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FOREWORD

The Superfund Amendments and Reauthorization Act of 1986 (Public
Law 99-499) extended and amended the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law (also known as SARA) directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous substances
which are most commonly found at facilities on the CERCLA National Priorities
List and which pose the most significant potential threat to human health, as
determined by ATSDR and the Environmental Protection Agency (EPA). The lists
of the most significant hazardous substances were published in the Federal
Register on April 17, 1987, and on October 20, 1988.

Section 110 (3) of SARA directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list. Each profile must
include the following content:

(A) An examination, summary and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated 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
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, or chronic
health effects, and g

(C) Where 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 humans.

This toxicological profile is prepared in accordance with guidelines
developed by ATSDR and EPA. The original guidelines were published in the
Federal Register on April 17, 1987. Each profile will be revised and
republished as necessary, but no less often than every 3 years, as required
by SARA.

The ATSDR toxicological profile is intended to characterize succinctly
the toxicological and health effects information for the hazardous substance
being described. Each profile identifies and reviews the key literature that
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describes a hazardous substance's toxicological properties. Other literature
is presented but described in less detail than the key studies. The profile
is not intended to be an exhaustive document; however, more comprehensive
sources of specialty information are referenced.

Each toxicological profile begins with a public health statement, which
describes in nontechnical language a substance's relevant toxicological
properties. Following the statement is material that presents 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 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 front 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. We plan to revise
these documents as additional data become available. .

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, EPA, the Centers for Disease Control, and the National
Toxicology Program. It has also been reviewed by a panel of nongovernment
peer reviewers and was made available for public review. Final responsibility
for the contents and views expressed in this toxicological profile resides
with ATSDR.

Walter R. Dowdle, Ph.D.

Acting Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT
1.1  WHAT IS N-NI TROSODI - n- PROPYLAM NE?

N-N trosodi-n-propylanmine is a yellow liquid at roomtenperature that
does not disssolve in water and evaporates slowy. It is a man-nade
chemi cal made in small anounts for use in research. There is no evidence
that N-nitrosodi-n-propylam ne exists naturally in soil, air, food, or
water. Small anpunts of N-nitrosodi-n-propylamne are produced as a side
reaction during sone nmanufacturing processes, as a contaninant in sone
commonly avail abl e weed killers (dinitroaniline-based), and during the
manuf act ure of some rubber products. Wen exposed to sunlight, N-nitrosodi-n-
propyl am ne usually does not last for nore than a day. Wthout sunlight
(e.g, in water deeper than sunlight reaches or in subsurface soil)
N ni trosodi - n- propyl am ne breaks down slowy. It takes between 14 and 80
days for one-half of any certain anbunt of N-nitrosodi-n-propylamne to
break down when it is released to the subsurface soil. Mre information can
be found in Chapters 3, 4, and 5.

1.2 HOWMGHT | BE EXPOSED TO N- NI TROSCDI - n- PROPYLAM NE?

Persons may be exposed to N-nitrosodi-n-propyl anine by eating foods
treated with nitrite preservatives (e.g., cheeses, cured neats) and drinking
certain al coholic beverages. N-Nitrosodi-n-propylanmne forns in the stomach
during digestion of nitrite-treated foods and foods that contain certain
am nes, particularly di-n-propylam ne. Am nes occur in sone nedicines and
in a variety of foods. Levels of N nitrosodi-n-propylanine found in food
and al cohol i c beverages range between 0.03 parts per billion (ppb) in fried,
salt-preserved fish to 30 ppb in cheese. The general popul ation may be
exposed to N-nitrosodi -n-propylanine in cigarette snoke. Wrkers naking
nol ded rubber products have been exposed to | evels of N-nitrosodi-n-propyl ani ne
in workroomair that were measured in parts of conpound per
trillion parts (ppt) of air. Workers applying contani nated weed killers nmay
al so be exposed to extrenely low (ppt) levels of N-nitrosodi-n-propyl ani ne.
At this time, N nitrosodi-n-propylam ne has been found in at |east 1 of
1177 hazardous waste sites on the National Priorities List (NPL) in the
United States. Workers and the general population at these sites could
possi bly be exposed to this conpound by skin contact, breathing, and eating
contam nated itenms. For nore information, refer to Chapter 5.

1.3 HOW CAN N- NI TROSODI - n- PROPYI NE ENTER AND LEAVE MY BODY?

N-Ni trosodi - n- propyl am ne can enter the body when a person breathes
air that contains N-nitrosodi-n-propylanine, or eats food or drinks water
contam nated with N-nitrosodi-n-propylanine. N-nitrosodi-n-propylamne is
not likely to get into your body unless you eat certain foods, drink
al cohol i ¢ beverages, or are exposed to it at a waste disposal site by
breat hi ng N-nitrosodi-n-propyl am ne vapors. It is likely that N nitrosodi-n-
propyl am ne can enter the body by direct skin contact wth wastes,
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pesticides, or soil that contains it. Experinents with ani nals suggest that
if N-nitrosodi-n-propylamne enters the body, it will be broken down into
ot her conpounds and will |eave the body in the urine. Mre informtion on
how N-ni trosodi - n- propyl am ne can enter and | eave your body is given in
Chapter 2.

1.4 HOW CAN N- NI TROSODI - n- PROPYLAM NE AFFECT MY HEALTH?

The effects of short- or long-termexposures to N-nitrosodi-n-propyl am ne
on human health have not been studied. Little is known about
the health effects of short exposures to N-nitrosodi-n-propylamne in
experi mental aninmals except that eating or drinking certain amunts of this
chem cal can cause liver disease and death. Long-term exposure of
experinental animals to N-nitrosodi-n-propylamne in food or drinking water
causes cancer of the liver, esophagus, and nasal cavities. Although human
studi es are not available, the animal evidence indicates that it is
reasonabl e to expect that exposure to N-nitrosodi-n-propylamn ne by eating
or drinking could cause liver disease and cancer in humans. It is not known
.whet her other effects, such as birth defects, occur in aninmals or could
occur in humans exposed to N-nitrosodi-n-propylam ne by eating or drinking.
It is also not known whet her exposure to N-nitrosodi-n-propyl am ne by
breat hing contam nated air or contact with the skin can affect the health of
ani mal s or humans. Liver disease and cancer due to exposure to N-nitrosodi-n-
propyl anmi ne by breathing or skin contact are, however, a possibility and a
health concern. Mrre information on the health effects of N nitrosodi-n-
propylanmine is given in Chapter 2.

1.5 I'S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN EXPOSED TO N-
NI TROSQDI - n- PROPYLAM NE?

The presence of N-nitrosodi-n-propylamne in blood and urine can be
nmeasured by chemi cal analysis, but this analysis is not usually avail able
at your doctor's office and has not been used to test for hunman exposure or
to predict possible health effects. These considerations are discussed in
nore detail in Chapter 2.

1.6 WHAT LEVELS OF EXPCSURE HAVE RESULTED | N HARMFUL HEALTH EFFECTS?

Tables |1-1 through 1-4 show the relationship between exposure to
N-ni t rosodi - n- propyl am ne and known health effects. As indicated in Tables
-1 and 1-2, nothing is known about the health effects on humans or animals
of breathing N-nitrosodi-n-propylanm ne. A so, nothing is known-about the
health effects in humans of eating food or drinking water containing
N-nitrosodi-n-propylanine (Table 1-3). A Mnimal R sk Level (MRL) is also
included in Table 1-3. This MRL was derived fromanimal data for short-term
exposure as described in Chapter 2 and in Table 2-1. The MRL provides a
basis for comparison with | evels that people mght encounter in drinking
water. |If a person is exposed to N-nitrosodi-n-propylam ne at an anount
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TABLE 1-1. Human Health Effects from Breathing
N-Nitrosodi-n-propylamine¥*

Short-term Exposure
(less than or equal to 14 days)

Levels in Air Length of Exposure Description of Effects

The health effects resulting
from short-term exposure of
humans to air containing
N-nitrosodi-n-propylamine
are not known.

Long-term Exposure
(greater than 14 days)

Levels in Air Length of Exposure Description of Effects

The health effects resulting
from long-term exposure of
humans to air containing
N-nitrosodi-n-propylamine
are not known.

*See Section 1.2 for a discussion of exposures encountered in daily
life.
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TABLE 1-2. Animal Health Effects from Breathing
N-Nitrosodi-n-propylamine

Short-term Exposure
(less than or equal to 14 days)

Levels in Air Length of Exposure Description of Effects

The health effects resulting
from short-term exposure of
animals to air containing
N-nitrosodi-n-propylamine
are not known.

Long-term Exposure
(greater than 14 days)

Levels in Air Length of Exposure Description of Effects

The health effects resulting
from long-term exposure of
animals to air containing
N-nitrosodi-n-propylamine
are not known.
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TABLE 1-3. Human Health Effects from Eating or Drinking
N-Nitrosodi-n-propylamine*

Short-term Exposure
(less than or equal to 14 days)

Levels in Food Length of Exposure Description of Effects

The health effects
resulting from short-
term exposure of humans
to food containing
N-nitroso-di-n-propyl-
amine are not known.

Levels in Water (ppm)

3.3 Minimal risk level
(based on animal data;
see Section 1.6 for

discussion).
Long-term Exposure
(greater than 14 days)

Levels in Food Length of Exposure Description of Effects

The health effects
resulting from long-term
exposure of humans to
food containing
N-nitroso-di-n-propyl-
amine are not known.

Levels in Water The health effects
resulting from long-term
exposure of humans to
food containing
N-nitrosodi-n-propylamine
are not known.

*See Section 1.2 for a discussion of exposures encountered in daily
life.
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TABLE 1-4. Animal Health Effects from Eating or Drinking
N-Nitrosodi-n-propylamine

Short-term Exposure
(less than or equal to 14 days)

Levels in Food (ppm)

308 4 days Liver injury in mice.

Levels in Water (ppm) Length of Exposure Description of Effects*

3429 once Liver injury and death in
rats.

Long-term Exposure
(greater than 14 days)

Levels in Food Length of Exposure Description of Effects

The health effects
resulting from long-term
animal exposure to food
containing specific
levels of N-nitrosodi-n-
propylamine are not
known.

Levels in Water The health effects
resulting from long-term
animal exposure to water
containing specific
levels of N-nitrosodi-n-
propylamine are not
known.

*These effects are listed at the lowest level at which they were first
observed. They may also be seen at higher levels.
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bel ow the MRL, it is not expected that harnful (noncancer) health effects

wi Il occur. Because this level is based on information that is currently
avai l abl e, sone uncertainty is always associated with it. Al so, because the
nmet hod for deriving MRLs does not use any information about cancer, an MRL
does not inply anything about the presence, absence, or level of risk of
cancer. The levels of N-nitrosodi-n-propylamne in food and drinking water
linked with known health effects in aninmals are given in Table I-4. It is
not known whet her skin contact with N-nitrosodi-n-propyl amne can affect the
heal th of humans or aninals. Mre information on | evels of exposure |inked
wi th adverse health effects can be found in Chapter 2.

1.7 RECOMMVENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT
HUVAN HEALTH?

The EPA controls the release of N-nitrosodi-n-propylamne. It is
proposed that releases or spills of 10 pounds or nore of N-nitrosodi-n-propyl am ne
nmust be reported to the National Response Center.

1.8 WHERE CAN | CET MORE | NFORMATI ON?

If you have nore questions or concerns, please contact your State
Heal th or Environnental Departnent 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






2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

This chapter contains descriptions and eval uati ons of studies and
interpretation of data on the health effects associated with exposure to
N-nitrosodi-n-propylamne. Its purpose is to present |levels of significant
exposure for N-nitrosodi-n-propyl ani ne based on toxicol ogi cal studies,
epi dem ol ogi cal investigations, and environnental exposure data. This
information is presented to provide public health officials, physicians,

t oxi col ogi sts, and other interested individuals and groups with (1) an
overal | perspective of the toxicology of Nnitrosodi-n-propylanine and (2) a
depi ction of significant exposure |evels associated with various adverse
health effects.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF FXPOSURE

To help public health professionals address the needs of persons
living or working near hazardous waste sites, the data in this section are

organi zed first by route of exposure -- inhalation, oral, and dernmal -- and
then by health effect -- death, system c, inmunol ogical, neurol ogical

devel opnmental , reproductive, genotoxic, and carcinogenic effects. These
data are discussed in terns of three exposure periods -- acute,

i nternmedi ate, and chroni c.

Level s of significant exposure for each exposure route and duration
(for which data exist) are presented in tables and illustrated in figures.
The points in the figures showi ng no-observed-adverse-effect |evels (NOAELS)
or | owest-observed-adverse-effect |evels (LOAELs) reflect the actual doses
(level s of exposure) used in the studies. LOAELs have been classified into
"l ess serious" or "serious" effects. These distinctions are intended to
hel p the users of the docunment identify the |evels of exposure at which
adverse health effects start to appear, determ ne whether or not the
intensity of the effects varies with dose and/or duration, and place into
perspective the possible significance of these effects to human heal th.

The significance of the exposure |evels shown on the tables and graphs
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons or
with the identification of persons with the potential to devel op such
di sease may be interested in |levels of exposure associated with "serious"
effects. Public health officials and project nmanagers concerned wth
response actions at Superfund sites may want information on | evels of
exposure associated with nore subtle effects in humans or aninmals (LOAEL) or
exposure | evel s bel ow which no adverse effects (NOAEL) have been observed.
Esti mates of levels posing mnimal risk to humans (mninmal risk |evels,
MRLs) are of interest to health professionals and citizens alike.
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For certain chemicals, |evels of exposure associated with carcinogenic
effects may be indicated in the figures. These levels reflect the actual
doses associated with the tunor incidences reported in the studies cited.
Because cancer effects could occur at |ower exposure levels, the figures
al so show estinmated excess risks, ranging froma risk of one in 10,000 to
one in 10,000,000 (10" to 10", as devel oped by EPA

Esti mates of exposure |l evels posing mninmal risk to humans (MRLs) have
been nmade, where data were believed reliable, for the nobst sensitive
noncancer end point for each exposure duration. MRLs include adjustnents to
reflect human variability and, where appropriate, the uncertainty of
extrapolating fromlaboratory aninmal data to humans. Although nethods have
been established to derive these |l evels (Barnes et al. 1987; EPA 1980a),
uncertainties are associated with the techni ques.

