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5.1 OVERVI EW

NDMA is not an industrially or comrercially inportant chem cal;
nevertheless, it can be released into the environnment froma w de variety of
mannmade sources. This is due to the inadvertent formation of NDVA in
i ndustrial situations when al kyl am nes, nainly di net hyl ani ne and
trimethylam ne, cone in contact and react with nitrogen oxides, nitrous
acid, or nitrite salts, or when trans-nitrosation via nitro or nitroso
conpounds occurs. Thus, potential exists for release into the environnent
fromindustries such as tanneries, pesticide manufacturing plants, rubber
and tire manufacturers, al kylanmi ne manufacture/use sites, fish processing
i ndustries, foundries and dye manufacturers. At this tinme, NDVA has been
found in at least 1 out of 1177 hazardous waste sites on the National
Priorities List (NPL) in the United States (VI EW Database 1989).
Nitrosation reaction may also result in the fornmation of NDMA in the
environment. In air, NDMA nay formas a product of the nighttinme reaction
of dinmethylanine with NOx. In water and soil, NDVA forns by the reaction of
wi del y-occurring primary, secondary or tertiary amines in the presence of
nitrite.

In the anbi ent atnosphere, NDMA shoul d be rapidly degraded upon
exposure to sunlight. The half-life for direct photolysis of NDMA vapor is
on the order of 5 to 30 minutes. In surface water exposed to sunlight, NDVA
woul d al so be subject to photolysis. On soil surfaces, NDVA woul d be
subj ect to renoval by photolysis and volatilization. The volatilization
half-1ife of NDMA fromsoil surfaces under field conditions has been found
to be 1 to 2 hours. In subsurface soil and in water beyond the penetration
of sunlight, NDVA woul d be susceptible to sl ow m crobial deconposition under
bot h aerobi c and anaerobic conditions. In aerobic subsurface soil, the
hal f-1ife of NDMA has been found to be about 50 to 55 days. Degradation has
been found to proceed slightly faster under aerobic conditions than under
anaer obi ¢ conditions.

NDVA has been detected in anbient air, water and soil; however,
nonitoring data are rather scant. Low | evels of NDVA (neasurable in terms
of ppb) are commonly found in the air of car interiors, food, malt beverages
(beer, whiskey), toiletry and cosnetic products, rubber baby bottle nipples
and pacifiers, tobacco products and tobacco snoke, pesticides used in
agriculture, hospitals, and homes, and sewage sl udge.

The general population is exposed to NDVA froma variety of different
sources. Primary sources of exposure include: chew ng tobacco, tobacco
snoke, foods [beer, liquor, cured nmeats (particularly bacon), fish, cheeses,
and other food itens], cosnetics and toiletry articles, interior air of
cars, various household commodities such as detergents and hone-and-garden
pesticides, and formation in the upper gastrointestinal tract during
di gesti on of secondary am ne-containing foods. Infants may al so be exposed
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to NDVA fromthe use of rubber baby bottle nipples and pacifiers which may
contain very | ow amounts of NDMA, fromingestion of contam nated infant
forrmula, and frombreast mlk from sone nursing nothers. Very |ow | evel s of
NDVA have been found in breast milk. Cccupational settings in which there
is potential for exposure to NDVA include, but are not limted to: |eather
tanneries, rubber and tire industries, rocket fuel industries, dye
manuf act urers, soap, detergent and surfactant industries, foundries
(coremeki ng), fish-processing industries (fish-meal production), pesticide
manuf acturers, warehouse and sal e roons (especially for rubber products),
and research | aboratories where NDVA i s synthesized/ st udi ed.

5.2 RELEASES TO THE ENVI RONMVENT
5.2.1 Air

NDVA may occasionally be enmitted into the atnosphere fromsites of
manuf act ure/ use of di net hyl amine and other sites at which NDMA is
i nadvertently fornmed, i.e. tanneries, pesticide manufacturing plants, rubber
and tire industries, etc. NDVA may also formin nighttime air as the result
of the atnospheric reaction of dinethylamne with NOx (Cohen and Bachman
1978, Fine et al. 1976a, Fine et al. 1976b, Hanst et al. 1977).

