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Summary and Conclusions

This report reviews the available data on the toxicology of
N-nitrosodiethanolamine (NDELA) relative to other N-nitrosamines with
particular reference to absorption, metabolism, mechanistic considerations and
animal carcinogenicity. Data are presented that demonstrate the presence of
nitrosamines in trace amounts in a wide range of foodstuffs, drinks, tobacco
products, some occupational environments and in personal care products. The
concentrations of the N-nitrosamine of concern in personal care products
(NDELA) are shown to have reduced over the past few years. Data are also
presented on the endogenous formation of N-nitrosamines following the ingestion
of secondary amines and nitrosating agents (or their precursors).

It is concluded that all the N-nitrosamines are potent animal carcinogens but
important differences exist within the group of N-nitrosamines studied. For
instance, NDELA appears to be metabolised via a two stage process involving
alcohol dehydrogenase with subsequent oxidation at the p-carbon. In general
terms, the fraction of NDELA that is metabolised is small, with most being
eliminated unchanged in urine. Other nitrosamines are metabolised to a much
higher degree and appear to be oxidised at the a-carbon.

These factors, along with the existence of modulating factors, go some way to
explaining the differences in the relative potency of nitrosamines in animal
carcinogenicity studies. On the basis of TDgy values, NDEA is the most potent
nitrosamine within the group, with NDELA being the least potent. There are at
least one and possibly two orders of magnitude difference between the potency
of NDEA and NDELA in animal bioassays.

The significance of exposures to NDELA in personal care products is explored in
this report. Indirect calculations based on N-nitrosodiethylamine (NDEA) are
compared with calculations undertaken on NDELA data directly. It is concluded
that, even when conservative assumptions are made on the amount of personal
care products used and their duration of use, that current concentrations of
NDELA in personal care products achieved with current high standards of
manufacturing practice, do not pose a significant carcinogenic risk to man.



INTRODUCTION

N-Nitrosamines are compounds characterised by a nitrosyl group (-N=0) bound
to the nitrogen atom of an amino group. In general, N-nitrosamines have no
direct commercial applications, and there are very few examples where an
N-nitrosamine is used in large quantities 1in industrial processes.
Instead, they are wusually formed unintentionally when amines and
nitrosating agents come together. The yield of nitrosamine depends on the
amine, its basicity, its steric requirements, on the nitrosating species
and on the medium. Rates of reaction are faster for secondary amines than
they are for primary or tertiary amines. In the case of ethanolamines, for
example, the nitrosation rate is higher with diethanolamine (DEA) than with
monoethanolamine (MEA) or triethanolamine (TEA) since MEA and TEA must
first transform into DEA in order to produce nitrous derivatives (Kamp et
al, 1989).

Human contact with nitrosamines is the result of two types of exposure:
exogenous exposure to preformed nitrosamines in the environment, and
endogenous exposure which occurs through their in vivo formation from
nitrosable amino compounds in food, drugs, personal care products, etc.
and from nitrosating agents such as nitrite and nitrous gases.

The carcinogenic potential of N-nitrosamines in animals has been recognised
for approximately 30 years. Since Magee and Barnes (1956) first
demonstrated the hepatocarcinogenic effects of N-nitrosodimethylamine
(NDMA) in rodents, subsequent investigations have shown that many other
alkyl or alkylarylnitrosamines are potent and versatile animal carcinogens
- affecting over 30 species. Consistent with that fact, the importance of
minimising human exposure to N-nitrosamines has been well recognised, even
though to date there has been no clear demonstration that they contribute
to the occurrence of cancer in man.  Nevertheless, during the past 25
years, the analytical technology for N-nitrosamines has progressed
enormously, and highly sensitive and specific techniques now exist which
permit the reliable determination of N-nitrosamines at low ng/kg (ppb)
levels (ECETOC, 1990).



In recent years there has been substantial controversy concerning human
exposure to N-nitrosamines, particularly N-nitrosodiethanolamine (NDELA) as
a contaminant in personal care products. Therefore the objectives of this
report are:

- to review information on the total human exposure to several important
N-nitrosamines;

- to consider the implications of human exposure to N-nitrosamines and
relate this to the risks arising from the exposure to NDELA in personal
care products;

- to assess the risks arising from the exposure of large numbers of people
to low levels of NDELA in personal care products.

For the purposes of this report, personal care products are defined as
comprising of the following groups:

- Cosmetic products which are intended for placing in contact with the
various external parts of the human body (epidermis, hair system, nails,
lips, external genital organs) or with the teeth and the mucous
membranes of the oral cavity with a view exclusively or principally to
cleaning them, perfuming them or protecting them in order to keep them
in good condition, change their appearance or correct body odours (EEC
1976)

- Preparations for minor medical conditions, mainly applied externally,
e.g. antiseptics.

In this report major emphasis is given to the group of cosmetic products.



SOURCES OF EXPOSURE

During the past 25 years, there have been dramatic advances in N-
nitrosamines analytical techniques. As a consequence, the limits of
detection and reliability of measurements quoted in the older literature
and used in this report may not be of an equivalent standard.