2.2.1 | nhal ati on Exposure

No studies were |located regarding the follow ng effects in humans or
animals followi ng inhalati on exposure to N nitrosodi-n-propyl ani ne

2.2.1.1 Deat h

2.2.1.2 System c Effects
2.2.1.3 Neur ol ogi cal Effects
2.2.1.4 I munol ogi cal Effects
2.2.1.5 Devel opnental Effects
2.2.1.6 Reproductive Effects
2.2.1.7 Genotoxi c Effects
2.2.1.8 Cancer

2.2.2 Oral Exposure

2.2.2.1 Deat h

No studies were located regarding lethality in humans foll ow ng oral
exposure to N-nitrosodi-n-propyl am ne.

Druckrey et al. (1967) determ ned a single dose gavage LD, of 480
ng/ kg for N-nitrosodi-n-propylanmne in rats. The val ue was determ ned using
an unspecified graphic technique but specific nortality data were not
reported. Deaths occurred after 3-7 days and appear to have been due
primarily to hepatotoxicity. OQher acute oral lethality data were not
located in the reviewed literature. The 480 nmg/kg LD,, is indicated in
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Table 2-1 and Figure 2-1. No short-term studi es of N nitrosodi-n-propyl am ne
adm nistered in drinking water were | ocated; therefore, the dose |evel of
480 ng/ kg, which was admi ni stered by gavage in water (Druckrey et al. 1967),
was converted to an equi val ent concentration of 3400 ppmin water for
presentation in Table |-4.

Decreased |l ongevity occurred in rats that were treated with
N-ni trosodi - n- propyl am ne at doses of 6.3 ng/kg/day (fermales) or 12.6
ng/ kg/ day (mal es) by gavage for 2 days/week for 30 weeks (Lijinsky and
Reuber 1983), or 5.1 ng/kg/day (males) via drinking water for 5 days/week
for 30 weeks (Lijinsky and Tayl or 1978, 1979). Mortality in the Lijinsky and
Reuber (1983) study was 92-100% after 40-60 weeks conpared to 5-10% after
100 weeks in controls; conparable data were reported by Lijinsky and Tayl or
(1978, 1979) for the treated rats but a control group was not used. The
nortality in these studies was due to tunor devel opnent (see Section
2.2.2.8, Oal exposure, Cancer). The 5.1, 6.3 and 12.6 ny/ kg/day doses are
serious LOAEL values for lethality in rats due to internedi ate duration oral
exposure and are recorded in Table 2-1 and plotted in Figure 2-1. No studies
were | ocated regarding survival in aninmals follow ng chronic oral exposure
to N-nitrosodi-n-propylam ne

2.2.2.2 Systenic Effects

No studies were |ocated regarding systemc effects in humans foll ow ng
oral exposure to N-nitrosodi-n-propyl anm ne

Hepatic Effects. Pathol ogi c exam nations of rats that received single
| et hal doses of various nitrosami nes, including N nitrosodi-n-propylam ne,
showed centril obul ar necrosis and fatty degeneration of the liver (Druckrey
et al. 1967). Specific doses of N-nitrosodi-n-propyl anine that produced
these effects were not reported, but the LD, was determined to be 480
ng/ kg; this dose is indicated in Table 2-1 and Figure 2-1 as a serious LOAEL
for hepatic effects in rats due to acute oral exposure. No short-term
studi es of N-nitrosodi-n-propylanm ne adnministered in drinking water were
| ocated; therefore, the dose |evel of 480 ng/ kg, which was adm ni stered by
gavage in water (Druckrey et al. 1967), was converted to an equival ent
concentration of 3400 ppmin water for presentation in Table |-4.

Ni shie et al. (1972) deternined pentobarbital sleeping tinme (PST) in
nmce that were treated by gavage with single doses or with four consecutive
daily doses of various nitrosam nes, including N-nitrosodi-n-propylam ne.
Doses of N-nitrosodi-n-propylam ne were 160 ng/ kg/day in the single dose
study and 40 ng/kg/day in the four-day study. N-nitrosodi-n-propyl ami ne
treatnment resulted in significantly prolonged PST in both studies. Liver
hi st ol ogy was evaluated in the four-day study, but results of the histologic
exam nations were not reported specifically for any of the nitrosam nes.
Hepatic histological alterations attributed to unspecified nitrosam nes
i ncl uded hepatocyte swelling and necrosis in the centrilobul ar areas; due to
the i nadequately reported data, it cannot be determ ned whether N-nitrosodi-



TABLE 2-1.

Levels of Significant

Exposure to N-Nitrosodi-n-propylamine - Oral

Duration/ LOAELS (Effect)
Graph Frequency b
Key Species® Route Exposure Effect NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
ACUTE EXPOSURE
Death
1 rat (G) one dose 480 (Lbgqg) Druckrey et al. 1967
Systemic
2 mouse ) 1wk, Kepatic 9.5d Tyndatl et al. 1978
daily
3 mouse (G) 4 d, Hepatic 40 (increased PST) Nishie et al. 1972
once/day
4 rat (G) one dose Hepatic 480 (necrosis) Druckrey et al. 1967
INTERMEDIATE EXPOSURE
Death
5 rat ) 30 wk, 5.1 (decreased longevity) Lijinsky and Taylor 1978,
5 d/wk 1979
[ rat (G) 30 wk, 12.6 (decreased longevity) Lijinsky and Reuber 1983
(male) 2 d/wk
7 rat (G) 30 wk, 6.3 (decreased longevity) Lijinsky and Reuber 1983
(female) 2 d/wk
Cancer
8 rat W) 30 wk, 2.6 (CELe-esophagus, Lijinsky and Reuber 1981
5 d/wk forestomach tumors)
9 rat (G) 30 wk, 6.3 (CEL®-liver, nasal, Lijinsky and Reuber 1983
2 d/wk esophagus tumors)
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TABLE 2-1 (continued)

buration/ LOAELS (Effect)
Graph Frequency b
Key Speciesa Route Exposure Effect NOAEL Less Serious Serious Reference
(mg/kg/day) (mg/kg/day) (mg/kg/day)
10 rat (F) life, 4 (CEL®-liver carcinoma) Druckrey et al. 1967
daily
1" mouse (G) 50 wk, 1 (CEL®-forestomach, Griciute et al. 1982
2 d/wk pulmonary tumors})

86 - gavage, W - water, F - feed
OAEL - No Observed Adverse Effect Level

CLOAEL - Lowest Observed Adverse Effect Level

Yysed to derive acute oral MRL; dose divided by an uncertainty factor of 100 (10 for extrapolation
from animals to humans and 10 for human variability), resulting in a MRL of 0.095 mg/kg/day. This MRL has been converted to an
equivalent concentration in water (3.3 ppm) for presentation in Table 1-3.

©CEL - Cancer Effect Level
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n- propyl anm ne was anong the nitrosam nes that produced these effects.
However, considering the aforenentioned findings for nitrosam nes in general
as well as evidence for hepatotoxicity of N-nitrosodi-n-propylam ne and
other nitrosam nes from ot her studies, the increase in PST provides an
indirect indication of adverse liver effects. Therefore, since N-nitrosodi-n-
propyl am ne markedly increased PST in the four-day study, 40 ng/kg/day can
be regarded as a LOAEL for |less serious hepatic effects due to acute oral
exposure (Table 2-1 and Figure 2-1). No short-term studies of N-nitrosodi-n-
propyl am ne adm nistered in food were | ocated; therefore, the dose | evel of
40 ny/ kg/ day, which was adm nistered by gavage in olive oil (N shie et al
1972), was converted to an equival ent concentration of 308 ppmin food for
presentation in Table |-4.

Li ver histology and activities of liver-associated serum enzynes (SGOT,
al kal i ne phosphat ase, | actate dehydrogenase, gama- gl utanyl -transferase)
were unaltered in mce exposed to 9.5 ng/kg/day via drinking water for one
week (Tyndall et al. 1978). This dose represents a NOAEL for hepatic effects
due to acute duration exposure (Table 2-1 and Figure 2-1). Because this
NOAEL is |lower than the 40 ng/kg/ day LOAEL for hepatic effects (N shie et
al. 1972), it can be used as the basis for an acute MRL (Figure 2-1). Based
on this value, an acute oral MRL of 0.095 ng/kg/day was cal cul ated, as
described in the footnote in Table 2-1. This MRL has been converted to an
qu:valent concentration in drinking water (3.3 ppn) for presentation in
Tabl e 1-3.

O her Effects. Plasnma esterase profiles were exam ned in mce exposed
to various carcinogenic, weakly carcinogenic and noncarci nogeni ¢ chem cal s
in the drinking water for one week (Tyndall et al. 1978). N nitrosodi-n-
propyl am ne, adm nistered at a dose 9.5 ng/kg/ day, produced esterase
alterations that were simlar to those produced by other N nitrosodial kyl ani nes.
The alterati ons were not acconpani ed by weight loss, altered liver-associated
serum enzynes or histologic effects. This study was conducted to determ ne whether
altered esterase patterns in plasma would provide a nore sensitive indicator of
exposure to a carcinogenic chemcal than standard clinical chenmistry tests. It was
concluded that it is not known if the altered esterase profiles that were observed
for N-nitrosodi-n-propylam ne and the other carcinogens are related to
carcinogenicity, toxicity or netabolism Since the biological significance of the
altered esterase profiles is unknown, it cannot be determined if 9.5 ny/kg/day
represents a NOAEL or LOAEL for serumchemistry alterations due to acute
oral exposure.

No studies were |located regarding the follow ng effects in humans or
animals followi ng oral exposure to N-nitrosodi-n-propyl am ne:

2.2.2.3 | munol ogi cal Effects

2.2.2. 4 Neur ol ogi cal Effects
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2.2.2.5 Devel opnental Effects
2.2.2.6 Reproductive Effects
2.2.2.7 Genotoxi c Effects

Singl e doses of N-nitrosodi-n-propyl am ne, adm ni stered by gavage,
produced fragnmentation of liver DNAin rats (Branmbilla et al. 1981, 1987a).
Doses ranged from0.31 to 25 ng/kg and the effect was dose-rel at ed.

2.2.2.8 Cancer

No studies were |ocated regardi ng carcinogenic effects in humans
followi ng oral exposure to N-nitrosodi-n-propyl am ne

The carcinogenicity of N-nitrosodi-n-propyl am ne has been denonstrated
unequi vocally in oral studies. H gh incidences of |iver carcinonas, nasa
cavity carcinonmas, esophageal carcinomas and papill omas, forestonmach tunors
or tongue tunors occurred in rats that were exposed to N-nitrosodi-
npropyl am ne by gavage at doses of 6.3 or 12.6 ng/kg/day for 2 days/week for
30 weeks (Lijinsky and Reuber 1983), via drinking water at a dose of 2.6
ng/ kg/ day for 5 days/week for 30 weeks (Lijinsky and Reuber 1981), via
drinking water at a dose of 5.1 ng/kg/day for 5 days/week for 30 weeks
(Lijinsky and Reuber 1981; Lijinsky and Tayl or 1978, 1979), and via diet
daily at reported doses of 4-30 ng/kg/day for life (survival duration not
speci fied) (Druckrey et al. 1967). Tunor incidences in the |liver, nasa
cavity, esophagus and forestomach were generally in the range of 60-100%
and tongue tunor incidences ranged from 30-40% The Lijinsky and Reuber
(1983) study was the only study that used control groups; no tunors
occurred in the control rats at any of the sites in which tunors devel oped
inthe treated rats. The lack of controls in the other studies is not
considered to be a serious deficiency due to the high tunor incidences. As
indicated in Section 2.2.2.1 (Oral exposure, Death), tunmor devel opnent in
all of the rat studies was |ife-shortening.

The | owest drinking water and gavage doses of N-nitrosodi-n-propyl am ne
that were carcinogenic to rats are 2.6 ng/kg/day (Lijinsky and
Reuber 1981) and 6.3 ng/kg/day (Lijinsky and Reuber 1983), respectively;
these are internediate duration effect |evels for carcinogenicity (cancer
effects | evels, CELs) because exposure durations were 30 weeks (Table 2-
and Figure 2-1). The | owest dose tested in the study of Druckrey et al.
(1967) (4 ng/kg/day) is also presented in Table 2-1 and Figure 2-1 in the
intermedi ate duration category as this study is used as the basis for a
carci nogeni ¢ potency factor for N-nitrosodi-n-propyl am ne (EPA 1988). The 4
ng/ kg/ day dose fromthe Druckrey et al. (1967) study is considered to be the
| owest CEL due to internediate duration exposure because (1) tinme to tunor
data suggest that survival was generally |ess than one year, and (2)
survival was | ess than one year in the other cancer studies which used
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simlar or |ower doses. Al though a carcinogenic potency factor is based on
this study, it should be recognized that the study is limted by snal
nunbers of treated rats, no controls and unreported specific tunor

i nci dences. Using hepatocel | ul ar carci noma response data fromthis study,
EPA (1988) derived and verified an oral slope factor (BH) of 7.0
(ng/ kg/ day) * for N-nitrosodi-n-propylamine. Using this slope factor the
doses associated with upper bound lifetinme cancer risk levels of 10° to
107 are calculated to be 1.4 x 10° to 1.4 x 10° ny/ kg/ day, respectively.
The cancer risk levels are plotted in Figure 2-1 in the chronic duration
category because they represent lifetinme risks for hunans.

