used in operationally deriving the RID
fromexperinental data. UFs are intended to account for (1) the variation in
sensitivity among the nenbers of the human popul ation, (2) the uncertainty in
extrapol ating aninmal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL dat a.
Usual | y each of these factors is set equal to 10.
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Chapter 1
Publ i c Heal th Statenent

This chapter of the profile is a health effects sumary witten in nontechnica
| anguage. Its intended audience is the general public especially people living
inthe vicinity of a hazardous waste site or substance release. |If the Public
Heal th Statenment were renoved fromthe rest of the docunent, it would stil
conmuni cate to the lay public essential information about the substance.

The major headings in the Public Health Statenent are useful to find specific
topics of concern. The topics are witten in a question and answer format. The
answer to each question includes a sentence that will direct the reader to
chapters in the profile that will provide nore informati on on the given topic.

Chapter 2
Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to summarize health
effects by duration of exposure and endpoint and to illustrate graphically levels
of exposure associated with those effects. Al entries in these tables and
figures represent studies that provide reliable, quantitative estimtes of

No- Qbser ved- Adver se- Ef fect Level s (NOAELs), Lowest-Cbserved- Adverse-Effect
Level s (LOAELs) for Less Serious and Serious health effects, or Cancer Effect
Levels (CELs). In addition, these tables and figures illustrate differences in
response by species, Mnimal Risk Levels (MRLs) to humans for noncancer end
points, and EPA' s estimated range associated with an upper-bound indivi dua
lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. The LSE tables and
figures can be used for a quick review of the health effects and to |ocate data
for a specific exposure scenario. The LSE tables and figures should al ways be
used in conjunction with the text.

The | egends presented bel ow denonstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The nunbers in the left colum of the | egends correspond to the nunbers in the
exanpl e table and figure.

LEGEND
See LSE Table 2-1
(1). Route of Exposure One of the first considerations when review ng the

toxicity of a substance using these tables and figures should be the
rel evant and appropriate route of exposure. Wen sufficient data exist,




(2).

(3).

(4).

(5).

(6).

(7).

(8).

(9).
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three LSE tables and two LSE figures are presented in the docunent. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dernmal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limted to the inhalation (LSE Figure 2-1)
and oral (LSE Figure 2-2) routes.

Exposure Duration Three exposure periods: acute (14 days or |ess);
internediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of internediate duration exposure is reported.

Health Effect The nmajor categories of health effects included in
LSE tables and figures are death, system c, imunol ogical
neur ol ogi cal , devel opnental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer. Systemic effects are further defined in the "Systenm col um
of the LSE table.

Key to Figure Each key nunmber in the LSE table Iinks study information

to one or nore data points using the same key nunber in the correspondi ng
LSE figure. In this exanple, the study represented by key nunber 18 has
been used to define a NOAEL and a Less Serious LOAEL (al so see the two
'18r" data points in Figure 2-1).

Speci es The test species, whether animal or hunan, are identified in this
col um.

Exposure Frequency/Duration The duration of the study and the weekly and
dai ly exposure reginen are provided in this colum. This permits

conpari son of NOAELs and LOAELs fromdifferent studies. In this case (key
nunber 18), rats were exposed to [substance x] via inhalation for 13
weeks, 5 days per week, for 6 hours per day.

System This columm further defines the system c effects. These systens

i nclude: respiratory, cardiovascul ar, gastrointestinal, hematol ogical
nmuscul oskel etal, hepatic, renal, and dermal/ocular. "OQther" refers to any
systemc effect (e.g., a decrease in body weight) not covered in these
systenms. In the exanple of key nunber 18, one system c effect
(respiratory) was investigated in this study.

NOAEL A No- Qhserved- Adverse-Effect Level (NQOAEL) is the highest exposure
| evel at which no harnful effects were seen in the organ system studi ed.
Key nunber 18 reports a NOAEL of 3 ppmfor the respiratory system which

was used to derive an internedi ate exposure, inhalation MRL of 0.005 ppm
(see footnote "c").