From an analytical point of view (ECETOC 1990), N-nitrosamines can be
classified as follows (see Table 1):

Group I : steam volatile, short chain (e.g. NDMA) and heterocyclic
compounds (e.g. NPIP),

Group II : other volatile, long-chain compounds (e.g. NDDMA),
Group III: non-volatile high polarity compounds (e.g. NDELA).

Methods for the determination of Group I-compounds were developed in the
1970's and are well established. The 1limit of determination for each
product is in the range of 1 - 5 pg/kg if analyses are carried out by
experienced analysts who carefully apply all measures necessary to prevent
artefacts.

Group II-compounds are more difficult to analyse. A first method for hair
care products was published in 1983 (Morrison et al, 1983) claiming a

detection limit of 20 pg/kg.

The limits of determination discussed in the literature for
Group II1I-products vary widely depending on the samples under discussion:

- about 10 - 100 pg/kg in the technical raw materials

- about 20-100 pg/kg in personal care products but may be as Tow as 10
rg/kg.



2.1

These limits can only be reached if a number of measures to avoid false
negatives or false positives are carefully applied (ECETOC, 1990).

Food

N-Nitrosamines are formed principally by the reaction of naturally
occurring secondary amines with nitrites that are added to foodstuffs or
produced by bacterial reduction of nitrates. Their presence in food is a
source of considerable concern.

Therefore, in the last decade extensive investigations of the volatile

" nitrosamine content of foodstuffs in various diets were carried out.

2.1.

Compilations of the results have been published by Havery et al (1978),
Spiegelhalder et al (1980a,b), Gray (1981), Bogovski et al (1982), the
British Ministry of Agriculture, Fisheries and Food (MAFF, 1987) and
others, which are summarised in Table 2.

1 Meat and Meat Products

Many meat products (e.g. bacon, ham and various types of sausages) are
cured with mixtures which contain nitrite or nitrate. This practice has
led to an intensive search for nitrosamines in such products. It has been
demonstrated that the use of nitrite containing curing-mixtures results in
higher N-nitrosamine levels in meat compared to the curing with nitrate
(Mirna, 1983). Significantly larger amounts of NPYR and to a lesser extent
NDMA may be formed when nitrite containing bacon is cooked (Gray, 1981),
but over recent years its nitrosamine content has been reduced from around
100 pg/kg of NPYR in 1971 to nearly 10 pg/kg in 1977 (Havery et al, 1978).
This could partially be explained by decreasing the nitrite content and by
addition of nitrosation inhibitors such as ascorbate. The amount of NPYR
formed in cooked bacon is also influenced by the method of cooking, frying
temperature, and cooking time (Gray, 1981).



2.1.2 Dairy Products

2.1

Nitrate is sometimes added to cheeses to prevent fermentation by certain
strains of Clostridium. No correlation was observed between the levels of
nitrate or nitrite and the presence of NDMA in the analysed cheese samples
(Karlowski and Bojewski, 1987; Gough et al, 1977). The Danish State Food
Institute (1981) indicated that comparable levels of nitrate (10 mg/kg) and
nitrite (0.2 mg/kg) have been found in Danish cheeses regardless of whether
or not nitrate had been added.

N-nitrosamine levels reported for cheese vary considerably. Whilst Havery
et al (1976) failed to detect any of 14 nitrosamines in 17 samples of
cheese, 10 of which had been processed with nitrate addition, Sen et al
(1978) reported 31 samples of Dutch cheese imported into Canada to contain
NOMA and NDEA at levels of up to 20 pg/kg. Most investigations showed,
that N-nitrosamines could be detected in only 4 to 25% of the samples
analysed at levels up to 2.5 pg/kg for NDMA and 2.3 pg/kg for NDEA (Table
2).

Whole milk, dried milk and milk products except yoghourt (Gough et al,
1977: Lakritz and Pensabene, 1981) have also been shown to contain small
but detectable levels of NDMA (Table 2). Again, no correlation between the
presence of nitrosamines and the levels of nitrate or nitrite was
demonstrated (Karlowski and Bojewski, 1987).

.3 Fish

———

Because of its relatively high amine content, fish is regarded as a likely
source of nitrosamines. Several studies have been conducted during recent
years with almost all investigators detecting volatile nitrosamines
(Spiegelhalder, 1983). Their content tended to be higher after broiling
(Yamamoto et al, 1984).



2.1.4 Fruit and Vegetables

2.

2.

1

1

Levels of N-nitrosamines detected in fruits and vegetables were < 1 pg/kg
(Webb and Gough, 1980).

.5 Spices

Although the quantity of spices consumed is comparatively Tlow, the
concentrations of NDMA and NPYR in some are noteworthy. Pepper and pepper
containing products have relatively high levels of NDMA (up to 51 ng/kg)
and NPYR ‘up to 79 ng/kg) (Spiegelhalder, 1983).