In an oral carcinogenicity study conducted with mce, the aninmals
recei ved an estinmated N-nitrosodi-n-propyl am ne dose of 1 ng/kg by gavage,
twice a week for 50 weeks (Griciute et al. 1982). Incidences of forestonach
papi | | omas, forestomach carci nomas and pul nonary adenomas were significantly
hi gher than in mce that were simlarly treated with 40% et hanol; a vehicle
(water) control was not used. The 1 ng/kg/day dose fromthe Giciute et al.
(1982) study represents an internediate duration CEL in mce (Table 2-1 and
Figure 2-1).
2.2.3 Der mal Exposure

No studies were |located regarding the follow ng effects in humans or
animals foll owi ng dermal exposure to N-nitrosodi-n-propyl an ne:

2.3.1 Deat h

System c Effects
Neur ol ogi cal Effects
| nmunol ogi cal Effects
Devel opnental Effects

Reproductive Effects

CGenot oxi c Effects

0 N oo o M~ wN

Cancer

NNN N NNN NN
W NNNN N NN

RELEVANCE TO PUBLI C HEALTH

Deat h. Infornmation regardi ng death of hunmans foll ow ng exposure to
N-ni trosodi - n- propyl am ne by any route was not found. Case reports indicate
that intentional oral and accidental inhalation exposures to unknown |evels
of N-nitrosodi net hyl am ne, however, have resulted in deaths in humans
(Barnes and Magee 1954, Cooper and Ki nbrough 1980, Freund 1937, Fussgaenger
and Ditschuneit 1980, Pedal et al. 1982); these deaths apparently were due
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to hepatotoxicity. Limted data are available for acute lethality in

N ni trosodi - n- propyl am ne-exposed animals. In the only acute study that used
a natural route of exposure, an oral LD, value of 480 ng/kg was deterni ned
for rats (Druckrey et al. 1967). Subcutaneous injection LD, values have

been deternmined for N-nitrosodi-n-propylamne in vari ous species; these are
consistent with the oral LD, and include 487.2 ng/kg for rats (Reznik et

al . 1975), 689 ng/kg for nice (Dickhaus et al. 1977) and 600 ng/ kg for
hansters (Pour et al. 1973). Pathol ogi c exam nations reveal ed centril obul ar
liver necrosis and henorrhages in the lungs, stomach, kidneys and/or heart.

Oral administration of N-nitrosodi-n-propylani ne at doses rangi ng from
5.1-12.6 ng/ kg/day, on 2 or 5 days a week for 30 weeks, produced high
nortality in rats (Lijinsky and Reuber 1983; Lijinsky and Tayl or 1978,

1979). Once-weekly subcutaneous injections of simlar doses of N-nitrosodin-
propylanmine to rats (<24.4 ng/kg) (Reznik et al. 1975), nice (>34.5 ngy/kg)

(Di ckhaus et al. 1977) and hansters (>3.75 ng/kg) (Pour et al. 1973, Althoff

et al. 1973a,b) also were life-shortening (average survival tines of 27-54
weeks) . Weekly intraperitoneal injection of 40 ng/kg N-nitrosodi-n-propyl an ne
produced deaths in nonkeys after an average period of 28 nonths

(Adanson and Sieber 1979, 1983). Mortality in the above studies is dose-

rel ated and due to tunor devel opnent.

The available lethality data indicate that deaths resulting fromacute
exposure to N-nitrosodi-n-propylanmne are due primarily to hepatotoxicity,
that deaths resulting fromrepeated exposure to N-nitrosodi-n-propyl am ne
are due to tunors occurring primarily in the liver, and that causes of death
and lethal doses are simlar in different species. The causes of death
produced by N-nitrosodi-n-propylam ne also are consistent with those
produced by other dial kyl nitrosam nes (Magee et al. 1976).

Systemc Effects. Information regarding systemc effects in hunmans
foll owi ng exposure to N-nitrosodi-n-propyl anine was not found. Very limted
information is available for systemic effects of N-nitrosodi-n-propyl ani ne
in animal s because interest in this conpound has focused overwhel mngly on
carcinogenicity.

As indicated in the previous subsection (see Death above), |etha
singl e oral or subcutaneous doses of N-nitrosodi-n-propyl am ne produced
hepati c necrosis and henorrhagic lesions in the liver and other internal
tissues in rats and hansters (Druckrey et al. 1967, Pour et al. 1973, Reznik
et al. 1975). Simlar effects were reported by Nishie et al. (1972), who
observed that gavage doses of 40 ng/kg/day for 4 consecutive days produced
swel ling of hepatocytes and possibly necrosis in the centrilobul ar area of
the liver in mce. Hepatotoxicity and henorrhagic lesions in the liver and
other internal tissues are also the primary acute effects of other
di al kyl ni trosani ne conpounds (Magee et al. 1976). Based on data for other
di al kyl nitrosanmines, it can be inferred that system c effects of
i ntermedi ate or chronic duration exposure to N-nitrosodi-n-propylamn ne are
likely to include acute-type responses and preneopl astic alterations.
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Al though it is apparent that N-nitrosodi-n-propyl ani ne produces
hepat ot oxi city and henorrhages in the lungs, stomach, kidney and heart at
acute |lethal doses in animals, there is only limted information regardi ng
the threshold for these effects follow ng acute exposure and docunentation
of these effects following internediate or chronic duration exposure is not
avai | abl e. Al though human data are not available, human fatalities due to
i ntentional oral and accidental inhalation exposures to unknown |evels of
N- ni t rosodi met hyl am ne have been described in case reports in which
henorrhagi c, necrotic and cirrhotic alterations in the liver and diffuse
i nternal bl eeding were observed (Barnes and Magee 1954; Cooper and Ki nbrough
1980; Freund 1937; Fussgaenger and Ditschuneits 1980; Pedal et al. 1982).
The available information for N-nitrosodi-n-propyl am ne and rel at ed
nitrosani nes therefore indicates that NNnitrosodi-n-propylanmine is likely to
produce characteristic hepatic and/or henorrhagic effects in humans exposed
orally or by inhalation. System c effects of N-nitrosodi-n-propylam ne may
result from dernmal exposure, since evidence indicates that dernmal absorption
of N-nitrosodi-n-propylamine is likely (Section 2.6.1.3, Absorption, Dernal
exposure).

Devel opnental Effects. Limited information regardi ng devel oprment a
effects of N-nitrosodi-n-propylanine in humans or in aninmals is available
from subcut aneous i njection transpl acental carcinogenesis studies with
hansters (Althoff et al. 1977a; Althoff and Grandjean 1979). Injection of a
singl e dose of 100 ng N-nitrosodi-n-propyl ani ne/kg on day 8, 10, 12, or 14
of gestation did not produce gross nmalformations in the offspring but the
scope of the exam nation was not specified. However, transplacenta
carcinogenicity was observed in the offspring of danms treated with
N-ni trosodi - n-propyl am ne. There were no treatnent-related effects on litter
size but postnatal nortality in the first four weeks was increased (Althoff
et al. 1977a). Transplacental transport of N-nitrosodi-n-propylam ne by the
hansters was denonstrated by detection of the chemical in the placenta,
fetus and amiotic fluid. No studies were |ocated denonstrating that
N-ni t rosodi - n- propyl anmi ne crosses the placenta in humans and it is not known
whet her N-nitrosodi-n-propyl am ne can cause devel opmental effects in humans.
It is relevant to note, however, that linmted evidence indicates that
N-nitrosodi methylamne is fetotoxic but not teratogenic. Al so, it has been
estimated fromstudies with rodents that drugs with a nol ecul ar wei ght of
| ess than 1,000 can readily cross the placenta (Mrkin 1973); the nol ecul ar
wei ght of N-nitrosodi-n-propylanine is 130. 2.

Genotoxi ¢ Effects. No studies were | ocated regarding the genotoxicity
of N-nitrosodi-n-propylamne in hunmans by the inhalation, oral or dernal
routes. Fragmentation of DNA was observed, however, in human hepat ocytes
cultg;ed in the presence of N-nitrosodi-n-propylamne (Branmbilla et al
1987b) .

Genotoxicity of N-nitrosodi-n-propyl am ne has been denonstrated
consistently in nunmerous in vitro studies. As indicated in Table 2-2,



TABLE 2-2.

Genotoxicity of N-Nitrosodi-n-Propylamine In Vitro

Result
Species With Wi thout
Endpoint (Test System) Activation Activation References
Gene mutation Salmonella typhimurium + - Yahagi et al. 1977,
Bartsch et al. 1976, 1980,
McMahon et al. 1979,
Rao et al. 1979,
Araki et al. 1984,
Phillipson and loannides 1985,
Guttenplan and Hu 1984,
Guttenplan 1987, Moore et al. o
1985, Dahl 1985, Rao et al. 1982, .
Probst et al. 1981
ja o}
Escherichia coli + - McMahon et al. 1979, gg
Araki et al. 1984, =
Nakajima et al. 1974, Eg
Rao et al. 1981, 1982
=
Mouse lymphoma L5178Y + - Amacher et al. 1979, %
cells Amacher and Paillet 1982, 1983, gg
]
Chinese hamster V79 + - Kuroki et al. 1977, 0
cells Bartsch et al. 1980,
Jones and Huberman 1980,
Langenbach 1986
DNA fragmentation Rat hepatocytes + NT Bradley and Dysart 1981a,b,
Bradtey et al. 1982,
Parodi et al. 1982
Human hepatocytes + NR Brambilla et al. 1987b
Unscheduled DNA synthesis Rat hepatocytes + NT Probst et al. 1981
HeLa cells + - Martin et al. 1978
DNA repair Rat hepatocytes + NT Yamazaki et al. 1985
Chromosome aberrations Chinese hamster + - Kaneko et al. 1978
fibroblasts
Chinese hamster lung +) - Matsuoka et al. 1979

cells

NT = not tested; NR = not reported

0¢
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N ni trosodi - n- propyl am ne was nutagenic in bacteria (Salnonella

Typhi murium Escherichia coli) and mammalian cells (nouse |ynphona L5178Y,
Chi nese hanster V79), caused DNA effects (fragnentation, unschedul ed
synthesis, repair) in rat hepatocytes, and chronosone aberrations in Chinese
hanster cells. The in vitro assays generally required addition of an
exogenous netabolic activation systemfor expression of effects; this is
consistent with the apparent indirect carcinogenicity of N-nitrosodi-
npropyl am ne. Single doses of N-nitrosodi-n-propylam ne produced DNA
fragmentation in rats treated orally and sister chromati d exchange and DNA
synthesis suppression in mice treated by intraperitoneal injection (Table 2-
3). In addition, intraperitoneal injection (133 ng/kg) of N-nitrosodi-npropyl am ne
to rats results in propylation of DNA and RNA, an event regarded

as critical in the initiation of carcinogenesis by this and rel ated

al kyl ati ng agents (Park et al. 1980).

The wei ght of evidence indicates that N-nitrosodi-n-propylanine is
genotoxic in mammalian cells. The effect observed in the study with human
hepat ocytes (DNA fragnentation) (Brambilla et al. 1987b) is consistent with
the results of other assays, particularly the in vitro and in vivo rat
hepat ocyte DNA fragnmentation assays (Table 2-2 and 2-3). Gven the type and
wel ght of genotoxicity evidence, one can predict that N-nitrosodi-n-
propyl ani ne poses a genotoxic threat to humans.

Cancer. Information regarding the carcinogenicity of N-nitrosodi-
npropyl am ne in humans was not |ocated. In aninmals, carcinogenicity of
N ni trosodi - n- propyl am ne has been denonstrated in several species in al
studi es that have been conducted. In rats observed for life, daily or
partial weekly (2 days/week or 5 days/week) oral exposure produced tunors
primarily in the liver, nasal cavity and esophagus (Druckrey et al. 1967
Lijinsky and Reuber 1981, 1983; Lijinsky and Tayl or 1978, 1979). In m ce,
i ncreased incidences of forestomach tunors occurred as a result of twice
weekly orally treatnent for 50 weeks (Griciute et al. 1982). Wekly
subcut aneous injections of N-nitrosodi-n-propylanmne to rats (Althoff et al.
1973b, Reznik et al. 1975), mce (Dickhaus et al. 1977) and hansters
(Al'thoff et al. 1973a, 1977b; Pour et al. 1973, 1974) for life produced
hi gh i ncidences of tunors primarily in the nasal cavity and other parts of
the respiratory system but also in the liver and esophagus. Subcutaneous
injection of single 100 ng/ kg doses of N-nitrosodi-n-propylamne into
hansters during gestation induced tunors; primarily in the respiratory and
di gestive tracts, in the dans and offspring (Althoff et al. 1977a; Al thoff
and G andjean 1979). Wekly intraperitoneal injections of 40 ng N-nitrosodin-
propyl am ne produced death due to hepatocel |l ul ar carci nomas in nonkeys
after an average duration of 28 nonths (Adanson and Sieber 1979, 1983).

Overall, there is conclusive evidence that N-nitrosodi-n-propylanmine is
carcinogenic in animals. The carcinogenicity of N-nitrosodi-n-propylam ne
may be related to alkylation of DNA. It is inportant to recognize that
cancer was observed in the oral and injection studies after durations as
short as 20-30 weeks, and that once weekly oral exposures and single
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Genotoxicity of N-Nitrosodi-n-propylamine In Vivo

Endpoint

Species
(Test System)

Result

References

DNA alkylation

DNA fragmentation

Suppressed DNA synthesis

Sister chromatid exchange

Rat liver

Rat hepatocytes

Mouse liver and renal
epithelial cells

Mouse bone marrow cells

Park et al. 1980

Brambilla et al. 1981,
1987a

Amlacher and Rudolph 1981

Parodi et al. 1983
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exposure by injection were sufficient to induce cancer. Based on the
evi dence of carcinogenicity in aninmals, it is reasonable to anticipate that
N-ni trosodi -n-propylam ne will be carcinogenic in humans.

2.4 LEVELS I N HUMAN Tl SSUES AND FLU DS ASSCCI ATED W TH HEALTH EFFECTS

There is no known associ ation between | evels of N-nitrosodi-npropyl am ne
or its nmetabolites in human tissues and fluids and health
effects of N-nitrosodi-n-propyl am ne. N-nitrosodi-n-propylam ne was detected
inthe liver of 1 of 4 deceased subjects (Cooper et al. 1987). As indicated
in Section 2.6.2 (Distribution), the cause of death is not attributable to
N- ni trosodi - n- propyl am ne

2.5 LEVELS IN THE ENVI RONMENT ASSCCI ATED W TH LEVELS | N HUVMAN TI SSUES AND/ OR
HEALTH EFFECTS

There is no known associ ati on between | evel s of N nitrosodi-npropyl am ne
in the environnent and | evels of N-nitrosodi-n-propylam ne or
its metabolites in human tissues and fluids or health effects of
N- ni trosodi - n- propyl am ne

2.6 TOXI COKI NETI CS
2.6.1 Absorption
2.6.1.1 Inhal ation Exposure

No studies were | ocated regardi ng absorption in humans or ani mals
foll owi ng inhal ati on exposure to N-nitrosodi-n-propyl am ne
However, structurally simlar compounds, such as, N-nitrosodi nethyl ani ne and
N ni trosodi et hanol ani ne, are readily absorbed (70-90% of the dose) follow ng
i nhal ati on exposure in experinmental animals (Kl ein and Schnezer 1984,
Preussmann et al. 1981). Absorption was inferred by nonitoring urinary
excretion of the unchanged conpounds.

