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I SYNOPSIS _; 

' 

l 
‘ 

N—Nitrosodimethylamine (NDMA) iS'the simplest 
' 

\ ‘dialkylnitmsamine, with a molecular formula of
‘ 

C,H’,N,o. There are no industrial or commercial
_ 

_ 

uSes. of NDMA in‘VCanada. NDMA/is released to 
the’Canadian envirOnment as a by-product and N \\ contaminant from various industries andfrom 
municipal wastewater treatment plants. Major 
releases of NDMA have been from the. 

t 

f 
) 
" l/m‘anufacture’of pesticides, rubber tires, 

V‘ 
' 

alkylamines and dyes. NDMA has also been 
detected indrinking waterand .ingautomobile ,, 
exhaust. Sources of release ofNDMA may oCcur ‘ 

,, across Cl'anada, butreleases' have been quantified 
{ 

i 
' 

only inOntario. NDMAi may also! form under 
' natural conditionslin air, water and soil asa result 

of chemical, photochemical and biological 
processes. ' 

N 
\ 

, Photolysis is the major removal pathway 
from surface water, air and land. HoweVer,.in 
surface waters with high concentrations of 
organic Substances.\-and Suspended matter, 
photodegradation is much slower. In subsurface 

\ 
water and in soil, biodegradati’on is the removal Q 

pathway of importance. NDMA is unlikely to be 
. transported over long distances in air or to 
partition to soil and Sediments}. Because of its 
'solubility‘and low partition coefficient, NDMA 
has the potential to leach into and persist in 
groundwater. It is metabolized and does not 
bioaccumulate. NDMA is generally nOt deteCtable 
in surface waters, except for localized Q. 

Contamination from industrial’sites, where , 
i

' 

end-of—p‘ipe effluent concentrations as,high as 
0.266 ug/L have been measured. - 

’

\ K. 

‘ 

“Acute and chronic toxicity data are V available for aquatic organisms, The most 
- J sensitive toxic effect was a reduction'in the ’

. 

growth of algae at 4000pg/L. Concentrations'of 
1 

1 
I 

NDMA in Canadian'surface waters are less than 
or 

‘ 

A“ the threshold for adverse effects estimated for 
I

’ 

I 

aquatic organisms. No data on concentrations of 
\ '

' 

/’ .' - a 
' \ 

NDMA in sedimentsor in soil have been 
identified invCanada. NDMA is not'involved in 
stratospheric ozone depletion and‘is not an 
important contributbr to climateichange or v 

photochemic(al smog formation. "

\ 

.‘x;
( 

NDMA has not been detected in ambient 
air, except in the vicinity of industrial sites, in 
small surveys of several cities in southern

) 

Ontario. Low concentrations of’NDMA have 
been measured in drinkingwater—in10ntario, ‘ 

where sources have included the contamination of 
groundwater with industrial effluents and the 
formation bf NDMA in water treatment plants. s

‘ 

The presence of NDMA has been demonstrated in 
some foods’in Canada, most frequently in. beer, 
cured meat and fish products, and some ,cheeses, 
although levels of NDMA have decreased in 
these products in recentyears'lowing-to\changeS 
in food procesSing. 'Some of these changes have , 

been mandated under the Canadian Food and 
DrugS'Act and Regulations. 

BaSed upon laboratory Studies-‘inkwhich 
tumours have been induced in all species I 

examined at relatively low doses, NDMA is
, 

clearly carcinogenic, with a very Strong 
likelihood that the mode of action for the 
induction of tumours involves direct interaction. . 

with genetic material. Qualitativély, the 
metabolism of NDMA appears to be Similar in 
humans and animals; as a result, it is considered 
highly likely that NDMA is carcinogenic to , 

humans, potentially at relatively low levels of .' 

exposure. 1 

' 

'
' 

Based on the information available, it 
- is concluded that NDMA is not’éntéringthe 
environment in’a quantity or concentration or 
under conditions that have or may have an 

( 

* immediate 0r long-term harmfuleffect on the 
environment or its biological diversity,’or that 
constitute or may constitute a danger to they 

/ 
. /

t 

\. 

\. 
.V, 

' 

I 
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\ 

1 

environment on which life depends. NDMA is ’1 considered high. It is recommended, therefore, / 

’considered to be entering the environment in a 
‘ 

that there be additionalfinvestigation of the “ 

quantity or concentration or under conditions 
/ 

pmagnitudeof exposure of populations in the 
that constitute or may constitute a danger in vicinity of point sources to assist risk

V 

Canada to human life or health. Therefore, 
‘ 
management actions. ' 

I NDMA is considered to be “toxic”\as defined in l 

'

. 

Section 64 of [the Canadian Environmental ‘ ' Optimization of drinking water. treatment 
_ 

Protection Act, 1999 (CEPA 1999). to minimize formation of NDMA is also 
r 

V 

_ 

. 

I 

. recommended, though such measures must not 1 

While there'have been a number of / ' 
' compromise'human health protection,

‘ 

measures taken to limit exposure of the general 
\ 

f 

7 
' 1 

population in Canada to NDMA in foodstuffs, ( Since NDMA may be released directly to 
cosmetics and consumer products, recent data on the environment through the application of certain 
the NDMA Content of foodstuffs and rubber— . - pesticides, the levels of this nitrosaminein) 
containing products in Canada other than infant ~ products regulated under the Pest Control

> 

feeding bottle nipples and pacifiers have not been ' Products Act should also continue to be 
identified..Moreover, with the-exception of ‘ monitored. Monitoring by the Pest Management 
monitoring conducted in Ontario in the early Regulatory Agency has shown that the review 
'19905, potential for exposure to N DMA in the standard of 1 pg/g is rarely exceeded.' 

’I‘ 

vicinity of point sources in Canada is also largely - \ 

unknown, although stakeholders under the r’ Owing to the common practice in Canada 
voluntary Accelerated Reduction/Elimination of of applying sewage sludge to agricultural lands , 

Toxics (ARET) program have cOmmitted to ‘ 
' and the potential for uptake by plants, it is

i 

) reducing-total emissions of NDMA from 6000 g‘ recommended that concentrations of NDMA in 
in 1993 to 87 g by the year 2000. t such sludge be monitored to determine the 

. 
. 

_ 
g 

'- 
' L potential of this practice to contribute to the 

Continued monitoring of levels of exposure of htimans and non-human organisms. 
nitrosamines (including NDMA) in Canadian ' 

. 

“
- 

foodstuffs to verify reduction of content seems Since NDMA is likely to be carcinogenic . 

warranted. Determination of the potential 
H 

to humans at relatively low levels of exposure and 
presence of nitrosamines (including NDMA) in is not currently used in commerce in Canada, it is 
rubber products other than infant feeding bottle recommended that the manufacture, import and 
nipples and pacifiers may also be warranted, use of the substance be banned in order to prevent 
particularly for those products with which infants its introduction into the Canadian market. 
(who exhibit'mouthing behaviour) may come into ‘

' 

. contact. 
' 

e ' 

t
g 

r r .' 
N i / Mi ‘ 

On the basis of limited information from 
_ 

' 

- 

I 

' 

~
A
\ 

I 

short-term monitoring surveys of ambient air and 
water near industrial facilities, the priority for 
investigation of options to reduce exposure to 

_ 

NDMA in the vicinity of suCh point sources is ‘ 
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‘1.0 INTRODUCTION 

The Canadian Environmental Protection Act, 
1999 (CEPA’ 1999) requires the federal Ministers 
of Environment and of Health to develop and" 
publish a Priority SubStances List (PSL) that 
identifiessubstances,-including chemicals, groups 
of chemicals,’eff1uents and wastes, that may be 
harmful to the envirOnment or constitute a danger 
to human health. The Act alSo requires both

‘ 

Ministers to assess these substances and determine 
whether they are toxic as defined in Section 64 
of the-Act, whichstates: _- ;

' 

a substance is toxicif it is entering or may_enter the 
environment in a quantity or concentration or under 

' conditions that
' 

I 

(a) have or may have an immediate or long-term 
harmful effect on the environment or its biological 
diversity; 

I 

. . . . 

(b) - constitUte or may constitute a danger to the 
- environment on which life depends; or 

(c) constitute or may constitute a danger in Canada to 
human life or health. ‘ 

I 

' 
' 

‘

- 

Substances that are assessed as toxic as 
defined in Section 64'may be placed on Schedule ' 

I of the Act and considered for possible risk 
management measures, such as regulations, 
guidelines-pollution prevention plans or codes of 

I practice to control any aspect of their life cycle, 
from the research and development stage through 
manufacture, use, storage, transport and ultimate 

_ disposal. - 

Based, on initial sereening of readily T 

accessible information, the rationale for assessing 
NDMA provided by the Ministers Expert: .

' 

.Advisory Panel on the Second Priority Substances 
List (Ministers 'Expert Advisory Panel, 1995) Was 
as follows:

i 

NDMA is used in rubber formulations and in the organic 
chemical industry. The general populationis exposed to 
the Substance from ambient air; from foods, including 
beer, cured meats, fish, and cheeses; from smoking and 
chewing tobacco; from cosmetic products, including 

- ( 

shampoos, conditioners,_and children s bath products; 
from the interior air of automobiles as a result of 

'

‘ 

NDMA- use in upholstery and rubbef‘products; and from 
various household products. There are already steps to 
minimize'exposure to this potent carcinogen from‘some 
/specific sources including food, cosmetics, pesticides 
andrubber nipples. However, there are also public 
health concerns about potential airborne exposure. 
Moreover, most assessments have not considered the . 

general public 3 exposure from all sources. An 
assessment is required to determine the extent of‘ 
exposure and theassociated risks‘to human health and 
the environment in Canada. 

' 

-

' 

Descriptions 'of_ the approaches’to 
assessment of the effects of Priority Substances 
on the environment and human health are ._ 

available in published companion documents. The' 
" document entitled Environmental Assessments 

. 
‘ofPriority Substances under the Canadian 
Environmental Protection Act. Guidance‘Manual

_ 

Version 11.0 - March 1997 (Environment 
Canada, 1997a) provides guidancefor conducting 
environmental assessments of Priority Substances- 
in Canada. This document maybe purchased 
from: 7- 

' 

_ 

.I
" 

Environmental Protection Publications 
Environmental Technology Advancement 

Directorate ‘ “ ' 

Environment Canada 
Ottawa, Ontario 
KIA 0H3 

It is also available on the Internet at 
www.ec.gc.ca/cceb1/ese/eng/esehome.htm under 
the heading,“Guidance Manual.” It should be 
noted that the approach outlined therein has 
evolved to incorporate recentkdevelopments in " 

., 

risk assessment methodologyfwhich’ will be 
addressed in future releases of the guidance _ 

manual-for environmental assessments of Priority 
Substances. ' Z 
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The approach to the assessment of effects 
on human health is outlined in the following 
publication of the Environmental Health 
Directorate of Health Canada: “Canadian 
Environmental Protection Act — Human Health 
Risk Assessment for Priority Substances” (Health 
Canada, 1994), copies of which are available 
from: 

Environmental Health Centre 
Room 104 ' 

Health Canada 
Tunney’s Pasture 
Ottawa, Ontario 
K1A 0L2 

or on the Environmental Health Directorate 
publications web site — www.hc-sc.gc.ca/ehp/ 
ehd/catalogue/bchhtm. The approach is also 
described in an article published in the Journal of 
Environmental Science and Health — 
Environmental Carcinogenesis & Ecotoxicology 
Reviews (Meek et al., 1994). It should be noted 
that the approach outlined therein has evolved to 
incorporate recent developments in risk 
assessment methodology, which are described on 
the Environmental Substances Division web site 
(www.hc-sc.gc.ca/ehp/ehd/bch/env_contaminants/ 
psap/psap.htm) and which will be addressed in 
future releases of the approach paper for the 
assessment of effects on human health. 

The search strategies for identification of 
data relevant to assessment of potential effects on 
the environment (prior to August 1998) and on 
human health (prior to August 1999) are presented 
in Appendix A. Review articles were consulted 
where appropriate. However, all original studies 
that form the basis for determining whether 
NDMA is “toxic” under CEPA 1999 have been 
critically evaluated by staff of Environment 
Canada (entry and environmental exposure and 
effects) and Health Canada (human exposure and 
effects on human health). 

Almost all of the environmental 
information was incorporated into the Assessment 

Report, and therefore no supporting document for 
the environmental assessment of NDMA was 
prepared. Sections of the Assessment Report 
related to the environmental assessment of 
NDMA were prepared by the following members 
of the Environmental Resource Group, established 
by Environment Canada to support the 
environmental assessment of NDMA: 

H. Atkinson, Environment Canada 
V. Taguchi, Ontario Ministry of the 

Environment 
W. Windle, Environment Canada 

Other members of the Environmental 
Resource Group who reviewed the document and 
participated in discussions were: 

S. Abernethy, Ontario Ministry of the 
Environment 

T. Boose, Uniroyal Chemical Ltd. 
R. Breton, Environment Canada 
N. Bunce, University of Guelph 
A. Edmonds, Ontario Ministry of the 

Environment 
T. Leah, Environment Canada 
'F. Onuska, Environment Canada 
B. Patel, Chinook Group 
G. Rutherford, Ontario Ministry of the 

Environment 

Environmental sections of the Assessment 
Report were also reviewed by the following 
people: R. Chénier (Environment Canada), 
G. Moore (Health Canada), A. McLarty (Ontario 
Ministry of the Environment), E. McBean and 
J. Kochany (Conestoga-Rovers & Associates) and 
D. Carlisle (Brez-Carlisle Inc.). Special 
acknowledgement is given to the following staff 
of the Ontario Ministry of the Environment for 
their assistance: L. MacDonnell, B. Birmingham, 
G. Rutherford, R. Angelow, D. Spry and 
S. Abernethy. 

The content of the health-related sections 
_ 
of this Assessment Report and supporting 
documentation was prepared by the following 
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\_/ 

staff of Health Canada, based, in part, on 
background information compiled‘by' BIBRA 
Toxicology International (1997, 1998): 

R. Beauchamp 
K. Byme 
R.G. Liteplo 
M.E. Meek 
M. Walker 

In order to address primarily adequacy 
of coverage, sections of the supporting 
documentation pertaining to human health-were 
reviewed externally by B. Birmingham (Ontario 

, Ministryof the Environment),and R. Brecher 
'(Globaltex International Consultants, Inc). 

Accuracy of reporting, adequacy of ’ 

coverage and defensibility of conclusions with 
respect to hazard characterization and dose-,— 
response analysis were considered at a panel 
meeting of the following members, convened by' 
Toxicology Excellence for Risk Assessment 
(TERA) on August 12, 1999, in Ottawa, Ontario: 

M.'Bogdanffy, DuPont Haskel Laboratory 
J. Christopher, California Environmental 

Protection Agency 
M. Dourson, TERA 

- S. Felter, Procter &'Gamble" - 

J. Mandel, Exponent 
\ 

I 

R. Rudel, Silent Spring Institute 
V. Walker, New‘York State Department of 

Health
' 

The health-related‘sections of the 
'Assessment Reponbwere reviewed and approved ‘ 

by the Health Protection Branch Risk 
Management meeting of Health Canada. 

The entire Assessment Report was 
reviewed and approved by the Environment 

' 

Canada/Health Canada CEPA Management 
Committee. ' 

. g 

A draft of the Assessment RepOrt was 
made available for a 60-day public comment
1 

(. 
'\ 
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. 

- 

5_ 

effects on human-h'ealth;(relevantto . . . 

period (February :19 to April 19, 2000) 
(Environment Canada and Health/Canada, 2000). 
Following consideration of comments received, 
the Assessment Report was revised as 
appropriate. A summary of the comments and 
their responses is available on the Internet at: 

www.ec.gc.ca/cc_eb1/eng/final/index_e.html 
I

' 

The text of the Assessment Report has 
been structured to address environmental effects 
initially (relevant to determination of “toxic” 
under Paragraphs 64(a) and (b)), followed by\ 

determination of “toxic” under Paragraph 64(c)). 

Copies of this Assessment Report are , 

available upon request from:
' 

Inquiry Centre 
Environment‘Canada 
Main Floor, Place Vincent Massey

’ 

' 

1351' St. Joseph Blvd. .

' 

Hull, Quebec / 
' K1A<0H3 

or on the Internet at: \

D 

www.ec.gc.ca/cceb l/eng/final/index_e.html 

Unpublished supporting documentation 
1 on the, health-related effects of; NDMA, which 

presents additional information, is available upon 
request from: 

’ Environmental Health Centre ' 

RoOm 104 _ 

Health Canada" 
Tunney’s Pasture 

- Ottawa, Ontario 
\ KIA 0L2 

r I'm-k
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2.0 SUMMARY OF INFORMATION CRITICAL To 
ASSESSMENTOF “TOXIC” UNDER CEPA 1999

I 

2.1. Identity and physical/chemical 
properties 

‘N-Nitrosodimethylamine, or NDMA, is the 
simplest dialkylnitrosamine, with a molecular 
formula of C2H6N20 and a molecular weight of » 

74.08 g/mol (ATSDR, 1989) (Figure 1). NDMA‘ 
belongs to a class of chemicals known as N- 
nitroso compounds, characterized by the N-nitroSo 
functional group (—N—N=O), and to the familyof 
nitrosamines, which, in addition, possess an amine 
function (—NR2, where R is H or an alkyl group). 
NDMA ‘is also known as dimethylnitrosamine, 

‘ 

dimethylnitrosoamine, N,N—dimethylnitrosamine, 
N-methyl¥N-nitrosomethanamine, N-nitroso-N,N- 
dimethylamine, DMN and DMNA. NDMA has 
the Chemical Abstracts Service (CAS) registry 
number 62-75-9. _

' 

FIGURE 1 Chemical structure of NDMA 

o\ - ‘/CH3 

NDMA is'a volatile, combustible, yellow, 
oily liquid. It is susceptible to photolytic 
breakdown due to its absorption of ultraviolet. 
light (Sax and Lewis, 1987). The physical/ 
chemical properties relevant to the environmental 
fate of NDMA are presented in Table 1. The 

I 

conversion factor for NDMA in air is. 1 ppm = r 

. 
3.08_.mg/m3. -

‘ 

2.1 
‘ 

Analytical methods 

Analytical methods for NDMA incorporate a 0 

concentration step, followed by chromatographic 
separation of the components in the extract and 
detection 'of the N—nitrosamine. Concentration. 

‘ 
‘ 

steps include liquid—liquid extraction and solid- 
_ 

phase extraction. Chromatographic separations 
have-been achieved almost exclusively by gas 
chromatOgraphy. Detection of NDMA has/been 
accomplished by flame ionization detectors 
(Nikaido et al., 1977), nitrogen—phosphorus 
detectors (US. EPA, 1984), the Hall electrolytic r 

. 
conductivity detector operated in the reductive 
mode (vo'n Rappard et al.,1976; US. EPA, 
1984), the thermal energy analyser Or 
chemiluminescent nitrogen detector (Fine et al., 

TABLE 1 Physical and chemical properties of NDMA
‘ 

Physical/chemical property Value‘ 

A 

Me‘lting'point (°C) - 

( 

—50
‘ 

Boiling point (°C) 151—154 
Log KW. —0.57 
Vapour pressure. 1080 Pa (25°C) ‘_ 

Henry’s law constant 3.34 PaOm3/mol (25°C) 
Solubility 

' / miscible 
/\ 

‘ Includes experimental and calculated values listed in Callahan et al. (1979); Clayton and Clayton (I981); ATSDR (1989); 
Budavari et al. (1989); OMB (1991); DMER and AEL (1996).