5.2.2 Wat er

NDMA may be rel eased in waste streans fromfacilities at which NDVA was
i nadvertently formed during nmanufacturing processes. This would include
such facilities as am ne manufacturing plants, tanneries, rubber and tire
i ndustries, fish processing industries, foundries, rocket fuel industries,
dye manufacturers, soap, detergent, and surfactant industries, and pesticide
manuf acturers (Cohen and Bachman 1978). In addition to industrial sources,
NDMA may formin aqueous systenms, sewage and soil as the result of either
bi ol ogi cal, chem cal or photochem cal processes. Biological formation
occurs via the reaction of a secondary or tertiary amne with nitrite. The
nitrite can arise in the environnment fromthe mcrobial transformation of
ammoni a or nitrate or through mannade production. Chenical formation of
nitrosam nes occurs optinmally under acidic conditions and may occur fromthe
reaction of primary, secondary or tertiary amnes with nitrite (Ayanaba and
Al exander 1974; MIIls and Al exander 1976). Formation of NDVA by
phot ochem cal transformation of dinmethylamne in the presence of nitrite has
been found to occur nore readily under al kaline conditions than under acidic
or neutral conditions (Ohta et al. 1982). Nitrosanmine precursors are
wi despread t hroughout the environment, occurring in plants, fish, algae,
urine, and feces and are formed in the environnent as pesticide degradation
products (Ayanaba and Al exander 1974, Greene et al. 1981, Neurath et al.
1977, Wndhol z 1983). The Contract Laboratory Program statistical data base
reports that NDMA has been detected in groundwater sanples at one out of
1177 hazardous waste site on the National Priorities List (NPL). This site
is Martin Marietta (Denver Aerospace) in Waterton, CO (VI EW Dat abase 1989):
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No data are avail abl e regardi ng contami nation of drinking water,
irrigation water, sewers, or stormdrains in the vicinity of NPL sites.

5.2.3 Soi |

NDMA may be rel eased into the environment as the result of |and
appl i cation of sewage sludge containing this conmpound or as the result of
| and application of certain pesticides contam nated with this conpound.
NDVA nay al so formin soils under conditions which favor nitrosati on of
nitrosam ne precursors (MIls and Al exander 1976, Pancholy 1978). There is
rio data pertaining to the detection of NDVA in soil sanples collected at or
inthe vicinity of NPL sites.

5.3 ENVI RONMENTAL FATE
5.3.1 Transport and Partitioning

Organi ¢ conpounds in the atnosphere having vapor pressures greater than
10° nm Hg are expected to exist alnost entirely in the vapor phase
(Ei senreich et al. 1981). The esgi mated vapor pressure of NDVA [2.7 nm Hg
at 20°C (see Table 3-2)] indicates that this conpound should not partition
fromthe vapor phase to particulates in the atnosphere.

Using |inear regression equations based on | og Kow data [l og Kow =
-0.57 (see Table 3-2)], a bioconcentration factor of 0.2 and a soi
adsorption coefficient (Koc) of 12 have been estinated for NDVA (Bysshe
1982, Hansch and Leo 1985, Lyman 1982). These val ues, as well as the
conpl ete water solubility of NDMA, indicate that bioaccunulation in aquatic
organi sms and adsorption to suspended solids and sedinments in water would
not be inportant environmental fate processes. The | ow value of the Henry's
Law Constant for NDMA [2.63x10" atm ni/nmol at 20°C (see Table 3-2)]
suggests that volatilization would be a relatively insignificant fate
process in water (Thomas 1982).