LOAEL A Lowest - Gbserved- Adverse-Ef fect Level (LOAEL) is the | owest
exposure Level used in the study that caused a harnful health effect.
LOAELs have been classified into "Less Serious" and "Serious" effects.
These distinctions help readers identify the | evels of exposure at which
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adverse health effects first appear and the gradation of effects with

i ncreasi ng dose. A brief description of the specific end point used to
guantify the adverse effect acconpanies the LOAEL. The "Less Serious"
respiratory effect reported in key nunber 18 (hyperplasia) occurred at a
LCAEL of 10 ppm

Ref erence The conplete reference citation is given in Chapter 8 of the
profile.

CEL A Cancer Effect Level (CEL) is the | owest exposure |evel associ ated
with the onset of carcinogenesis in experinental or epidem ol ogical
studi es. CELs are always considered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
whi ch did not cause a measurabl e increase in cancer

Foot not es Expl anations of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NQAEL of 3 ppmin key nunmber 18 was used to derive an MRL of 0.005 ppm

LECGEND

See LSE Figure 2-1

LSE figures graphically illustrate the data presented in the correspondi ng LSE
tabl es. Figures help the reader quickly conmpare health effects according to
exposure |levels for particular exposure duration.

(13).

(14).

(15).

(16).

(17).

Exposure Duration The sanme exposure periods appear as in the LSE table.

In this exanple, health effects observed within the intermedi ate and
chroni c exposure periods are illustrated.

Health Effect These are the categories of health effects for which
reliable quantitative data exist. The sane health effects appear in the
LSE tabl e.

Level s OF Exposure Exposure |levels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure |levels are
reported on the log scale "y" axis. Inhalation exposure is reported in
ng/ M8 or ppm and oral exposure is reported in ng/kg/day.

NOAEL In this exanple, 18r NOAEL is the critical end point for which an
i nternedi ate inhal ati on exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key nunber 18 corresponds to the entry in the LSE
tabl e. The dashed descending arrow indicates the extrapolation fromthe
exposure |level of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

CEL Key nunmber 38r is one of three studies for which Cancer Effect Levels
(CELs) were derived. The dianond synbol refers to a CEL for the test
species (rat). The number 38 corresponds to the entry in the LSE table.
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Esti mat ed Upper-Bound Human Cancer Risk Levels This is the range

associ ated with the upper-bound for lifetinme cancer risk of 1 in 10,000
to 1 inl0,000,000. These risk levels are derived fromEPA s Hunan Heal th
Assessnment Group's upper-bound estinmates of the slope of the cancer dose
response curve at |ow dose levels (ql*).

Key to LSE Figure The Key expl ains the abbreviati ons and synbols used in
the figure.




E}— — TABLE 2-1. Levels of Significant Exposure to [Chemical x] - Inhalation
Exposure LOAEL (effect)
Key to&I frequency/ NOAEL Less serious Serious
figure Species duration System (ppm) (ppm) (ppm) Reference

E—» INTERMEDIATE EXPOSURE

- e f

[E]—v 18 Rat 13 wk Resp 3b 10 Chyperplasia) Nitschke et al.
5d/wk . 1981
6hr/d

CHRONIC EXPOSURE

Cancer

38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982
5d/wk organs)
Thr/d
39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
5d/wk nasal tumors) )
6hr/d
40 Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

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

@-——v b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 10'3 pom; dose adjusted for intermittent exposure
and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Chapter 2 (Section 2.4)
Rel evance to Public Health

The Rel evance to Public Health section provides a health effects summary based

on eval uati ons of existing toxicological, epideniological, and toxicokinetic
information. This summary is designed to present interpretive, weight-of-evidence
di scussions for human health end points by addressing the foll ow ng questions.

1. What effects are known to occur in hunans?

2 . Wat effects observed in animals are likely to be of concern to
humans?

3 . What exposure conditions are likely to be of concern to humans,
especi al ly around hazardous waste sites?