J

Y 

‘ _/ 
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1975; Fine and Rounbehler, 1976; Webb et al., 
1979; Kimoto et al., 1981; Parees and Prescott, 
1981; Sen and Seaman, 1981a; Sen et al., 1994; 
Tomkins et al., 1995; Tomkins and Griest, 1996) 
and mass spectrometry. Mass spectrometric 
methods have utilized electron ionization low- 
resolution mass spectrometry (Sen et al., 1994), 
high-resolution mass spectrometry (Taguchi et al., 
1994; Jenkins et al., 1995), chemical ionization 
tandem mass spectrometry on an ion trap mass 
spectrometer (Plomley et al., 1994) and laser 
ionization time-of-flight mass spectrometry 
(Opsal and Reilly, 1986). Liquid chromatography 
has also been used in conjunction with a 
photolysis reactor and (electrospray ionization) 
mass spectrometry (Volmer et al., 1996). 
Detection limits range from 0.150 ug/L using 

- nitrogen—phosphorus detectors (US. EPA, 1984)

m 

to 0.002 ug/L using a gas chromatograph—therrnal 
energy analyser (Kimoto et al., 1981; Tomkins et 
al., 1995; Tomkins and Griest, 1996) to 0.001 
rig/L using gas chromatography—high-resolution 
mass spectrometry (Taguchi et al., 1994; Jenkins 
et al., 1995). Comparable detection limits are 
possible with chemical ionization tandem mass 
spectrometry on an ion trap mass spectrometer 
(Plomley et al., 1994). 

2.2 Entry characterization 

2.2.] Production, uses and importation 

There are no industrial or commercial uses of 
NDMA in Canada. NDMA is not imported into 
Canada and is not listed on the Domestic 
Substances List (Environment Canada, 1996a). In 
the past, NDMA was used in Canada and other 
countries in rubber formulations as a fire retardant 
and in the organic chemical industry as an 
intermediate, catalyst, antioxidant, additive for 
lubricants and softener of copolymers (ATSDR, 
1989; Budavari et al., 1989). 

2.2.2 Sources and releases 

2.2.2.1 Natural sources 

NDMA can be formed as a result of biological, 
chemical or photochemical processes (Ayanaba 
and Alexander, 1974). It may form in water, air 
and soil by a chemical reaction between 
ubiquitous, naturally occurring precursors 
classified as nitrosatable substrates (secondary 
amines) and nitrosating agents (nitrites) (OME, 
1998a). For example, NDMA may form in air 
during nighttime as a result of the atmospheric 
reaction of dimethylamine (DMA) with nitrogen 
oxides (Cohen and Bachman, 1978). Soil bacteria 
from various precursor substances, such as nitrate, 
nitrite and amine compounds, may also synthesize 
NDMA (ATSDR, 1989). NDMA precursors are 
widespread throughout the environment, 
occurring in plants, fish, algae, urine and feces 
(Ayanaba and Alexander, 1974). 

2.2.2.2 Anthropogenic sources 

NDMA is produced as a by-product of industrial 
processes that use amines and nitrites under a 
range of pH conditions. This is due to its 
inadvertent formation in industrial situations 
When alkylamines, mainly DMA and 
trimethylamine, come into contact and react with 
nitrogen oxides, nitrous acid or nitrite salts, or 
when trans-nitrosation via nitro or nitroso 
compounds occurs (ATSDR, 1989). Therefore, 
NDMA may be present in discharges of such 
industries as rubber manufacturing, leather 
tanning, pesticide manufacturing, food 
processing, foundries and dye manufacturing and, 
as a result, in seWage treatment plant effluent. 
Almost all of the releases to the Canadian 
environment are to water. A regulatory limit for 
effluents, which was subsequently reduced to 
200 ng/L, was introduced in Ontario in 1992, 
following detection of NDMA in groundwater in 
Elmira that was contaminated by effluents from a 
chemical production facility (Jenkins et al., 
1995). 
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NDMA can be. also formed during the 
treatment of drinking water (OME, 1994a); it has / 
also been detected in emissions from diesel 
vehicle exhaust (Goff etal., 1980). 

NDMA may form directly in Sewage 
as a result of the biological'and chemical N 
transformation of alkylamines in the presence of 
nitrite (Ayanaba and Alexander, 1974; ATSDR, 
1989). It may also be released into the 
environment as the result of land application of 
sewage sludge containing this compound 
(Pancholy, 1978; McBean, 1999). 

NDMA’S precursor, DMA, together with 
nitrite, may enter surface water streams from 
agricultural runoff (Taguchi, 1998). Water 
treatment plants incorporating a chlorination 
process (e.g., sodium hypochlorite) willproduce 
NDMA from these precursors (Jobb et al., 1993; 
Graham et al., 1996). Ultraviolet treatment can 
decompose NDMA to DMA (OME 1994a). 
However, it is also possible to generate/regenerate 
NDMA from the DMA within distribution V 

systems that have post-chlorination (Taguchi, 
1998). Some treated drinking water samples » 

continue to generate NDMA upon storage, even in 
the refrigerator at 4°C, because of the presence 'of 
the precursors and residual chlorine. These 
samples have been-considered to be “reactive” 
and are usually analysed within 3 days (OME,

. 

1994b). - -

. 

‘In the Section 16 survey under the 
Canadian Environmental Protection Act (CEPA), 
only two of the companies reported releases of 
NDMA to the environment (Environment Canada, 
1997b). In 1996, a large chemical plant released - 

29 g of NDMA in wastewater into the St. Clair 
River. This amount is expected to decrease, as the 
company installed a wastewater treatment plant in 
early 1998. A second large chemical plant 
released 4 g of NDMA into the Canagagigue 
Creek in 1997. In 1994, this same company 
released 15 g of NDMA from its kiln stack. The 
remaining companies reported releasing NDMA 
in their effluent discharged directly into the local 

sewage treatmt plant at—lfiings from non- 
quantifiable to 3000 g. ' 

In a voluntary survey on substances on 
the Second Priority Substances List (PSL2) sent 
to Canadian companies, three reported releasing 
NDMA during the manufacturing process in 1993 
(Environment Canada, 1996b). No information on 
loadings or concentrations, however, was" 
provided by the companies. Under the voluntary 
Accelerated Reduction/Elimination of Toxics 
(ARET) program, stakeholders have Committed to 
reducing total emissions of NDMA to all media 
from 6000 g in 1993 to 87 g by the year 2000 
(ARET Secretariat, 1998). .

' 

NDMA may be released into the . 

environment as a result of use of certain 
pesticides contaminated with this compound 
(Pancholy, 1978). NDMA is present in various 
technical and commercial pesticides used in

‘ 

agriculture, hospitals and homes as the result of 
its formation during the manufacturing process

. 

and during storage. The following active 
ingredients in pesticides may contain NDMA as a 
microcontaminant: bromacil DMA/formulation, 
benazOlin DMA formulation (no registered pest 
control products; discontinued since December 
31, 1995), 2,4—D DMA formulation, dicamba 
DMA formulation, MCPA DMA formulation and 
mecoprop DMA formulation (Ballantine, 1997; 
Smith, 1999). Issues related to pesticide 
contamination are regulated under the Pest 
Control Products Act and Regulations. 

Since 1990, the Pest Management 
Regulatory Agency laboratories, as part of the ' 

miCrbcontaminant program, have tested over 
100 samples of formulated products (DMA 
salt of phenoxy acid herbicides) potentially 
contaminated by NDMA. NDMA was detected 
in 49% of the samples, with an average 
concentration of 0.44 ug/g. Only-six samples 
contained NDMA above'the Pest Management 
Regulatory Agency non—regulatory review 
standard (maximum tolerance),of 1.0 ug/g, with a 

. range from 1.02 to 2.32 ug/g; NDMA 
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concentrations in pesticides have decreased over 
time, and this review standard is rarely exceeded 
(Moore, 1999). In 1994, approximately 1 million 
kilograms of DMA-formulated phenoxy acid 
herbicides for commercial use were applied to the 
terrestrial environment in Canada (Moore, 1999). 
Based on the average concentration of N DMA 
mentioned above and percent estimate of 
detection, it was calculated that approximately 
200 g of NDMA may have been released into the 
environment through the use of these herbicides. 

2.3 Exposure characterization 

2.3.] Environmental fate 

2.3.1.1 Air 

NDMA has a low vapour pressure (l080 Pa at 
25°C), and, if emitted to or formed in air, it is not 
likely to adsorb to airborne particulate matter and 
is expected to exist almost entirely in the vapour 
phase. In daylight, it degrades rapidly by direct 
photolysis to form dimethylnitramine. The 
photolytic half-life of NDMA vapour exposed to 
sunlight has been found to range between 0.5 and 
1.0 hour (Hanst et al., 1977). Half-lives for the 
reaction with hydroxyl radicals range from 25.4 to 
254 hours in air (Atkinson, 1985). DMER and 
AEL (1996) selected a mean half-life for NDMA 
in air of 5 hours in order to calculate 
environmental partitioning (see Section 2.3.1.6). 
The short half-lives for NDMA in air suggest that 
it is not persistent in this compartment. 

2.3.1.2 Water 

Since NDMA is miscible in water and has a low 
vapour pressure and a low octanol/water partition 
coefficient (log K, of —0.57), it is not likely to 
bioaccumulate, adsorb to particulates or volatilize 
to any significant extent (Thomas, 1982; ATSDR, 
1989; OMB, 1991). Oxidation, hydrolysis, 
biotransformation and biodegradation are not 
significant factors affecting the fate of NDMA in 
lake water (Tate and Alexander, 1975). 

Photodegradation is the main process for - 

removing NDMA from the aquatic environment. 
The efficiency of removal of NDMA depends on 
the characteristics of the particular water 
environment. Typically, photodegradation of 
NDMA is much slower in waters with high 
concentrations of organic substances and 
suspended solids than in clear water bodies. The . . 

rate of degradation through photolysis may be
( 

significantly decreased in the presence of 
interferences with light transmission, such as ice 
cover on receiving water bodies (CRA, 1994; 
McBean, 1999). This observation is supported in 
the groundwater compartment, where, in the 
absence of light, NDMA has the potential to 
persist (OMB, 1991). 

DMER and AEL (1996) selected a mean 
half-life of 17 hours for NDMA in surface water 
at 25°C for use in environmental partitioning 
(Section 2.3.1.6). Howard et al. (l99l) reports a 
half-life range for NDMA in groundwater of 
1008—8640 hours, based on estimated 
unacclimated aqueous aerobic biodegradation. 

2.3.1.3 Sediment 

DMER and AEL (I996) selected a mean half-life 
of 5500 hours for NDMA in sediment at 25°C for 
use in environmental partitioning (Section 
2.3.1.6). Factors that Slow degradation include 
anoxic conditions and lack of illumination, the 
former by preventing the generation of oxidants 
and the latter by preventing photolysis and the 
generation of oxidants by photolytic processes. 

2.3.1.4 Soil 

On soil surfaces, photolysis and volatilization 
rapidly remove NDMA. Oliver (1979) reported 
that 30—80% of an unreported concentration of 
NDMA volatilized from the soil within the first 
few hours of application to the soil surface. Once 
incorporated into subsurface soil, however, 
NDMA will be highly mobile, with the potential 
to migrate into groundwater supplies. Subsurface 
biodegradation is slightly slower under anaerobic 
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' OME‘(1998a) 'observed that a conventional 

than under aerobic conditions (ATSDR, 1989). 
Soil type only slightly affects biodegradation of 
NDMA. Aeration of soil improved biodegradation 

' compared with waterlogged soil. Pre-exposure of 
bacteria to NDMA increased biodegradation in 
soil (Mallik and Tesfai, 11981). DMER and AEL 

' 

(1996) selected a mean half-life of 1700' hours for _\ 

._ 
of 1 cm and 10 cm, respectively. The estimated NDMA in soil at 25°C'for use in envirOnmental ' 

partitioning (Section 23.1.6). ’ 

2.3.1.5 Biota‘
I 

Although NDMA is not present in plants under 
1

( 

natural conditions, it can be taken up from the 
. growth medium. Lettuce and spinach plants , 

absorb NDMAfrom sand, soil and water after 
exposure for 2 days to concentrations ranging 
from 10 to 100 mg NDMA/kg wet weight, with 
3.25%. and 0.38% being takenlup from the-growth 
medium by lettuce and spinach plants, ' 

.' 

respectively (Dean-Raymond and Alexander, I' 

1976). 

9 
. 

' A bioconcentration factor of 0.2 has been 
estimated for NDMA (Bysshe, 1982). However, 
estimate of a bioconcentrationfaCtor (correlation 
with'Kow) is not applicable, because biota " 
generally can biotransform N DMA. 

2.3.1.6 Environmental partitioning
' 

Fugacity modelling was carried out to'provide an 
overview of key reaction, intercompartment and 
advection (movement out of a system) pathways 
for NDMA and its overall distribution in the 
environment. A'steady-state, non-equilibrium‘ . . 

model (Level;III fugacity model) Was run using 
the methods developed by Mackay (1991) and 
[Mackay and Paterson (1991). Assumptions/input 
'parametersand results are presented in DMER 
and AEL"(1996) and summarized here: molecular '

3 

weight, 74.08 g/mol; water solubility, miscible; 
' 

vapour pressure, 1080 Pa; log KW, —0.5‘7.; Henry’s . 

law constant, 3.34 Pa-m3/mol; half-life in air, ’ 

5 hours; half-life in water, 17 hours; half-life in
'

g 

' 

soil, 1700 hours; half-life in sediment, 5500» hours. 1 

Modelling was based on an assumed default 
emission rate of [000 kg/hour‘into a region of 
100 000 kmz, which includes a surface water area 
(20 m deep) of 10 000 kmz. The height‘of the 
atmosphere was assumed to be 1000 m. 
Sediments and soils were assumed to' have an 
organic carbbn content of 4% and 2% and a depth 

percent distribution predicted by this model is not’ 
affected by the assumed emission rate. 

'Fugacity modelling indicates that NDMA 
behaves differently depending on the medium to 
which it is released. Generally, when NDMA is ' 

continuously released into a‘medium, most \of its ‘ 

will be found in that medium/at steady state..For 
example, if NDMA is discharged into water, 
almost all of it will be found in the aqueous

V 

phaserwith very small amounts in air and soil.
' 

' 

Almost all of the NDMA is removed by reaction ‘ 

in water. Similarly, most NDMA released to air 
will exist in the atmosphere, with very small 
amounts in soil and water. Finally, when NDMA 
is discharged continuously. to soil, almost all of 
the substance is transported to surface water, and 

' about a third goes into the atmosphere. However, 
since NDMAis much more persistent in soil than 
in water or air at steady state,_almo'st,all' of the 
NDMA is found in Soil, with very little found in 
surface water, and'even lesound in the 

' 

atmosphere (DMER and AEL, 1996).. 

In summary,‘the Level III fugacity model 
predicts that if NDMA is emitted into water or 
air, it will be found in,_and react in,'the medium 
of discharge. Emission of NDMA into water or 

‘ 

air willtend to result in localized, contamination 
of short duration. {If emitted to soil, NDMA 
moves to the water or air compartments, where it 
undergoes reaction, or it reacts slowly in the. soil. 
Because rates of volatilizatio'n, absorption, runoff 
and reaction in soil are relatively Slow compared '_ 
with reaction in air and .water, the persistence ’of 
NDMA emitted to soil'is‘longer, and‘there is \ 

potential'for NDMA to move into the '
I 

' groundwater compartment (DMER and AEL, 
l996).- .' x 

_ V

r 
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2.3.2 Environmental concentrations 

12.3.2.1 ‘ Ambient air 

There is little information concerning the presence 
or concentrations of NDMA in ambient (i.e., 
outdoor) air in Canada-0r elsewhere. Limited ' 

Canadian data are restricted to the province of 
Ontario, where Short—term measurements have 
been taken in theimmediate vicinity of potential 
point sources of discharge to the atmosphere, for 
'comparison with background measurements from 
other Urban locations. Noldata on airborne ' 

concentrations at rural locations-were identified. 

At industrial and urban locations in 
"Ontario in 1990, baSed on seven samples taken in: 
five cities, concentratibns of NDMA were all - 

belowthe detection limit (detection limits ranged 
from‘0.0034 to 0.0046 pg/in3) (OMB, 1990). 1 

Based on 51 30—miriute samples taken in the city . 

of Windsor; 0mm, in August 1991, , 

concentrations of NDMA were all below the 
detection limits, which ranged from 0.0014 to 

“0.017 pg/m3 (OME, 1994b). 
‘ 

_ In surveys during 1990,0f a chemical 
production facility in Elmira,-Ontario, 
concentrations of NDMA ranged frOm not I 

detected (detection limits ranged from 0.0029 to' 
‘ 0.0048 pg/m3) to 0.230 pg/m3, based on

' 

41 samples; concentrations in 20 of the 41 
samples were at or above the detection limit 
(OMB, 1990). The highest concentrations were 
measured within the perimeter of the production 
facility, while the maximum concentration 
measured beyond this perimeter was 
0.079 pg/m3. Concentrations in 22 of 40 samples 
taken in the vicinity of an industrial site in 
Kitchener, Ontario, in the summer of 1992 
ranged from the detection limit (0.0017— ' 

0.0042 rig/ml) to 0.14 pg/mJ (OME, 1992a). In 1 

1994, at a chemical plant near Elmira, Ontario, 
two air samples taken from the top of the kiln

/ 

. stack contained NDMA at the detection limit 
(0.17 pg/m3) and at 0.35. pg/m3 (Environment 
Canada, 1997b). 

2.3.2.2 - Indobr air 

’8 No data were identified conCerning the presence 
or concentrations of NDMA in indoor air from 
residential or public locations in Canada. ‘- 

Available data indicate that levels of NDMA 
were elevated in indoor air contaminated with 
environmental tobacco smoke (ETS) in the United 
States (Brunnemann and Hoffmann, 1978) and 
Austria (Stehlik et al., 1982; Klus et (11., 1992). 
The maximUm concentration of NDMA in ETS- 
contaminated indoor air was 0.24 rig/m3, whereas 

, 
NDMA was notrdetected (i.e., <0.003 pg/m3) 
when the indoor air of a residence gof a non- 
smoker was sampled in the same manner . 

(Brunnemann and Hoffmann, 1978). 
Concentrations of NDMA in ETS—contaminated . 

indoor airvin these countries were generally 
between 0.01 and 0.1 ug/m3 (Health Canada, 
1999)..

I 

2.3.2.3 Water 

Releases of NDMA to water in Canada have been 
measured primarily in Ontario. In 1996, a 
chemical plant released wastewater containing 

_

/ 
NDMA into the St. Clair River at a concentration 

' of 0.266 pg/L (Environment Canada, 1997b). 
In April 1997, conCentrations of NDMA at the 
point of release to surface water ranged from i 

0.096 to 0.224. pg/L for this company. These 
concentrations are expected to decrease, as the' 

-’ 

company installed a wastewater treatment plant in 
early 1998. A second large chemical plant 
released 0.04 pg NDMA/L to Canagagigue 
Creek in 1997~(Environment Canada, 1997b). ' 

In an 8-week survey in spring 1992, average .

' 

concentrations in surface water of the 
Canagagigue Creek ranged from not detectable 
(<0.05 pg/L) to 0.36 pg/L in 65 samples (16 
above detection limit) (OME, 1992b). In 1989,. 
NDMA concentrations above 1 pg/L in industrial 
discharges were detected in effluent from a 
chemical plant producing rubber chemicals, a 
rubber plant producing hoses and belts, and a 
pulp fibre de—inking and recovery operation 
(OMB, 1991).

'

,—
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In 1994, a sanitary discharge from a re- 
refinery in Ontario resulted-in concéntrations up to 
65 pg NDMA/L (OME,, 1994c). [n a survey of 
sewage treatment plant effluent in‘Ontario in 
1990, NDMA was detected in 27 ‘of 39 samples, 
with the maximum concentration being-0.22 pg/L 

' (unpublished I990 data, as cited in OMB, 1991). 
Although NDMA may be formed during sewage 
treatment, the typical background concentrations 
associated with sewage treatment plant operations 

« have not been characterized (OME, I991). ln' 
I996, four companies reporting under Section I6‘ ’ 

of CEPA released NDMA in effluent into the local 
sewage treatment plant (Environment Canada:

' 

'- 
~199713).

‘ 

‘ Under the Ontario Drinking Water-y 
Surveillance Program, 390 samples-of'raw surface 
water from -lOI»water treatment plants were 
sampled for NDMA. Data collected from I990 to

/ 

July 1998 indicated that 37 plants had detectable 
concentrations (>0.00I .ug/L) in the raw water., 

\ 

‘ Theaverage concentration in raw water was 
1.27 x IO'3 ug/L'. The highest concentration of 
r-NDMA in raw water was 0.008‘ ug/L from two 
‘water treatment plants in I996 (OMEE, I996; 
OME, I998b). . 

‘ 

' 

a

* 

ln I997—1998, a joint Environment . 