NDMVA is expected to be highly nobile in soil and it has the potential
to leach into groundwater supplies (Dean-Raynond and Al exander 1976, G eene
et al. 1981, Swann et al. 1983). If NDVA were released to soil surfaces, as
m ght be the case during application of contam nated pesticides, a
substantial proportion of the nitrosam ne would volatilize. The
vol atilization half-life fromsoil surfaces under field conditions is
estimated to be on the order of |1-2 hours (Aiver 1979). If NDVA were
i ncorporated into subsurface soil, far |less of the nitrosam ne would enter
t he atnosphere by volatilization and the rate of volatilization would be
greatly reduced. Under these circunstances volatilization would be of m nor
i nportance (A iver 1979).
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5.3.2 Transformati on and Degradati on
5.3.2.1 Air

In the atnosphere, NDVA vapor would rapidly degrade by direct
photolysis to formdinethylnitram ne. Based on experinmental data, the
photol ytic half-1ife of NDVA vapor exposed to sunlight has been determ ned
to be about 5 to 30 mnutes (Hanst et al. 1977, Tuazon et al. 1984).
Reaction of NDVA with photocheni cal |l y-generated hydroxyl radicals or ozone
nol ecul es in the atnosphere would be too slow to be environnentally .
significant (Atkinson and Carter 1984, Tuazon et al. 1984).

5.3.2.2 VWt er

Limted avail abl e data suggest that NDVA woul d be subject to slow
photolysis in natural waters exposed to sunlight (Polo and Chow 1976;
Callahan et al. 1979). In unlit waters, it appears that NDVA woul d be
rat her persistent, eventually degrading as the result of nicrobial
transformati on (Kaplan and Kapl an 1985, Kobayashi and Tchan 1978, Tate and
Al exander 1975). There is evidence which suggests that fornmal dehyde and
nmet hyl am ne may form as bi odegradati on products of NDVA (Kaplan and Kapl an
1985). Insufficient data are available to predict the rate at which NDVA
woul d degrade in water. NDVA is not expected to chem cally react under the
conditions found in natural waters (Callahan et al. 1979, O/liver et al.
1979).

5.3.2.3 Soi |

It appears that microbial degradation would be an inportant renoval
process for NDVA in subsurface soil. Qiver et al. (1979) anended
Met apeake | oamwi th 10 ppm NDVA at 23°C and observed a half-life of 50 days
(Aiver et al. 1979). Loss of NDVA was attributed to volatilization and
bi odegradati on. Tate and Al exander (1975) anended silt loamwith 22.5 ppm
NDVA at 30°C and observed a | ag of approximtely 30 days before sl ow
di sappearance from soil comenced; 50% 1 oss occurred after about 55 days
i ncubation and 60% | oss occurred after about 70 days incubation. As part of
t he same study, 40% | oss was observed in 2 days in soil amended with 50 ppm
NDVA and 44% | oss was observed in 5 days in soil anended with 250 ppm NDMA.
These initial |osses were followed by very little or no | oss over the next 3
weeks. Initial, rapid | oss of NDVA was attributed to volatilization and
sl ow, gradual |oss of NDVA was attributed to bi odegradation. Mallik and
Tesfai (1981) incubated NDVA at 4, 25 and 37°C and found that at all three
t enper atures, about 20-30% of added NDVA di sappeared in the first 20 days of
i ncubation, but little | oss was noted thereafter; even after 30 days of
i ncubation, over 50% of the NDMA was retai ned. The rate of disappearance of
NDVA was found to be slightly higher in sandy loamsoil than in either clay
or silt loamsoil. The rate of |oss was also found to be slightly higher in
aerobic soil at field capacity conpared to super saturated (anaerobic) soil.
After a 30-day incubation period, 60% of added NDVA renmined in soil at
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field capacity and 70% of added NDMVA renmined in super saturated soil
Avai |l abl e data on the degradation of NDMA in water and air indicate that
phot ol ysis may be an inportant renoval process on soil surfaces.