2.6.1.2 Oral Exposure

No studies were |ocated regardi ng absorption in humans followi ng ora
exposure to N-nitrosodi-n-propyl am ne

Specific information regarding absorption in animals foll owi ng ora
exposure to N-nitrosodi-n-propyl amne was not | ocated. Gastrointestina
absorption of N-nitrosodi-n-propylanmne by rodents is indicated by the
occurrence of nmetabolites in the urine followi ng oral treatnment (Section
2.3.1.3) and systemc effects in oral carcinogenicity and toxicity studies
(Section 2.2). Oher nitrosanm nes are rapidly absorbed fromthe
gastrointestinal tract after oral exposure. Diaz Gonmez et al. (1977) found
that | ess than 2% of radiol abelled dinmethylnitrosan ne could be recovered
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fromthe stomach and intestine of rats 15 mnutes after adm nistration. Al so
inrats, Lijinsky et al. (1981) and Preussnann et al. (1978) estinmated
absorption rates of 25% and 70% of the dose for N nitrosodiethanol am ne,
respectively (estimates are fromurinary excretion).

2.6.1.3 Der mal Exposure

No studies were |ocated regardi ng absorption in humans fol |l owi ng derna
exposure to N-nitrosodi-n-propyl am ne. However, absorption of N
ni t roso-di-n-propyl am ne through human skin in vivo (Edwards et al. 1979) and
in vitro (Bronaugh et al. 1979, 1981) has been denonstrat ed.

Di ffusion of N-nitroso-di-n-propylam ne through rat skin in vitro has
been denonstrated (Wshnok et al. 1982). Information regardi ng dernal
absorption of N-nitroso-di-n-propylamne by aninmals in vivo was not | ocated
inthe reviewed literature. Dernal absorption of N-nitrosodi et hanol am ne has
been deternmined in pigs (Marzulli et al. 1981), nonkeys (Marzulli et al.
1981), and rats (Airoldi et al. 1984; Lijinsky et al. 1981). The degree of
absorption varied greatly (4-78% depending on the site of the application
and the vehicle used. Based on the data for N-nitrosodi-n-propyl am ne and
N-ni trosodi ethanolanine, it is likely that N-nitrosodi-n-propylamne will be
absorbed foll ow ng dernmal exposure.

2.6.2 Di stribution

Rout e-specific distribution data for N-nitrosodi-n-propylamne in
humans were not located in the reviewed literature. Quantitative anal yses of
six volatile nitrosam nes in postnortemorgans (brain, liver, kidneys,
pancreas) from four human subjects were conducted (Cooper et al. 1987).

N-ni trosodi - n- propyl am ne was detected only in the liver of one of the
subjects (femal e, age 84 years) at a concentration of 19.30 ng/50 g of
tissue. The ages of the other subjects (two males, one fenmale) ranged from
47-80 years. Unusual sources of nitrosani ne exposure or causes of death were
not i ndi cat ed.

Transpl acental transport of N nitrosodi-n-propylan ne was shown in
pregnant hansters (Althoff et al. 1977a, Althoff and G andjean 1979). After
a single 100 ng/ kg subcutaneous injection, N nitrosodi-n-propylanm ne was
detected in the maternal blood, placenta, fetus, and amiotic fluid. The
concentration of the chemical in maternal blood reached a maxi numat 45 and
90 minutes after the injection, whereas a single peak at 90 m nutes was
observed in the fetus. Analysis for netabolites was not conducted, but 1.6%
of the unchanged conmpound was found in the placenta and 1.3%in the fetus at
day 14 of gestation. Detection of 0°%nethylguanine in human placental DNA by
i mmunoassay i ndicates that nitrosam nes, as a group, can reach the placenta
in humans (Foiles et al. 1988).

Limted data are avail able regarding the distribution of related
nitrosanm nes. Daugherty and Kl app (1976) reported that after ora
admini stration of “CN-nitrosodi nethylamine to mice radioactivity could be
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detected in the honbgenates of heart, forestomach, esophagus, |iver and

| ungs. Radloact|V|ty was detected in all organs and tissues of rats after
oral doses of C}h+n|trosod|ethanolan1ne (Lethco et al. 1982). After

i ntravenous injection of “C Nnitrosodi-n-butylanine to rats the highest
concentrations of radiol abel occurred in the nasal nucosa, |iver and
preputial gland (Brittebo and Tjal ve 1982).

2.6.3 Met abol i sm

No studies were |ocated regarding netabolismin humans foll ow ng
exposure to N-nitrosodi-n-propyl am ne

In vitro and in vivo studies with rodents have been conducted that
provi de evi dence that N-nitrosodi-n-propylam ne can be netabolized via
oxi dation at the al pha, beta and gamma carbon positions (Figure 2-2). Al pha
carbon oxidation (hydroxylation) is regarded as the prinary pat hway,
resulting in formati on of propional dehyde and 1-propanol and 2-propanol as
netabolites (Farrelly et al. 1984; Park and Archer 1978; Park et al. 1977).
1- Propanol and 2-propanol are formed via propyl di azohydroxi de and a propyl
cation (carboniumion). It is generally believed that the carboniumions can
al so react with nucleic acids to form propyl ated adducts, but Park et al.
(1980) have suggested that propylation takes place via a binol ecul ar
reacti on. However, reaction of DNA with propylnitrosourea (a direct acting
equi val ent of N-nitrosodi-n-propylanmne) results in formation of n-propyl
and i sopropyl DNA adducts, suggesting carboniumions are invol ved.
Al kyl ation of nucleic acids and proteins by nmetabolites of nitrosan nes has
been suggested as the nmechani smresponsible for the toxic and carci nogenic
properties of these substances.

Bet a- car bon hydroxyl ati on yi el ds N-nitroso-2-hydroxy-propyl propyl ani ne
which is excreted as the glucuronide or further oxidized to a small extent
to N-nitroso-2-oxopropyl propyl am ne (Bauman et al. 1985; Leung and Archer
1981; Park and Archer 1978; Suzuki and Ckada 1981). Methyl ated hepatic
nucl ei ¢ acids have been recovered fromrats and hansters treated with
N-ni trosodi -n-propylam ne (Althoff et al. 1977b; Kruger 1971, 1973; Kruger
and Bertram 1973; Leung and Archer 1984). Putative methylating
i nternmedi ates, forned from N nitroso-2-o0xo-n-propyl amne, are
N- ni t rosonet hyl propyl am ne and di azonet hane.

Gamma- car bon hydroxyl ati on yi el ds N-nitroso-3-hydroxy-propyl propyl anmi ne
and its oxidation product, N propyl-N(2-carboxyethyl)nitrosam ne (Baunmann
et al. 1985; Bl attnann and Preussiman 1973, Suzuki and Okada 1981). Urinary
N-propyl-N-(2-carboxyethy|)nitrosanine amount ed to approxi mately 5% of a 300
ng/k? oral dose of N-nitrosodi-n-propylanmne in rats (Suzuki and Ckada
1981).

Docurnent ed and postul ated netabolites of N-nitrosodi-n-propyl am ne have
been shown to be carcinogenic in hansters and rats (| ARC 1978). These
i nclude N-nitroso-bis-(2-hydroxy-n-propyl)amne, N-nitroso-2-0xo0-n-
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propyl propyl am ne, N-nitroso-bis(2-o0xo-n-propyl)an ne and N nitroso-bis(2-
acet oxy-n-propyl)am ne. Main tunor sites of many of these netabolites

i nclude those associated with N-nitrosodi-n-propyl am ne treatnent (Section
2.2.2.8, Oal exposure, Cancer).

2.6.4 Excretion
2.6.4.1 I nhal ati on Exposure

No studies were |ocated regardi ng excretion in humans or animals
foll owi ng inhal ati on exposure to N-nitrosodi-n-propyl am ne

2.6.4.2 Oral Exposure

No studies were |ocated regardi ng excretion in humans foll ow ng oral
exposure to N-nitrosodi-n-propyl am ne.

Rats excreted netabolites but not unchanged N nitrosodi-n-propylam ne
in the urine followi ng oral dosing with N-nitrosodi-n-propylam ne (Bl attnann
and Preussmann 1973, Suzuki and Ckada 1981). The principal nmetabolite in the
Suzuki and Ckada (1981) study, N propyl-N-(2-carboxyethyl)nitrosamn ne
anmounted to approximately 5% of the adm nistered dose. Additional
information regarding the extent or rate of excretion in either of the
studi es was not reported.

2.6.4.3 Der mal Exposure

No studies were |ocated regardi ng excretion in hunans foll ow ng dernal
exposure to N-nitrosodi-n-propyl am ne

Excretion of unchanged N-nitrosodi ethanolanmine in the urine of rats has
been reported in several studies after cutaneous application of
N-nitrosodi ethylamine (Airoldi et al. 1984; Lijinsky et al. 1981; Preussmann
et al. 1981).

2.7 I NTERACTI ONS W TH OTHER CHEM CALS

Et hanol was found to enhance the carcinogenicity of N nitrosodi-
npropyl amine. Mce that were treated with estimated 1 ng/ kg doses of
N-ni trosodi - n- propyl am ne di ssolved in 40% et hanol by gavage, tw ce a week
for 50 weeks, devel oped hi gher incidences of tunors than mce that were
simlarly treated with the sane dose of conpound given in water (Giciute et
al . 1982). The npbst pronounced tunor enhancenment was in the forestonach (51%
carci nomas vs. 10%in N nitrosodi-n-propylam ne/water group), but increases
i n pul nonary adenonas and | ynphonmas al so occurred
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2.8 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

No popul ati ons with unusual susceptibility to health effects of
N-ni t rosodi - n- propyl ani ne have been identified. However, heavy consuners of
al cohol i ¢ beverages m ght be considered to be a susceptible popul ati on based
on a single report in which ethanol was shown to potentiate the
carcinogenicity of N-nitrosodi-n-propylamne in mce (Giciute et al. 1982).

2.9 ADEQUACY OF THE DATABASE

Section 104 (i) (5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Administrator of EPA and agenci es and prograns of the
Public Health Service) to assess whether adequate information on the health
effects of N-nitrosodi-n-propylanine is avail able. Were adequate
information is not available, ATSDR, in cooperation with the Nationa
Toxi col ogy Program (NTP), is required to assure the initiation of a program
of research designed to determ ne these health effects (and techni ques for
devel opi ng nethods to deternine such health effects). The foll ow ng
di scussion highlights the availability, or absence, of exposure and toxicity
i nformati on applicable to human heal th assessment. A statenent of the
rel evance of identified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chem cal s that have been profiled

2.9.1 Existing Information on Health Effects of NN trosodi-n-propylam ne

Informati on regarding health effects of N-nitrosodi-n-propylan ne in
humans is not available. Health effects of N-nitrosodi-n-propylamne in
ani mal s have been investigated only in oral exposure studies. As indicated
in Figure 2-3, aninmal oral data are available for lethality, acute systenic
effects, genotoxicity and cancer. These data indicate that the acute
toxicity of N-nitrosodi-n-propylanmine is attributable to hepatic effects and
that internediate duration exposure is |life-shortening due to cancer.

2.9.2 Data Needs

Singl e Dose Exposure. Information on lethality (LD,,) and severe
systemc effects in rats are available fromone single dose oral study.
Simlar information is avail able from single dose subcutaneous injection
studies with rats, mce and hansters. Another oral study reported a nonl ethal
ef fect (increased pentobarbital sleeping tine) but none of the other
studi es reported non-lethal doses or attenpted to identify dose-response
data for other subtle systenmic effects. Additional single dose oral studies
woul d provide better information on thresholds for lethality and system c
toxicity as well as interspecies differences. Inhalation and dermal studies
wi th N-nitrosodi-n-propyl ani ne have not been conducted; single dose studies
i nvol vi ng exposure by these routes would provide information on lethality,
system c effects and skin and eye irritation.
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Repeat ed Dose Exposure. Oral studies provide linmted information on
the threshold for hepatotoxicity in nmice. Several internediate duration ora
studies with rats, one limted oral study with mce and injection studies
with rats, mce, hansters and nonkeys provi de survival data but
noi nformati on on effects other than cancer. Additional short-termrepeated
dose oral studies (e.g., 14-28 day studies) in various species could provide
additional information on systemc effects, particularly dose-response
characteri zati on of hepatic/henorrhagi c effects. Repeated dose inhal ation
studi es are |lacking and could provide useful infornation regarding lethality
and system c effects.

Chroni ¢ Exposure and Carcinogenicity. Chronic oral toxicity data for
N-ni t rosodi - n- propyl ani ne are not avail abl e because treated ani nals have
di ed of cancer within one year of treatnent. Aninals treated with doses
| ower than those used in the internediate duration studies may survive
chroni ¢ exposure and provide informati on on nonneopl astic effects. Wth the
exception of a single study with nice, species other than rat have not been
tested for carcinogenicity by the oral route.

Genotoxicity. The genotoxicity of N-nitrosodi-n-propylamne is
docunented but only one in vivo study used an environnentally rel evant route
of exposure (oral), and only two studies (in vitro) eval uated human cells.
Addi tional studies, particularly types providing information on the
potential for heritable nmutations in hunmans, would add to the data base on
genot oxi ci ty.

Reproductive Toxicity. Information on the reproductive toxicity of
N-ni trosodi -n-propyl am ne is not avail able. Histol ogical exam nations of
reproductive organs of animals exposed in subchronic and chronic studies
woul d provide rel evant data. Multigenerational or continuous breeding
studi es woul d provide further information regarding reproductive effects of
N-nitrosodi-n-propylamne in animals, which may be related to possible
reproductive effects in humans.

Devel opnental Toxicity. Sone data on devel opnental toxicity are
avai |l abl e from si ngl e-dose subcutaneous injection studies with hansters.
Devel opnental effects of N-nitrosodi-n-propylam ne have not been
i nvestigated in animals exposed by natural routes. Devel opnental studies in
animal s by natural routes of exposure would provide information on possible
devel opnental |y toxic effects, including transplacental carcinogenicity,
that m ght be relevant to humans. These studi es shoul d include postnatal
evalu?tions for neonatal nortality, as well as for tunor incidence in adult
ani mal s.