Canada/provincial survey of monitoringby 
‘municipal drinking water treatment facilities and 
'distribution systems was conducted. Only one

V 

municipality in Ontario (the Regional 
‘ 

Municipality of Ottawa-Carleton) reported
I 

‘ sampling for NDMA in its raw and treated water 
in I995 and, 1996. In I995,_NDMA wasgnot 
detected ,(<0.00l rpg/L) intfour samples of raw 
water and-was detectedin oneof’six samples of 
treated-water at a concentration of 0.003 pg/LLIn 
1996, NDMA was not detected (<0.15 pig/mm ’ 

two and mm samples of raw and treated water, ' 

respectively(Environment Canada, TI998). ‘1 

' 

7 In I990,.under the Ontario Drinking 
Water Surveillance Program, concentrations of '_ 

‘ NDMA in 24Igroundwater samples-taken from 
-various locations in Ontario were below detection 

- 

_(-i.e., 140 of 3 1 
'3 samples). The censored mean -

v 

glimits (detection limits ranged from 0.001 to 
_ 
0.010 ug/L). Concentrationsof NDMA in the 
municipal aquifervin Elmira ranged from 1.3 to 

pg/L, attributed to contamination from a' 
' nearby chemical facility (unpublished 1990 data, 
as-cited in OME,‘ I991). The municipal wells 
using this aquiferwere closed in I989,(OME, 
1989). In I994 and 1995, concentrations of up to 

i 

0.005 pg NDMA/L((det‘ection'limit 0.001 rig/L) in 
raw surface water and/groundwater supplies .in 
rural areas in southern Ontario were reported 
(OME, I991). '.' '

- 

There were 313 samples of treated water 
analysed from 100‘locations, withinOntariozunder. 
the'Drinking Water Surveillance Program 

I

‘ 

between 199‘4'and I996. NDMA was detected 
(i.e., at greater than 0.00] pg/L) in at least one

' 

sample at _40 Of these 100 sites.,The proportion of 
samples in which NDMA was detected was 45% ’ 

concentration was 0.0027, ug/L when a 
concentration equivalent to one-half the limit of 
detection (i.e., 1/2 x 0.001 pig/L = 0.0005. rig/L) 
was assumed for'the 1.73 samples in which , KN 
NDMA was not detected; . 

The highest Concentratipns'were 
measured in samplesfrom drinking water plants 
using a specific pre-blended polyamine/alum

’ 

water treatment coagulant (OMEE,. I996). These 
included a concentration of 0.04 ug/L at thewater 

- treatment plant in Huntsville, Ontario. NDMA 
was‘detected in all (i.e., at greater than 

_ g 

0.00] pg/L) 20 samples collected from'four water . 

treatment plants ,using the specific coagulant. The .

4 

‘inean concentration 'of NDMA i'n’thes'e‘b20. 
samples was 0.012 ug/L, whereas the-(censored) 
mean concentration in the‘ remaining 293 samples 

_‘ for thelocationswhere-the.specificlcoagulant was , 

not used was 0.002 ug/L (irrespective: of whether. 
a value of zero,ione-half the limit ofdetection or 
the limit of detectionwas assumed :for the 
concentration Of'NDMA in samples in‘which it 
was not deteCted). ' 
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Treatment studies on groundwater at a 
chemical plant in southern Ontario indicated that 
activated sludge can accumulate NDMA, 
particularly when nitrification and denitrification 
are applied to increase the sludge age. 
Concentrations of NDMA sampled in activated 
Sludge ranged from 5 to IO mg/L (Kochany, I999; 
McBean, 1999). In the United States, NDMA has 
been reported to be a common constituent of 
sewage sludge. Concentrations ranging from 0.6

_ 

to 45 pg/g were found in the dried sludge from 14 
of 15 cities (Mumma et al., I984). 

2.3.2.4 Sediment and soil 

No data on concentrations of NDMA in sediments 
or soils in Canada were identified. 

2.3.2.5 Human tissues 

NDMA has been quantitated in a variety of tissues 
and biological fluids. In a study conducted in 
Quebec, Cooper et at. (I987) detected NDMA in 
the liver, kidneys, brain and pancreas from four 
(non-occupationally exposed) individuals at 
postmortem; concentrations ranged from 
approximately 0.12 to 0.9 ng/g tissue. In studies 
conducted outside of Canada, reported levels of NDMA in the blood or plasma of non- 
occupationally exposed individuals have ranged 
from approximately 0.03 to I.5 ng/mL (Fine 6! 
al., 1977; Lakritz et (11., I980; Yamamoto et (11., 
1980; Garland et al., 1982; Gough et 611., 1983; 
Dunn et al., I986). In other studies, 
concentrations of NDMA in breast milk ranged 
from 0.1 to 1.8 ng/g (Lakritz and Pensabene, 
1984; Mizuishi er (11., I987; Uibu et (11., I996). 
NDMA has been detected in the urine of 
individuals having no clearly defined exposure to 
this nitrosamine; reported concentrations from 
studies conducted in Canada (Kakizoe er al., 
1979) and elsewhere (Lakritz et (11., I982; Webb 
et al., 1983) have ranged from 0.02 to 0.2 ng/mL. 

2.3.2.6 Food 

NDMA can be formed during food processing, 
preservation and/or preparation from precursor 
compounds already present in, or added to, the 
specific fooditems. The foodstuffs that have been 
most commonly contaminated with NDMA can 
be classified into several broad groups: 

I) foods preserved by the addition of nitrate 
and/or nitrite, such as cured meat products 
(in particular, bacon) and cheeses (since 
these methods of preservation introduce 
nitrosating species into the food); 

2) foods preserved by smoking, such as fish 
and meat products (since oxides of nitrogen 
in the smoke act as nitrosating agents); 

3) foods dried by combustion gases, such as 
malt, low-fat dried milk products and spices 
(since combustion gases can contain oxides 
of nitrogen); and 

4) pickled and salt-preserved foods, particularly 
pickled vegetables (since microbial 
reduction of nitrate to nitrite occurs). 

Since 1975, efforts have been made to 
reduce the potential for exposure to NDMA in 
foodstuffs in Canada through continued reduction 
of allowable nitrite levels during preservation and 
suspension of the use of nitrate for certain food 
groups made through changes to the Food and 
Drugs Regulations. In regulations amended in 
1975, permissible levels of nitrite in cured meat 
products were lowered and the use of nitrate was 
eliminated, except for a few classes of products 
(including “slow-cured” meats) (Lawrence, 1999). 
For example, the permitted level of use of nitrite 
in bacon, in which the potential for formation of 
nitrosamines is greatest, was lowered from 200 to 
150 mg/kg. A further amendment in 1985 
lowered the permitted maximum level of use of 
potassium nitrite and sodium nitrite from 150 to 
120 mg/kg in cured side bacon. The use of nitrate 
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in seafood preservation was suspended in 1965, 
_ 

apple juice or drink, ketchup and other-sauces, 
shortly afterIinception of the Food Additive Tables Ovaltine, margarine, bUtter, lard or (fresh and 
in 1964 (Salminen, 1999). canned) mushrooms (Sen et al., 1980b). The limit 

" 
. 

' 

. of detection was 0.1 ug/L or 0.1 ug/kg. NDMA 
Data concerning the concentrations of was detected at a trace level (<0.2 ug/kg) in l of 

NDMAin Canadian foodIitems from each of the 11 samples of‘pizza and. pizza toppings (Sen et I 

groups in which there is- potential for exposure are - al., 1980b). 
limited and largely predate the introduction of . 

controls outlined above. Concentrations of NDMA . 
Among the cured meat products analysed, 

in 121'samples of various meat products in- bacon was unique, in that it was generally free of 
Canada 'ranged from less‘than 0.1 pg/kgr(the limit ' nitrosamines in the raw. Stage. N itrosamines were 
of detection) to a maximum of 17.2 ug/kg in a formed in bacon only during high-heat frying 

’9 

sample of bacon (Sen et al., 1979, 1980b). I 

(Sen et al., 1979). Various factors control the 
Concentrations of NDMA in 63 samples of . formation of NDMA in fried bacon, including the 
various fish~and seafood products in» Canada ' 

‘ 

"initial—and residual levels of'nitrite, processing “I, 

‘ ranged from lessTthan 0.1 ug/kg (the limit of conditions, the diet of the pigs, the lean to 
detection) to armaximum of 4.2 pg/kg‘in as ‘ adipose tissue ratio,_the presence'Iof inhibitors, 
sample of salted/dried fish (Sen et al., 1985). r frying temperatures and cooking methods (Sen, 

- Concentrations of NDMA in’ 62 samples of I 

1986). The cooked-out fat‘contains higher 
cheese (31 of Canadian originand31 imported) (approximately tWice'as high) levels of 
purchased in Canada ranged from less than ‘ 

. 

- nitrosamines than the cooked lean bacon, and 
1 pg/kg (the limit of detection) to a maximum of steam-volatile nitrosamines suchasNDMA are I 

68 ug/kg in a sample of wine cheese (Sen et al., 1 VOIatilized in the fumes produced during frying 
1978). ‘ 

_ 
I 

' 

. 
. 

. 

(Sen, 1986). '

’ 

K 
‘ 

x 

7 ’ ' 

. 
. 

'

. 

I NDMA Was generally. not detected. in Concentrations of NDMA -in bacoii 
samples of milk products, except for skim milk currently consumed in‘Canada areunlikely to be 
pOWder, where it was present in all 11 samples, at as high as the maximum of 171.2 ug/kg reported 
a maximum concentration of 0.7 rig/kg (Sen and, previorisly (Sen et al., 1979, 1980b), as ‘a walk of 
Seaman, 1981b). In other countries, the presence 1 the. controls on the use of nitrate and nitrite in 

‘ 

I 

of NDMA in non-fat dried milk powders has been cured meat products introduced in Amendments 
attributed to the use _of natural gas for direct fired to the Canadian Food and Drugs Regulations in

i 

_ 

heating (Kelly et al., 1989; Scanlan et al., 1994). '- 1975;'However, quantitative data are not available 
In Canada, in other foods dried directly, NDMA to support this'conclusion. 
was detected in 1 of 10 samples of instant-coffee 
at a concentration of 0.3 ug/kg and in ’2 of 20 
samplesrof dried soup with a maximum ~ 

I 

There is consensus among the literature 
su’rveyed'that concentrations of NDMA infoods ' 

.- concentration of 0.25 ug/kg (Sen-and‘Seaman, fromdeveloped countries were an order of 
1981b). 

I 

3 ’ - magnitudelower'in the late .1980s and early' 
1 

- 
. l990Sthan in the~197OS (Tricker et al., 1991a;' - 

I 

NDMA was not detected-(at limits of Cornée et al.,_ 1992; Sen et al., 1996). The.
\ 

' detection ranging from 0.1 to 0.5 rig/kg) in 25 reduction in the concentrations of preformed
‘ 

samples of baby food, including formula, cereal INDMA in foodseis attributed to impr0vemen/ts in « 

and mixed food containing meat, analysed from .4 .food cooking‘aii‘dfprBServation techniques. 

1979 to 1981 (Sen et al., 1979, 1980b;ISen‘ and ’ J However, no data are available with which to 
Seaman, 1981 b). In a survey of other food determine whether the concentrations of

‘ 

I 

products in 1979, NDMA was not detected in ' 

preformed NDMA in foods in Canada or 

' 

_ 
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elsewhere have continued to decline throughout 
the 1990s or remain at the levels measured in the 
late 19805 and early 1990s. 

Most malt beverages, including beer and 
most brands of whiskey, regardless of origin, 
contain NDMA (ATSDR, 1989). The presence of 
NDMA in beer was first reported in 1977 (Sen er 
al., l980a; OMB, 1991). Malt was found to be the 
main source of NDMA contamination in beer, and 
NDMA was shown to be formed during direct 
drying of malt using hot flue gases — a practice 
that was common prior to 1980 (Spiegelhalder et 
(11., 1980). Improved malt drying techniques 
(direct to indirect in 1981) have now significantly 
reduced the levels of NDMA in malt and beer 
(OMB, 1991; Sen e1 (11., 1996). It is currently 
believed that NDMA is only a minor component 
of the total N-nitroso compounds in beer and that 
the major contribution is made by as yet 
unidentified non-volatile N-nitroso compounds 
(Massey e! (11., 1990; UK. MAFF, 1992). Among 
samples of beer produced in Canada, a maximum 
concentration of 4.9 ug/L was reported in a beer 
from Ontario in 1978, while in more recent 
samples (i.e., 1988—1989), the maximum 
concentration was 0.59 ug/L. Among imported 
beers purchased in Canada, a maximum 
concentration of 9.2 ug/L was reported in a beer 
sampled in 1991—1992, while in more recent 
samples (i.e., October—December 1994), the 
maximum concentration was 3.2 ug/L. 

NDMA may also be endogenously 
produced in viva from precursor compounds

V 

contained in the food ingested (e.g., DMA in 
meats and fish and'nitrate/nitrite in vegetables) 
and/or already present in the human body (e.g., 
nitrate, nitrite). Urinary excretion of NDMA was 
significantly increased in human volunteers after 
intake of nitrate in drinking water in combination 
with a fish meal (Vermeer 6101., 1998). Fish was 
selected, as it contains high amounts of amines, 
including DMA (Sen er al., 1985). 

Available data are inadequate to serve as a 
basis for determining the quantities of 

endogeneous NDMA formed or their relative 
contribution to exposure via ingestion compared 
with NDMA’s exogenous presence in food 
(Cornée et al., 1992). 

2.3.2.7 Consumer products 

Exposure can result from the use of consumer 
products that contain NDMA, such as cosmetics 
and personal care products, products containing 
rubber and tobacco products. 

NDMA has been detected in a variety of 
personal care and cosmetic products (e.g., 
shampoos, hair conditioners and toners, bath and 
shower gels, creams and oils, face tonics, 
cleansers), likely due to the reaction of nitrosating 
agents such as nitrite and/or nitrogen oxides, 
which occur frequently therein (Spiegelhalder and 
Preussmann, 1984), with amine-containing 
compounds, which are used extensively in 
ingredients of personal care products. Examples 
include surfactants, detergents, foam boosters, 
protein additives and colouring agents (ECETOC, 
1990). Ingredients that might in some 
circumstances give rise specifically to NDMA 
include quaternary ammonium compounds, 
betaines and amine oxides (ECETOC, 1991). 
Nitrosation in cosmetic matrices is often slow, but 
cosmetic products may remain on store shelves 
and in consumers’ cabinets for extended periods 
of time, during which nitrosamines can continue 
to form in the products (Havery and Chou, 1994). 

Fifty (or 34.5%) of 145 products surveyed 
in Germany in 1984 contained NDMA, at a 
maximum concentration of 24 ug/kg in one 
shampoo (Spiegelhalder and Preussmann, 1984). 
However, while data on concentrations of NDMA 
in Canadian cosmetic products were not 
identified, current levels of NDMA in Canadian 
products are likely much lower than these levels. 
Indeed, Health Canada recommends for cosmetic 
notifications that manufacturers ensure that their 
raw materials are not contaminated with 
nitrosamines, and that their formulations do not 
include combinations of nitrosating agents and 
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amines/amides. Manufacturers who submit 
cosmetic notifications for formulatiOns that 
inclUde'combinations of such precursor substances 
are requested to provide evidence that the levelof 
nitrosamines present in the product or formed over 
a period equivalentto the'shelf life of the product 
does not exceed 10 ugg/kgLFailing‘this,’ 
manufaCturers are required‘to reformulate the 

' 

products to remove either'the amines/amides or 
the nitrosatingagents (Green, 1995). _ 

Rubber-containing products that come 
into contact with human skinare' another potential 
source of exposure to NDMA, since dialkylamines 
used by rubber manufacturers}as a/cceleratdrsand.‘ 
stabilizers during rubbervulcanizationjcan react 

» with nitrosating'agents dUring processing. to form 
' 

.'nitrosamines (Biaudet et al., '1997). NDMA has 
been detected in a'diverse selection of workplace,

‘ 

__censumerand,Inequalrmrmgaggntflaing' ., . 

' " 

rubber (Health Canada, 1999). The maximum 
concentration‘of N'DMA detected‘(i.e., ‘

i 

329 mg/kg) was in latex disposable protective 
- gloves in the, UnitedStates. However, only a‘small » 

proportion of— the total nitrosamines in the gloves 
would be expected to be leached out- and dermally 

' 

absorbed'(Fiddler et al., 1985). N-Nitrosamines 
have been'detected in'bab‘y bottle rubber' nipples 
and pacifiers in Canada; The-.maXimumv- 
concentratiOns of reported in the

‘ 

published literature Were'25 mg/kg in baby bottle 
rubber nipples and 8.6’mg/kg in rubber pacifiers 
(Se‘n et al., 1984). .

‘ 

Currently, in Canada, however, under the 
’ 

Hazardous Products/Act and'rR‘e'gulations, infant 
feeding'bOItle nipples and pacifiers may not, 
contain. more than. 10mg totalvolatile N- 
nitrosamines/kg, as determined by \. 

dichloromethane extraction (Health Canada, 
1999). Thedetermination of nitrosamines is 
,conducted- according to a cyclical enforcement 

’ policy,'which calls for a'survey of'samples of 
products representative of those available in the. 

- Canadian market at- least every 6 years. In surveys: 
conducted in 1995‘and 1998, NDMA was not 
detected (detection limit lmg/kg);"the next ’survfey' 9. 

is' scheduled for fiscal year 2001—2002 (Wright, . 

.1999). 
' 

- 
‘

' 

The nitrosation of naturalconstituents of 
tobacco during curing and fermentation results in ' 

the formatiOn of three major classes of ‘N-nitro'so 
compounds in tobacco and tobacco products — 
volatile, non-volatile and tobacco-specific! N- 
.ni'trosaminesH(Hoffmann'et al., 

' 

1984; Tricker et 
al., l99lb)._.In addition, the combustion of 
cigarette tobacco results in/the’ pyrolytic 
formation of‘volatile N-nitrosamines, including 
NDMA'(Tricker and Preussmann,. 1992). The 
yields of these volatile N-nitrosamines in Cigarette 

—. 
.smoke‘from combustion of tobacco depend on

‘ 

many chemical andphysical parameters, ~ 

including‘the amounts of organic nitrogen and 
. nitrate .present— (Hoffmannjet—al;, 198.7). 
FurthermOre, nicotine 78erv'es as aspecific 
precursorfo'r formation of- NDMA (Hoffmannct/ ‘ 

al., 1987).; m . 

l 

-' 

-_

‘ 

,, .TbaNDMA gqqtaltaficigafette and oral 
" tobacco and the amounts pf fin.

\ 

mainstream smoke, sidestream smoke and ETS 
have been.asseSSed several. studies (Health , 

/Canada, l999).*The levels of preformed volatile 
‘N-nitrosamines in-‘the cigarette tobacooare

' 

considerably lower thanthe’corresponding 'levels 
in the mainstream s‘moke'(Tricker et‘al.’,\l99lb), 
and the levels of NDMA in sidestream smoke are 
generally 1 or 2. orders of magnitude greater‘th'an I 

in the' mainstream smoke from the same cigarette 
(Health Canada, 1999). I

- 

In other Studies, emissions of NDMA and 
other N-nitrosamines in ETS rather—than in 

‘ 

-

, 

sidestream smoke have been determined. The
' 

determination of emission factors (e.g., 
.n'g/cigarette) of nitrosamines’(and'other smoke 
constituents) in ETS requires measurements in -_ 

, environmental chambers.‘The measured , 

concentrations andcalculatedemission.‘facto‘rs are 
. highly sensitive to operating conditions in. these 

' chambers (e.g‘., chamber volume, air exchange , 

rate); however, the‘environmental chamber is . , _ 
.' 

thought to m'ore’closely simulate real smoking 
' 

environments. . 

'

I

1
/ 
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The average ETS emission factor for 
NDMA for six US. commercial cigarette brands 
was 570 i 120 ng/cigarette (CARB, 1994; 
Mahanama and Daisey, 1996). These data have 
been extrapolated to estimate the concentration of 
NDMA in indoor air spaces of defined volume 
and air exchange rates. The predicted 
concentrations of NDMA in indoor air ranged 
from 0.002 to 0.005 mg/m3 (Mahanama and 
Daisey, 1996). Predicted concentrations based on 
data from other studies ranged from 0.011 to 
0.037 mg/m3 (Mahanama and Daisey, 1996). 
These modelled concentrations are similar to the 
measured concentrations of NDMA in' indoor air 
contaminated with ETS, summarized in Section 
2.3.2.2. 