.6 Alcoholic Beverages

Over the past years, considerable attention has been focused on the
presence of volatile nitrosamines in beer and other alcoholic beverages.
Average NOMA levels reported were between 2.5 ng/kg (Spiegelhalder et al,
1980a,b) and 5.9 ug/kg (Scanlan et al, 1980) with peak levels of 47
ug/litre in dark beer and 68 ug/litre in one sample of a beer made with
smoked malt (“Rauchbier”) (Spiegelhalder et al, 1980a,b).

To determine possible sources of nitrosamines in beer, several
investigators have analysed all substances involved in the brewing process
(Scanlan et al, 1980; Spiegelhalder et al, 1980a,b). The only significant
source of NDMA was found to be the malt which had been processed by
direct-fired drying. The use of a burner with reduced nitrogen oxide
formation resulted in NDMA concentrations in the malt as low as 1 to 3
pg/kg. This represents a 15- to 30-fold reduction. As a result, the NDMA
levels in beer have also dropped considerably (Havery et al, 1981;
Preussmann et al 1980). A study conducted by the FDA (Food and Drug
Administration, 1980) showed that, following changes to the process, NDMA
in 180 samples of domestic beer ranged from undetectable levels to 7
ug/litre, averaging less than 1 pg/litre. Thus it can be stated that NDMA
levels in beer are now generally well below the level of 5 pg/litre at
which the FDA would undertake regulatory action.
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2.2

2.3

2.3.

Goff and Fine (1979) failed to detect volatile nitrosamines in U.S.
beverages other than beer and Scotch whisky. Walker et al (1979) reported
that in 74 of 145 French Apple Brandy and Cognac samples volatile
nitrosamines were found at concentrations generally ranging from 0.18 to
0.6 ng/kg. The highest level (10 pg/kg) was found in one sample of Apple
Brandy.

.7 Summary

Based on the data outlined above (see Table 2), ACS (1984) calculated the
average uptake of total N-nitrosamines through the diet in various
countries. The results vary between 0.3 pg/person/day for Sweden and 1.8
ug/person/day for Japan (Table 19).

Water

Drinking water has been shown to be generally uncontaminated with volatile
N-nitrosamines (Fine et al, 1977b; Fan et al, 1978). In one instance, in
well water with a high nitrate content, NDMA and NDEA were claimed to be
present at levels below below 0.01 ug/1 (Fine and Rounbehler, 1976).

Air

1 Municipal Areas and Countryside.

A series of studies have been performed in the US, France and Austria to
detect nitrosamines in municipal and rural air. Air-measurements in Los
Angeles and the surrounding area (Gordon, 1979), New York, Boston, rural
New Jersey (Fine et al, 1977a) and Paris (Chuong and Benarie, 1976) did not
in general reveal any detectable N-nitrosamines at a detection limit of 10
ng/m3.

A recent study by Spiegelhalder and Preussmann (1987) measured nitrosamine
concentrations in ambient air of a heavily industrialised area in Austria.
Values between 0.01 - 0.04 ug/m3 of NDMA, NDEA and NMOR were found with
only 6% of the samples containing >0.01 ug/m3. The authors concluded that
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2.3

the presence of an amine producing chemical plant and high NO, emissions
does not necessarily lead to extensive nitrosamine formation in ambient
air.

Measurements in Baltimore (Fine et al, 1977c) revealed levels of NDMA of 6
to 36 pg/m3. These high values were measured on the site of a chemical
plant manufacturing 1,1-dimethylhydrazine for which NDMA was used as a
precursor.

It can thus be concluded that airborne nitrosamines are not a general air
pollution problem. One possible reason for low concentrations or absence
of nitrosamines in the environmental air results from their rapid
decomposition by light (Hanst et al, 1977).

.2 Indoor Air

Brunnemann and Hoffmann (1978) studied several Tlocations such as
discotheques, bars and trains and reported concentrations of 0.1 - 0.24
pg/m3 NOMA in the air. The nitrosamine pollution was probably caused in
the main by tobacco smoke. In ambient outdoor air no detectable amounts of
NDMA were found.

Low concentrations of N-nitrosamines may occur in kitchens as a consequence
of cooking (Sen et al, 1976).

.3 Qther Sites.

The air inside new automobiles has been shown to contain 0.07 - 0.83 ug/m3
NDMA, 0.04 - 0.4 ug/m3 NDEA and 0.07 - 2.5 ug/m> NMOR (Fine et al, 1980).
Their presence is thought to be due to rubber products in the cars.
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2.4 Tobacco Use

2.4.1 Smoking

Tobacco use is a major source of exposure to N-nitrosamines for most
people. At the time of harvesting tobacco is practically free of
nitrosamines. Nitrosamine formation occurs during smoking and processing
i.e. curing, ageing and fermentation. There is a great variation in the
content and composition of nitrosamines in different types of tobacco.
Contributary factors are the nature of the tobacco e.g. its alkaloid and
nitrate contents, and the way of processing (Hoffmann et al, 1982a). More
than 20 different nitroso compounds have been detected in tobacco smoke
(Preussmann, 1989). They can be attributed to three different types:
volatile N-nitrosamines, non-volatile N-nitroso compounds (mainly N-nitroso
aminoacids), and tobacco-specific nitrosamines (TSNA) (Hil11, 1988).
Volatile nitrosamines are mainly formed by pyrosynthesis during smoking,
whereas TSNA are considered to be preformed (Neurath, 1983; Fischer et al,
1989a). Other investigators (Hoffmann et al, 1980) claim up to 70% of the
TSNA in the main-stream smoke are formed by pyrosynthesis. Concentrations
found in main-stream and side-stream tobacco smoke on list in Table 3. It
can be seen that nitrosamine levels are elevated at high nitrate content.
Concentrations of the TSNA in tobacco and smoke are given in Table 4. Up
to 70% of volatile N-nitrosamines and TSNA can be removed by filters
(Hoffmann et al, 1980).