The section discusses health effects by end point. Human data are presented
first, then aninmal data. Both are organi zed by route of exposure (inhalation
oral, and dernmal) and by duration (acute, internediate, and chronic). In vitro
data and data from parenteral routes (intranuscular, intravenous, subcutaneous,
etc.) are also considered in this section. If data are located in the
scientific literature, a table of genotoxicity information is included.

The carci nogenic potential of the profiled substance is qualitatively eval uated,
when appropriate, using existing toxicokinetic, genotoxic, and carci nogeni c data.
ATSDR does not currently assess cancer potency or perform cancer risk
assessments. MRLs for noncancer end points if derived, and the end points from
whi ch they were derived are indicated and di scussed in the appropriate
section(s).

Limtations to existing scientific literature that prevent a satisfactory
eval uation of the relevance to public health are identified in the Identification
of Data Needs section

Interpretation of Mniml Ri sk Levels

Where sufficient toxicologic information was avail able, MRLs were derived. MRLs
are specific for route (inhalation or oral) and duration (acute, internediate,
or chronic) of exposure. ldeally, MRLs can be derived fromall six exposure
scenarios (e.g., Inhalation - acute, -internediate, -chronic; Oral - acute,

i nternediate, - chronic). These MRLs are not nmeant to support regulatory action
but to aquaint health professionals with exposure |evels at which adverse health
effects are not expected to occur in humans. They shoul d hel p physicians and
public health officials determ ne the safety of a conmunity living near a

subst ance em ssion, given the concentration of a contam nant in air or the
estimated daily dose received via food or water. MRLs are based | argely on

t oxi col ogi cal studies in animals and on reports of hunman occupational exposure.
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MRL users should be familiar with the toxicological information on which the
nunber is based. Section 2.4, "Relevance to Public Health," contains basic

i nformati on known about the substance. O her sections such as 2.6, "Interactions
with Gher Chemcals" and 2.7, "Popul ations that are Unusually Suscepti bl e"

provi de inmportant supplenmental information

MRL users should al so understand the MRL derivation nethodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by the
Envi ronnental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA 1989a) to
derive reference doses (RfDs) for |lifetime exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best

j udgenent, represents the nost sensitive human health effect for a given exposure
route and duration. ATSDR cannot nake this judgement or derive an MRL unl ess
information (quantitative or qualitative) is available for all potential effects
(e.g., systemc, neurological, and developnental). In order to conpare NOAELs
and LOAELs for specific end points, all inhalation exposure |evels are adjusted
for 24hr exposures and all intermittent exposures for inhalation and oral routes
of intermediate and chronic duration are adjusted for conti nous exposure (i.e.

7 days/week). If the information and reliable quantitative data on the chosen
end point are avail able, ATSDR derives an MRL using the nbst sensitive species
(when information fromnultiple species is available) with the highest NOAEL t hat
does not exceed any adverse effect |levels. The NOAEL is the npost suitable end
point for deriving an MRL. When a NOAEL is not available, a Less Serious LOAEL
can be used to derive an MRL, and an uncertainty factor (UF) of 10 is enpl oyed.
MRLs are not derived from Serious LOAELs. Additional uncertainty factors of 10
each are used for hunan variability to protect sensitive subpopul ations (people
who are nost susceptible to the health effects caused by the substance) and for
interspecies variability (extrapolation fromanimals to humans). In deriving an
MRL, these individual uncertainty factors are nultiplied together. The product
is then divided into the adjusted inhalation concentration or oral dosage

sel ected fromthe study. Uncertainty factors used in devel oping a

subst ance-specific MRL are provided in the footnotes of the LSE Tabl es.
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS

ACGIH American Conference of Govermmental Industrial Hygienists

ADME Absorption, Distribution, Metabolism, and Excretion

ATSDR Agency for Toxic Substances and Disease Registry

BCF bioconcentration factor

BSC Board of Scientific Counselors

CDGC Centers for Disease Control

CEL Cancer Effect Level

CERCLA Comprehensive Environmental Response, Compensation, and Liability
Act

CFR Code of Federal Regulations

CLP Contract Laboratory Program

cm centimeter

CNS central nervous system

DHEW Department of Health, Education, and Welfare

DHHS Department of Health and Human Services

DOL Department of Labor

ECG electrocardiogram

EEG electroencephalogram

EPA Environmental Protection Agency

EKG see ECG

FAO Food and Agricultural Organization of the United Nations

FEMA Federal Emergency Management Agency

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

£, first generation

fpm feet per minute

ft foot

FR Federal Register

g gram

GC gas chromatography

HPLC high performance liquid chromatography

hr hour

IDLH Immediately Dangerous to Life and Health

IARC International Agency for Research on Cancer

ILO International Labor Organization

in inch

Kd adsorption ratio

kg kilogram

Koc octanol-soil partition coefficient

Kow octanol-water partition coefficient

L liter

LC liquid chromatography

LGy, lethal concentration low

LCsq lethal concentration 50 percent kill

LD, lethal dose low

LDgq lethal dose 50 percent kill

LOAEL lowest-observed-adverse-effect level




LSE

m

mg
min
mL
mm
mmol
mppcf
MRL
MS
NIEHS
NIOSH
NIOSHTIC
nm

ng
NHANES
nmol
NOAEL
NOES
NOHS
NPL
NRC
NTIS
NTP
OSHA
PEL
Pg
pmol
PHS
PMR
ppb
ppm
PPt
REL
RfD
RTECS
sec
SCE
SIC
SMR
STEL
STORET
TLV
TSCA
TRI
TWA
U.s.
UF
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Levels of Significant Exposure

meter

milligram

minute

milliliter

millimeters

millimole

millions of particles per cubic foot

Minimal Risk Level

mass spectroscopy

National Institute of Environmental Health Sciences
National Institute for Occupational Safety and Health
NIOSH's Computerized Information Retrieval System
nanometer

nanogram

National Health and Nutrition Examination Survey
nanomole

no-observed-adverse-effect level

National Occupational Exposure Survey

National Occupational Hazard Survey

National Priorities List

National Research Council

National Technical Information Service

National Toxicology Program

Occupational Safety and Health Administration
permissible exposure limit

picogram

picomole

Public Health Service

proportional mortality ratio

parts per billion

parts per million

parts per trillion

recommended exposure limit

Reference Dose

Registry of Toxic Effects of Chemical Substances
second

sister chromatid exchange

Standard Industrial Classification

standard mortality ratio

short-term exposure limit

STORAGE and RETRIEVAL

threshold limit value

Toxic Substances Control Act

Toxic Release Inventory

time-weighted average

United States

uncertainty factor
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=

0 World Health Organization

greater than
greater than or equal to
equal to
less than
less than or equal to
percent
alpha
beta
delta
gamma
m micron
microgram

ERXoOo™WR RIAATKIVYV

®
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PEER REVI EW

A peer review panel was assenbled for 1,2,3-trichloropropane. The panel
consi sted of the followi ng nmenbers: Dr. Hugh Farber, Private Consultant,
Mdland, M; Dr. |I.G Sipes, Professor and Head, Departnment of Toxi col ogy,
University of Arizona, Tucson, AZ; and Dr. Shane Que Hee, Associ ate Professor
School of Public Health, University of California, Los Angeles, CA These
experts collectively have know edge of 1,2,3-trichloropropane's physical and
chemical properties, toxicokinetics, key health end points, mechanisnms of
action, human and ani mal exposure, and quantification of risk to hunans. Al
reviewers were selected in conformty with the conditions for peer review
specified in the Conprehensive Environnental Response, Conpensation, and
Liability Act of 1986, Section 104.

Scientists fromthe Agency for Toxic Substances and D sease Registry
(ATSDR) have reviewed the peer reviewers' conmments and deterni ned which
comments will be included in the profile. Alisting of the peer reviewers'
conmments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the administrative record for
this compound. A list of databases reviewed and a |ist of unpublished
docunments cited are also included in the administrative record.

The citation of the peer revi ew panel should not be understood to inply

its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR

*U. S. Government Printing OFfice: 1992-638-236.
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