2.4 Effects characterization 

2.4.] Ecotoxicology 

The effects of NDMA resulting from acute and 
chronic exposure have been extensively studied in 
a variety of species of aquatic plants and animals. 
A brief summary of effects is presented below, 
with emphasis on the most sensitive endpoints for 
aquatic organisms. Studies summarized below 
were critically reviewed in the following reports: 
OMB (1991, 1998a) and ATSDR (1989). 
2.4.1.1 Aquatic organisms , 

Green algae (Selenastrum capricornutum) and 
blue-green algae (Anabaenaflos-aqua) were 

I exposed to NDMA over a 13-day period in static 
systems. The test was conducted to determine 
effects on algal growth rate, cell number, 
maximum standing crop and dry weight. The 13- 
day ECsos for growth Were 4 mg/L and 5.1 mg/L 
for the green and blue-green algae, respectively 
(Draper and Brewer, 1979). 

Draper and Brewer (1979) reported a 96- 
hour LC50 of 940 mg/L for fathead minnow 
(Pimephales promelas) and a 96-hour LC50 of 

1365 mg/L for flatworms (Dugesia 
dorotocephala). For scud (Gammarus limnaeus), 
96-hour LC50 values ranged from 280 to 445 mg/L 
(Draper and Fisher, 1980). Both studies were 
conducted in static renewal systems. 

The LC50 values for a saltwater fish, the 
common mummichog (Fundulus heteroclitus), in 
a static non-renewal system were 8300 mg/L at 24 
hours, 5500 mg/L at 48 hours, 4700 mg/L at 72 
hours, 3300 mg/L at 96 hours and 2700 mg/L at 
120 hours (Ferraro el (11., 1977). 

Grieco et al. (1978) reported a dose- 
related increase in hepatocellular carcinomas in a 
study in which rainbow trout (Oncorhynchus 
mykiss) received 3, 200, 400 or 800 mg 
NDMA/kg in the diet over 52 weeks. Tumours 
did not form in trout receiving 3 mg/kg, although 
body weight was reduced. OME (1998a) observed 
that growth reduction in rainbow trout was a more 

‘ sensitive response than tumour induction. 

Frogs (Rana Iemporaria) were exposed to 
5 mg NDMA/L in water for 63 days and 203 
days. In both studies, the frogs developed 
hepatocellular Carcinomas as well as adenomas 
and tumours of the hematopoietic system. 
Approximately 44% of the frogs exposed for 203 
days developed tumours (Khudoley, 1977). In 
another species of frog (Xerzopus borealis) 
exposed for 52 weeks to 400 mg N DMA/L in 
aquarium water, 54% of the test animals 
developed liver and kidney tumours (Khudoley 
and Picard, 1980). The authors believed that 
amphibians were more sensitive (shorter latency 
period and higher tumour incidence) than fish to 
the carcinogenic effects of the nitrosamine.

, 

2.4.2 Abiotic atmospheric efi’ects 

Worst-case calculations were made to determine 
if NDMA has the potential to contribute to the 
depletion of stratospheric ozone, ground-level 
ozone formation or climate change (Bunce, 1996). 

The Ozone Depletion Potential (GDP) is 
0, as NDMA is not a halogenatedcompound. 
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The Photochemical Ozone Creation 
. 

Potential (POCP) was estimated to be 1 1.3 
(relative to the value of an equal mass of the 
reference compound ethene, which has a POCP of 
100), based on the following formula: 

‘

* 

POCP = mom/m-) x (M.....JMNDM.) x 100 
where: 
0 kNDMA- is the rate constant for the reaction of 

NDMA with OH radicals. 
(2.53 x 10‘12 cm3/mol per second), 

- kclhcnc is the rate constant for the reaction of ' 

' 

ethene with OH radicals 
(8.5 x 10'” cm3/mol per second), -

' 

0 Mm.nc is the molecular weight of ethene 
(28 g/mol), and' x ' 

- MNDMA is the molecular weight of NDMA 
(74.08 g/mol). 

The Global warming Potential (GWP),
' 

‘ 

was‘ calculated tobe 5.0 x 10'4 (relative to the 
reference compound CFC-1 1, which has a GWP 
of 1), based on the following formula: 

GWP : (tNDMA/tCFC-ll) X.(Mc1=c.ll/MN1)MA) 
x (SNl)MA/Scrc.ll) 

where:
_ 

- tNDMA is the lifetime of NDMA (0.016 years), 
- tcml. is the lifetime of CFC-l l (60 years), 
- MCFGll is the molecular weight of CFC-l 1 

(137.5 g/mol), 
"

‘ 

- MNDMA is the molecular weight of NDMA 
(74.08 g/r‘nol),

_ 

° SNDMA- is the infrared absorption strength of 
' NDMA (2389/cm3 per atmosphere, 

I 

default), and * 

0 SCFOll is the infrared absorption strength of \ 
' CFC-1 l (2389/cm2 per atmosphere). 

These figures suggest that the potential 
It 

contribution ‘of NDMA to stratospheric ozone 
depletion, to ground-level ozone formation and to 
climate change is negligible. Also, these 

' 

calculations do not consider the short photolytic I 

./

r 

half-life of NDMA vapour in sunlight (i.e., 
0.5—1.0 hour; Hanst et al., 1977), resulting in a; 

' 

seriously overestimated GWP and POCP. Finally, 
the environmental impact of NDMA emissions to 
the atmosphere will be much smaller than that of 
the one-forming reference Compound ethene, 
because much smaller quantities of NDMA are 
emitted (Bunce, 1996). 

2.4.3 Experimental animals and in vitro 

2.4.3.1 
, 
Acute toxicity 

NDMA is highly aCutely toxic after oral 
administration to rats, with LDSDs ranging from 23 
to 40 mg/kg-bw. It is also highly acutely toxic via 
inhalation; 4-hour LC‘SOS are 78 ppm (240 mg7m3) 
for rats and 57 ppm (176 mg/m-‘)‘for mice. One 
day after three dogs were exposed (via inhalation) r 

to 16, ppm (49 mg/m3) NDMA for 4 hours, one
I 

had died, and the others were moribund (ATSDR, 
1989). In all three species, acute inhalation 
exposure produced hemorrhagic necrosis in the 
liver; an increased blood clotting time was 
reported for the NDMA-exposed dogs (ATSDR, 
1989). In other laboratory species, acute exposure 
to NDMA produced effects in the liver 
(hepatbtoxicity). kidney (tumours) and testes 
(necrosis of the seminiferous epithelium) (Magee 
and Barnes, 1962; Schmidt and Murphy, 1966; 
Hard and Butler, l970a,b; McLean and Magee, 
1970; OMB, 1991). “ 

2.4.3.2 Short-term and subchronic toxicity 

Hepatic effects (i.e., hepatocyte Vacuolization, 
portal venopathy and necrosis/hemorrhage), often 
associated with' reduced survival, have been 
observed in a number of mammalian species 
exposed, under’various conditions (e.g., in rats 
receiving 1, 3.8 or 5 mg NDMA/kg-bw‘ per day 
for 30, 7—28 or 5—11 days, respectively; in mice 

- receiving5jng/l<glb.w per day for 7—28 days; in 
hamsters receiving 4 mg/kg-bw per day for 1—28 
days; in guinea pigs, cats and monkeys receiving 
1 or 5 mg/kg-bw per day for 30 or 5—1 1 days, 
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respectively; in dogs receiving 2.5 mg/kg-bw per 
day, 2 days per week, for 3 weeks; and in mink 
receiving 0.32 mg/kg—bw per day for 23—34 days) 
(ATSDR, 1989). 

In addition to effects in the liver, 
“congestion” in a variety of organs (i.e., kidneys, 
lung, spleen and myocardium) has been reported 
following gross examination of rats receiving 
3.8 mg NDMA/kg-bw per day in the diet for 
1—12 weeks; the results of histopathological 
examination were not reported (Khanna and Puri, 
1966). Gastrointestinal hemorrhage has been 
observed in rats receiving dietary doses of 10 mg 
N DMA/kg—bw per day for 34—37 days (Barnes 
and Magee, 1954) and in mink receiving 0.3 or 
0.6 mg NDMA/kg-bw per day in the diet for 
23—34 days (Carter ez al., 1969). Effects in the 
kidneys (including glomerulus dilatation and 
slight thickening of the Bowman’s capsule) were 
observed in mink receiving 0.2 mg NDMA/kg-bw 
per day from the diet (period not specified) 
(Martino et al., 1988). 

2.4.3.3 Carcinogenicity 

Although most studies were conducted early and 
would be considered limited by today’s standards, 
clear evidence of carcinogenicity has been 
observed in a number of studies in which rodents 
(i.e., rats, mice, hamsters) were exposed to 
NDMA orally, via inhalation or by intratracheal 
instillation. NDMA increased the incidence of 
liver and Leydig cell tumours in rats ingesting this 
nitrosamine from drinking water or the diet (Terao 
et al., 1978; Arai et al., 1979; Ito et al., 1982', 
Lijinsky and Reuber, 1984); increased tumour 
incidences were noted at NDMA concentrations 
of about 5 mg/L in drinking water and 10 mg/kg 
in the diet. Increased incidences of nasal, hepatic, 
pulmonary and renal tumours were observed in 
rats exposed to NDMA via inhalation (Moiseev 
and Benemanskii, 1975; Klein et al., 1991); 
increases in the incidence of hepatic, pulmonary 
and renal tumours were observed following 

exposure to NDMA at a concentration of 
0.2 mg/m3 (Moiseev and Benemanskii, 1975).. 
Hepatic, pulmonary and renal carcinogenicity was 
observed in mice administered NDMA via 
drinking water (Terracini et al., 1966; Clapp and 
Toya, 1970; Anderson et al., 1979, 1986, 1992b) 
or through inhalation (Moiseev and Benemanskii, 
1975); increases in tumour incidence were 
observed at concentrations of NDMA in drinking 
water ranging from 0.01 to 5 mg/L. Moreover, in 
some cases (e.g., Terracini et al., 1966), the 
period of exposure to NDMA was relatively short 
(i.e., 3 weeks). In mice administered NDMA via 
drinking water or intragastrically, co-exposure 
with ethanol increased the pulmonary 
carcinogenicity of the nitrosamine (Anderson, 
1988; Anderson et al., 1992b), an effect attributed 
to inhibition of the (first-pass) metabolism of 
NDMA in the liver by the alcohol. NDMA 
increased the incidence of liver tumours in 
hamsters exposed intratracheally (Tanaka et al., 
1988). The administration of NDMA to pregnant 
rats (by intraperitoneal injection) or mice (by 
stomach tube) increased the frequency of hepatic 
and renal tumours in the offspring (Alexandrov, 
1968; Anderson et al., 1989). An increased 
incidenceof renal tumours has also been observed 
in rats administered either a single oral (Magee 
and Barnes, 1962) or intraperitoneal (Hard and 
Butler, 1970a; McLean and Magee, 1970) dose of 
NDMA (at levels of 30—60 mg/kg-bw). 

In a more recently conducted 
comprehensive carcinogenicity bioassay 
(designed to provide detailed information on 
exposure—response) involving lifetime exposure 
(i.e., animals were exposed continuously until 
natural death), 15 dose groups of 60 male and 60 
female Colworth—Wistar rats were provided with 
drinking water containing NDMA covering a 
wide range of concentrations' (see Tables 2 and 3) 
(Brantom, 1983; Peto et al., 1991a,b). The 
estimated daily intakes of NDMA ranged from 
0.001 to 0.697 mg/kg—bw in the males and from 
0.002 to 1.224 mg/kg—bw in the females. A 

‘ The concentrations of NDMA were 33, 66, 132, 264, 528, 1056, 1584, 21 12, 2640, 3168, 4224, 5280, 6336, 8448 and 
16 896 pg/L. 
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control group of 120 males and 120 females 
received drinking water without NDMA 

‘ (Brantom, 1983; Peto et al., 19‘91a,b),1 Groups of 
animals were taken for interim] sacrifice after 12 

' and l8 months of study. Dose-related increases in 
tumourincidence were observed only in the liver 
in both males and females (see Tables 2 and 3). 

'
' 

The increase‘in tumour incidence was ‘greatest for 
hepatocellular carcinoma and biliary cystadenoma; 
(For some other sites (i.e., pituitary and thyroid in 
males, and pituitary, uterus, thymus and mammary 
tissue in females), the incidence of tumours 

_ 
deClined with increasing exposure to NDMA. 

TABLE-2 Carcinogenicity study with male rats'
I 

Non-neoplastic effects observed in the liver 
included hyperplastic nodules and'the shrinkage 
of hepatocytes. Peto et al.‘ (l99la,b) conducted 
detailed analyses relating the development of liver 
tumours in these animals to theperiod of 
exposure and dose of NDMA administered. These 
authors Concluded that in rats exposed to low

' 

levels of NDMA starting at 6 weeks of age, 
mortality due to liver cancer would be A 

approximately 7-fold greater in the animals H 
allowed to succumb naturally than in those 
exposed to the nitrosamine for only 2 years. ‘

~~ ~ ~~ 

Exposure NDMA Estimated Animals With hepatic tumours (%)’ 
$59!!!) .,,..,69!Icentrati011_‘ intake , _ . __ 2 ,L, A, __ , _ 

' 

in drinking (mg/kg-bw‘per Carcinoma Hemangio- Biliary . 

water (mg/L) ' day)2 sarcoma cystadenoma 
1 

' 0 0 1 -1 . 1 

2 
, 

0.033 0.001 2 0 - 4 
"-3— ' “0.066‘ " 0.003 ' '2 “7—0—7 ' ‘4*‘*“ ‘ 

4 
‘ 

0.132 
' 

0.005 4 2 4 
5 0.264 

' 

0.011 2 4 
.

4 
'6 0.528 0.022 6 0 \ 2 
7 1.056 0.044 10 2 

'

2 
'8 1.584 0.065 x. 13 2 8 

9 2.112 0.087 10 13 13 

10 2.640 0.109 25 » 13 23 
1-1 

' 

3.168, 0.131 29 29 27 1 

12 
p 

‘ 

4.224 0.174 33 21 25 
13 I 5.280 0.218 ‘ 58 6 29 

“14 
_ 

6.336 0.261' 60 15 40 
' 

15 . 

' 8.448 0.348 77 6 5 29 
. 16 16.896 0.697 88 6 4 

' Bra-mom (1983); Pete et al. (l99la,b). Animals were provided, for their entire lives until natural death, drinking 
water containing the indicated concentrations of NDMA. The animals were sacrificed and necropsied if moribund 
or exhibiting palpable liver alterations. ' 

2 Intakes estimated by authors (Peto er [1]., 1991b). 
-‘ Proportion of animals with tumours specified at each, dose level; n = 1.92 for unexposed controls (treatment group 