NDELA was found in a range of 80 - 420 pg/kg in unburned processed
cigarette or cigar tobacco that had been treated with maleic hydrazide
formulated as diethanolamine salt. In the main-stream smoke of these US
cigarettes NDELA amounted to 10 - 68 ng/cigarette (Hoffmann et al, 1982b) .
After banning the use of this salt in tobacco management in 1981, NDELA was
practically undetectable (Tricker and Preussmann, 1989a).

In vivo nitrosation (endogeneous nitrosation) has been demonstrated to
occur in man (Fine et al, 1977b) as well as in laboratory animals
(Rounbehler et al, 1977; Hoffmann et al, 1989). It could be demonstrated
that inhaled cigarette main-stream smoke can N-nitrosate proline
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endogeneously (Bartsch and Montesano, 1984). It was suggested that these
findings may also apply to other N-nitrosatable amines and lead to
endogeneous formation of carcinogenic nitrosamines (Hoffmann et al, 1989).

.2 Smokeless Tobacco Use

2.1 Snuff (Nasal Use)

Snuff as used in the USA and in Europe was found to contain concentrations
of total nitrosamines up to 20 mg/kg; NNN contributed 7.69 mg/kg, NNK 1.86
mg/kg, NAB/NAT 3.18 mg/kg, whereas the concentration of volatile
N-nitrosamines was distinctly lower, e.g. for NDMA 0.025 mg/kg (Tricker
and Preussmann, 1989b). NDELA was found in a concentration of 0.016 mg/kg
which was probably due to aged tobacco treated with the previously
mentioned diethanolamine salt. In 1987, Hoffmann et al (1987) found NDELA
peaks values in snuff of 6.84 mg/kg.

.2.2 Leaves for Chewing

Orally used tobaccos were found to contain 10 - 70 mg/kg total N-nitroso
compounds, mostly TSNA, but with small amounts of NDELA (Table 5).
Brunnemann et al (1987) found amounts of total nitrosamines in the range of
5 - 151 mg/kg. Hoffmann et al (1987) detected values between 9.6 and 289
mg/kg, with NDELA concentrations ranging from 0.03 to 1.1 mg/kg.

Occupational Exposure

Aliphatic nitrosamines are generally not produced intentionally or used in
the chemical or other industries. There are two sources of N-nitrosamines
in the work place (Preussmann and Spiegelhalder, 1984): exposure to
preformed nitrosamines resulting from the reaction of amines with
ubiquitous NO, or other nitrosating chemicals (exogeneous exposure), or
exposure to endogenously formed nitrosamines as a result of the uptake of
amines by inhalation or dermal absorption.
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The degree of nitrosamine formation in air depends on type and
concentration of the respective amine and NO, concentration, but also on
temperature, humidity, acidity, light and other factors. Reaction rates in
the gas phase are considerably faster than in the liquid phase. NO,
concentrations in work place air are usually below 1 ppm. Under certain
unfavorable conditions (e.g. open heating systems or vehicle exhaust),
high concentrations of NO, may be present.

1 Rubber Industry

NOMA and NMOR were found in the air of the workplace of rubber factories at
concentrations mostly in the range of 0.05 - 20 ug/m3 (Spiegelhalder and
Preussmann, 1983; Fajen et al, 1979; McGlothlin et al, 1981). In extreme
situations values as high as 90 ug/m3 (NDMA) and 380 ug/m3 (NMOR) were
detected from personal monitoring samples. values as high as 1,060 ug/m3
NDMA and 4,700 p.g/m3 NMOR were found for static samples taken during the
injection moulding and curing of conveyor belts. Further nitrosamines
present in air during fabrication of rubber products were NDEA (0.1 - 5
ug/m3), NPIP (0.3 ug/m3) and NMPHA (5 - 8 ug/m3). Other non-volatile
nitrosamines have also been found (Spiegelhalder and Preussmann, 1983).

In rubber articles N-nitrosamine concentrations between 10 and 200 ng/kg
and in rubber chemicals 4 - 3,500 pg/kg have been found. This led to
concentrations up to 1.5 ug/m3 for NDMA and NMOR in tyre sales and store
rooms (Spiegelhalder and Preussmann, 1983).

There have been attempts to reduce the formation and exposure of
nitrosamines in the rubber industry by substituting certain chemicals.
For example, nitroso-diphenylamine which might either transnitrosate or
decompose to nitrogen oxides has been substituted by cyclohexyl-
thiophthalimide thereby reducing nitrosamine levels (Spiegethalder and
Preussmann, 1983).