5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONMENT
5.4.1 Air

VWhen it was used as a rocket fuel internediate, NDVA was identified in
anbient air on-site and in the vicinity of factories which were
manuf acturing rocket fuel (Fine et al. 1977b; Gordon 1978). At a plant in
Bal ti more, MD, which was manufacturing unsymetrical dinethylh drazine
rocket fuel, the average concentration on-site was 11,600 ng/m, and in
nei ghboring residential comunities it was 1,070 ng/m, with |evels ranging
bet ween 30 to 100 ng/m in the downtown area (Fine et al. 1977b). As a
result of these findings, the use of NDVA was discontinued at this plant
(Shapl ey 1976). During Decenber 1975, NDVA was found in air sanples
collected in Belle, W/ near a factory which was nmanufacturing dinmethyl am ne.
The highest |evel found (980 ng/ni) was collected during a tenporary weat her
inversion (Fine et al. 1976b). NDMA has al so been neasured in anbient air
in urban areas with no known point sources of nitrosam nes: Baltinore, M

several mles upwind of the rocket fuel plant (0.02-0.1 pg/m); the Cross

Bronx Expressway in New York City (0.8 pg/nm); and Phil adel phia, PA (0.025
ppb) (Fine et al. 1976b, Shapley 1976).

Cccurrence of volatile nitrosamnes in air has been associated with
tire and rubber products, |eather tanneries, and autonotive uphol stery, and,
as a result, measurable levels of the nitrosami nes have been found in
certain confined areas, e.g. autonobile interiors. Concentrations of NDVA
ininterior air of autonobiles have been found to vary widely due to
differences in age of the car, design and decor. Levels of NDVA in interior

air of new cars were found to range from<0.02 to 0.83 pg/nm (Dropkin 1985,
Rounbehl er et al. 1980).

5.4.2 Wat er

Data fromthe EPA STORET Water Quality data base indicate that NDVA is
not a conmon contam nant of surface waters in the United States (EPA 1988b).
During the tinme when NDVA was being used as a chemcal internediate at a
rocket fuel manufacturing plant in Baltinore, MD, concentrations up to 940
ng/L were found in adjacent surface waters. Mid puddl es adjacent to the
facility contai ned 0.20-9.0 ng/kg (noist basis) of NDVA (Fine et al. 1977b).
Information found in STORET al so reveals that NDMA is infrequently found in
groundwat er sanpl es. STORET gross analysis data input from 1980 to 1988
i ndi cate that NDVMA was positively identified in 0.9% of 2308 groundwat er
sanples collected in the United States. The average concentration of

positive sanples was 12.4 ug/L (EPA,1988b). NDVA al so has been detected at

a concentration of 10 pg/L in groundwater sanples at one of 1177 hazardous
waste sites on the National Priorities List (NPL). This site is Martin
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Mari etta (Denver Aerospace) in Waterton, Co (VIEW 1989, VIAR 1987). NDVA
was reportedly found in tap water from Phil adel phia, PA at |evels of 0.003-

0.006 pg/L (Kinoto et al. 1981). The authors of this study concl uded that
NDVA did not formin the resin used to accunul ate the nitrosam nes, but that
it may have formed fromthe reaction of | ow concentrations of nitrite, an
oxi di zi ng agent (possibly chlorine) and secondary amines present in the

wat er sanple. NDVA has been found in deionized | aboratory water at |evels

ranging from0.03-0.34 ug/L (Fiddler et al. 1977, Gough et al. 1977). Anion
exchanger resins were identified as the source of NDVA found in the water
sanpl es. There have been reports of NDMA occurring infrequently in

wast ewat er sanpl es collected fromvarious | ocations situated throughout the

United States. Wen present, |levels of NDVA are generally in the |low pg/L

range (mexi mumreported concentration 2.7 ug/L) (Cohen and Bachman 1978,
Ellis et al. 1982, EPA 1988b, Fine et al. 1977b).