l); n = 48 _for each dose level (treatment groups 2—16) (Brantom, 1983). 
. V

\ 
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TABLE 3 Carcinogenicity study with female rats1

~~~ ~~ 

Exposure NDMA Estimated Animals with hepatic tumours (%)J 
group concentration intake 

in drinking (mg/kg-bw per Carcinoma Hemangio- Biliary 
water (mg/L) day)2 sarcoma cystadenoma 

1 0 0 1 1 2 

2 0.033 0.002 '0 2 2 

3 05066 0.005 0 0 8 

4 0. | 32 0.010 4 2 0 
5 0.264 0.019 4 0 6 
6 0.528 0.038 10 2 10 

7 1.056 0.076 6 4 . 15 

8 1.584 0.1 15 10 2 71 

9 2.1 12 0.153 IO 6 69 
10 2.640 0.191 8 2 83 
11 3.168 . 0.229 13 6 92 
12 4.224 0.306 15 4 90 
13 5.280 0.382 25 0 85 
14 6.336 0.459 38 0 69 
15 8.448 0.612 69 6 33 
16 16.896 1.224 73 10 8 

' Brantom (I983); Peto er al. (l99la,b). Animals were provided, for their entire lives until natural death, drinking 
water containing the indicated concentrations of NDMA. The animals were sacrificed and necropsied if moribund 
or exhibiting palpable liver alterations. 

2 Intakes estimated by authors (Peto et al., 1991b). 
3 Proportion of animals with tumours specified at each dose level; n = 192 for unexposed controls (treatment group 

I); n = 48 for each dose level (treatment groups 2—16) (Brantom, 1983). 

2-4-3-4 GemtOXiCit)’ Similarly, clear evidence of genetic 
effects has also been observed in in vivo studies. 

The results of numerous studies conducted in vitro Clastogenic effects (6%, micronuclei, Sister 
with bacterial and mammalian cells have provided Chromatid exchange, Chromosomal aberrations) in 
overwhelming evidence that NDMA is mutagenic hepatocytes ("rates et al,, 1980, 1983, 1986; 
and elastogenie (reviewed in IARC, 1978; Braithwaite and Ashby, 1988; Cliet et al., 1989; 
ATSDR, 1989). Increased frequencies of gene Neft and Conner, 1989; Sawada et al., 1991), 
mutations, chromosomal damage, sister chromatid bone marrow cells (Bauknecht et all, 1977; Wild, 
exchange and unscheduled DNA synthesis have 1978; Neal and probst, 1983; CSGMT’ 1986; Neft 
been ObSCFVed in a Wide Variety 0f 09“ [YPeSa in and Conner, 1989', Krishna et al., 1990; Sato et 
assays conducted in the presence or absence of a1” 1992; Morrison and Ashby, 1994), Spleen 
metabolic activation. Positive results have been cells (Neft and Comer, 1989; Krishna 8, a1" 
observed in human as well as in rodent cells. 1990), peripheral blood lymphocytes (rates 6, al" 

3% 22 
07 

PSL ASSESSMENT REPORT — N-NITROSODIMETHYLAMINE (NDMA)



\. 

,rr‘x 

,«'“\

z 

\4/ 

\/ 

\_/ 

“.4/ 

\«/ 

\J 

\/ 

xv 

\A/ 

\4,’ 

244/ 

A; 

1983; Sato et al., 1992) and spermatids (Cliet er 
al., 1993), as well as inesophageal (Mehta et al., 
1987) and kidney cells (Robbiano et al;, 1997), 
have been observed in rodents (rats, mice or 
hamsters) administered NDMA either orally or by 
intraperitoneal injection. The inhalation exposure 
of female mice to NDMA increased the frequency 
of micronucleated bone marrow cells (Odagiri et 
al., 1986). Evidence, of genotoxicity (e.g., 
chromosomal aberrations, micronuclei, gene 
mutation, DNA strand breaks) has also been 
observed‘in the offspring of hamsters (Inui et al., 
1979) and mice (Bolognesi et al., 1988) 
administered NDMA during gestation. I 

In rodents (rats, mice or hamsters) 
administered NDMA either orally or by 
intraperitoneal injection, evidence of DNA 
damage has been observed in the liver, kidneys 
and lungs (Laishes er al., 1975; Petzold and 7_ 

Swenberg, 1978; Abanobi et al., 1979; Mirsalis. 
' and Butterworth, 1980; Brambilla et al., 1981, 
1987; Bermudez et al., 1982; Cesarone et al., 
1982; Barbin et al., 1983; Doolittle et al., 1984; 
Kornbrust and Dietz, 1985; Loury et al., 1987; 
Mirsalis et al., 1989; Pool et al., 1990; Brendler et

. 

al., 1992; Jorquera et al., 1993; Asakura et al., I 

1994; Tinwell er al., 1994; Webster et a1., 1996). 
DNA damage in thymus (Petzold and Swenberg, 
1978), sperm (Cesarone etcal., 1979), and nasal 
and tracheal cells (Doolittle et al., 1984) has also 
been noted. NDMA was mutagenic at the lac] 
locus (in the liver) in in vivo assays involving 
transgenic mice (Mirsalis et al., 1993; Tinwell er 

. al., 1994; Butterworth et al., 1998). 

Exposure to NDMA may lead to the 
formation of methylated bases within the genome 
(see Section 2.4.3.7). 

2.4.3.5 Reproductive and developmental 
' 

toxicity 

Available data on the reproductive or
I 

developmental toxicity of NDMA are limited 
primarily to results derived from older studies. In 
a report by Anderson et al. (1978), time to 

' upon the total number of stillborn and neonatal 

conception in female mice provided with drinking 
water containing 0.1 mg NDMA/L for 75 days 
prior to mating was about 3 days longer than in 
unexposed controls; no other reproductive effects.- 
were assessed in this study. In a study conducted 
with male rats, a single intraperitoneal injection 
of 30 or 60 mg NDMA/kg-bw induced testicular 
damage (necrosis or degeneration of the 
seminiferous epithelium) (Hard and Butler, . 

1970b). 

In a single-generation study (Anderson et 
al., 1978) in which‘the reproductive effects of ‘a 
number of substances were examined, groups of 
20 female mice were provided with drinking 
water containing 0 or 0.1 mg NDMA/L for 75 
days prior to mating and throughout pregnancy 
and lactation (estimated daily and total intakes of 
0.02 mg/kg-bw per day and 2 mg/kg-bw, 
respectively). The proportion of deaths (based . 

deaths) was increased (p < 0.05) 2-fold in the 
NDMA-exposed animals, compared with controls

I 

(Le, 20% and 9.9%, respectively), due in large 
' part to an increase in the number of stillborn

_ 

animals. Exposure to NDMA had ,no effect upon 
maternal fluid consumption, litter size or average 
body weight of the weanlings, and no consistent 
gross or histopathological abnormalities were ~ 

observed in the stillborn fetuses or dead neonates 
to account for the increased mortality. In a 
somewhat more recent study with mice 
administered higher doses of the nitrosamine, a 
single intraperitoneal injection of 37 mg 
NDMA/kg-bw on day 16 or 19 of gestation 
resulted in the deaths of the fetuses in all exposed 
dams; lethality was not observed following the 
administration of 7.4 mg NDMA/kg-bw 
(Anderson et al.,- 1989). 

V ‘

. 

\Fetal body weight was significantly 
I

. 

(p < 0.05) reduced after a single oral dose of 
7 
20 mg NDMA/kg-bw was administeredto ' 

pregnant rats on day 15 or 20 of gestation 
(Nishie, 1983). Although information on fetal A 

survival or teratogenicity was not provided, toxic 
effects (reduced weight gain, hepatotoxicity and 
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death) were observed among the dams. Fetal 
deaths were noted in a number of studies (cited in 
ATSDR, 1989) conducted with rats in which 
NDMA was administered to pregnant dams 1) as 
a single oral dose (30 mg/kg—bw) on one of days 
1 12 (Alexandrov, 1974) or 1 l5 (Napalkov and 
Alexandrov, 1968) of gestation; 2) as repeated 
gavage doses of 1.4 2.9 mg/kg-bw per day for 7 
or more days during gestation (Napalkov and 
Alexandrov, 1968); or 3) in the diet (intake of 
5 mg/kg-bw per day) from an unspecified day in 
early pregnancy to sacrifice on day 20 of gestation 
(Bhattacharyya, 1965). Although no teratogenic 
effects were reported in these studies, 
interpretation of these investigations is difficult 
owing to insufficient information on experimental 
design and results, lack of controls and lack of 
information on maternal toxicity (ATSDR, 1989). 

2.4.3.6 Neurotoxicity and effects on the 
immune system 

Data concerning effects on the brain or central 
nervous system in animals exposed to NDMA 
were not identified. 

In studies in which B6C3Fl female mice 
were administered repeated intraperitoneal 
injections of 1.5, 3 or 5 mg NDMA/kg-bw per day 
for 14 days, observed effects on the immune 
system included suppression of humoral immunity 
with declines in the [gM antibody-forming cell 
response to sheep red blood cells and reductions 
in splenocyte proliferation in response to 
lipopolysaccharide (reviewed in Haggerty and 
Holsapple, 1990). Also observed were reductions 
in T—lymphocyte function (i.e., reduced cell- 
mediated immunity) with a decline in proliferative 
responses to various T-cell mitogenic stimuli, 
suppression of the mixed lymphocyte response 
and selected delayed hypersensitivity responses, 
as well as significant reductions in host resistance 
to infection with Listeria monocytogenes, 
Streptococcus zooepidemicus or the influenza- 
virus or to challenge with B 16F10 tumour cells. 

Female CD—1 mice provided with 
drinking water containing 5 or 10 mg NDMA/L 
for 30 120 days exhibited marked suppression of 
humoral- and cell-mediated immunity (Desjardins 
er al., 1992). No effects were observed in animals 
consuming drinking water containing 
1 mg NDMA/L. 

2.4.3.7 Toxicokinetics and mode of action 

Quantitative information on the absorption or 
distribution of NDMA following oral, inhalation 
or dermal exposure in humans was not identified. 
The development of severe effects following acute 
exposure to NDMA provides evidence that this 
nitrosamine is absorbed from the gastrointestinal 
tract and the lungs. 

On the basis of studies conducted with 
laboratory animals, ingested NDMA is absorbed 
rapidly and extensively (Daugherty and Clapp, 
1976; Diaz Gomez 61 al., 1977; Kunisaki et a[., 
1978), primarily from the lower intestinal tract 
(Phillips et al., 1975; Hashimoto et (11., 1976; 
Agrelo er al., 1978; Pegg and Perry, 1981). 
Detection of NDMA in the urine of rats and dogs 
exposed by inhalation indicates that the 
nitrosamine is absorbed through the lungs; 
however, reliable quantitative information on the 
absorption of NDMA following inhalation was 
not identified. 

Once absorbed, NDMA and its 
metabolites are distributed widely (Daugherty and 
Clapp, 1976; Anderson er al., 1986) and likely 
passed to offspring through mothers milk (Diaz 
Gomez 61‘ al., 1986). The nitrosamine and its 
metabolites have been detected in the fetuses of 
pregnant rodents injected with the substance 
(Althoff et (11., 1977; Johansson—Brittebo and 
Tj ve, 1979). Pharmacokinetic analyses of 
NDMA injected intravenously into a number of 
laboratory species have revealed that the 
nitrosamine is cleared rapidly from the blood, 
with metabolism involving both hepatic and 
extrahepatic components. NDMA and its 
metabolites may be excreted in the urine or 
exhaled as carbon dioxide. 
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The metabolism of NDMA involves either 
, 
the alpha-hydroxylation or denitrosation of the 
nitrosamine. Both pathways are considered to 
proceed through a common intermediate radical 
.[CH3(CH2-)N—N=O], generated by the-action of 
the cytochrome P450[CYP2E] ]-dependent mixed- 
function oxidase system (Haggerty and Holsapple, 
1990; Lee et al., 1996). ‘Along the alpha-

‘ 

hydroxylation pathway, thehydroxymethyl- 
nitrosamine (HOCHzCl-IRN—N=O) formed from 
the intermediate radical decomposes to 
formaldehyde (itself ultimately converting to 
carbon dioxide) and monomethylnitrosamine

' 

.(CH3NHN=O); the monomethylnitrosamine, 
owing to its instability, undergoes rearrangement 
to the strongly methylating methyldiazonium ion 
(CH3N*EN), which alkylates biological

, 

macromolecules such as DNA, RNA and proteins. 
Metabolic conversion of the intermediate radical 
via denitrosation may lead to the formation of 

' 

methylamine (CHgNHz) and formaldehyde. There 
appear to be no qualitative differences in the 
metabolismkof-NDMA between humans and 
laboratory animals. 

On the basis of in vitro assays conducted ' 

With rat hepatocyte cultures, Lee et a1. (1996) 
attributed the hepatotoxicity 'of NDMA to the 
methyldiazonium ion formed via the alpha- 
hydroxylation pathway; denitrosation was 
considered to make little contribution to the 
overall hepatotoxic effect of this nitrosamine in 
rats. Available data provide strong evidence that 
the toxicological effects of NDMA are directly 
dependent upon the cytochrome P450[CYP2E1]- 
dependent metabolic conversion of this 
nitrosamine to highly reactive species; therefore, 
substances that alter the expression and/0r activity 
of this protein might have an influence upon the 
toxicological effects exerted by NDMA (Yang et 
al., 1991; Anderson, 1992; Tsutsumi et al., 1993; 

. 

Barcelo et al., 1996; Encell et al., 1996; Espinosa- . 

Aguirre et al., 1996, I997; Shu and Hollenberg, 
1996, 1997). Ethanol is a competitive inhibitor of 
the cytochrome P450[CYP2EI]—dependent 

_

' 

metabolism of NDMA. Compared with studies in 

which laboratory animals were administered 
NDMA alone, the concurrent administration of 
the nitrosamine and ethanol has been shown to

_ 

increase the bioavailability of NDMA 
(administered orally) in monkeys and mice 
(Anderson et al., 1992a, 1994), the levels of the 
nitrosamine measured within the various tissues 
of mice (Anderson et al., 1986), its residence 
time within the blood, liver and lungs in mice 
(Anderson et al., 1994), the half-life for the 
elimination of NDMA-(administered either 
intravenously or by gavage) from the blood in 
monkeys and mice (Anderson et al., 1992a, I994) 
and the amount of the nitrosamine eliminated in ' 

the urine of rats and monkeys (Swarm at al., 
1984; Anderson et al., 1992a). 

Exposure to NDMA may lead to the 
formation of methylated bases within the genome. 

' 

These methylation reactions occur after NDMA 
has been metabolized to the highly reactive 
methyldiazonium ion through the action of 
microsomal cytochrome P450[CYP2E1]- 
dependent mixed-function oxidase. The principal 
DNA adduct formed following exposure to 
NDMA is M—methylguanine (representing about 
65% of all adducts formed initially upon 
exposure); 06-methylguanine is a secondary 
adduct (representing about 7% of all adducts' 
formed initially). Other DNA adducts formed in 
smaller amounts include M-methyladenineand 
0“-methylthymine. 

Data indicate that there may be 
quantitative age- and species-relateddifferences 
.in the formation of 05-methylguanine following 
exposure to NDMA, possibly linked to the 
activity of 06-methylguanine DNA- 
methyltransferase, the enzyme involvedin the 
repair of such lesions. In a study in which a ‘

‘ 

single dose of 7 mg [14C]NDMA/kg—bwrwas 
injected intraperitoneally into newborn and adult 
swiss Webster mice, higher amounts of 
hepatic 05-methylguanine were measured in the 
newborns than in the adults (Coccia er al., 1988). 
Notably, hepatic 06-methylguanine DNA- 

_ 

methyltransferase activity was greater in the 

‘ 
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adults than in the newborns. In an earlier study 
(Lindamood et al., 1984) in which F344 rats and 
C3H or C57BL mice were provided drinking 
water containing 10, 30 or 100 mg NDMA/L for 
16 days, hepatic 06-methylguanine DNA- 
methyltransferase activity was increased in the 
rats but reduced in the mice receiving NDMA. 
The levels of this DNA adduct in the liver were 
higher in mice than in rats. A comparison of the 
two mouse strains revealed a greater accumulation 
of 06-methylguanine in hepatocytes from C3H 
mice than in hepatocytes from C57BL mice. In 
mice, the formation of 05-methylguanine DNA 
adducts within the lungs was increased markedly 
when the animals were administered 
(intragastrically) NDMA and ethanol, compared 
with the nitrosamine alone (Anderson, 1992). 

The influence of dietary constituents on 
hepatic DNA methylation by NDMA was 
examined by Camus et al. (1990). These 
authors observed a 6-fold higher level of 
06-methylguanine in the livers of rats 
administered NDMA in a high—fat diet for 
6 weeks, compared with animals receiving the 
same amount of the nitrosamine in a low-fat diet. 

In monkeys administered (orally) 0.1 mg 
NDMA/kg-bw, 06-methylguanine was detected in 
32 tissues examined (Anderson et al., 1996). The 
highest levels were in the gastric mucosa and 
liver, but elevated levels were also present in 
white blood cells, the esophagus, ovaries, 
pancreas, bladder and uterus. 06-Methylguanine 
DNA-methyltransferase activity varied over a 30- 
fold range; the highest activities were in the 
gastric mucosa, liver, kidneys and lungs. Levels of 
06-methylguanine in a variety of tissues were 
higher following co-exposure with ethanol 

‘ 

(Anderson et al., 1995, I996). The formation of 
06-methylguanine was detected in fetal liver, lung, 
kidney, spleen and brain in a study in which 
pregnant patas monkeys were administered 
(intragastrically) a single dose of 1 mg 
NDMA/kg-bw (Chhabra et al., 1995). 

The mutagenic and carcinogenic activities 
of NDMA are believed to be mediated (in part) by 
the methylation of specific bases within the 
genome. Although there appears to be no direct 
relationship between the formation of N7- 
methylguanine and tumour development, the 
formation and persistence of 06-methylguanine 
have been shown to be associated with both the 
carcinogenicity and mutagenicity of NDMA 
(reviewed in Haggerty and Holsapple, 1990; 
Swenberg et al., 1991; Souliotis et al., 1995). 
The ability of cells to repair such DNA adducts 
(by removing 06-methylguanine through the 
action of a Specific 06—methylguanine DNA- 
methyltransferase) prior to cell division likely 
plays a critical role in determining the 
susceptibility of tissues to tumour development. 

M—Methylguanine may undergo 
depurination yielding apurinic sites, which, if not 
repaired prior to DNA replication, can result in 
guanine to thymine transversions (Swenberg er 
al., 1991). 06—Methylguanine and 0“- 
methylthymine (formed at about 1% of the 
amount of 06-methylguanine) are strongly 
promutagenic by direct mispairing. 0"- 
Methylguanine gives rise to guanine:cytosine to 
adenine:thymine (i.e., G:C to A:T) transitions, 
while 04-methylthymine causes A:T to G:C 
transitions (Swenberg et al., 1991; Souliotis et (11., 
I995). The greater persistence of 06- 
methylguanine DNA adducts in the kidney 
compared with the liver in rats administered a 
single oral dose of 20 mg NDMA/kg-bw parallels 
earlier findings in which the acute oral or 
intraperitoneal administration of NDMA to rats at 
such dose levels increased the incidence of kidney 
but not liver tumours (Magee and Barnes, 1962; 
Schmidt and Murphy, 1966; Hard andutler, 
l970a; McLean and Magee, 1970). In contrast, 
the long-term oral administration of low doses of 
NDMA (i.e., <2 mg/kg-bw per day) increases the 
incidence of liver but not kidney tumours in these 
animals (Brantom, 1983; Lijinsky and Reuber, 
I984; Peto et al., 1991a,b), a finding attributed to 
the first-pass metabolism of NDMA in the liver 
(Swenberg et al., 1991). 
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Evidence supporting a role for 0“- 
methylguanine formation in tumour development 
following exposure to NDMA was recently ' 

reviewed by Souliotis et al. (1995). G:C to A:T 
transitions have been observed in the r213 
oncogene in mouse lung tumours induced by 
NDMA (Devereux et.al., 1991), in the livers of 
[ac] transgenic mice administered a single dose of 
4 mg NDMA/kg-bw (Mirsalis et al., 1993) and in 
the liver, kidney and lung of lac] transgenic mice 
administered five daily doses of 1 mg NDMA/kg- 

" bw (Wanglet al., 1998). Moreover,transgenic 
mice expressing high levels of 05-methylguanine 
DNA-methyltransferase in the liver. were less 
susceptible than normal controls to NDMA- 
induced hepatocarcinogenesis (Nakatsuru et al., 
1993). However, Souliotis et al. (1995) also - 

’reported that the dose—response relationship for 
the accumulation of 05-methylguanine in hepatic 
DNA in rats administered drinking water (for 28 
days) containing concentrations of NDMA similar 
to those used in the study conducted at BIBRA 
Toxicology International (Brantom, 1983; Peto et 
al., l991a,b) did not strictly parallel the dose— 
response for the development of hepatic tumours 
in the carcinogenicity b'ioassay. 

2.4.4 Humans 

'Two deaths linked to the acute ingestion of ‘ 

NDMA, as well as a third attributed to the 
consumption of at least four doses of 

. approximately 250—300 mg NDMA over a Q-year 
period, have been reported (Fussg'anger and _/ 
Ditschunéit, 1980; Pedal et al., 1982). Liver 
failure was observed in all three cases; the two 
acutely exposed decedents also exhibited cerebral 
hemorrhage. In‘two fatalities involving exposure- 
to unknown concentrations of NDMA fumes, a 
tender and enlarged liver, splenic enlargement,

- 

abdominal distension and the accumulation of 
yellow fluid in the peritoneal cavity were 
observed in one man prior to death (Freund, 
1937); in the other death, liver cirrhosis'was 
observed at autopsy (Hamilton and Hardy, 1974). 
In two other non-fatal cases involving exposure to 
NDMA fumes, effects included jaundice,_the 

accumulation of fluid in the peritoneal cavity, 
exhaustion, headaChes, abdominal cramps,

/ 

soreness 0n theleft side, nauSea and vomiting 
(Freund, 1937; Hamilton and Hardy, 1974). 

Relevant epidemiologiCal studies include 
case—control investigations in which the potential 
risks of cancer of the stomach (Risch et al., 1985; 
Gonzalez 61‘ al., 1994; Pobel et al., 1995), upper I 

digestive tract (Rogers et al., 1995) and lung 