In a recent study in Germany 545 separate workplace measurements were
performed using personal air samplers (Wolf, 1989). In 73% of the samples
the sum of NDMA, NDEA, NDBA, NPIP, NMOR, NMPHA and NDPHA was < 2.5 ug/m3.
The range of the concentrations was 0.1 until 41 pg/m3.
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2.5.2 Leather-Tanning Industry

2.5

2.5

Rounbehler et al (1979) were the first to detect NDMA in a tannery. They
reported average levels of 19 pg/m3 and maximum levels of 47 ug/m3. After
improving the factory conditions the values were reduced appreciably to 0.1
- 3.4 pg/m3. In a further study (Fajen et al, 1982) NDMA concentrations
ranging from < 0.05 to 47 ug/m3 and NMOR concentrations of 0.05 to 2 ug/m3
were reported. In a recent study performed in Germany (Wolf, 1989) total
N-nitrosamines (NDEA, NDMA and NMOR) were found to be <1 ug/m3 at each of
12 workplaces.

.3 Metal Working Industry

In 1976 it was demonstrated by Zingmark and Rappe (1976) that NDELA was a
contaminant in synthetic metal working fluids, which contained triethanol-
amine and nitrite as anticorrosion agents. Fan et al (1977) detected NDELA
in synthetic cutting fluids at concentrations up to 3% of undiluted fluid.
Efforts to reduce the formation of NDELA by using nitrite-free formulations
have reduced N-nitrosamine concentrations remarkably. Spiegelhalder (1983)
reported values between 0.5 to 250 mg/kg with extreme values up to 750
mg/kg. The amounts of other nitrosamines such as NDMA were extremely low
compared to NDELA (Hartung and Spiegelhalder, 1982).

Few air measurements have been reported. In one study approximately up to
1 ug/m3 NDELA was found in the air of workplaces where a fluid was used
containing between 40 pg/kg and 1,6 mg/kg NDELA (Wolf, 1989).

.4 Chemical Industry

In the early seventies there were reports of substantial N-nitrosamine
concentrations (up to 43 ug/m3) in the vicinity of amine production
facilities (Bretschneider and Matz, 1974). In 1977, Fine et al (1977a)
reported NDMA concentrations in the range of 0.01 - 1 pg/m3 in the air
close to a methylamine factory. Recent investigations involving 4
aliphatic amine plants in Germany showed concentrations of total N-
nitrosamines were < 1 uglm3 in 91% of the samples (Wolf, 1989).
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5 Other Industries

In the fish processing industry NDMA values in the air were found to be
between 0.01 and 0.06 ng/mS (Fajen et al, 1982). Certain non-industrial
workplaces associated with high levels of tobacco smoking or cooking of
food may also expose workers to N-nitrosamines.

Personal Care Products

NDELA was first reported to be present in personal care products by Fan et
al (1977b). Its formation was almost certainly helped by the presence of
diethanolamine (DEA) or impure triethanolamine (TEA) containing DEA as a
contaminant. Other ingredients such as alkanolamides and nitrosating
agents, an example of which is 2-bromo-2-nitro-1,3-propanediol (Bronopol),
encouraged its formation. Amine containing compounds are used extensively
in ingredients of personal care products including surfactants, detergents,
foam boosters, protein additives and colouring agents.

Since the above 1977 report, a variety of personal care products from
around the world have been analysed for NDELA content. The methodologies
employed and their specific limits of detection have necessarily varied.
The data are shown in Table 6. It is of interest that leave-on mucous mem-
brane products generally have very low NDELA levels, whereas rinse-off
preparations tend to be more variable. In the six personal care product
formulations tested by Fan et al (1977b), the range of NDELA level was from
a trace (5 - 10 pg/kg) to 49,000 ug/kg; one other of the cosmetics analysed
also contained high levels (27,000 ng/kg) of NDELA with three of the seven
samples containing 100 ng/kg or less. In general, the lotions and shampoos
they tested contained negligibie (2 - 20 ng/kg) quantities of NDELA.

When leave-on products such as deodorants, skin lotions and sun screens
were analysed more recently (IKW, 1989) only three out of 62 samples
contained NDELA, the highest level being 53 ng/kg. In the same survey the
highest level of NDELA in shampoos was 41 pg/kg. In the study reported by
IKW (1986) there was a clear distinction between NDELA levels present in
personal care products when tested either before or after 1983.
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It appears that, having been alerted to the problem of NDELA contamination
in personal care products, procedures have been introduced to minimise
their formation. The major steps taken to minimise NDELA and other
nitrosamine formations included:

a) the avoidance of using DEA,

b) the avoidance of using impure samples of TEA,

c) the avoidance of coexistence of nitrosating agents and N-nitrosatable
substances,

d) minimisation of NO, levels in the factory environment,

e) the use of di- and monoethanolamides with low levels of free amines,

f) the use of inhibitors of nitrosamine formation.

Inhibitors of nitrosamine formation are agents which act primarily as
scavengers. Of these, ascorbic acid and sulphamic acid are considered
particularly useful.

