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.



10
2. HEALTH EFFECTS

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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FIGURE 2-1. Levels of Significant Exposure to N-Nitrosodi-n-propylamine - Oral
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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.