5.4.3 Soi |

NDVA has been found in soil at 1-8 ug/kg (dry basis) in Belle and
Charl eston, W/, New Jersey and New York City (Fine et al. 1977c). It is
specul ated that occurrence of NDVA in soil nay have arisen from (a)
absorption of NDMA in air, (b) absorption of dinmethylamine fromair and its
subsequent N-nitrosation, or (c) from pesticide application

5.4. 4 O her Medi a

N-Nitrosami nes are formed in foods by the reaction of secondary and
tertiary amines with a nitrosating agent, usually nitrous anhydride, which
forms fromnitrite in acidic, aqueous solution. NDVA is the nost common
volatile am ne found in food. Food constituents and the physical make-up of
the food can affect the extent of nitrosam ne formation. Ascorbic acid and
sul fur di oxi de have been used to inhibit the formation of nitrosan nes.
NDVA has been found in sone processed foods as a result of direct-fire
drying; it forns fromthe nitrosation of amnes in drying food by oxides of
nitrogen in drying air (Scanlan 1983). Trace levels (usually less than 1
ppb) of NDMA have been found in a variety of foods; however, not all sanples
of a particular type of food contain detectable | evels of NDVA. Table 5-1
lists the | evel s of NDVA which have been found in food. NDVA nay al so occur
in human breast mlk. In a study of 51 sanples of breast nilk collected
from 13 nursi ng wonen, NDMA concentrations greater than 0.2 ppb were found
in 23.5% of the sanples, and the maxi mum concentrati on detected was 1.1 ppb
(Lakritz and Pensabene 1984). During this study, it was determ ned that
eating a neal containing bacon did not result in increased NDVA | evels in
m | k, although eating a neal containing bacon and a vegetable high in
nitrate occasionally resulted in higher |evels of NDVA in breast mlKk.

NDVA has been found to occur in a variety of toiletry and cosnetic
products, including shanpoos, hair conditioners, color toners, shower gels,
bath crenes and oils, children's shanpoos, children's bath and health care
products, and face tonics, cleansers, and masks. In a study of 145



71

5. POTENTIAL FOR HUMAN EXPOSURE

TABLE 5-1. Detection of N-Nitrosodimethylamine in Food?

Food Item Concentration (ug/kg)
Vegetable o0ils and margarines 0.22-1.01
Apple cider distillates 1-10P

Dried cheeses 0.2-0.3

(parmesan, romano, and American)

Soy-containing foods 0.1-0.6
Non-fat dry milk "0.17-4.47
Milk 0.05-0.60
Infant formula 1
Dried legumes 0.2-0.8
Malt vinegar 0.4
Cereal products 0.3-4.2
Cooked fish 0.1-4.2
Chinese seafood 0.1-131.5
Meat 0.1-7.4
Fried bacon 1-44

8Sources: Canas et al. 1986, Fazio and Havery 1982, Fiddler et al. 1981,
Goff and Fine 1979, Huang et al. 1981, Lakritz and Pensabene 1981, Lawrence
and Weber 1984, Sen and Seaman 198lb, Sen et al. 1984, Sen et al. 1985a,
Song and Hu 1988, Weston 1984

b wg/L
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products, 50 sanples (34.5% contained NDMA, with a maxi mum concentration

of 24 ng/ kg occurring in a sanple of shanpoo (Spiegel hal der and Preussman
1984) .