There are very few reported references to the presence of volatile
nitrosamines in personal care products (ECETOC, 1990), however,
Spiegelhalder and Preussmann (1984) reported the presence of NMOR but
virtually no NDMA in some of the products they analysed.

For the purpose of this report and the following risk assessment it is
assumed that personal care products currently contain 10 ug/kg of NDELA.

Endogenous Formation

Following an evaluation of environmental sources of N-nitroso containing
agents undertaken by the US National Academy of Sciences Panel (1978) it
was concluded that the major source of human exposure to such agents was
through nitrosation of secondary and tertiary amines in the stomach, i.e.,
endogenous formation of nitrosamines. As a result, it is necessary to
consider the human exposure to nitrate, nitrite and to amines. Exposure to
amines includes protein amides (100 g/day) and guanidines such as creatine
and creatinine (1 g/day), primary amines (100 mg/day) and arylamines and
urea (1-10 mg/day).



2.7.

-16-

1 1In vivo Demonstration of Endogenous Formation of Nitroso Compounds

The first demonstration that the formation of a nitroso compound in vivo
could be sufficient to give rise to tumours in animals was that of Sander
(1971). He fed methyl benzylamine and morpholine together with nitrite to
rats and obtained tumours of the oesophagus and liver. In Tlater
experiments Taylor and Lijinsky (1975) investigated tumour induction in
rats following administration of heptamethyleneimine and sodium nitrite in
water at relatively high concentrations. They were able to demonstrate a
dramatic increase in non-endocrine tumour formation in rats when given the
combination regime but when each ingredient was given on its own no
increase in tumours was observed. Telling et al (1976) investigated the
ability to form nitrosamines following administration of nitrite and
secondary amines to rats. In their experiment rats were given sodium
nitrite at concentrations up to 3,000 mg/litre in the drinking water,
whilst in the diet dimethylamine or pyrrolidine was given at various
concentrations. After administration the animals were killed a few hours
later and stomach content examined and analysed for NOMA and NPYR
formation. Their findings indicated that there was no increase in
nitrosamine levels over that in controls until the animals were given up to
1,000 mg/kg of amine in the diet concomitantly with 1,000 mg/litre of
sodium nitrite in the drinking water. If the amine content in the diet was
increased to 2,000 mg/kg then the sodium nitrite content of water could be
reduced to 100 mg/litre and still enable the detection of nitrosamines.

Nitrosamine formation in the stomach depends on a number of factors
including the concentration of amine, the pKa of amine, the concentration
of nitrite, the gastric pH, the temperature and the amount of food in the
stomach, the rate of emptying, the rate of removal of any nitrosamines
which have been formed and the rate of removal of nitrite. It has been
shown that nitrite is rapidly removed from the stomach of the fasting rat
but not so rapidly in fed animals (Mirvish, 1975).
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2.7.2 Ingested Levels of Nitrate and Nitrite

2.7

It has been estimated (White, 1975) that in the USA the average daily
intake of nitrate is approximately 100 mg/day. In certain rural areas,
where drinking water is taken from shallow wells this can increase to 2,200
mg/day. The average values quoted above agree with those from other
sources (ECETOC, 1988). Many diets have been analysed and were found to
provide an intake of nitrate of approximately 100 mg/day, with ranges of
31.4 for Norway to 130 for Poland. Nitrite levels are generally low at
around 3 mg/person/day, the WHO recommended maximum being 8 mg/day (WHO,
1685). It has been demonstrated that nitrate can be reduced to nitrite by
bacterial and mammalian pathways. In man, about 5% of dietary nitrate is
converted to nitrite in saliva which is therefore a major site of nitrite
formation in man (Spiegelhalder et al, 1976; Walters and Smith, 1981).
This, together with nitrite from other sources such as diet contribute to
the total nitrite burden in humans of around 10 mg/person/day. After a
nitrate rich meal, 40-70 mg of nitrate could enter the stomach. It should
be noted though that Spiegelhalder et al (1976) reported that ingestion of
less than 54 mg of nitrate did not alter the salivary nitrate and nitrite
levels, although this is not a consistent finding (Walters and Smith, 1981;
Stephany and Schuller, 1980).

.3 Conversion of Nitrite to form Nitrosamines

Nitrite reacts with secondary and tertiary amines to yield nitrosamines,
with secondary and tertiary amides to form nitrosamides and with N-
substituted ureas and carbamates to yield nitroso ureas and nitroso
carbamates. The proportion of nitrite converted to nitrosamines remains a
controversial area. The rate of formation of nitrosamines is proportional
to the square of the nitrite concentration (Shepherd et al, 1987) but
because of various factors such as pH, type and amount of amine, catalysts
and inhibitors it is not possible to estimate precisely the extent to which
ingested nitrite is used in in vivo nitrosation reactions. In 1978, the US
National Research Council Panel on Nitrates assumed that the extent of the
formation of nitroso compounds was approximately 5% of the nitrite
ingested.
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Urinary excretion of N-nitrosoproline (NPRO) has been used as predictor of
endogenous nitrosamine formation. Estimates based on the NPRO method
developed by Oshima and Bartsch (1981) suggest the earlier 5% figure could
be too high an estimate and that 0.5% may be more realistic. The more
recent work of Shepherd et al (1987) and of Tricker and Preussmann (1987)
support this hypothesis.