(Goodman et al., 1992; De Stefani et al., I996) 
associated with the ingestion of NDMA have 
been assessed. Exposure-related increased risks of 
stomach cancer (Gonzalez 2! al., 1994; Pobel et 
al., 1995), oral, laryngeal and esophageal cancers 
(Rogers et al., 1995) and lung cancer (Goodman 
et al., 1992; De Stefani et al., 1996) have been 
reported; however, the trends were not always 
statistically significant. Moreover, in some of 
these reports (Goodman et al., 1992; Gonzalez et - 

al., 1994; Pobel et al., 1995), the estimated intake 
of NDMA was based upon recollection of an 
individual’s typical diet consumed in the year 
preceding the onset of illness, as well as the 

\ reported levels of this nitrosamine in the 
foodstuffs consumed, derived from other studies. 
In the studies conducted by De’Stefani et a1. 
(1996) and Rogers et a1. (1995), subjects were 
asked to recall their typical diet in the 5 and 10 
years, respectively, prior to the onset of illness. 
Other factors (e.g,, other dietary constituents; 
occupational exposures) may also contribute to 
the increased risks observed in these'studies. 

There appears to be no qualitative 
difference between rodents and humans in the 
formation of DNA adducts following exposure to 
NDMA. In a case of suspected NDMA poisoning 
in a human male, methylation of liver DNA was

_ “ evident at both thelNl- and 06—positions of 

I. 

guanine (Herron and Shank, 1980). Using an 
immunohistochemical technique, Parsa et al.‘ 
(1987) detected'the formation of 06- 
methylguanine inhuman pancreatic explants 

. incubated in vitro with NDMA. 
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3.0 ASSESSMENT .OF “TOXIC” UNDER CEPA 1999
\ 

3.1 CEPA 1999 64(21): Environment 
The environmental risk asSessment of a PSL 
substance is based on the procedures outlined in 
Environment Canada (l997a). Environmental 
assessment endpoints (e.g., adverse reproductive 
effects on sensitive fish species in a community) 
are selected based on analysis of exposure 
pathways and subSequent identification of 
sensitive receptors. For each endpoint, a 
conservative Estimated Exposure Value (EEV) is 
selected and an Estimated No—Effects Value 
(ENEV) is determined by dividing a Critical 
ToxicityValue (CTV') by an application factor. A 
conservative (or hyperconservative) quotient 

».(»EEV/ENEV) is calculated for each of~the M w 
assessment endpoints in order to determine 
whether there is potential ecological risk in

_ 

Canada. If these quotients are less than one, it can 
be concluded that the substance poses no 
significant risk to the environment,_and the risk 
assessment is completed. if, .hoivever, the quotienti 
is greater than one for a particular assessment ’_ 
endpoint, then the risk assessment for that 

'
' 

endpoint proceeds to an analysis where more 
realistic assumptions are used and the probability 
'and magnitude of effects are considered. This 
latter approach involves a more thorough 
consideration of sources of variability and ' 

uncertainty in the risk analysis. / 

‘ 

3.1.] Assessment endpoints 

Since NDMA is not persistent in the environment, 
environmental effects are most likely to occur near 
point soUrces. Results of various industry and 
municipal Surveys indiCate that most releases of 
NDMA are to water. When N DMA is released to 

' 

water, nearly all of it remains and reacts in the 
water phase. Based on NDMA’s shOrt half—life in 
air and the amounts being released to air, it is 
unlikely that effects will occur on wildlife near 

point sources. Since there are no detectable 
releases to sediment and soil, and asNDMA does 
not move from water to-these compartments, they 
do not appear to be of concern. Therefore, the 
assessment of NDMA released to water focusses 
on organisms expoSed in water near point 
sources.

' 

3.1.1.1 ‘ Assessment endpoints for releases to 
water -

‘ 

' Assessment endpoints include abundance and 
' 

survival of fish, invertebrates, amphibians and 
algae. These organisms are an integral part of 

_ 

ecosystems, as each trophic'level provides food 
forhigher’ levels in ,theaquatic ,food chain. For 
example, algae are primary producers, forming 
the base of the food chain. Phytoplankton 
abundance and productivity are important to. 
aquatic ecosystems, because’phytoplankton 2 

provides food for a variety of planktivorous 
' organisms and thuscontrols energy fl0w in a 
portion of the ecosystem. Cladocerans Such as 
Daphnia magna consume bacteria and 
phytoplankton and are themselves consumed by 
many fish species. Various fish species feed on 
aquatic vegetation, phytoplankton, zooplankton, 
benthic invertebrates, benthic vertebrates, etc. 
Vertebrate omnivores provide food for vertebrate 
carnivores. The most sensitive measurement- 
endpoint identified for aquatic species was 
growth of the green alga (Selenastrum 
capricomutum). ‘ - 

As NDMA is a potent inducer of acute 
toxic and chronic neoplastic lesions in aquatic * 

species, assessment endpoints reflecting these 
effects are mentioned'here. Nearly all of the 
studies conducted on a variety of species at ' 

different trophic levels have shown tumour 
formation as a result of eXposure'to NDMA. 
Although a tumorigenic endpoint is not

_ 

traditionally used as an indicator of a population-

\ 
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level effect, it may have implications if an 
endangered species is found in the area of 
discharge of effluent containing NDMA. At this 
time, however, implications of tumour induction 
in environmental species are unclear. 

3.1.2 Environmental risk characterization 

3. | .2. I Aquatic organisms 

Based on the sources’and fate of NDMA, and 
because data on concentrations in ambient water 
near point sources are not available, end—of—pipe 
concentrations in final effluent were used as a 
measure of exposure to aquatic organisms. Recent 
concentrations have been selected to reflect 
present exposures. The highest concentration of 
NDMA in wastewater discharged to a water body 
was 0.266 ug/L. Although this concentration is 
expected to decrease, as the company installed a 
wastewater treatment plant in early 1998, this 
value is used as the EEV in the hyperconservative 
analysis of chronic exposure for aquatic plants 
and animals. 

For chronic exposure of aquatic organisms 
to NDMA, the CTV is 4000 ug/L, based on a 13- 
day EC50 for inhibition of growth in the green alga 
(Selenastrum capricornutum). This value was 
selected from a data set composed of several 
studies conducted on at least eight species of 
aquatic organisms, which include phytoplankton, 
zooplankton, fish, amphibians and invertebrates. It 

is important to note that in the second most 
sensitive study, tumours were found in the 
organism. Khudoley (1977) reported that liver 
tumours were induced in 44% of frogs (Rana 
temporaria) after 203 days of exposure at a 
concentration of 5000 ug/L. Again, as was 
indicated in Section 3.1.1.], the implications of 
tumour induction as a population—level effect 
cannot be determined at this time. 

For a hyperconservative analysis, the 
ENEV is derived by dividing the CTV by a factor 
of 100. This accounts for the uncertainty 

surrounding the conversion of a short-term EC50 to 
a chronic no—effects value, the extrapolation from 
laboratory to field conditions, and interspecies 
and intraspecies variations in sensitivity. As a 
result, the ENEV is 40 ug/L. 

The hyperconservative quotient is 
calculated by dividing the EEV of 0.266 pg/L by 
the ENEV for green algae as follows: 

EEV t.
t Quo ien ENEV 

0.266 Lug/L 
40 pg/L 

= 0.007 

Since the hyperconservative quotient is 
less than one, it is unlikely that NDMA releases 
will cause adverse effects on populations of 
aquatic organisms in Canada. 

3.1.2.2 Discussion of uncertainty 

There are a number of sources of uncertainty 
in this environmental risk assessment. 
Concentrations of NDMA in some areas in 
Canada could be higher than those identified and 
used in this assessment. While no or limited data 
were identified for Canadian soil, sediments and 
air, NDMA is not expected in these compartments 
or would be present at extremely low 
concentrations, because of the absence of sources 
to these media and the unlikely partitioning of 
NDMA to these compartments from water. There 
were adequate data identified on concentrations of 
NDMA in water near industrial point sources, 
such as rubber chemical manufacturers. However, 
the data used in this assessment are considered 
acceptable because they were selected from recent 
water monitoring studies that included sites of 
known contamination located in southwestern 
Ontario. Point sources are expected to have the 
highest NDMA emissions due to the presence of 
NDMA precursors in the effluent and in the 
receiving waters. 
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- Regarding effects of_NDMA on aquatic 
organisms, there is uncertainty in the extrapolation 
from available toxicity data to potential ecosystem 
effects. The toxicity data set for aquatic biota, 
however, is considered adequate, as it includes a 
variety of species from different trophic levels. 
While some of the studies are relatively old 
(19605 to 19805), they are generally of good 
quality and are considered acceptable for the 
assessment. To counter uncertainties in 
extrapolation, an appropriate application factor 
was used in the environmental risk analysis to 
derive an ENEV. 

3.2,“ 
' CEPA 1999 64(b): Environment 
upon which life. depends

J 

E The estimated potential contribution of NDMAto 
Q stratospheric ozone depletion, to ground-level 
ozone formation and to climate change is 
negligible. Both the GWP 'and the POCP are 
overestimated. In addition, the environmental 
impact of N DMA emissions to the atmosphere 
will be much smaller than that of the ozone— 

- forming reference compound ethene, because 
much smaller quantities of NDMA are emitted. 

3.3 v CEPA 1992 64(c): Humanhealth 
3.3.] Estimated population exposure 

Data on levels of NDMA in environmental media 
in Canada to serve as a basis for development of 
estimates of population exposure are limited in 
both spatial and temporal scope. Monitoring of 
NDMA in food in Canada was more intensive in 
the 19705 and 19805 than in more recent periods. 
Surveys of NDMA in ambient air (primarily in the 
vicinity of point sources) in Canada have been 
conducted only in Ontario in the early 1990s. 
Similarly, data on concentrations of .NDMA in 
drinking water are available only for Ontario, 

' 

noted, though,_that the early data on which the 

although this information is available for the 
1990s and is ongoing. Among consumer products, 
there have been periodic surveys of the NDMA 
content of rubber baby bottle nipples and 
pacifiers in Canada from the early 19805 to the 
present. In contrast, no Canadian data were 
identified on concentrations of NDMA in indbor 
air, personal care products (e.g., cosmetics) or 
tobacco products, although for cosmetics, 
notifications of products with levels exceeding 
10 fig nitrosamines/kg are precluded. 

Point estimates of daily intake (per 
kilogram body weight), based on these few data 
and reference-values for body weight, inhalation 
volumes and amounts of food and drinking water, 
consumed daily, are presented for six age groups 
in Table 4. These are ranges of reasonable worst- 
case estimates of daily intake, based on historic 
data, and indicate that daily intake of NDMA may, ‘ 

be as high as 0.03 ug/kg—bw per day. It is not 
possible to develop defensible estimates of the 
current average daily intakes of NDMA forthe/ 
general population due to the limitations of the 
(particularly recent) available Canadian data. If, 
despite these limitations, the lower ends of the 
ranges of reasonable worst-case estimates are 
considered upper bounds of average population 
exposure estimates, the daily intake of NDMA 
from outdoor air (in the vicinity of point sources), 
water and food for the general population is 
unlikely to exceed 0.008 ug/kg-bw per dayiBased 
on the assumptions underlying the reasonable 
worst-case estimates, most of the daily intake 
can be attributed tovconsumption of food 
contaminated with'NDMA during processing, 
preservation and/or preparation. It should be

I 

estimates in food are based may not be 
representative of the situation today, due to the

\ 

impact of subsequent introduction of changes in 
food processing and controls to limit formation in 
food. Intake of NDMA due to inhalation of air

‘ 

'cOntaminated by atmospheric discharges from
_ 

. industrial point source contributes somewhat less

\ 
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TABLE 4 Reasonable worst-ease estimates of daily intake of NDMA by the general population in 
Canada 

Media Reasonable worst-ease estimates of daily intake of NDMA (pg/kg-bw per day) 
(I—(I.5 years' 

| 

0.5—4 years‘ 
l 

5—” years“ 
I 

12—19 years‘ 
I 

20—59 years5 
I 

60+ years“ 
Air7 00005—0005 0001—001 1 00008—0009 00004—0005 00004—0004 00003—0004 
Water“ 00013—0004 00006—0002 00004—0001 00002—0001 00003—0001 00003—0001 
Food""" 0.0004—0.0()| " 00065—0016 00045—001 1 00036—0009 00043—001 1 00036—0009 
Subtotals 00022—0010” 00081—0029 (10057-0021 00042—00 l 5 0005—00 1 6 00042—00 1 4 
Indoor air—ETS” 0.06 ~ 0.13 0.10 0.06 0.05 0.04 

Groundwater” 0.14—0.31 0.06—0. l 3 005—0. 10 0.03—0.06 0.03—0.06 0.03—0.06 
Beer'5 <0.0002 0.0009 <0.0004 
Shampoo“ 0.000 02 0.000 02 0.000 02 

Assumed to weigh 7.5 kg, to drink 0.8 L/day of total tap water (as infant formula) and to breathe 2.1 m3 of air per day (EHD, 
I998).

' 

2 Assumed to weigh 15.5 kg, to drink 0.7 L/day of total tap water and to breathe 9.3 mJ of air per day (EHD,'1998). 
-‘ Assumed to weigh 31.0 kg, to drink 1.1 L/day of total tap water and to breathe 14.5 m3 of air per day (EHD, 1998). 
‘ Assumed to weigh 59.4 kg, to drink 1.2 L/day of total tap water and to breathe 15.8 m3 of air per day (EHD, I998). 
-‘ Assumed to weigh 70.9 kg, to drink 1.5 L/day of total tap water and to breathe 16.2 In3 of air per day (EHD, I998). 
" Assumed to weigh 72.0 kg, to drink 1.6 L/day of total tap water and to breathe 14.3 m3 of air per day (EHD, 1998). 
7 These reasonable worst-case estimates of intake by inhalation are based on short-term measurements of NDMA in outdoor 

air in the close vicinity of point sources of atmospheric discharge in Ontario. The minimum estimates are based on the lowest 
limit of detection (i.e., 0.0017 pg/m”) for half-hour averaging times for Trace Atmospheric Gas Analyser (TAGA) 
measurements of NDMA in Kitchener, Ontario, in 1992 (OME, 1992a). The maximum estimates are based on the censored 
mean concentration (i.e., 0.019 ug/mJ) for half-hour averaging times for TAGA measurements of NDMA (n = 74) in Elmira 
and Kitchener, Ontario (OMB, 1990, 1992a). Concentrations equivalent to one-half the appropriate limits of detection were 
assumed for half-hour averages during which NDMA was not detected. It was assumed that the population would be exposed 
to similar concentrations for 24 hours daily, and that concentrations in the indoor air would be the same as those in outdoor 
air, in the immediate vicinity of the point sources. 

" These reasonable worst-case estimates of intake by ingestion of drinking water are based on concentrations of NDMA 
measured in drinking water in Ontario. The minimum estimates are based on the mean concentration (i.e., 0.012 pg/L) for 20 
samples from four water treatment plants in Ontario where elevated concentrations of NDMA were attributed to the use of a 
pre-blended polyamine/alum product in the water treatment plant (OMEE, 1996). The maximum estimates are based on the 
maximum concentration (i.e.. 0.04 ug/L) among these 20 samples, measured at the water treatment plant in Huntsville, 
Ontario (OMEE, 1996). 

" Daily consumption rates (i.e., grams/person per day) of 181 food items by six age groups of Canadians (EHD, 1998) are the 
basis for the calculation of the reasonable worst-case daily intake of NDMA from ingestion of foods. In Canada, NDMA has 
been detected in 10 food items for which these daily consumption rates are available. (Intakes from an 1 llh food item [i.e., 
beer] are not included in these intake estimates.) The maximum concentrations of NDMA reported for each of the 10 food 
items (Sen e! (1]., I978, 1979, 1980b, 1985) were selected for calculation of the maximum estimates of intake from foods for 
the six age groups. Concentrations of NDMA in the remaining 171 were assumed to be zero. 
The maximum concentrations in each of the 10 food items (i.e., referred to in footnote 9) were reduced in proportion to the 
frequencies of detection of NDMA in the food item for calculation of the minimum estimates of intake from foods for the six 
age groups (EHD, I998). The number of samples of each of the 10 food items referred to in footnote 9 ranged from 2 (for 
cottage cheese) to 55 (for cured pork). The frequencies of detection of NDMA in the 10 food items were calculated and 
ranged from 25% to 100%. Concentrations of NDMA in the remaining 171 food items were assumed to be zero. 
The estimates of intake of NDMA by infants were based on the assumption that these infants consume table-ready foods at 
rates indicated in EHD (1998). 
The total daily intake of NDMA by infants is overestimated. since the infants are assumed to be consuming both formula 
(1.8., reconstituted with drinking water) and table-ready foods on a daily basis. 

'*‘ Based on the assumption that the population spends 21 hours per day (EHD, 1998) breathing ETS—contaminated indoor air 
containing NDMA at the maximum reported concentration (0.24 ug/m‘) measured in a bar in the United States (Brunnemann 
and Hoffmann, 1978). 
Based on the minimum (1.3 ug/L) and maximum (2.9 ug/L) concentration of NDMA in well water in Elmira, Ontario (ECO 
LOGIC, 1989), resulting from contamination of groundwater by a nearby industrial facility, and average daily rates of water 
consumption (EHD, I998). 

'5 Based on the most recent maximum concentration (0.59 ug/L) of NDMA in Canadian beer (Sen e1 (1]., 1996) and average 
daily rates of intake of beer from EHD (1998). 

"’ Dermal intake only. These estimates are based on the Canadian regulatory limit (i.e., 10 ug/kg) for nitrosamines in personal 
care products (Green, 1995). Shampoo was selected, as the maximum reported concentration of NDMA (24 pg/kg) in such 
products has been in shampoo, in Germany (Spiegelhalder and Preussmann, I984). Dermal intake was estimated by a 
generalized approach involving product use scenarios (ECETOC, 1994). 

E

I 
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to the total daily intake,2 and an even smaller 
contribution is attributed to consumption of 
drinkingwater containing NDMA, based on a

, 

survey of water treatment plants in Ontario. 
However, although possibly unrepresentative, 
available data indicate that contaminated 
groundwater in the vicinity of industrial point 
sourcescan, in some cases, lead to intakes that are 
greater than those from all other media combined. 

No data were identified concerning
1 

concentrations of NDMA in non-workplace . 

indoor air in Canada. NDMA is one of a number 
of N-nitrosamines present in cigarette smoke and

I 

NETS. Concentrationsof NDMA in ETS-- 
contaminated indoor air in other countries have 
ranged as high as 0.24 [Lg/m“. If it is-assumed that 
the population is exposed to this-maximum 
concentration in indoor air for 21 hours per day 
(13111311998), thgupper-boyttdjngestimaaspi . . 

‘intake by inhalation range from 0.04' to 
0.13 ug/kg-bw per day. 

No data were identified concerning the - 

c0ncentrations of NDMA in the mainstream .

- 

smoke of Cigarettes in Canada. Datawfrom the
1 

United States indicate that mainstream smoke may 
contain between 4 ng/cigarette (Adams et'al., 
1987) and 278 ng/cigarette (Kataoka et al., .1997). 
If it is assumed that an average adult smoker 
consumes 20 cigarettes a day, the estimated intake 
of NDMA is 0.080—5.6 ttg/smoker per day, or 
0.001~0.08 ttg/kg-bw per day. The upper end-of 
this range of estimates of daily intake for smokers 
(i.e., 0.08 ug/kg-bw per day) is 5 times greater 
than the upper end of the range of reasonable 
‘worst-case estimates of intakes for adults' from air, 
water and food (i.e., 0.016 ug/kg-bw per day, as 
summarized in Table 4.).

' 

r 

_ Reasonable worst-case estimates of daily 
intake of NDMA for all age groups from ingestiOn 
of contaminated groundwater range from 0.03 to 
0.31 ug/kg-bw per day (see Table 4). These 

estimates are based on the minimum (i.e., 
1.3 ug/L) and maximum (i.e., 2-.9 ug/L) 
confirmed Concentrations of NDMA in supply 
wells in Elmira, Ontario, in 1989 (ECO LOGIC, 
I989). The groundwater was contaminated-by 
discharges from a nearby. industrial facility. 

_ 

Estimates of daily intake of NDMA from 
ingestion of beer are not included in the 
reasonable worstecase estimates of~intakes from 
food in Table 4. For'comparison, the most reCent 
maximum concentration\(i.e., 0.59 ug/L) of . 

NDMA in Canadian beer (Sen et al., 1996) and 
average daily rates of consumption of beer (EHD, 
*l998) are the basis for reasonable worst-case ~ 

estimates of daily intake, which range from 
<0.0002 to 0.0009 ug/kg-bw per day. 