The U.S. Food and Drug Adm nistration (FDA) established an action
| evel, effective January 1, 1984, of 60 ppb total N-nitrosam nes in rubber
ni ppl es as nmeasured by a di chl oronet hane extracti on procedure (Thonpson
et al. 1986). This nmeans that the Consumer Product Safety Commi ssion can
take action agai nst any conpany which introduces baby bottle or pacifier
nipples into interstate conmerce containing greater than 60 ppb total
N-nitrosam nes. Conpliance testing of infant pacifiers entered into
comrerce after January 1, 1984 and sold in the U S. revealed that total
N-nitrosanmi ne levels ranged from not detectable to 36.9 ppb, and that NDVA
| evel s ranged fromnot detectable to 3.55 ppb, with infrequent occurrence of
NDVA (Bill edeau et al. 1986). This conpares well with levels found in
pacifiers entered into commerce prior to January 1, 1984, when tota
N-nitrosam ne | evels as high as 332 ppb and NDVA | evel s as high as 6.78 ppb
were detected using the sane anal ytical procedure (Billedeau et al. 1986).
It should be noted that several conpani es have di sconti nued supplying rubber
ni ppl es since January 1984, because they could not neet the conpliance
| evel .

Most nalt beverages, regardless of origin, contain NDVA. This includes
many domestic and foreign beers and nost brands of whiskey (Havery et al.
1981, Hotchkiss et al. 1981, Scanlan et al. 1980, Sen and Seaman 198/ C). It
is generally accepted that the nitrosamne is forned in malt during the
direct-dryi ng phase of its processing (Fazio and Havery 1982). At one tine,
it was estimated that 64% by wei ght, of the dietary intake of NDVA of the
West German nal e popul ation could be attributed to the consunpti on of beer
(Hotchkiss et al. 1981, Spiegelhalder et al. 1979). As a result of these
findings, the U S Food and Drug Adm nistration established an action |eve
of 5 ppb for NDMA in nmalt beverages sold in the United States (Hotchkiss et
al. 1981). Conpliance testing of donestic (United States) and inported
beers by the FDA showed that donestic beers (180 sanpl es) contai ned NDVA
| evel s ranging fromnot detectable to 9 ppb, with the average | evel being
|l ess than 1 ppb (1% contained greater than 5 ppb), and that inported beers
(80 sanpl es) contained | evels ranging fromnot detectable to 13 ppb, with an
average level of 1 ppb (5% contained greater than 5 ppb) (Havery et al.
1981). These results conpared favorably with Ievels found during a market
survey carried out prior to establishnent of the action |evel, when 81% of
donmestic beers contained greater than or equal to 1 ppb and 17% cont ai ned
greater than 5 ppb (Hotchkiss et al. 1981). Conpliance survey data indicate
that | evels of NDMA in scotch whi skey (44 sanpl es) ranged from not
detectable to 2 ppb, with an average of less than 1 ppb (Havery et al
1981).

NDMA is conmonly found in conmercially-avail abl e tobacco products in
the United States. Results of one study showed that chew ng tobaccos
purchased in the United States contained NDMA at | evels ranging from<0.2 to
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85.1 ppb (Brunnemann et al. 1985). NDVA al so occurs in mainstream and

si destream snoke from ci garettes and other tobacco products, w th higher

| evel s occurring in sidestream snoke than in mai nstream snoke (Brunnemann
et al. 1983, Chanberlain and Arrendal e 1982, MCormck et al. 1973).

Si destream snoke from comerci al | y-avail abl e tobacco products purchased in
the United States were found to contain NDVA at the follow ng | evels:
nonfiltered cigarette, 680 rig/cigarette; filtered cigarette, 736
rig/cigarette; and small cigar, 1700 rig/cigarette. The ratio of NDMVA in
si destream snoke to NDMA in mainstream snoke in the non-filtered cigarette,
filtered cigarette and snmall cigar was found to be 52:1, 139:1, and 41:1,
respectively (Hoffman et al. 1987).

NDVA has been found to occur in various technical and commerci al
pesticides used in agriculture, hospitals and hones as the result of (a)
formati on during the manufacturing process, (b) formation during storage,
and (c) contam nation of am nes used in the manufacturing process (Bontoyan
et al. 1979). Herbicides in which NDMA has been found include the am ne
salt formulations of 2,4-D, dicanba, MCPA, MCPP,and 2, 3,6-trichl orobenzoic
acid. Levels ranging fromO0.05 to 640 ppm have been detected inthese
her bi ci des (Bontoyan et al. 1979, Cohen et al. 1978, Hindle et al. 1987,
Ross et al. 1977).