Wagner et al (1984) have reviewed the value of the NPRO model for
predicting the mechanism of endogenous nitrosation, and suggest the model
may not reflect the extent of formation of other nitroso compounds. Licht
and Deen (1988) on the basis of theoretical models have suggested that NPRO
excretion 1is not an accurate index of gastric nitrosation under
physiological conditions. Wagner et al (1984) investigated endogenous
formation in human volunteers on a low-nitrate diet containing 150 umol
nitrate/day. Under this regime, basal excretion of NPRO ranged from 5 - 49
nmol/day. Assuming a 5% utilisation of nitrate to nitrite this represents
approximately 0.35% conversion of nitrite to nitrosamine when on a
low-nitrate diet. Addition of ascorbic acid or «-tocopherol to the diet
did not change the endogenous background level as shown by urinary NPRO
measurements. When added with nitrite and proline there was a significant
reduction in NPRO production with essentially complete inhibition of
nitrate-induced NPRO synthesis (Wagner et al, 1984). It remains unclear
therefore as to precisely where the endogenous synthesis of NPRO takes
place. Although nitrate produced in the body is recirculated to the
salivary glands and reduced to nitrite by bacteria in the oral cavity, the
experiment mentioned above suggests that NPRO may also be generated as a
result of non-gastric synthesis.

Tannenbaum (1987) considers there are at least 2 pools of NPRO in the body,
one of these incorporating nitrogen and modulated by ascorbic acid whilst
the other does not. The first of these pools probably represents gastric
synthesis whilst the second represents mammalian cell mediated synthesis
and/or nitrogen oxide mediated synthesis. Typically the non-gastric
sythesis would be fairly uniform so that differences between individuals
may be ascribed to gastric synthesis.
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A1l these findings and speculations demonstrate the general lack of
knowledge or agreement concerning the contribution of endogenous
nitrosation to the total uptake of nitrosamines. However, Bartsch and
Montesano (1984) suggest endogenous processes produée between 0.3 and 20 png
total nitrosamines per person per day.
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ABSORPTION, DISTRIBUTION, METABOLISM AND EXCRETION

Absorption/Excretion

Due to technical complexities, it is extremely difficult to experimentally
determine the rates of absorption of nitrosamines. NDELA, has been shown
by various investigators to be largely eliminated unchanged in urine
following all routes of exposure. Hence, urinary NDELA measurements
provide at least an approximation of the degree of absorption of NDELA
following an oral or dermal dose.

In rats, radiolabelled NDELA was apparently absorbed very slowly during the
first 24 hours following a topical application of 0.5 or 50 mg NDELA in
acetone; more than 60% of the dose remained at the application site, and
only 3% of the radiolabel was recovered in urine within 24 hours after
dosing (Lethco et al, 1982). Approximately 20% of the radiolabel was
recovered as unchanged NDELA in urine of rats collected over a 96 hour
period after dosing, and approximately 50% was found in urine during a one
week period after dosing. 1In contrast to these results, Lijinsky et al
(1981a) reported that rats excreted 20 - 30% (10 - 15 mg) of the dose in
urine in 24 hours following topical administration of 50 mg NDELA (no
vehicle). Similarly Airoldi et al (1984a) found that excretion of
unchanged NDELA accounted for 25% of the dose during a 24 hour period after
rats were given a 5 mg/kg unlabelled cutaneous dose as a mixture in
water-acetone. Sansone et al (1980) also reported that about 20 - 30% of
the dose was recovered unchanged in urine within 24 hours after rats were
given 50 mg unlabelled NDELA (no vehicle), while only about 12% of the dose
was recovered in urine of rats given 25 mg NDELA in cutting oil. Higher
urinary excretion rates were reported by Preussmann et al (1981);
approximately 70 - 80% of dose was excreted in urine within 24 hours after
rats were given a single unlabelled cutaneous dose ranging from 28 to 184
mg NDELA per animal, using either water or acetone as a vehicle. The basis
for the differences in the degree of skin absorption in these various
studies remains unclear. Factors such as size of the application area,
strain and age differences in thickness of strateum corneum, vehicle
effects and analytical techniques may in part account for the



-21-

discrepancies observed. The balance of evidence seems to suggest the
absorption rate for NDELA in rats is about 20 - 30%.

Substantial differences were noted in the disposition of unlabelled NMOR
and NDELA after application to the skin of rats (Sansone et al, 1980;
Lijinsky et al, 1981a). Less than 1% of the dose of NMOR was recovered
unchanged in urine, while 20 - 30% of the NDELA dose was excreted unchanged
in urine within 24 hours after dosing. The basis for this observed
difference in urinary excretion is not clear, but it possible reflects
differences in the rates of absorption, as well as in the rates and extent
of metabolism.