I mmunot oxi city. Histol ogi cal exam nation of organs and tissues of the
i mmunol ogi cal system from ani mal s exposed i n subchronic and chronic studies
woul d provide relevant information as i munotoxicity data for N-nitrosodi-n-
propyl anmi ne are not avail able. Specific inmmnotoxicity tests or a battery of
i Mmmunot oxicity tests would provide a better assessnment of possible
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i munot oxi c effects. Sensitization tests in animals mght provide

i nformation on whether there is likely to be an allergic response to

N-ni trosodi - n- propyl am ne. Al though the | ow nol ecul ar wei ght of

N- ni trosodi - n- propyl am ne woul d probably preclude activity as an antigen by
itself, it is possible that a higher nolecular weight noiety resulting from
al kyl ati on of proteins by N-nitrosodi-n-propyl ani ne could produce an

al | ergi c response.

Neurotoxicity. Information on the neurotoxicity of N nitrosodi-n-propylam ne
is not available. A battery of tests for neurotoxicity would
provide further information of neurotoxicity in animals, which then night be
rel ated to possible neurotoxic effects in hunmans.

Epi demi ol ogi cal and Human Dosinetry Studies. Health effects of
N ni trosodi - n- propyl am ne have not been described in humans. Effects in
treated ani mals, however, include hepatotoxicity and cancer. As discussed in
Chapter 5, the potential for environnental exposure to N-nitrosodi-n-propylam ne
is very low, and segnments of the general population with
potentially high or specific exposure to N-nitrosodi-n-propyl am ne have not
been identified. N-nitrosodi-n-propylam ne has been detected in rubber
manufacturing facilities but concentrations are | ow and exposure is
conmplicated by the presence of other nitrosam nes and additional chem cals.

If N-nitrosodi-n-propylanmne or its metabolites in urine can be
correlated with exposure in humans, it nay be possible to nonitor humans for
exposure. |If toxic effects of N-nitrosodi-n-propylamne are identified in
humans, it may then be possible to correlate urinary |evels of N-nitrosodin-
propylam ne or one its netabolites with system c effects.

Bi omar kers of Di sease. No di sease states in humans produced by
exposure to N-nitrosodi-n-propylamne are known. |f epidem ol ogi cal studies
are conducted that correlate exposure with diseases, it may be possible to
identify subtle changes, such as altered bl ood chem stry indices, associated
with a particular disease state.

D sease Registries. Diseases in humans produced by exposure to
N-ni trosodi - n- propyl am ne are not known. |f epidem ol ogi cal studies
identify particular diseases produced by N-nitrosodi-n-propylamne, it may
be possible to determ ne the nunber of people affected and the factors
associated with identifying the disease in certain populations, such as,
those with exposure to high |l evels near hazardous waste sites.

Bi oavailability from Environnental Media. No studies were |ocated
regardi ng the bioavailability of N-nitrosodi-n-propylanne from
environmental nedia. The | ack of data concerning levels in human tissues
and fluids does not necessarily indicate a | ack of bioavailability since the
nonitoring literature reports that N-nitrosodi-n-propylamne is present in
sone foods, water, beverages and workroomair. It is, therefore, inportant
to deternmine if N-nitrosodi-n-propylam ne can be absorbed by humans from
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envi ronment al sanpl es. An understanding of the bioavailability of

N ni trosodi - n- propyl am ne from environnmental mnedia may be obtai ned by

studying the biological fluids of individuals exposed to N nitrosodi-n-propyl ani ne
in the workplace or through the ingestion of N-nitrosodi-n-propyl an ne- containing
foods and beverages such as cheeses, cured neats, and

whi skey. Limited information is avail able regardi ng absorption paraneters of

N-ni trosodi - n- propyl am ne in experinental animals. However, one could

assunme, based on data obtained with other nitrosam nes, that N-nitrosodi-n-
propyl am ne woul d be readily absorbed fromthe gastrointestinal tract if

i ngested from contamni nated soi l

Food Chai n Bi oaccurul ati on. No studies were avail abl e concerning food
chai n bi oaccumul ati on of N-nitrosodi-n-propylan ne fromenvironnmental nedia.
The nmonitoring literature indicates that N-nitrosodi-n-propyl am ne has been
detected in sanples of cooked fish and neat; however, occurrence of
N-ni trosodi -n-propylam ne in these sanples was not the result of
bi oaccunul ation, but was the result of formation resulting from preservation
and/ or cooking. Various studies have al so shown that N-nitrosam nes, such
as N-nitrosodi-n-propylamne, formin the gastrointestinal tract during
di gestion of foods containing secondary am nes. Estimation techni ques have
been used to determnmine that N-nitrosodi-n-propyl am ne woul d not
bi oaccunul ate in lipids of fish (see Section 5.3.1, Transport and
Partitioning). Based on this limted anmount of information it is specul ated
t hat human exposure to N-nitrosodi-n-propylam ne through diet is not the
result of food chain bioaccunulation. Mnitoring for the accunul ati on of
N-ni trosodi -n-propyl am ne in organi sns fromseveral trophic |levels could be
used to support this concl usion.

Absorption, Distribution, Metabolism Excretion. The general
nmet abol i ¢ pat hways of N-nitrosodi-n-propylanmne in ani mals have been
identified, but the relative contribution of the pathways in vivo,
particularly followi ng exposure by natural routes, is inadequately
characterized. The identity of the al kylating agent(s) associated with
carcinogenesis is unclear. Infornmation is avail abl e regardi ng absorption and
di stribution of N-nitrosodi-n-propylam ne. Evidence from other nitrosam nes
i ndi cates that a number of factors (e.g., species, route of exposure, dosing
schedul e) appear to determine the organ specificity and the severity of the
ef fects induced by these conpounds. Therefore, to fully characterize the
phar macoki neti cs of N-nitrosodi-n-propylam ne, studies of absorption,
di stribution, nmetabolism and excretion in animals foll ow ng exposure by al
three routes are needed.

Compar ati ve Toxi cokinetics. The toxic and carci nogenic effects of
N-nitrosodi-n-propylam ne are attributable to activity of netabolites but
no data are available to deternine if there are quantitative differences in
net abol i sm among speci es. Information from ot her nitrosam nes suggests that
there are species-characteristic tunors induced by nitrosani nes. This seens
to be the reflection of differences in nmetabolic activities (and also repair
mechani sns) exi sting anong ani nal species; therefore, caution nust be
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exerci sed when extrapol ati ng possible effects in humans. Al though toxicity
and carcinogenicity of N-nitrosodi-n-propyl am ne has been denonstrated in
rodents and nmonkeys, the ani mal species that serves as the best nodel for
extrapolating results to humans nay be difficult to identify.
2.9.3 On-going Studies

No on-goi ng studi es of N-nitrosodi-n-propylamne were identified.
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3. CHEM CAL AND PHYSI CAL | NFORVATI ON
3.1 CHEM CAL | DENTITY

Data pertaining to the chenical identity of N nitrosodi-n-propylam ne
are listed in Table 3-1.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

The physical and chem cal properties of N nitrosodi-n-propylamne are
presented in Table 3-2.
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CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-1. Chemical Identity of N-Nitrosodi-n-Propylamine

Value Reference
Chemical name 1-Propanamine, N-nitroso-N-propyl CAS 1988
Synonyms N-nitrosodipropylamine; SANSS 1988;
N,N-dipropylnitrosamine; HSDB 1988
N-Nitroso-N-di-n-propylamine;
NDPA; DPNA; DPN
Trade name(s) Not available
Chemical formula CgH14NoO CAS 1988
Chemical structure
CHa—CH9—CHo
\
N-N=0 SANSS 1988
/
CH3—CHo—CHop
Identification numbers:
CAS Registry 621-64-7 CAS 1988
NIOSH RTECS JL9700000 RTECS 1988
EPA Hazardous Waste Ulll RTECS 1988
OHM-TADS 8300201 OHM-TADS 1988

DOT /UN/NA/IMCO
HSDB
NCI

Not available
5108
Not available

HSDB 1988

CAS = Chemical Abstract Service

NIOSH = National Institute for Occupational Safety and Health
Registry of Toxic Effects of Chemical Substances

RTECS

EPA = Environmental Protection Agency
OHM-TADS = 0il and Hazardous Materials - Technical Assistance Data Base
DOT/UN/NA/IMCO = Department of Transportation/United Nations/North

America/International Maritime Consultive Organization

HSDB = Hazardous Substances Data Bank
NCI = National Cancer Institute
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TABLE 3-2. Chemical and Physical Properties of
N-Nitrosodi-n-Propylamine

Property Value Reference
Molecular weight 130.19 Weast 1983
Color Yellow IARC 1978
Physical state Liquid IARC 1978
Melting point 6.6°C (estimated) Lyman 1985

-12°C (estimated) EPA 1986a
Boiling point 206°C Weast 1983
Specific gravity, 20/4°C 0.9163 Weast 1983
Odor Not available

Odor threshold :
Water Not available

Air Not available
Solubility
Water 9,894 mg/L (23-25°C) Mirvish et al. 1976
Organic solvents Soluble in alcohol, ether, Weast 1983;
other organic solvents IARC 1978

Partition coefficient

Log octanol/water 1.36 Hansch and Leo 1985
Log Koe 2.11 (estimated)
Vapor pressure 0.086 mm Hg (20°C) Klein 1982
(estimated)
Henry's Law constant 1.47x10°8 atm-m3/mole at

20°C (estimated from
vapor pressure and water
solubility data)

Autoignition temperature Not available
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3. CHEMICAL AND PHYSICAL INFORMATION

TABLE 3-2 (continued)

Property Value Reference

Flashpoint Not available
Flammability limits in air Not available?

Conversion factors
ppm (v/v) to mg/m3

in air (20°C) ppm (v/v) x 5.41 = mg/m3
mg/m> to ppm (v/v)
in air (20°C) mg/m> x 0.185 = ppm (v/v)

8Vapor probably does not form an explosive mixture with air at ordinary
temperatures (OHM-TADS 1988).
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4. PRODUCTI ON, | MPORT, USE, AND DI SPOSAL
4.1 PRODUCTI ON

N-N trosodi-n-propylanine is not produced for conmercial use in the
United States (HSDB 1988). The public portion of the EPA TSCA Production
File indicates that The Ames Laboratories in MIford, CT prepared <1000
pounds during 1977, and that Eastman-Kodak in Rochester, NY prepared none
during 1977, although it had the capability to do so and had prepared snal
research quantities in the past (EPA 1977). N nitrosodi-n-propylam ne nay
be produced as an inmpurity in the pesticides trifluralin, isopropalin, and
oryzalin (Cohen et al. 1978, Wtherspoon and Hindle 1988). NN trosodi -
npropyl anmi ne can be prepared by the reaction of nitrous acid w th di-npropyl am ne
(HSDB 1988).

4.2 | MPORT
No U S. inport data were found for N nitrosodi-n-propylam ne
4.3 USE

N-Ni trosodi -n-propylam ne is prepared in | aboratory-scale quantities
solely for use as a research chenical (HSDB 1988).

4.4 DI SPOSAL

Landfill disposal procedures should be confirnmed by responsible
envi ronment al engi neers and regulatory officials (OHW TADS 1988).
N-ni t rosodi - n- propyl ani ne may be destroyed by high tenperature incineration
in an incinerator equipped with an NOx scrubber (OHWM TADS 1988). Chenica
treatment nethods may al so be used to destroy N-nitrosodi-n-propyl am ne.
These met hods involve (a) denitrosation by reaction wi th 3% hydrobrom c acid
in glacial acetic acid, (b) oxidation by reaction with potassium
per manganat e-sul furic acid, or (c) extraction of the nitrosamne fromthe
wast e usi ng di chl oromet hane and subsequent reaction with triethyl oxoni um
tetrafl uoroborate (TOEF) (Castegnaro et al. 1982).

4.5 ADEQUACY OF THE DATA BASE

Section 104 (i) (5) of CERCLA, directs the Adm nistrator of ATSDR (in
consultation with the Admi ni strator of EPA and agenci es and prograns of the
Public Health Service) to assess whether adequate information on the health
effects of N-nitrosodi-n-propylanine is avail able. Were adequate
information is not available, ATSDR, in cooperation with the Nationa
Toxi col ogy Program (NTP), is required to assure the initiation of a program
of research designed to determ ne these health effects (and techni ques for
devel opi ng nethods to deternine such health effects). The foll ow ng
di scussion highlights the availability, or absence, of exposure and toxicity
informati on applicable to human heal th assessment. A statenent of the
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rel evance of identified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chem cal s that have been profiled

4.5 1 Dat a Needs

Production, Use, Release, and Disposal. Uses, nethods of synthesis,
and net hods of disposal are described in the literature and there does not
appear to be a need for further information in these topics. Lack of
information pertaining to the inport of this conpound is to be expected
since this conmpound has no commercial significance and it is doubtful that
research quantities would be inported rather than prepared by | aboratories
in the United States. Data regarding the anpunt of N nitrosodi-npropylani ne
released to air, water, and soil are needed in order to
establish potential sources of exposure and | evels of exposure from
environmental mnmedia. In particular, releases fromhazardous waste |andfills
and industries in which this conpound is inadvertently formed shoul d be
established in order to determ ne whether people living in the vicinity of
these sites are exposed to elevated levels of this conmpound. According to
t he Energency Pl anning and Conmunity Right to Know Act of 1986 (EPCRTKA),
(8313), (Pub. L. 99-499, Title IIl, 8313), industries are required to submit
rel ease infornmation to the EPA. The Toxic Rel ease Inventory (TRI), which
contains release information for 1987, becane available in May of 1989.
Thi s database will be updated yearly and should provide a nore reliable
estimate of industrial production and em ssion.