NDVA is a common constituent of nunicipal sewage sludge (Brewer et al
1980, Mumma et al. 1984). NDVA was detected in dried sludges from 14 out of
15 cities geographically |ocated throughout the U S. at levels ranging from
0.6-45 ppb (Munma et al. 1984). COccurrence of NDVA in sewage sludge appears
to be the result of biological and chem cal transformation of al kylamnes in
the presence of nitrite (Ayanaba and Al exander 1974, MIIls and Al exander
1976, Pancholy 1978).

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

N-Ni trosam ne precursors can be found in a large variety of nman-nmade
and natural products. Such products include agricultural chem cals,
t obacco, detergents, rust inhibitors, rubber additives, solvents, drugs,
pl astics, |eather tanning, textiles, and cosnetics. Considering the
wi despread occurrence of these products and the common occurrence of
nitrogen oxides in industry, there is a fairly high |ikelihood that
N-nitrosam nes are found in these products or in industrial setting in which
these products are used and/or produced (Fajen 1980). Cccupational settings
in which there is potential for exposure to NDMA include, but are not
limted to: |eather tanneries, rubber and tire industries, rocket fuel
i ndustries, dye manufacturers, soap, detergent and surfactant industries,
foundries (core-making), fish-processing industries (fish-meal production),
pestici de manufacturers, and warehouse and sale roons (especially for rubber
products) (Spiegel hal der 1984). When present in workroom air, NDMA | evels
are typically less than 1 ppb (Fajen et al. 1982). Exposure may result from
i nhal ati on or dermal contact. Results of a NI OSH survey carried out between
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1981 and 1983 indicate that 747 workers are potentially exposed to NDMVA in
occupational settings (N OSH 1988).

Laboratory workers handling NDVA coul d potentially be exposed to the
nitrosamne as a result of diffusion through rubber gloves. Wl ker et al.
(1978) showed that rubber gloves worn in research | aboratories do not
provi de conpl ete protection fromdernmal exposure to NDVA, because 11. 8% of
the NDMVA contained in a dichl oronethane solution was found to diffuse
t hrough latex surgical gloves into saline solution, over a period of 20
m nutes. Dichloronethane is a conmon sol vent for NDVA

General popul ation exposure to NDVA results froma nunber of different
sources, primarily chew ng tobacco, tobacco snoke, foods (beer, cured neats,
fish, cheeses, and other food itens), cosnetic products, interior air of
cars, and various household commopdities. Exposure to NDVA may al so result
fromits in vivo fornmation during digestion in the upper gastrointestina
tract of secondary ani ne-containing foods or drugs, especially those
cont ai ni ng di net hyl am ne (G oenen et al. 1980, Magee et al. 1976, Sakai et
al. 1984). Infants may be exposed to NDVA from baby bottle nipples and
pacifiers which may contain small anmounts of NDMA, fromingestion of
contam nated infant formulas, and frombreast m |k from sonme nursing
not hers. Very low |l evels of NDMA have been found in breast m |l k. Based on
ol der estimates of dietary intake in Germany, the Netherlands, and Engl and
and on recent data pertaining to occurrence of NDVMA in various foods in the
US., it appears that the average adult dietary intake of NDVA in the U S

is less than 1 ng per day (Preussmann 1984). Insufficient data are
avail able to predict the average daily intake of NDVA from ot her sources of
exposure.

5.6 POPULATI ONS W TH POTENTI ALLY HI GH EXPOSURE

It appears that those segnents of the general population with
potentially high exposure to NDVA from exogenous sources woul d include
t obacco snokers and nonsnokers who cone in contact with tobacco snoke for
ext ended periods of tinme, snuff dippers, people who are occupationally
exposed, and peopl e who consune |large quantities of food known to contain
NDMVA, beer or whi skey.