9 Based on the limit (i.e., 10 ug/kg) for 
‘ 

nitrQSaminesjrt cosmeticsia Canada_(.Gr.e,§h,;;L 
1995), the pOtential dermal intake of NDMA item 
a shampoo was estimated based on product use 
scenarios (ECETOC, 1994). A shampoo was 
selected for this calculation, as the maximum 
reported concentration (i.e.7—24 ug/kg)vof NDMA ‘ 

in personal care products was in a shampoo in 
Germany (Spiegelhalder and Preussmann, 1984). 
The estimated intake of 0.000 02 ug/kg-bw per ' 

day resulting from this calculation (Health 
Canada, 1999) is several orders of magnitude less 
than the'reasonable worst-case estimates of 
combined daily intakes from air, water and food 
that are summarized in Table 4. '

/ 

3.3.2 Hazard characterization 

Available data are consistent with the 
toxicological effects of NDMA being due, in

. 

' large part, to the alkylation of biological 
macromolecules (e.g., DNA, RNA, proteins) by 
the methyldiazonium ion formed during 
metabolism. Putative pathways for the 
metabolism of NDMA are similar in rodents and , 

humans. 
'

' 

z 
. Since NDMA was not detected in the one available survey of air not impacted by industrial point sources (i.e., Windsor, 
Ontario) (OME, l994b), data were considered inadequate as a basis for estimation of the intake of NDMA in ambient air by 
the general population residing in an urban area, without point sources. 

' 

'

, 
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3.3.2.l Carcinogenicity 

Information relevant to assessment of the 
carcinogenicity of NDMA has been derived from 
epidemiological (case control) studies of the 
general population, carcinogenesis bioassays 
involving laboratory animals, as well as 
supporting data related to the genotoxicity, 
metabolism and interaction of this compound with 
biological macromolecules. 

Although the database is rather limited, 
data from epidemiological studies are at least 
suggestive of an association between exposure to 
NDMA and several forms of cancer (i.e., gastric 
and lung). In two of three case control studies, 
there was a positive relationship with evidence of 
exposure response for the intake of NDMA and 
gastric cancer (Gonz/Elez er al., 1994; Pobel et (11., 
I995), although not in an additional study in 
which oral, laryngeal and esophageal cancers 
were investigated separately (Rogers 6101., 1995). 
In two recent case control studies in which 
matching or control for confounders was rather 
more extensive than that for the investigations of 
gastric cancer mentioned above, there were clear 
exposure response relationships for NDMA and 
lung cancer (Goodman er al., 1992; De Stefani 6! 
al., 1996). In almost all studies, associations 
between the cancers of interest and nitrate, nitrite 
and NDMA were examined; results were 
relatively consistent in this regard, with there 
being an association with cancer most commonly 
with NDMA; results for nitrite were mixed, and 
nitrate generally had a protective effect. Although 
estimated intakes in these investigations were 
based on dietary recall, and although confounding 
factors such as alcohol were not accounted for, the 
data fulfil, at least in part, some of the traditional 
criteria for causality of an association between 
ingestion of NDMA and cancer. 

Although, with the exception of a very 
extensive recent study, the available 
carcinogenesis bioassays for NDMA were 
conducted early and are considered quite limited 
by today s standards, the weight of evidence of 

the carcinogenicity of NDMA in mammalian 
species is consistent and convincing. Moreover, 
the pattern of tumour development is 
characteristic of that for a mode of action of 
carcinogenesis involving direct interaction with 
genetic material. In available studies, NDMA has 
induced tumours in all species examined (mice, 
rats, hamsters), at relatively low doses in some 
cases, irrespective of the route of exposure (oral, 
inhalation); tumours were induced in a wide range 
of tissues, including the liver, Leydig cells, lungs, 
kidney and nasal cavity, in the absence of 
significant non-neoplastic effects, in the limited 
number of studies in which these were well 
examined. Where it was reported, time to first 
tumour was relatively short. The incidence of 
specific tumours has been increased following 
administration of even a single dose or repeated 
doses for short periods (i.e., 2 3 weeks); tumours 
have also been observed in the offspring of 
exposed pregnant rats and mice. 

NDMA has been consistently mutagenic 
and clastogenic in human and rodent cells 
exposed in vitro. Clear evidence of genetic effects 
has also been observed in a number of tissues 
from animals exposed to this substance. Notably, 
genotoxic effects have been observed in tissues 
(i.e., liver, kidney, lung) where tumours 
commonly arise following experimental exposure 
to NDMA. 

While the mechanism by which NDMA 
induces tumours is not fully elucidated, DNA 
adducts (in particular, 06-methylguanine) formed 
by the methyldiazonium ion generated during the 
metabolism of this nitrosamine likely make a 
significant contribution to its carcinogenicity. The 
importance of metabolism in mediating the 
toxicological effects of NDMA is illustrated by 
increases in 0°-methylguanine upon co-exposure 
to ethanol, a competitive inhibitor of the 
cytochrome P450-dependent mixed—function 
oxidase system. Levels of this putatively 
important adduct are higher in newborns than in 
adult animals exposed to similar levels of 
NDMA, likely due to the lower activity of 
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.Theprincip'al 'r0ute of human exposure to NDMA 

06-methylguanine eDNA-methyltransferase in 
young animals; levels are also higher in animals 
consuming high-fat diets. Putative'pathways for 
the metabolism of NDMA are similar in rodents 

/ and humans, and indeed the formation of
' 

06-methylguanine has \been detected in human 
tissues exposed to NDMA. I

, 

Therefore, owing to the considerable 
evidence ‘of carcinogenicity of NDMA in 
laboratory species, evidence of direct interaction 
with DNAlconsistent with tumour formation,,as 
well as the apparent lack of qualitative species- 
specific differencesin the metabolism of this 2/ 

' 

,~ substance, NDMA.is highlylikely to be 4:.
‘ 

/ . . . \ carcmogenic to humans. .// 

3.3.2.2 Non-neoplastic effects . 

; {Diameter} onadyetsghgalth ©ff§9ti0therihém . 

cancer in‘humans asSociatedwith exposure to '3" 
*NDMA'is limited. In éase reports, liver failure, ' 

brain hemorrhage anil death have been attributed 
'3 

to the ingestion of NDMA. Effects resulting from 
exposure to unspecified amounts of airborne; 
NDMA have included an enlarged liver and 

I 

spleen, hepaticcirrhosis, jaundice, ascites as well‘ ‘ 

as death. 

I 
Data on non-neoplaStic effeCts in 

laboratory animals associated with‘ exposure‘to. 
NDMA are also limited, attributable primarily to 
the focus on its carcinogenicitnffects on the 

, liver and kidney in early repeated-dose to'xicity 
'studies, embryo toxicity and embryolethality in 
early, single-dose developmental studies and a 
rangebf immunological'effects (suppression of 

~ humoral-and cell-mediated immunity) reversible at ’ 

‘ lowest concentrations have been repOrted.; 
. 

' '7 
'

\ 

13.3.3 Exposure—response analysis 

for the general population, including'those 
exposed in the vicinity of point sources, is 
ingestion. Moreover, informationon 

_ 

exposure—response for the critical endpoint 

\ 
l i N 

followinginhalatiOn and dermal exposure to 
NDMA is limited. Therefore, quantitation of 
dose—response is limited hereto exposure via 
ingestion. ' 

V ‘_ 
Scaling for variations in' the ratios of 

surface area to body‘weight between rodent 
,speciesand humans Was not considered 
appropriate for the measufes of exposure: 

' r'esponse developed on the basis of experimental 
data in animals, since it is-highly probable that- 
‘thecarcinogenicity of NDMA, is mediated 
primarily through the generation of an active 
metabolite (i.e., the, methyldiazonium ion). 

3.3.3.1 Carcinogenicity 

Cancer is'clearly the critical- endpoint for” 
quantitation of exposure—response for risk 
ighgaci'fierizatioh ofNDMA._EIhis:hasrbeenthe , 

best characterized endpoint for this substance. . 

Moreover,.‘in general, tumours occur at lowest 
leoncentration, compared with those typically 
reported to induce non-cancer effectsAn 
increased incidence'of'hepatic tumourswas 

. observed at doses asllow as approximately 
f 0.1 mg/kg-bw per day in rats, and the, r

' 

genotoxicity of NDMA (including formation of 
I 

putatiVely critical adducts with DNA), for 
which-the weight of evidence is exceedingly

' 

consistent and convincing, undoubtedly plays a 
critical role in tumour induction. A 2-fold ’ 

_ increase in stillbirths and neonatal deaths 
(combined) was observed in 'mice receiving an 

' estimateddaily- intake of 0.02 mg NDMA/kg- 
bwper day for 75 days prior to‘ mating and 
throughout pregnancy and lactation. However, 
exposure to NDMA had no effect upon maternal 

‘ fluid consumption,$litte_r size or average body 
weight of the weanlings,-and there were no 
,consistent gross or ‘histo'pathological 
abnormalities-in the stillbom fetuses Or dead 
neonates to account for the'increased mortality. 
Moreover, increased mOrtality was not observed 

- in another Study in which mice'were 
administered higher doses of the nitrosamine 
(i.e., 'a single intraperitoneal injection of 7.4 mg 

,_ 
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NDMA/kg-bw on day 16 or'l9 of gestation) 
(Anderson et at, 1989). '

* 

QuantitatiOn of exposure—response for 
cancer for NDMA is based on studies in 

' 

laboratory animals, since existing epidemiological 
data, although suggestive of a possible association 
between ingestion of NDMA and cancer, are 
inadequate to serve as a basis for characterization

V 

of exposure—response. There appear to be no 
qualitative differences in metabolism of NDMA 

1 

between humans .and laboratory animals, and 
there is no reason to believe that humans would 
respond qualitatively differently. 
f ‘ 

I; 

By far the most suitable study for , 

~ exposure—response analyses of the carcinogenic 
effects of NDMA is that reported by Brantom 
(1983)» and Peto er al. (1991a,b), which involved. 
the administration of NDMA in drinking water to

_ 

a large number (n = 15) of large dose groups 
(n =' 60) of male and female rats. Other available 
bioassays were early and considerably more 

_ 

limited — i.e., single dose groups, small group . 

'/ 

(K,
1 

sizes and histopathological examination often 
restricted to one tissue. ' 

_ 
The Tumorigenic Dose05 (TDOS; i.e., the 

dose leVel that causes a 5% increase in tumour 
incidence over background) was calculated by 
first fitting the multistage model to the dose— 
respon‘se data. The multistage model is given by 

r P(d) = ]_ e—qo — qld —...‘— qkdk 

where d is dose, k is the number of dose groups in 
the study minus one, P(d) is the probability of the 
animal developing a tumour at dose d and qi > 0, 
i = 1,...,k are parameters to be estimated. TDOSS ‘ 

were then calculated as the dose D that satisfies 

P(D) - P(0) _7 
I_P(O)' —0.05 

I 

‘ 
. ./

‘ A chi-square lack of fit test was 
performed for each of the three model fits. The 
degrees of freedom for this test are equal to k 
minus the number of‘qi’s for which estimates are .

l 

non-Zero. A p—value less than 0.05 indicates a 
significant lack of fit. d 

The study reported by Brantom (1983) 
and Peto et al. (1991a,b) contained l5 dose 
groups and controls, which is unusually large.

_ 

Upper dose groups for which there was downturn 
inthe dose—response curve were first eliminated 
from calculations of the TDOS. These dose groups 
add no information to the shape of the dose— 
response curve in the range of the TD05 and 

’ contribute to lack of fit of the model. Inaddition, 
' extreme downturn is likely a sign that animals are 

dying of some other cause before having a chance 
to develop the tumour of interest. 

.Two methods were used to fit models to
_ 

the large number of dose‘groups. In the first 
method, quadratic models (i.e., models with k = 2) " 

were fit to the full set of data, less any dose 
groups contributingto downturn at the upper end 
of the dose—response curve. Any model with k 
larger than 2 did not converge when fitting 

- models to the full data set. The second method 
involved reducing the number of dose grOups to 
10 (or less) by first eliminating upper dose groups 

- with downturn and then Collapsing adjacent 
similar dose groups together. Collapsing'was 
accomplished by averaging the dose ‘level and 

. totalling the number of tumours fer the two 
groups. Global82 (Howe & Crump, 1982) was 
then used to fit full multistage models to the 
reduced data. With the exception of biliary 

' 

cystadenomas in females, these models did not
’ 

show significant lack of fit. However, they 
generally appeared to overestimate the risk in the -

' 

range of the TDOS, resulting in TD.)5 values that
‘ 

might be OVerly conservative. There was no 
evidence of a dose—response relationship for 
hemangiosarcomas in females; these data were 
not modelled, therefore, for the purpose of 
calculating a TDOS. 

- 
After reducing the data to 10 dose groups, 

the multistage model still occasionally exhibited 
lack of fit, due in large part to a levelling off of 
the dose—response relationship at higher doses. 
Since a good fit in the range of the TD05 is 
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required, upper dose groups were systematically 
eliminated until a reasonable fit was achieved. The 
data finally used to compute TDoss for hepatic 
tumours in the male and female rats from the 
Brantom (1983) and Peto e! 211. (19912115) study/ 
'are presented in Tables '5 and 6, respectiyely. 

After comparing the two methods of 
model fitting, the second was judged to provide "a 
better description of [the dose response . 

relationship in the‘range of the TDOS. These fits 
were used to generate the final TDOSS. Plots of the 
c011apsed data and the'final fitted models are

' 

displayed in Figure 2. The TDOSS and model- 
fitting information are presented in Table 7. For 
female rats, values for the TDOS (95% lower 
confidence limit, or LCL) range from'34 ug/kg-.

\ 

bw per day (95% LCLC=l8 ug/kg-bw per day) 
for hepatic biliary cystadenoma to 82' ug/kg-bw ' 

per day (95% LCL 61 ug/kg-‘bw- per day) for} 
hepatic carcinoma. For male rats, values forthe 
TD05 (95% LCL) range from 35 ug/kg—bw per day 
(95% LCL =29 ung-bw per day) for hepatic ’ 

biliary cystadenoma to;78 ug/kg-bw per: day 
(95% LCL =' 48-ug/kg-bw per day) for hepatic 
hemangiosarcoma.

\

~ ~ ~ 

A 
TABLE 5 ‘Détfi’fifhép’émé carcinogeniCify in male-rats used for modelling 7, 

1 r '7 

Carcinoma _, .\ Hemangiosarcoma Biliary.cystadenoma, .

~ 

'Intake 
_ 

,- Incidence 
V 

. 3 Int'ake “ Incidence 
j 
Intake 5 

r 

. 

Incidence
I 

(mg/kg-bw 
. 

- j ‘ 
‘ 
(mg/kab‘w 

’ 
’ (mg/kg-bW'

_ 

nerday) '1, ._. Hfip‘enday). 
\ fazed ._..T 

' 

per. day.)c;;_._. . ., -'__ ,1. 5: 
‘ 

‘- 0 
' 

2/192, [‘1/40; '4 '2/192 
1 

0 
‘ 

2/192 

0.0020 
' 

2/96 1 

p 

0.002 0/96 ‘ 0.0020 - 4/96 
0.0080 2 v 3/96 0005- . 1/48 0.0080 4/96 

20.0330 4/96 
4 

0.011 2748 ,, 0.0330 .2/96 
0.0760 11/96' * 0.02 0/48 0.0760 10/96 

0.1200 7 26/96 0.044 1/48 0:1200 
_ 

24/96 
0.1960 44/96 .0065 81/48 

. 0.1960. 26/96 ' 

0.3045 66/96 0.087 6/48' 
. 0.3045 33/96 

, 
‘ 0.109 6/48 

1 0131 14/48 

TABLE '6 , Data on hepatic carcinogenicity in female rats uSed for modelling
' 

_ ‘Biliary cystadenoma

~ ~ 

Carcinoma 
. Intake ‘1 

I 

Incidence 1 'Intake Incidence 
(mg/kg-bw'per day) 

I 

. ‘- (mg/kgeb'w per day): . 
-, . / 

H 0 _ 
_ 

‘2/192. 0 - .. 4/192 8. 

0.0035 
‘ 

0/96 0.002 1/48 1 

' 

0.0145 '4/96 
' 

0.005 4/48 

0.057 
‘ ‘ 

8/96‘ 
. 

‘ 

0.010 0/48 
' 

0.134 . 10/96 ‘2 
)1 0.019 

" 
3/48 

0.210 10/96 r0938 " x 5/48 

0.344 19/96 
_ 

0.076 7/48 

407459. 18/48 4‘ - 0.115 34/48-K 
0.612 '33/48 - 

v

' 
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FIGURE 2 TDOSS for NDMA 
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’7 

to characterize exposure—response. 

' NDMA/kg-bw per day. Embryo toxicity and. 

-TABLE 7 TD05s for NDMA 

~ ~ ~~~ 

TD05 g 95% LCL Chi-square df .p-value 
(pg/kg-bw per day) on TD05 - 

' 

)7 
' 

'

- 

\fiMale rats 
. 

I I 

,' 
.

‘ 

Hepatic'ca'rcinoma 38 24 - » 2.17 5 I 0.82 
l-lepatic hemangiosarcoma. ~- 78 48 1. 

I 

7.67' -_ 6 
/ 

7'0.26 

Hepatic'biliary cystadenoma 
’ 35 - 29 10.25 

_ 

_6 . 
0.1 1 

Female rats 
1 

~ 

\ 

' x" 
. 

'

_ 

Hepatic carcinoma . 

_ 

' l 82 6| 
1 

7.36 5 .0.Il9 

l-lepatic biliary cystadenoma 
, 

l 

34 
‘ 

.18~ 
L 

7.036 
I, 

‘ 5' ' I. 0.22 ' 

r’ 
\

/ 

. . . /i -
\ 

_ 
I 

’Based uponextensive analysis of the 
resultslof thisxbioassay, Peto et al. (1984) derived 
the following. relationship between cumulative 
'liver tumour incidence in the female Colrth- 

r Wistar rats, exposure time- and dose: Q 

., _‘ 
H.CI=51.45'(d;+.0.1)‘6xit7 

\ 
p- 

' —r 

L ‘ 3 
where CI is the cumulative incidence, d is the- 7 

,‘. 

; dose in mg/kg-bw’per'dayand t is the/exposure 
time injyears. For males, the_re_la_tionship'between ‘ 

cumulative-liver tumour incidence, exposure time
_ 

and dose was: /f . 

CI = 3.7'.43(d + 0,1“)6 x t7
s 

r where the tegms are as definéd above. 

3.3.3.2 Non-neoplastic effects 
. 

~ - - 

. / 

Information on non-neoplastic effects in humans 
associated with exposureto NDMA is inadequate 

_ 1 . 

A 
' \ " 

_ 
Effects on the liver (i.e., hepatocyte 

_Zvacuolization,'portal venopath'y and necrosis/ "i 

hemorrhage) and kidney (i.e., glomerulus 
dilatation and slight'thickeni‘ng of the Boan’s 
capsule), “Congestion” in the spleen and lungs, 
and ga‘Strointestinal hemorrhage have been

' 

reported in early, short-term and subchronic 
studies of animals receiving greater than 0.2 mg

/

r

l 

embryo lethality have been observedin a number 
of early,»inadequately repbrted studies/following 
oral exposure'to—high (maternal_1y_toxic) doses in 

“ fhe‘range of 20—30 mg/knw per day or lower a 

dbses uponrepeated exposure (1.4—2.9 'mg/kg-bw- 
. 

- per day by gavage or 5"‘mg/kg-bw per day in 
diet); teratogenicity- has not'been reported. In one 
report of a single-generation study ~(Anderson et 

‘

. 

(11,1978) in mice, the number of‘stillbirth's and». 
neonatal'deaths (combined)‘was increased 2-fold 
MILLmgLL'KéaimaEd.d_élilx‘infials¢,9f.9..02 mg; , 

NDMA/kg—bw per day); However, confidence in 
the significance of this observation is mitigated 
by the lack of a more reliable estimate of intake, 
the absence. of significant effects on other .L 

' reproductive parameters, the lack-of - 

histopathological changes to account for the
, 

increasedjmortality, as well as theobservatioh of
. 

no'increased fetal mortality indams-administered 
a. higher total dose of NDMA (Anderson et al.,.. 

' 1989). 
7 

7
s 

. _ 

AlthOugh suppression of cell- and 
humoral-mediated immune responsesiwas

_ 

reported in mice consuming dOSes greater than ,

' 

'appro‘Ximately. 0.05 ug/kg-bw per day in drinking
I 

water for 30—120 days, effectsiwere fully 
reversible 'Within 30Vdays of cessation of " 

exposure. 
' ' 

' ' 
’

‘ 

V 

Based on available documented studies, 
therefore, non-neoplastic effects of NDMA have 
'rarely been consistently observed; where they ) 
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have been observed, they have typically occurred 
(except for one report of the single-generation 
reproduction study) at doses greater than those at 
which increases in tumour incidence have been 
reported in other studies (i.e., the latter was 
observed at doses as low as about 0.1 mg/kg—bw 
per day in rats). In addition, in'view of the likely 
critical role 'of the genotoxicity of NDMA, for 
which the weight of evidence is consistent and 
convincing in the induction of tumours, cancer is 
clearly the critical endpoint for quantitation of 
exposure—response for risk characterization, and 
measures based on this endpoint will be protective

, 

for other reported non—neoplastic effects. 

3.3.4 Human health risk characterization 

It should be noted that, with the exception of 
monitoring of NDMA in Water supplies in 
Ontario, most of the sampling and analyses for 
this contaminant in the general environment have 
been source directed — i.e., confined to 
foodstuffs in which it is most likely to be present 
or media in the vicinity of industrial sources} 
Moreover, while estimates of intake in food are 
presented primarily as a basis for comparison with 
those from other media, the early data on which 
these estimates are based may not be 
representative of the situation today, due to the 
impact of subsequent introduction of changes in 
food processing and controls to limit the 
formation of NDMA in food. While notifications 
of cosmetics with levels of nitrosamines 
exceeding l0 ug/kg are precluded in Canada, with 
the exception of baby bottle nipples and pacifiers 
for which the maximum content is specified under 
the Hazardous Products Act and Regulations, the 
NDMA content of other rubber-containing 
products in Canada is largely unknown. Owing 