Informati on on the production and environnental sources of di-npropylam ne,
tri-n-propylamne and the N-oxide of tri-n-propylanine is
needed due to the possible presence of N nitrosodi-n-propylam ne as a
contam nant, and the possibility of inadvertent formation of N-nitrosodi-
npropyl am ne fromreaction to these conpounds with ubiquitous nitrate. There
is also a need to investigate whether N-nitrosodi-n-propylamn ne occurs in
waste sites where these precursor conmpounds are di sposed due to occurrences
as an inmpurity or in situ formation.
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5.1 OVERVI EW

N-ni trosodi -n-propylam ne is not an industrially or comrercially
i mportant chemical. It is produced in small, |aboratory-scale quantities
for research purposes. It is also produced inadvertently during certain
manuf act uri ng processes, occurring as an inpurity in some dinitroaniline
pesticides and during manufacture of sone extruded rubber products. N trosodi-
n- propyl am ne could al so be present in certain secondary am nes
(di -n-propyl am ne, tri-n-propylam ne and the N oxide of tri-n-propyl am ne)
as an inpurity or due to inadvertent nitrosation of these amnes in

i ndustrial processes other than those nentioned above. Low |l evels of Nitrosodi-n-

propyl ani ne may be released to the environnent from contam nated

products, fromindustrial sites of inadvertent production or from di sposal
of wastes containing this chem cal. N nitrosodi-n-propylamne could al so be
rel eased to the environnent fromwaste di sposal sites where the precursor
secondary am nes have been di scharged, but the potential for human exposure
fromnitrosation of precursors at waste sites has not been eval uated

N-Ni trosodi -n-propylam ne is not expected to be a persistent
environmental contaminant. If released to the anbi ent atnosphere, it
shoul d be degraded by direct photolysis and/or reaction with sunlight-
produced hydroxyl radicals (overall half-life typically on the order of
several hours). In water with significant exposure to sunlight,

N ni trosodi - n- propyl am ne woul d be subject to rapid photolysis (half-life
about 2-3 hours). On soil surfaces, N nitrosodi-n-propylamne would be
subject to rapid renoval by photolysis and volatilization. The
volatilization half-life of N-nitrosodi-n-propylamne fromsoil surfaces
after spray application of a dinitroaniline herbicide was found to be
between 2 to 6 hours. In subsurface soil and in water beyond the
penetration of sunlight, N-nitrosodi-n-propylam ne woul d be susceptible to
bi odegradati on under both aerobic and anaerobic conditions. In subsurface
soil, the half-life of N-nitrosodi-n-propylam ne has been found to range
from1l4 to 40 days under aerobic conditions and 47 to 80 days under
anaerobic conditions. At this tinme, N nitrosodi-n-propylam ne has been
found in at least 1 of 1177 hazardous waste sites on the National Priorities
List (NPL) in the United States (VI EW Dat abase 1989).

Limted data are avail abl e concerni ng exposure of the genera
popul ation to N-nitrosodi-n-propylam ne. It appears that exposure possibly
results fromformation in the upper gastrointestinal tract during digestion
of certain foods or drugs that contain secondary am nes, ingestion of some
foods contai ning N-nitrosodi-n-propylam ne (e.g., certain cheeses, cured
neaLs and fishes and al coholic beverages), and inhalation of cigarette
smoke.
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5.2 RELEASES TO THE ENVI RONMVENT
5.2.1 Ar

Cccurrence of part per million levels of N-nitrosodi-n-propylanine in
various dinitroaniline herbicides may result in release of small anpunts of
the nitrosanmine into the atnosphere during and after application
(Cohen et al. 1978, Crosby 1979, diver 1981). CQccurrence of N-nitrosodi-n-
propylamine in air in the production area of a rubber products plant where
common nitrosating agents (e.g., oxides of nitrogen) were used in
conjunction with rubber fornulations contai ning secondary am ne-based
compounds, suggests that plants using this type of production process are a
potential source of N nitrosodi-n-propylan ne em ssions (N OSH 1982).

5.2.2 Wat er

N-N trosami nes may be formed inadvertently in situations in which
am nes conme in contact with nitrogen oxides, nitrous acid, nitrite salts,
nitro compounds or nitroso conpounds (Fajen et al. 1980). This suggests
that under appropriate industrial conditions where di-n-propylamne is
present, N-nitrosodi-n-propylam ne could be fornmed inadvertently and
rel eased to the environnent via effluent discharges. Limted nonitoring
data whi ch support this supposition indicate that N nitrosodi-n-propylam ne
has been rel eased in wastewater from sone textile plants and manufacturers
and/ or users of amines. Snmall anmounts of N-nitrosodi-n-propyl am ne may al so
be rel eased to surface waters either directly or indirectly (e.g., in
runoff) as a result of using dinitroaniline herbicides containing the
nitrosanine as an inpurity.

5.2.3 Soi |

Smal | amounts of N-nitrosodi-n-propylam ne may be rel eased to soi
during the application of sonme dinitroaniline herbicides. For exanple, a
typical 1 kg per hectare application of trifluralin containing 1 part per
mllion (ppm N-nitrosodi-n-propylanine would result in application of 0.01
ng nitrosam ne per square centinmeter (Aiver 1979). Federal regulations
require trifluralin fornmulations to contain <l ppm N nitrosodi-n-propyl am ne
(EPA 1979). Data pertaining specifically to the formation of N nitrosodi-n-
propylanine in soil were not found in the literature; however, formation of
N-ni trosodi met hyl ami ne (NDMA) in soil containing dinethylam ne and nitrate
or nitrite suggests that a simlar nechanism my exist for N-nitrosodi-n-
propylamne (MIIls and Al exander 1976, O iver 1981, Pancholy 1976).

5.3 ENVI RONMENTAL FATE
5.3.1 Transport and Partitioning

Organi cs having a vapor pressure of >10° mm Hg shoul d exi st al nost
entirely in the vapor phase in the atnosphere (Ei senreich et al. 1981). The
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estimated vapor pressure of N-nitrosodi-n-propylanmne [0.086 mnmm Hg at 25°C
(see Table 3-2)] indicates that this conpound should not partition fromthe
vapor phase to particulates in the atnosphere.

Using linear regression equations based on log K, data [log K, = 1.36
(see Table 3-2)], a bioconcentration factor of 6 and an adsorption
coefficient (K,) of 129 have been estimated for N nitrosodi-n-propylan ne
(Bysshe 1982; Hansch and Leo 1985; Lyman 1982). These val ues indicate that
bi oaccumul ati on in aquatic organi sns and adsorption to suspended solids and
sediments in water would not be inportant fate processes. The | ow Henry's
Law constant for N-nitrosodi-n-propylamne [1.47x10° atmni/ ol (see Table
3-2)] suggests that volatilization would be a relatively insignificant fate
process in water.

If a herbicide containing N-nitrosodi-n-propylanm ne were applied to
warm noist soil surfaces, nost of the nitrosam ne woul d be expected to
vol atilize. The volatilization half-life fromsoil surfaces under field
conditions is estimated to be on the order of 2 to 6 hours (Berard and
Rai ney 1979, Qiver 1979). If a herbicide containing N-nitrosodi-n-
propyl anmi ne were incorporated into soil (below the soil surface),
vol atilization would be of minor inportance (diver 1979). Wen
incorporated into soil, N-nitrosodi-n-propylamne is expected to be highly
mobile and it has the potential to I each into shall ow groundwater supplies
(Saunders et al. 1979, Swann et al. 1983).

5.3.2 Transformati on and Degradation
5.3.2.1 Air

In the atnosphere, N-nitrosodi-n-propyl ani ne vapor would be rapidly
degraded by direct photolysis and/or reaction with photochemnically-generated
hydroxyl radicals. Crosby et al. (1980) determ ned a pseudo-first order
half-l1ife of 5 to 7 hours for photolysis of N-nitrosodi-n-propyl ani ne vapor
in air exposed to sunlight. Although experinmental conditions did not
closely sinmulate environmental conditions (the concentration of N-nitrosodi-n-
propyl amine was relatively high), results of this study did indicate that
N-ni trosodi -n-propylam ne is susceptible to rapid photolysis. The half-life
for the reaction of N-nitrosodi-n-propyl an ne vapor wi th photochenically-
gener ated hydroxyl radicals has been estinmated to be about 16 hours in
typical anbient air. This value is based on a reaction rate constant of
2.42x10" cni/ nol ecul es-see at 25°C which was estinmated using the nethod of
At ki nson (1987).

5.3.2.2 Wat er

N-ni trosodi - n-propyl am ne is not expected to undergo abiotic
degradati on under the conditions found in natural waters (Callahan et al.
1979, diver et al. 1979, Saunders and Msier 1980). The domi nant renova
process for N-nitrosodi-n-propylamne in surface water is probably
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photol ysis. A study of low levels (0.65 ppn) of N-nitrosodi-n-propyl am ne

in lake water resulted in a photolytic half-life of about 2.5 hours. The
maj or phot oproduct was found to be n-propyl anmi ne, but the formation of

di - n- propyl am ne was al so observed (Saunders and Msier 1980). Beyond the
reach of sunlight it appears that N-nitrosodi-n-propylam ne woul d be subject
to slow nicrobial degradation in aerobic waters (Tabak et al. 1981, Tate and
Al exander 1975). Insufficient data are available to predict the rate at

whi ch this would occur

5.3.2.3 Soi

It appears that mcrobial degradation would be the dom nant renoval
process for the nitrosanmine in subsurface soil under aerobic conditions.
Hal f-1ives ranging from 14 to 40 days have been observed in aerobic
subsurface soil and from 47 to 80 days in anaerobic subsurface soil (Qdiver
et al. 1979, Saunders et al. 1979, Tate and Al exander 1975). Initial |osses
were due prinmarily to volatilization; however, biodegradation was the
dom nant fate process. Available data on the degradation of the nitrosam ne
in water and air, indicate that photolysis nmay be an inportant renoval
process on soil surfaces.

5.4 LEVELS MONI TORED COR ESTI MATED I N THE ENVI RONMVENT
5.4.1 Air

There is no indication in the available literature that N-nitrosodi-n-
propyl anm ne has been detected in anbient air in the United States. Air
sanpl es col |l ected above agricultural fields before, during, and after
application of the pesticide trifluralin contained no detectable |evels of
N-ni trosodi - n- propyl ami ne (detection linmit 50 ng/m) (Day et al. 1982, West
and Day 1979).

5.4.2 Wat er

No data were avail able regarding the nonitoring and detection of
N-ni trosodi - n-propyl am ne in anbient surface water, groundwater, or drinking
water in the United States except at EPA National Priorities List (NPL)
hazardous waste sites. There were only a couple of nonitoring studies
avail abl e pertaining to the occurrence N-nitrosodi-n-propylanmne in treated
wastewater. In a survey of 32 U S. textile plants, N nitrosodi-n-propylam ne
was detected at concentrations of 2-20 pg/L in 2 out of 32
sanpl es of secondary effluent, while no detectable levels were found in
sanpl es of raw wastewater fromthese same plants (Rawl i ngs and Sanfield
1979). This suggests that N-nitrosodi-n-propyl am ne was formed during the
treatnent process. N-nitrosodi-n-propylam ne has al so been detected at a
maxi mum concentration of 1.2 pg/L in the final effluent froma German
chem cal manufacturing plant involved in the manufacture and/or use of
amnes (Hartrmetz and Sl enrova 1980). A survey of stormwater runoff sanples
collected from15 cities geographically located across the U S. reveal ed
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that N-nitrosodi-n-propylamne is not a typical contam nant of stormater
runoff (Cole et al. 1984). Water sanples collected fromagricultural fields
i medi ately follow ng application of the pesticide trifluralin contained no
detectabl e I evel s of N-nitrosodi-n-propylanne (detection linmt 0.01-0.02
Mg/ L) (Ross et al. 1978, Wst and Day 1979).

5.4.3 Soi |

Soil sanples collected fromagricultural fields imediately foll ow ng
application of the pesticide trifluralin contained no detectable |evels of
N-ni trosodi - n-propyl anmine (detection limt 0.2-1 ng/g) (Ross et al. 1978
West and Day 1979). It has been detected in at least 1 of 1177 NPL
hazardous waste sites (VI EW 1989).

5.4.4 G her Medi a

A nunber of studies have focused on the nonitoring of volatile
N-nitrosam nes in various foodstuffs, including cheese, cured neats, cooked
fish, and al coholic beverages; however, N-nitrosodi-n-propylamne has rarely
been detected (Alliston et al. 1972, Gavinelli et al. 1988, Goff and Fine
1979, Gross and Newberne 1977, Huang et al. 1981, Sen et al. 1987). The
ni trosam nes appear to have formed in these foods as the result of the
reaction of secondary amines with the preservative sodiumnitrite (Gay and
Dugan 1974). N-nitrosodi-n-propyl am ne has been nonitored in food at the
following levels: salt-preserved fish (steaned), 0.050 pg/kg; salt-preserved
fish (fried), 0.030 pg/kg; salt-preserved fish (raw), not detected; cheese,
5-30 ug /kg; apple brandy, up to 3.6 pg/kg; cognac, rum and whi skey, up to
0.2 pg /kg (Cerutti et al. 1975, Gross and Newberne 1977, Huang et al. 1981,
| ARC 1978). A study of cigarette snoke condensate from European cigarettes
showed that N-nitrosodi-n-propylam ne was found at a | evel equivalent to 1
ng per cigarette in snoke condensate from 1l out of 11 types of cigarettes,
whi | e condensate from 10 out of 11 cigarettes had | evels bel ow the detection
| evel of 0.5 ng per cigarette (McCormick et al. 1973). Although a numnber of
vol atile N-nitrosam nes have been identified in children's pacifiers and
baby-bottl e ni pples, N-nitrosodi-n-propylam ne was not anong them (Bill edeau
et al. 1986, Gavinelli et al. 1988, Wstin et al. 1987). Crops and plants
harvested fromfields treated with the pesticides trifluralin, benefin, or
oryzalin contai ned no detectable |levels of N nitrosodi-n-propylam ne
(detection limt 0.2 ng/g) (Ross et al. 1978, Wst and Day 1979).