5.7 ADEQUACY OF THE DATABASE

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 whet her adequate infornmation on the health
effects of NDVA is avail able. Where adequate information is not avail able
ATSDR, in cooperation with the National Toxicology Program (NTP), is
required to assure the initiation of a programof research designed to
determ ne these health effects (and techni ques for devel opi ng nethods to
determ ne such health effects). The follow ng discussion highlights the
availability, or absence, of exposure and toxicity information applicable to
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human heal th assessnent. A statenent of the relevance of identified data
needs is also included. In a separate effort, ATSDR, in collaboration wth

NTP and EPA, will prioritize data needs across chem cals that have been
profil ed.
5. 7.1 Dat a Needs

Physi cal and Chemical Properties. Physical and chemical properties
are essential for estimating the partitioning of a chem cal anong
environnmental nedia. Many physical and chem cal properties are avail able
for NDMA; however, neasured values for Koc and Henry's Law Constant at
anbi ent tenperature are not avail able. Methods for estimating these
properties appear to provide relatively close estimtes of Koc and Henry's
Law Constant. Neverthel ess, neasured val ues at environnmental |y significant
tenmperatures woul d assist in accurately predicting the fate of this conpound
in the environnent.

Environnental Fate. Sufficient data are available to devel op a general
under st andi ng of the environnmental fate of NDMA. Kinetic data regarding
photolysis in water and on soil surfaces, biodegradation in water under
aer obi ¢ and anaerobi ¢ conditions, and bi odegradation in soil under anaerobic
conditions are |acking. Natural water grab sanpl e biodegradation studies
and soil netabolismstudies carried out in the dark under aerobic and
anaerobi c conditions would be useful in establishing the persistence of NDVA
in the environnment. Photolysis studies carried out under sinulated
environmental conditions in water and soil would be useful in establishing
the rate of photol ytic degradation, the significance of this process as a
renoval nechani sm and the products of this reaction in these media.

Exposure Levels in Environnental Media. Limted data suggest that NDVA
may be found in urban air, but recent conprehensive nonitoring data
pertaining to the detection of NDVA in anbient air are needed to establish
this fact. Occurrence of NDVA in air has been associated w th rubber
products, |eather products, and cigarette snoke and neasurable | evel s of
NDVA have been found in car interiors. This information, conmbined with the
fact that NDVA has been found in anmbient air at various urban | ocations,
suggests that detectable levels of NDVA exist in the interior air of hones,
of fices, etc. Studies pertaining to the nmonitoring of NDVA in indoor air
are needed to confirmthis supposition.

Exposure Levels in Humans. Although nunerous studies are avail able
concerning the detection of NDVA in various foods, a market basket study is
needed to provide a reliable estimate of the average daily dietary intake of
NDMA. Avail able nonitoring data on NDVA need to be eval uated, and estinates
of the anmpbunt of exposure from each source need to be devel oped. These data
woul d be useful in establishing the relative inportance of each source of
intake to overall human exposure and for predicting typical |evels of
exposure to NDVA.
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Exposure Registries. Since NDVA occurs nost commonly in occupational
settings as a result of its inadvertent formation, it would be difficult to
develop a reliable estimate of occupati onal exposure to this compound.
Nevert hel ess, NI OSH has established a registry for occupational exposure to
NDVA. It would be difficult to develop a registry for environnmental
exposure to NDMA since such exposure can occur froma w de variety of
sources and | evel of exposure can vary markedly dependi ng upon an
individual's lifestyle. There is no registry available for environnental
exposure to this conpound.

5.7.2 On-goi ng Studi es
There is no indication that there are any studies currently in progress

which are related to the |l evel of NDMA in environnmental nedia, environmental
fate of NDVA, or general popul ation or occupational exposure to NDVA
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