primarily to limitations of the available data, 
therefore, the principal focus of the human health 
risk characterization is media contaminated in the 

vicinity of industrial point sources, for which 
available data are those collected at several 
locations in Ontario in the early 19903. 

For substances such as NDMA, for which 
it is likely that the mode of action for the 
induction of tumours involves direct interaction 
with genetic material, estimates of exposure are 
compared with quantitative estimates of 
carcinogenic potency (Exposure Potency Index, 
Or EPI) to characterize risk and to provide 
guidance in establishing priorities for further 
action (i.e., analysis of options to reduce 
exposure) under CEPA I999. Calculated values of 
the'TDO5 for the development of hepatic tumours 
in male and female rats exposed to NDMA in the 
critical study (Brantom, 1983; Peto et (11., 
l99la,b) were similar. The lowest TDO5 was 
34 ug/kg—bw per day for the development of 
biliary cystadenomas in female animals; the 95% 
LCL was 18 ug/kg—bw per day (Table 7). The 
margins between carcinogenic potency and 
estimated intakes of NDMA, based upon the 
levels of this substance detected in ambient air 
and contaminated drinking water (groundwater), 
both in the vicinity of point sources and in

V 

drinking water surveyed across the province of 
Ontario, are presented in the table below. On the 
basis of this (possibly unrepresentative) 
information from short—term monitoring surveys 
of ambient air (and contaminated drinking water) 
near industrial facilities, the priority for 
investigation of options to reduce exposure to 
NDMA in the vicinity of such point sources is 
considered to be high. 

’ NDMA was not detected in a single survey of ambient air not impacted by point sources. 
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Estimated daily intake of Ir 

NDMA

I

~ 

TDos (95%. 
LCL) 

(Hg/kg-bw 
per day), 

Margin 
between 

potency and 
' 

' estimated 
intake.

~ ~ 

Exposure Potency 
Index (EPI) 

,1

~ 

Priority 
for further ' 

action (Health 
Canada, 1994) 

0.01 l pgikg-bw per day: 
highest worst-case estimate of 

, daily intake of NDMA based 
‘ upon censored mean_

' 

- concentrations in ambient air” 
,in close proximity to point 
sources (Table 4). " 

I 

34(18) 3100(1600) 3.2x IO“ (6.3 x104), High (High) 

Drinking water in Ontario 
(Table 4): ~ v'

’ 

i 0.0()l3 pg/kg-bwg-per day: 9 

'highest estimated daily intake ' 

of NDMA,.based upon mean 
7 

level
' 

0.004'pg/kg-bw per day:' 
highest estimated daily intake 

, 

of NDMA, based upon the 
maximum level measured i

/ 

3.4 (1.8). a

i 

34 (125) 

26200 _, . 

(13 800) 

- 

'- 8500(4500);
‘ 

3;g.x,.io'5, (7.3 >2 10?). f 

1.2 x'104 (2.2 ><‘ 10“) 

i Moderate 
(Moderate)

_ 

Moderate (High) 

Contaminated‘drinking water
_ 

(i.e., well. water in the‘vicinity 
of an industrial facility in : 

Canada) (Table 4):, , 

0.14 ug/kg-bw per dayi 
highest worst—case estimate of‘ 
daily'intake of NDMA, based - 

upon minimum level. 
4 measured -

\ 

tig/kg-bw. per day:
' 

highest worst-case estimate of—' 
daily intake‘pf NDMA, based' - 

upon maximum level .. 

measured. 

34(18) 

34(18)

\ 

240 (I30) 

? 100, (60) - 

'432 x 10'3 (7.7V>< 103) 

l.'0><10'2(l.7><l(Tz) 

High (High) 
‘

_ 

High (High) :

' 

'

\ 

l” 

3.3.5 “Uncertainties and degree of
g 

confidence in‘ human'healz‘h risk 
' characterization". 

' ’ "
' 

detection; Cases Where NDMA has been'detected 
in OUtdOOr air in the vicinity'vof industrial point 
sources have been restricted to a few sites in 7 

- southern Ontario, (where. measured concentrations 
havé'been highly variable and largely dependent 
on the proximity of the sampling site' to the point ‘ 

source and On the wind direction. Additidnal‘ 
uncertaintyis'introduced by the conservative 
assumption that the average and"'maximum,

' 

concentrations from-short-term measurements are _ 

There is a‘high degree of uncertainty in the 
quantitative estimates of intake of NDMA. Except 
for situations of direct industrialdischarge to the 

. 
\ atmosphkere,\concen_trations of .NDMA‘ in outdoor

_ 

, 
air are typically below limits of detection, despite» 
.the sen‘sitive'methodologies available'tOr its‘

V 

x 
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similar to 24-hour average concentrations at these 
locations. In reality, concentrations are likely to be 
at least an order of magnitude lower for these 
longer averaging times. AS the proportion of the 
general population directly impacted by industrial 
atmospheric emissions containing NDMA is 
unknown, but likely to be small, there is 
considerable uncertainty concerning the relevance 
of the reasonable worst—case estimates of intake 
by inhalation to the general population as a whole. 

There is a high degree of uncertainty 
concerning the concentrations of NDMA in the 
indoor air of residences and public places in 
Canada, as no relevant data were identified. In 
other countries, ETS has contributed to elevated 
levels of NDMA in the indoor air of public places 
where smoking is permitted, but no data are 
available concerning concentrations in residential 
locations. Nevertheless, there is a reasonably high 
degree of certainty that daily exposure to ETS 
would result in intakes of NDMA in Canada that 
are 1 or 2 orders of magnitude higher than intakes 
from any other route or exposure pathway. 
Although data concerning the NDMA content of 
mainstream smoke from Canadian cigarettes were - 

not identified, there is a high degree of certainty 
that the daily intake of NDMA by smokers is 
greater than intakes by non-smokers. 

There is a moderate degree of uncertainty 
concerning the concentrations of NDMA in the 
drinking water consumed. in Canada. Data are 
available only for the province of Ontario, where 
concentrations of NDMA are generally below the 
limits of detection of the sensitive methodologies 
employed. The formation of NDMAin drinking 
water from a small number of water treatment 
plants in Ontario resulted in extensive efforts to 
identify the cause and minimize this formation. 
There is no information available concerning 
similar potential in other provinces. Considerably 
higher concentrations of NDMA were measured 
in supply wells at a single location in southern 
Ontario, as a consequence of contamination of 
groundwater by a nearby industrial facility.

’ 

Although this may be an isolated incident, as no 
information was identified concerning 

contamination of groundwater destined for human 
consumption elsewhere in Canada, it does 
indicate potential (at least in the past) for 
contamination of groundwater sources in the 
vicinity of industrial point sources. 

There is a moderate degree of uncertainty 
concerning intake from ingestion of foods in

. 

which NDMA is formed during processing, (r -, 

preservation and/or preparation. Following the 
i 

'1 

identification of NDMA in foods, relatively , 

intensive international monitoring efforts led to a 
focus on a relatively small number of food 
categories for which remedial methods have been 
largely successful in minimizing formation of 
NDMA. While there is a general consensus that 
concentrations of NDMA in foods in developed 
countries are currently less than historic levels, 
representative data concerning recent or current 
concentrations of NDMA in foods in Canada 
were not identified. Uncertainty is introduced by 
the assumption that historic maximum 
concentrations can be used to develop reasonable 
worst—case estimates of current intake of NDMA 
by ingestion. Additional uncertainty is introduced 
by the assumption that the concentration of 
NDMA is zero in the large number of food items 
for which no data concerning concentrations of (_ 

NDMA are available. However, this assumption is 
not unreasonable, since most of these foods are l 

‘r 

unlikely to contain both precursor amines and 
nitrosating agents.

, 

Although historic maximum 
concentrations of NDMA in foods in Canada 
were the basis of the reasonable worst-case 
estimates of intake, average per capita daily rates 
of consumption of these food items were 
assumed. [t is certain that individuals within the

_ 

general population consume favourite foods or 1 

beverages at rates far greater than these average 
per capita daily rates. For example, the per capita 
average daily intake rate of beer for adults (i.e., ; x 

20—59 years) is 111 mL/day (EHD, 1998), but an 
adult consuming several beers on a daily basis 
would consume perhaps 1 L/day — the 
corresponding intake of NDMA from beer would 

. be l0 times higher. 
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There is a reasonable degree of certainty. 3.4 ‘ Conclu 
that expOsure'of the general population to NDMA - 

’

‘ 

in personal care products is minimal, since 
nitrosaminecontent of greater than 10 ug/kg in 
cosmetics in Canada is precluded, upOn

' 

notification.‘However, someuncertainty exists, 
since there is no eVidence of systematic

' 

monitoring programsxto ensure regulatory 
compliance. 

‘ 

‘ 
‘

- 

CEPA 1999 64(a): 

Non-neoplastic effects associated with " 

exposure to NDMA haVe notbeen well studied. j y, 

Although non-neoplasticeffects in laboratory / 
l 

i 

*5 

animals have typically been observed only at dose
1 

:leve1s higher than those associated withincreased ' 

.per day in rats), in one report, stillborn and]

f

x 

- 

‘1 
~ 

/ . 

I 

'\ 

neonatal deaths (combined) were observed'in a 
single-generation studyin mice receiVing an

, 

estimated intake of approximately 0.02 mg/kg-bw \ 

per day for 75 days. While there/is uncertainty » 

surrounding the. biological significance of‘this 
finding, further experimental work in this area 

_ 

would provide more definitive information 
concerning potential reproductive effects linked to 
long-term exposure to low levels of NDMA. 

There is a high degree of cettainty that the CEPA 1.999 64(cj; 
genotoxicity of NDMA (likely involvingthex 
formation of 06-methylguani'ne in DNA) i‘s'critic'al 
in the mechanism of carcinogenicity of this '

~ 

substance. Also, due to the'unusuallylarge 
I

\ 

number (if dose groups in the critical study,
‘ 

charaCterization of exposure—response for 
induction of tumours by NDMA in laboratory' 
animals is considered to be optimal. ‘Based upon 
the highest TDO, identified from the study in t 

which exposureéresponse was best characterized
I 

(Le, 82 ug/kg-bwper day for hepatic carcinomas 
in female rats), the resulting EPIs would be

‘ 

appro’ximately' 25-fold lower than those derived 1

, 

(in'Section 3.3.4) tin the basis of the hepatic- , 
biliary cystadenbmas'in female rats. The 95% 

V

' 

LCL on the lowest TD05 ‘on which the EPls'were' ' I 
V "\ 

based'was l8 ug/kg-bw per day versus the ' 

V 

I

* 

maximum likelihood estimate of 34“ug/kg:bw per' 

. \ - j 

./ “i 
' 
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Based on'available data, 
NDMA is‘ not entering/the 
env1ronment in a quantity or 
concentration or under 
conditions that have or may 
have an immediate or long- 
term harmful effect on the 
environment or its biological 

,nOt considered to be-“toxic” as 
(defined under Paragraph 64(a)- 

‘ 

of CEPA 1999. _ 
.\ 

tumour incidence (approximately 0-1 mg/kg-bw 
. CEPA 1999 64(b): Basedon available data, 

NDMA is not entering the 
envirOnment in a quantity or. 
concentration‘or'under 
conditions that constitute or 
(may constitute a danger to the 
environment-on which life' 
depends. Therefore, NDMA is 
not considered to be “toxic” as 

* definedjunder Paragraph"64(b‘) 
of‘CEPA 1999 

. 
_

' 

Based on available data, ,it has 
been concluded that'NDMA 'is 
entering the environment in-a 
quantity or'concentration or

' 

under conditions that constitute 
or may constitute a/danger in 
Canada to human life or 

' ' 

health. Therefore, NDMA is 
considered tobe f‘toxic” as 
defined underParagraph "64(c)

' 

of CEPA I999. This approaCh 
, is consiStentith the objective 
that exposure to'substances

' 

‘ 

where cancer isilikely induced 
through direct interaction with 
genetic material be reduced 
wherever possible and obviates 

. theneed to establish an 
i 7' 

arbitrary “de minimis” level of 
riSk for the determination of 

‘ “toxic” under CEPA 1999. On 
\-' 

a givefsity. Therefore, NDMA is " .

z



~ 

the basis of worst—case 
estimates, priority for 
investigation of options to 
reduce exposure from NDMA 
in ambient air in the vicinity of 
point sources is considered to 
be high. 

Overall 
conclusion: Based on critical assessment of 

relevant information, NDMA is 
considered to be “toxic” as 
defined in Section 64 of CEPA 
1999.

_ 

3.5 \ Considerations for follow-up 
(further action) 

There have been a number of measures taken to 
limit exposure of the general population in 
Canada to NDMA. Since 1975, the potential for 
formation in foodstuffs has been reduced through 
changes in food processing, some of which have 
been mandated under the Canadian Food and 
Drugs Acrrand Regulations. Notifications of 
cosmetics with levels of nitrosamines exceeding 
10 pg/kg are precluded, and, under the Hazardous 
Products Act and Regulations, infant feeding 
bottle nipples and pacifiers may not contain more 
than 10 mg total volatile N—nitrosamines/kg. 

While several steps have been taken to 
reduce exposure of the general population in 
Canada, recent data on the NDMA content of 
foodstuffs and rubber-containing products in 
Canada other than infant feeding bottle nipples I 

and pacifiers have not been identified. Moreover, 
with the exception of monitoring conducted in 
Ontario in the early 1990s, potential for exposure 
toNDMA in the vincinity of point sources in 
Canada is also largely unknown, although 
stakeholders under the voluntary ARET program 
have committed to_ reducing total emissions of 
NDMA from 6000 g in I993 to 87 g by the year 
2000 (ARET Secretariat, 19‘98). '

‘ 

Continued monitoring of levels of 
nitrosamines (including NDMA) in Canadian 
foodstuffs to verify reduction of content seems 

warranted. Determination of the potential 
presence of nitrosamines (including NDMA) in 
rubber products other than infant feeding bottle 
nipples and pacifiers may also be warranted, 
particularly for those products with which infants 
(who exhibit mouthing behaviour) come into 
contact. 

On the basis of limited information from 
short—term monitoring surveys of ambient air and 
water near industrial facilities, the priority for 
investigation of options to reduce exposure to 
NDMA in the vicinity of such point sources is 
considered high. It is recommended, therefore, 
that there be additional investigation of the 
magnitude of exposure of populations in the 
vicinity of point sources to assist risk 
management actions. 

Optimization of drinking water treatment 
to minimize formation of NDMA is also 
recommended, though such measures must not 
compromise human health protection. 

Since NDMA may be released directly to 
the environment through the application of certain 
pesticides, the levels of this nitrosamine in 
products regulated under the Pest Control 
Products Act should also continue to be 
monitored. AS indicated in Section 2.2.2.2, 
monitoring by the Pest Management Regulatory 
Agency has shown that the review standard of 
l pg/g is rarely exceeded. 

Owing to the common practice in Canada 
of applying sewage sludge to agricultural lands 
and the potential for uptake by plants, it is 

recommended that concentrations of NDMA in 
such sludge be monitored to determine the 
potential of this practice to contribute to the 
exposure of humans and non—human organisms. 

Since NDMA is likely to be carcinogenic 
to humans at relatively low levels of exposure and 
is not currently used in commerce in Canada, it is 

recommended that the manufacture, import and 
use of the substance be banned in order to prevent 
its introduction into the Canadian market. 

.131], 
kl ’3' 
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APPENDIX A' SEARCH STRATEGIES EMPLOYED FOR * 

\ IDENTIFICATION OF RELEVANT DATA 

' Environmental asseSSment_ 
,

1 

. Data relevant to the'assessment of ’whether» 
NDM‘A‘ is “toxic” to the environment under CEPA 
were identified from existing review. d6cumen'ts, x 

published reference texts and on-line Searches 
conducted between Janfiary and April, 1996,Vof-. . 

the followinggdatabases': Aqualine (1984—1996); 
ASFA' (Aquatic Sciences and Fisheries Abstracts, " 

1 Cambridge Scientific Abstracts; ,1984—1 996), ‘I 
BIOSIS‘ (Biosciences Information Services; 

' 19844996), CAB (CommonwealthAgri'cultureI 
._ Bureaux;'1984—1996), CESARS (Chemical . 

Evaluation Search and Retrieval System, Ontario 
Ministry of the Environment andMichigan' 
Department of Natural Resources; 1996),.“ A 

Chemical Abstracts (198451996), CHRIS
' 

, (Chemical Hazard Release Information SyStem; 
I996), Current Contents (l993—January 15, 1996), _ 

' ELIAS (Environmental Library Integrated 
, 
Automated System, Environment Canada library; 
l990—February 1996), 'En'viroline (RR. 'Bowker 
Publishing COL; 1984—1996), Environmental

I 

AbstractS'(1975—February 1996), Environmental 
‘ Bibliography (Environmental StudiesJInstitute, 
International Academy at Santa Barbara; 
1984—1996), GEOREF (Geo Reference * 

Information system, American Geological .

a 

Institute; 1984—1996), HSDB (Hazardous
‘ 

Substances Data Bank,'U.S. National Library of 
Medicine; 198441996), Life Sciences (Cambridge ‘ 

KScientific Abstracts; "1984—1996), NTIS,(National 
Technical Information Service, US. Department' 

1 

1 

Of Commerce; 1984—1996), Pollution Abstracts 
(Cambridge Scientific Abstracts, US. National . 

Library of'Medicine; 1984—1996)”, POLTOX
, 

(Cambridge Scientific Abstracts, US National 
Library of Medicine; 1990—1995), RTECS 

'
‘ 

(Registry of Toxic Effects‘of Chemical 
Substances, US. National Institute for 

. , 

t 
,

. 

occupational Safety and Health; 1996), Toxline 
(U.S. NatiOnalLibrary of Medicine; 1984—1996), 

' 

TRI87—94 (Toxic’ Chemical Release Inventory, 
US. Environmental Protection AgenCy, Office of 
Toxic Substances; 1993); USEPAZASTER 

‘ (Assessment Tools for the Evaluation of Risk, ‘ 

U.)S.,Environmental Protection Agency; up to ‘ 

December 21, 1,994), WASTEINFO»(Waste -

' 

Mana'gemeiitlnforniation Enreau of the American 
Energy'Agency; 1973—September 1995); Water v

' 

ReSOUrces Abstracts (US. Geological survey, ' l 

‘ 

. U:S.,Departmenlt of the Interior; 1984—1996). ,
’

/ 
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A survey of Canadian industry was 
V 

carried Out under authority of Section'l6 of CEPA- 
(Environment Canada, 1997C). companies were 
required to provideinformation On uses, releases, 
environmental concentrations, effects or other 
data on NDMA‘available to them if they: met the 
trigger quantity of 10 g NDMA per’year. Reveal 
Alert was used to maintain an ongoing record of 
.the cunent scientific literature pertaining to the 
potential environmental effects of NDMA. Data 

‘ 

obtained after August 31,1998, were not 
' 

considered'inthis aSsesSm‘ent unless they were 
critical data receivedrduring the 60—day public 
review of the report (February 19 to April 19,’ 

Health ,aSSessment 

Data relevant to the assessment of the potential 
risks ofiNDMAto hUman healthy/ere identified 

' through evaluation of existing review documents 
of the US Agency “for Toxic Substances and -.

’ 

Disease Registry (ATSDR, 1989), the 
International Agency for Research on Cancer 
(IARC, 1978) and the Ontario Ministry of the 
Environment (OMB, 1991), as well as reViews 
prepared under contract by BIBRA Toxicology

\

L ~



_ / 

_ 
International (1997, 1998). To identify additional 

’ 

were searched in the TorxlinePlus (1985—1999) 
_ 

relevant toxicological data, literature searches on and Toxline (before 1985) databases. The CAS 
NDMA were cdnducted using the strategy of -? registry nUmber was searched in the Toxlit- - 

searching by its name or CAS registry number in _ (1981—1999) database. The EMBASE database, 
the following databases: CCRIS (Chemical ' 

" 

for 198 l—l999, was searched using the name, 
‘ Carcinogenesis Research Information System, registry number and major synonyms, combined US National Cancer Institute), Dialogue, EMIC . with a link to toxicological information. In 
(Environmental Mutagen Information Center . addition to the above sources of information, - 

database, Oak Ridge National Laboratory) and ' 

’ 

numerous provincial and federal government " I 

. 
EMICBACK (backfile of EMIC), ETICBACK \ officials and representatives of various industrial 
(backfile of Environmental Teratology ' ‘ .' sectors were contacted between February and 
Information Center database, US. Environmental . August of 1996 for datarelevant to exposure 
Protection AgenCy and US. National Institute of and/or effects 

9 

9 I 9 

Environmental Health. Sciences), GENETOX 
(Genetic Toxicology, Office of Toxic Substances, ' 

«US. Environmental Protection Agency), HSDB, ' 

, . 
, .3! 

IRIS (Integrated Risk Information System, US. 
H ‘ 

- § 
Environmental Protection Agency) and RTECS. ‘ 

Its name, registry number and major synonyms 
_

\ 
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