In the md-to-late 1970s, N nitrosodi-n-propylanm ne was detected in the
herbicide trifluralin at |levels as high as 154 ng/L, oryzalin at <l ng/L and
i sopropalin at 39-87 ng/L (Cohen et al. 1978, Ross et al. 1977). Subsequent
to these findings, the production process for trifluralin was nodifi ed;
current levels of the nitrosamne in technical trifluralin are <l ng/L (EPA
1979, Maybury and Grant 1983, Wbt herspoon and Hi ndl e 1988).
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5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

The potential for inhalation of N nitrosodi-n-propylam ne during
application and soil incorporation of trifluralin containing Nnitrosodi-n-
propylamne is extrenely |low, N-nitrosodi-n-propylanine | evels in breathing
zone air of field workers should be on the order of several parts per
trillion or less (Day et al. 1982). During 1982, NICSH carried out a
nonitoring study at a plant where workers were involved in the production of
extruded rubber parts for autonpbile part interiors. Sanples of personal
br eat hi ng-zone air were found to contain N-nitrosodi-n-propylam ne at
concentrations ranging from1.3 to 3.3 pg/nmi (241-611 ppt), with a nean
concentration of 2.3 ug/m (430 ppt). Airborne nitrosamne levels at this
pl ant were consistent with those found by NIOSH i n ot her rubber industries
where the sane type of extruding process was used. Vol atile nitrosanm nes,
such as N-nitrosodi-n-propylanine, are emtted from heated rubber after
formati on by the reaction of comon nitrosating agents (e.g., oxides of
nitrogen) wth secondary am ne-based conpounds frequently used in rubber
formulations (NIOSH 1982). N-nitrosodi-n-propyl am ne has been detected in
soi|l sanples fromat |east one NPL site, and workers at NPL sites or other
hazardous waste sites could potentially be exposed to this conpound by
i nhal ati on and dernmal contact. It is not certain whether direct skin
contact with N-nitrosodi-n-propylam ne would allow the chem cal to enter the
body.

Based on limted data it appears that the general popul ati on may be
exposed to part per trillion levels of N-nitrosodi-n-propylanne in sone
sodiumnitrite-treated foods and certain al coholic beverages. The genera
popul ati on may be exposed to N-nitrosodi-n-propylamne as a result of its in
vivo formation during digestion in the upper gastrointestinal tract of
nitrite-containing and secondary am ne-containing foods or drugs, especially
t hose contai ning di-n-propylanine (G oenen PJ et al. 1980, Magee et al.

1976; Sakai et al. 1984). One study pertaining to exposure to N-nitrosodi-n-
propyl anmi ne through inhal ation of cigarette snoke suggests that there is a
possibility that low levels of this conmpound (on the order of 1 ng per
cigarette) may occur in cigarette snmoke. There is no evidence of genera
popul ati on exposure to N-nitrosodi-n-propyl anm ne through ingestion of
cont am nat ed drinking water or through dernal contact.

5.6  POPULATI ONS W TH POTENTI ALLY H GH EXPOSURE

Data are not available for determ ning those segnments of the general
popul ati on with potentially high exposure.
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5.7 ADEQUACY OF THE DATA BASE

Section 104 (i) (5) of CERCLA, 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 N-nitrosodi-n-propylanine is available. Were adequate
information is not available, ATSDR, in cooperation with the Nationa
Toxi col ogy Program (NTP), is required to assure the initiation of a program
of research designed to determ ne these health effects (and techni ques for
devel opi ng nethods to deternmi ne such health effects). The foll ow ng
di scussion highlights the availability, or absence, of exposure and toxicity
i nformation applicable to human health assessnment. A statenent of the
rel evance of i1dentified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chem cal s that have been profiled

5. 7.1 Dat a Needs

Physi cal and Chem cal Properties. Physical and chem cal properties are
essential for estimating the partitioning of a chemcal in the environnent.
Many physical and chem cal properties are available for N nitrosodi-n-
propyl anm ne, but nbst do not have extensive experinental descriptions
acconpanyi ng the data so that an evaluation of the accuracy of the data is
difficult to nake. Specifically, nmeasured water solubility, vapor pressure,
K,.) and Henry's Law constant would be hel pful in renoving any doubt
concerning the accuracy of the data as well as provide information
concerning the uncertainty of these types of data. These data formthe
basis for nmuch of the input requirenments for environmental nodels that
predi ct the behavior of a chem cal under specific conditions including
hazar dous waste landfills.

Envi ronnmental Fate. Data are available to establish, in general, the
environmental fate of N-nitrosodi-n-propylamne. It has been predicted that
in surface waters, beyond the reach of sunlight, N-nitrosodi-n-propylan ne
woul d be subject to slow mcrobial degradation; however, data are needed to
determine its degradation rate in unlit surface water under aerobic or
anaerobi ¢ conditions. Natural water grab sanple bi odegradation studies and
soil netabolismstudies carried out in the dark under both aerobic and
anaerobi ¢ conditions would be useful in establishing the persistence of
N-ni trosodi -n-propylam ne in the environnent. The doni nant renoval
mechani snms for N-nitrosodi-n-propylamine in air are expected to be
photol ysis and reaction with photochenm cally generated hydroxyl radicals;
however, no data are avail abl e concerning the reaction pathway and the
products of these types of reactions. These types of data would be useful
i n establishing what happens to this conpound when it is released to the
envi ronment .

Exposure Levels in Environnental Media. Data are needed to relate the
| evel s of N-nitrosodi-n-propyl anmne found at hazardous waste landfills to
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| evel s of exposure resulting fromits occurrence at these sites. Studies in
which air nmonitoring (anbient and personal air) in the vicinity of

contam nated sites and water sanpling (groundwater and drinking water) at

| ocati ons where contanination fromthe site is nost likely to occur would be
useful in establishing the extent of human exposure from contam nated sites.
N-Ni trosodi - n- propyl am ne has been detected on a few occasions in sone
sodiumnitrite-treated foods and al coholic beverages and ingestion appears
to be a potential route of exposure; although, recent conprehensive data
regardi ng the occurrence of N-nitrosodi-n-propylanine in foods were not
avai | abl e. A conprehensive survey of those food itenms in which N-nitrosodi-
n- propyl am ne may occur, including cheese, cured neats and fish, and

al cohol i ¢ beverages, would be useful in understanding the potential for
human exposure to N-nitrosodi-n-propylam ne. Only one study was avail abl e
regardi ng the occurrence of N-nitrosodi-n-propylanne in cigarette snoke.
Results of this study do not provide strong concl usive evidence for
occurrence of neasurable levels of N-nitrosodi-n-propylanine in cigarette
snoke and further studies need to be carried out before any concl usi ons can
be nade.

Exposure Levels in Hunmans. Linmited data were avail abl e regardi ng human
exposure to N-nitrosodi -n-propylanmne. It appears that the genera
popul ati on may be exposed to N-nitrosodi-n-propyl am ne through various
foodstuffs, sone al coholic beverages, and possibly cigarette snoke; however,
data are needed to predict with certainty the frequency and | evel of
exposure. A few broad-based nonitoring studies of air, water, and typica
diets woul d be useful in deriving estimtes of typical exposure levels in
humans.

Exposure Registries. An exposure registry currently is not avail able.
The devel opnment of a registry for exposures would provide a useful reference
tool in assessing exposure levels and frequency. In addition, a registry
woul d al | ow an assessnent of the variations in exposure concentrations from
for exanpl e, geography, season, regulatory actions, presence of hazardous
waste landfills, or manufacturing facilities. These assessnent would, in
turn, provide a better understanding of the needs for sonme type of research
or data acquisition based on current exposure concentrations. Cccupational
exposure to this conmpound is mainly through its inadvertent formation, so an
occupati onal exposure registry would be difficult to obtain.

5.7.2 On-goi ng St udi es

There is no indication that there are any studies currently in progress
which are related to the level of N-nitrosodi-n-propylamne in environnental
nmedi a, environnental fate of N-nitrosodi-n-propylam ne, or genera
popul ati on or occupational exposure to N nitrosodi-n-propylam ne.



49
6. ANALYTI CAL METHODS
6.1 BIOLOCd CAL MATERI ALS

Met hods used for the analysis of N-nitrosodi-n-propylanne in
bi ol ogi cal sanples are shown in Table 6-1. The use of vacuumdistillation
at low tenperature (60-70°C) and trapping the distillate in dry ice/acetone
bath is the preferred nmethod for the isolation of the conpound from
bi ol ogi cal matrices. Because of its selectivity and sensitivity, nethods
usi ng Thermal Energy Analyzer (TEA) detectors are selected for
quantification of this conpound. In cases where analysis of nmultiple
pol lutants are necessary, nmss spectronetric detectors, in spite of their
| ower sensitivity for nitrosodi-n-propylam ne, may be favored over the TEA
det ector.

6.2 ENVI RONMENTAL SAMPLES

Met hods used for the analysis of N-nitrosodi-n-propylanine in
environmental sanples are given in Table 6-2. Two pretreatnment nmethods are
nost suitable for the analysis of this conpound in environnental sanples.
When the matrix is not too conplex, as in the case of drinking water,
surface water, groundwater and wastewater, solvent extraction is the
preferred nethod. Wth nore conplex matrices as soil and foodstuffs, vacuum
distillation and cold trapping is nore suitable. The three nethods
commonly used for the quantification of this conmpound in environmenta
sanpl es are mass spectronetry, nitrogen-phosphorus detectors (NPD) and TEA
in chem lunmn escence node. Each of these detectors has its own advant ages
and di sadvant ages. When a high sensitivity is required, a nmethod using a
TEA detector may be the nethod of choice. For multipollutant analysis in a
singl e sanpl e, nass spectronmetry may be nore suitable. Nitrogen-phosphorus
detectors, on the other hand, may be nore cost-effective and will provide
reasonabl e specificity and sensitivity for nitroso conpounds. A Hal
detector in the pyrolytic node may be preferable over NPD detectors because
it may require |less sanple clean-up (Rhoades et al. 1980).

6.3 ADEQUACY OF THE DATA BASE

Section 104 (i) (5) of CERCLA, directs the Admi 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 N-nitrosodi-n-propylamne is avail able. \Were adequate
information is not available, ATSDR, in cooperation with the Nationa
Toxi col ogy Program (NTP), is required to assure the initiation of a program
of research designed to determ ne these health effects (and techni ques for
devel opi ng nmethods to determi ne such health effects). The foll ow ng
di scussion highlights the availability, or absence, of exposure and toxicity
i nformation applicable to human health assessnment. A statenent of the



TABLE 6-1.

Analytical Methods for N-Nitrosodi-n-propylamine in Biological Samples

Sample Matrix

Sample Preparation

Anatyticat
Method

Detection
Limit

Accuracy

Reference

Urine

Postmortem tissues
(brain, Lliver,
kidneys, and
pancreas)

Liver, kidney, and
bt ood

Urine, blood,
feces, saliva and
gastric contents

Extracted with solvent, cleaned by
washing with water, extract dried,
concentrated, and subjected to acid
catalyzed denitrosation and reaction
of evolved NO with ozone.

Organs mixed with KOH and ammonium
sul famate homogenized, vacuum-dis-
tilted distillate solvent extracted
and concentrated. Concentrate deriva-
tized for ECD only.

Organs mixed with sulfuric acid and
ammonium sulfamate homogenized and

extracted with solvent and concen-

trated.

Homogenized sample mixed with paraf-
fin or glycerol, water and sodium
hydroxide, vacuum distilled at low
temperature. Distillate extracted
on-column or by shaking with solvent
and extract concentrated.

Chemi luminescence
detection

GC-ECD and GC-TEA

GC-TEA

GC-TEA

0.05 ug/L 65%
(for 100 mtL
sample)

<0.5 pg/kg
(for 50 g
sample)

0.6 ng/kg 1%
96%
83%

0.05-0.5 79%
ua/kg

at 11 ppb

77-88% (GC-ECD)

(liver)
(kidney)
(blood)

(for urine)

Drescher and Frank
1978

Cooper et al. 1987

Maki 1980

Eisenbrand et al.
1983

GC = Gas chromatography; ECD = electron capture detected; TEA = thermal energy analyzer
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TABLE 6-2.

Analytical Methods for N-Nitrosodi-n-propylamine in Environmental Samples

Sample Matrix Sample Preparation Analytical Detection Accuracy Reference
Method Limit
Occupational air  Sorbed onto ThermoSorb/N, desorbed HRGC-MS <0.1 ug/m3 NG Cooper 1987
by CHZClZICH3IG (monitorigg no*)
. <0.04 ug/m
(moni toring parent
ion)
Water and waste-  Solvent extracted, acid washed, GC-NPD; 0.46 pg/L 61% at 9 pug/L EPA 1982
water column chromatographic cleanup GC-reductive HECD (GC-NPD)
GC-TEA (EPA Method
607))
Solvent extracted, acid washed, GC-NPD (collaborative 0.46 ug/L 82% at 1.22 ug/L Millar et al. 1984

Water

Waste and waste-
water

Groundwater

column chromatographic cleanup

Solvent extraction under basic
condition, solvent concentrated

Solvent extracted, water washed
and concentrated, acid catalyzed
denitrosation and reaction evolved
NO with ozone

Direct injection

Solvent extraction, column chroma-
tographic cleanup, if necessary,
and concentration

Solvent extraction under neutral
condition, solvent concentrated

Solvent extraction at pH 11,
solvent concentrated

study on EPA Method
607)

GC-MS (EPA Method
625)

Chemi luminescence
detection

HPLC separation,
resolved nitrosoamine
photolyzed to nitrite
and detected colori-
metrically

GC-AFID (nitrogen
mode)

GC-Hall (pyrolytic
mode)

GC-TEA

HRGC-MS (EPA Method
625.1)

GC-MS (EPA CLP
Method)

(clean water)

0.36-0.74 ug/L
(wastewater)

NG

0.05 pg/L (for
100 m. sample)

NG

NG

<10 pg/iL

10 pg/L

84% at 26.7 ug/L

92% at 1.22 ug/L
94% at 26.7 ug/L

68% (reagent water)
76% (wastewater)

61% at 11 ppb
(11 pg/L)

NG (suggested
screening method)

54-103% (AFID)
73-108% (Hatl)
78-104% (TEA)
at 1.2 pg/L

6T% at 20 ug/L

NG

EPA 1982

Drescher and Frank
1978

MacMillan 1983

Rhoades et al. 1980

Eichelberger et al.
1983

EPA 1987, Fisk 1986
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TABLE 6-2 (continued)

