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5. POTENTI AL FOR HUVAN EXPOSURE
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.