Sample Matrix Sample Preparation Analytical Detection Accuracy Reference
Method Limit
Groundwater Solvent extraction, column chroma- GC-MS (EPA Method NG 79% at 19 pg/L EPA 1986b
tographic cleanup, concentration of 8250)
extract
Solvent extraction, column chroma- HRGC-MS (EPA Method 10 ug/sL 79% at 19 pg/L EPA 1986b
tographic cleanup, concentration of 8270)
extract
Soit Aqueous extract subjected to combined GC-FID 0.025 ug/g 81-87% Pancholy 1976
distillation and solvent extraction,
and extract concentrated
Homogenized sample mixed with paraf- GC-TEA 0.05-0.5 pg/g 7% Eisenbrand et al.
fin or glycerol, water and NaOH, 1983
vacuum distilled at low temperature.
Distillate extracted on-column or by
shaking with solvent and extract con-
centrated
Sample solvent extracted, washed with  Chemiluminescence 0.05 pug/kg 69% at 11 ppb Drescher and Frank
water and concentrated concentrate, detection (11 pg/kg) 1978
subjected to acid catalyzed nitrosa-
tion and evolved NO reacted with ozone
Soil/sediment Solvent extracted, column chromato- GC-MS (EPA CLP 330 pg/kg NG EPA 1987, Fisk 1986
graphic cleanup if necessary, Method)
extract concentrated
Soil, sludge or Solvent extracted by Soxhlet or GC-MS (EPA Method NG NG EPA 1986b
solid waste or sonication, extract subjected to 8250)
colum chromatographic cleanup, con-
centration of extract
Soil, sludge or Solvent extracted by Soxhlet or HRGC-MS (EPA Method 660 pg/kg NG EPA 1986b
solid waste or sonication, extract cleaned by 8270)
column chromatography and concen-
centrated
Whiskey and beer Sample mixed with paraffin or GC-TEA 0.05-0.5 ug/L 77-86% Eisenbrand et at.

glycerol, water and NaOH vacuum
distilled at low temperature.
Distillate solvent extracted and
concentrated

1983

9
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TABLE 6-2 (continued)

Sample Matrix Sample Preparation Analytical Detection Accuracy Reference
Method Limit

Beans and fish Blended sample distilled by freeze GC-FID 3 pg/g 90.6-99.6% Du Plessis and Numn
drying, extracted in solvent and 1972
concentrated

Cooked bacon Alkaline sample vacuum distilled, GC-TEA NG 82% at 10 ug/kg Greenfield et al.
trapped in liquid N, extracted 1982
with solvent and concentrated

Canned tuna, Vacuum distillation from mineral GC-TEA 5 ug/kg 95-100% Fine et al. 1975

corned beef, oil extraction with solvent and

soya bean oil, concentrated

deep fried fish,

and french fries

Rubber nipple Sliced sample extracted with solvent HPLC-TEA with a cold NG NG RGAL and Reusch
and extract concentrated trap 1985
Sliced sample solvent extracted, GC-TEA with a cold NG 10-120% Gray and Stachiw
solution made alkaline and distilled. trap 1987
Aqueous distillate solvent extracted
and concentrated

Cosmetic products Sample mixed with aqueous ammonium HPLC-DPP 0.2 ppb NG Vohra and

sulfamate and cleaned with CHCl3.
The aqueous solution cleaned up by
a HPLC pre colum

Harrington 1981

9
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NG = Not given; HRGC = high resolution gas chromatography, MS = mass spectrometry; NPD = nitrogen-phosphorus detector, HECD =
conductivity detector, TEA = thermal energy analyzer; GC = gas chromatography; HPLC = high presure liquid chromatogaphy; AFID
jonization detector; FID = flame ionization detector; DPP = differential pulse polanography

Hall electrolytic
= alkali flame
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rel evance of identified data needs is also included. In a separate effort,
ATSDR, in collaboration with NTP and EPA, will prioritize data needs across
chem cal s that have been profiled

6. 3.1 Data Needs

Met hods for Determ ning Parent Conpound and Metabolites in Biologica
Materials. Analytical nethods of suitable sensitivity and specificity are
avail abl e for the quantification of N nitrosodi-n-propylamne in biologica
sanpl es. The study of the levels of the parent conpound in human bl ood,
urine or other biological matrices can be useful in deriving a correlation
bet ween the | evel of this conmpound found in the environnent and those found
in human tissue and body fluid. Such correlation studies are not avail abl e
for N-nitrosodi-n-propylan ne. The changes in netabolite concentrations
with tinme in human bl ood, urine, or other appropriate biological nedium my
be useful in estimating its rate of nmetabolismin humans. In sone
i nstances, a netabolite may be useful in correlating the exposed doses to
t he human body burden. Such studies on the levels of netabolites in human
bi ol ogical matrices are not available for this conpound, although netabolic
products of this conmpound fromanimal and in vitro studi es have been
identified (see Subsection 2.6.3) and anal ytical nethods for their
guantification are avail abl e.

Met hods for Biomarkers of Exposure. No known bi omarker for exposure to
N-ni trosodi - n- propyl am ne has been identified (see Subsection 2.9.2). 7-
Met hyl deoxyguanosi ne and 06- nmet hyl deoxyguanosi ne adducts are forned as a
result of exposure to nethylated nitrosoam nes. |nmunol ogi cal assays are
avail able for the determi nation of these adducts (Degan et al. 1988, Foiles
et al. 1988). If propyl-substituted deoxyguanosi ne adducts are fornmed from
N-ni trosodi - n-propylanmne by sinmlar reaction, it could be used as a
bi omar ker for N-nitrosodi-n-propyl ani ne exposure. |If such a biomarker were
avai l able and a correlation were found between the |evel of the biomarker
and exposure, it could be used as a neasure of exposure.

Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronnental Media. Anal ytical methods of suitable sensitivity and
specificity are available for the quantification of this conpound in
envi ronmental sanples. The levels of this compound in different
environnental nedia can be used to indicate exposure of humans to this
compound through the inhalation of air and ingestion of drinking water and
foods contai ning N-nitrosodi-n-propylam ne. If a correlation with human
tissue or body fluid levels were available, the intake levels fromdifferent
envi ronnment al sources could be used to estimte the body burden of the
chem cal in humans. Although the products of biotic and abiotic processes
of this conpound in the environment are adequately known, no system c study
is avail able that neasured the concentrations of its degradation products in
the environnent. In instances where the product(s) of an environnental
reaction is nore toxic than the parent conpound, it is inportant that the
| evel of the degradation products in the environment be known. However, the
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degradation products of this conpound in environnental nedia are |l ess toxic
conmpounds, nanely n-propyl anm ne, di-n-propylamne etc. (see Subsection
5.3.2). The anal ytical methods for the determ nation of the |evels of these
and ot her environnmental degradation products of N-nitrosodi-n-propylam ne
are avail abl e.

6.3.2 On-going Studies

No significant on-going studies are in progress for the devel opnent of
anal ytical nethodol ogies for this conpound in environnental or biological
sanpl es.
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7. REGULATI ONS AND ADVI SCRI ES

International, National and State regul ati ons and gui del i nes perti nent
to human exposure to N-nitrosodi-n-propylam ne are sumari zed in Table 7-1.
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7. REGULATIONS AND ADVISORIES

TABLE 7-1. Regulations and Guidelines Applicable to
N-Nitrosodi-n-Propylamine

Agency Description Value Reference

INTERNATIONAL
WHO Cancer classification Group 282 IARC 1987
NATIONAL

Regulations

EPA OERR Reportable quantity 10 tbs (proposed) 40 CFR 117 and 302
Guidelines

EPA oral slope factor 7.0 (mg/kg/day)”!  EPA 1988

EPA Cancer classification Group 2P EPA 1988

STATE
Regulations

State of Kentucky Ambient air quality standard Best available State of Kentucky 1986
control technology

a

bPossibly carcinogenic to humans.

Probable human carcinogen.
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9. GLOSSARY

Acut e Exposure -- Exposure to a chemi cal for a duration of 14 days or |ess,
as specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K, -- The ratio of the amount of a chenical
adsorbed per unit weight of organic carbon in the soil or sedinent to the
concentration of the chemical in solution at equilibrium

Adsorption Ratio (Kd) -- The anpbunt of a chem cal adsorbed by a sedi nent or
soil (i.e., the solid phase) divided by the anbunt of chemical in the

sol ution phase, which is in equilibriumwi th the solid phase, at a fixed
solid/solution ratio. It is generally expressed in mcrograns of chem ca
sorbed per gramof soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tinme or during a discrete tine
peri od of exposure divided by the concentration in the surroundi ng water at
the same time or during the sanme tine period.

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

Carci nogen -- A chemical capabl e of inducing cancer.

Ceiling Value (CL) -- A concentration of a substance that should not be
exceeded, even instantaneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nore, as
specified in the Toxicol ogical 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 time of sexual maturation. Adverse devel opnental effects may 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 chemcal; the distinguishing feature
between the two terms is the stage of devel opment during which the insult
occurred. The termnms, as used here, include mal formations and vari ati ons,
altered growh, and in utero death.

EPA Heal th Advisory -- An estimate of acceptable drinking water levels for a
chem cal substance based on health effects infornmation. 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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| medi atel y Dangerous to Life or Health (IDLH) -- The naxi num environnent al
concentration of a contam nant fromwhich one could escape within 30 mn
wi t hout any escape-inpairing synptons or irreversible health effects.

I nternedi ate Exposure -- Exposure to a chem cal for a duration of 15-364
days, as specified in the Toxicological Profiles,

| munol ogi ¢ Toxicity -- The occurrence of adverse effects on the i Mmune
systemthat may result from exposure to environnental agents such as
chemi cal s.

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

In vivo -- Cccurring within the living organi sm

Let hal Concentration (LG, -- The lowest concentration of a chemcal in

air which has been reported to have caused death in humans or animals.

Let hal Concentration,, (LG, -- A calculated concentration of a chemni cal

in air to which exposure for a specific length of tinme is expected to cause
death in 50% of a defined experinmental aninma

popul ati on.

Let hal Dose , (LD, -- The lowest dose of a chem cal introduced by a
route other than inhalation that is expected to have caused death in humans
or ani nal s.

Let hal Doseg, (LD,) -- The dose of a chem cal which has been cal cul ated
to cause death in 50% of a defined experinental animal popul ation

Lowest - Observed- Adverse- Ef fect Level (LOAEL) -- The | owest dose of chem ca
in a study or group of studies which produces statistically or biologically
significant increases in frequency or severity of adverse effects between

t he exposed popul ation and its appropriate control.

LT, (lethal time) -- A calculated period of tine within which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experinental ani mal popul ation.

Mal formati ons -- Permanent structural changes that may adversely affect
survival, devel opnent, or function.

Mnimal Risk Level -- An estimate of daily human exposure to a chem ca
that is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.
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Mut agen -- A substance that causes nutations. A nutation is a change in the
genetic material in a body cell. Mitations can lead to birth defects,
nm scarriages, or cancer.
Neurotoxicity -- The occurrence of adverse effects on the nervous system

foll owi ng exposure to a cheni cal

No- Qbserved- Adver se-Ef fect Level (NOAEL) -- That dose of chem cal at which
there are no statistically or biologically significant increases in
frequency or severity of adverse.effects seen between the exposed

popul ation and its appropriate control. Effects may be produced at this
dose, but they are not considered to be adverse.

Cct anol -Water Partition Coefficient (K,,) -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute solution.

Perm ssi bl e Exposure Limt (PEL) -- An all owabl e exposure level in
wor kpl ace air averaged over an 8-h shift.

gl* - - The upper-bound estimate of the | ow dose slope of the dose-response
curve as determnmined by the nultistage procedure. The gl* can be used to

cal cul ate an estimate of carcinogenic potency, the incremental excess cancer
risk per unit of exposure (usually g/L for water, ng/kg/day for food, and
g/m for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanni ng perhaps an
order of magnitude) of the daily exposure of the human popul ation to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetine. The RFD is operationally derived fromthe NOAEL (from

ani mal and hunman studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgment of the entire
dat abase on the chemical. The RfDs are not applicable to nonthreshold

ef fects such as cancer

Reportabl e Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are: (1) 1 Ib or
greater or (2) for selected substances, an anpbunt established by regul ation
ei ther under CERCLA or under Sect. 311 of the Cean Water Act. Quantities
are neasured over a 24-h peri od.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive systemthat may result from exposure to a chenical. The
toxicity may be directed to the reproductive organs and/or the rel ated
endocrine system The manifestation of such toxicity nay be noted as
alterations in sexual behavior, fertility, pregnancy outcones, or
nodi fi cations in other functions that are dependent on the integrity of this
system
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9. GLOSSARY

Short - Term Exposure Limt (STEL) -- The maxi mum concentrati on to which
wor kers can be exposed for up to 15 min continually. No nore than four
excursions are allowed per day, and there nust be at |east 60 m n 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 physiological systens (e.g., renal, cardiovascul ar)
extending fromthose arising through a single Iinted exposure to those
assuned over a lifetime of exposure to a chenical

TD,, (toxic dose) -- A calculated dose of a chenmical, introduced by a route
ot her than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinmental animal popul ation.

Teratogen -- A chemical that causes structural defects that affect the
devel oprment of an organi sm

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

Ti me-wei ght ed Average (TWA) -- An all owabl e exposure concentrati on averaged
over a normal 8-h workday or 40-h wor kweek.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD
fromexperimental data. UFs are intended to account for (1) the variation in
sensitivity anong the nembers of the human popul ation, (2) the uncertainty
in extrapolating animal data to the case of hunmans, (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
data. Usually each of these factors is set equal to 10.
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APPENDI X: PEER REVI EW

A peer review panel was assenbl ed for N-nitrosodi-n-propyl anm ne. The
panel consisted of the foll owing nenbers: Dr. Ednond LaVoie, College of
Phar macy, Rutgers University; Dr. Raynond Smith, Instructor, Departnent of
Pat hol ogy and M crobi ol ogy, University of Nebraska Medical Center; Dr.
Frank Lu, Private Consultant, Mani, FL; and Dr. Vincent Garry, Laboratory
of Medici ne and Pat hol ogy, University of M nnesota. These experts
coll ectively have know edge of N-nitrosodi-n-propyl am ne's physical and
chem cal properties, toxicokinetics, key health end points, nechani sms of
action, human and ani mal exposure, and quantification of risk to humans.
Al reviewers were selected in conformty with the conditions for peer
review specified in the Superfund Arendnents and Reaut horization Act of
1986, Section 110.

A joint panel of scientists from ATSDR and EPA has revi ewed the peer
reviewers' conmments and determ ned which comrents will be included in the
profile. Alisting of the peer reviewers' conments not incorporated in the
profile, with a brief explanation of the rationale for their exclusion,
exists as part of the administrative record for this conpound. A |ist of
dat abases reviewed and a |ist of unpublished docunents cited are al so
included in the admi nistrative record.

The citation of the peer review panel should not be understood to
imply their approval of the profile's final content. The responsibility for
the content of this profile lies with the Agency for Toxic Substances and
Di sease Registry.

*U S. Governnent Printing Ofice 1991-535-152
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