Studies reported by Spiegelhalder et al (1982) showed that only a very
small fraction of NMOR or NDMA doses were eliminated unchanged in urine of
rats after oral, dermal, intravenous or intratracheal administration. By
contrast, urinary excretion of unchanged parent compound represented the
primary route of elimination of NDELA from rats.

Radiolabelled NDELA was applied in acetone or skin lotion for 24 hours to
the skin of monkeys or pigs in four separate studies (Marzulli et al,
1981). The estimates of skin penetration in these studies were based on
recovery of the radiolabel in urine over a 5-day period after dosing.
Absorption was greater in monkeys than in pigs, and absorption was
increased in both species when NDELA was applied in acetone as compared to
skin lotion. Only 4% of the dose was absorbed in pigs while 23.4% was
absorbed in monkeys when NDELA was applied in skin lotion. According to
the authors, man and pig are generally more alike than man and monkey with
regard to skin penetration, with monkey skin being more permeable than
human skin.

In a study with a human volunteer, NDELA was detected in the urine after
skin application of an experimental cosmetic formulation (12 - 13 g on 2090
cm? skin) containing 77 mg/kg NDELA (Edwards et al, 1979). The cosmetic
formulation was removed from the skin 7 h 45 min after application;
approximately 2% of the applied NDELA was recovered in urine within 20
hours after skin application. In vitro studies with excised human
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abdominal skin indicated that NDELA penetrated sliowly through the skin when
applied either in water or propylene glycol vehicles. The permeability
constants for water and propylene glycol were 5.5 X 106 and 3.2 «x 1076
cm/hr, respectively (Bronaugh et al, 1981). When NDELA was applied in a
more lipoidal vehicle, isopropyl myristate, the rate was markedly enhanced
(permeability constant 1.1 x 10-3 cm/hr).

In the risk assessment discussed later in this report it is assumed that
the available pig and human data are most relevant and that the NDELA
absorption rate is 5%.

Nitrosamines are well absorbed after oral administration. Lethco et al
(1982) found that there was rapid absorption in rats after oral
administration of an aqueous solution of radiolabelled NDELA at doses of
0.5 or 50 mg/kg. Urine was the major route of elimination; 67% of the low
dose and 87% of the high dose was excreted as unchanged NDELA in urine
within 24 hours after oral dosing. Sansone et al (1980) reported that
absorption of NDELA and NMOR was rapid after the nitrosamines were given to
rats by gavage in aqueous solutions. Only a small fraction of the NMOR
oral dose was recovered in urine, but about 30% of the NDELA dose was
excreted unchanged in urine within 24 hours. Higher urinary excretion
rates were reported by Preussman et al (1978); about 70% of single NDELA
oral doses ranging from 10 - 1000 mg/kg were excreted by rats as unchanged
NDELA within 24 hours. There was no indication of dose-dependent
differences in these studies. Similar results in rats were reported by
Spiegelhalder et al (1982); 60 - 80% of oral NDELA doses ranging from 0.03
to 300 mg per animal were recovered in urine within 24 hours. In contrast,
only a very small fraction (<1%) of an oral dose of NDMA was recovered in
urine of rats given doses of NDMA ranging from 5 to 350 pg per animal.
NMOR was likewise excreted to only a minimal extent (<1%) in urine after
rats were given gavage doses ranging from 4 to 400 pg per animal. Hence it
seems that there are differences in the disposition of NDELA in comparison
to NDMA and NMOR after oral administration, although they may be due to the
sensitivities of the assay rather than to the precise nature of the
nitrosamines examined. Other studies have shown that uptake of NDMA is
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slow from the stomach, but very rapid from the upper part of the small
intestine (Hashimoto et al, 1976; Heading et al, 1974).

Biliary excretion has been shown to be a very minor route of elimination of
NDELA in rats given oral or dermal doses (Lethco et al, 1982).
Nevertheless, enterohepatic recycling might still be of significance with
regard to the hepatic effects of the substance (Bonfanti et al, 1985).

Spiegelhalder et al (1982) evaluated NDMA urinary excretion in man given 10
- 100 pg NDMA in beer, orange juice, or orange juice with 6% ethanol. NDMA
could be detected in urine only when it was given in combination with
alcohol, and this was thought to be related to some type of metabolic
interaction between alcohol and the nitrosamine.

Distribution

The distribution of radiolabelled NDELA has been evaluated in rats given a
single 0.5 or 50 mg/kg dose via either the oral or dermal route (Lethco et

al, 1982). The radiolabel was distributed throughout the organs and

tissues of animals killed from 4 to 168 hours after dosing. There were no
obvious differences in distribution of the radiolabel in animals dosed
orally versus those dosed dermally. In general, the tissue content was
low, and there was no evidence for retention of radiolabel by any organ,
however, elevated levels of radiolabel were noted in the stomachs and
livers of animals dosed orally during the first 24 hours. Airoldi et al
(1984a) studied the kinetics and bioavailability of NDELA after intravenous
and cutaneous administration to rats. A semi-logarithmic blood
concentrationtime plot after iv injection showed a triphasic profile,
indicating that a three-compartment model may adequately describe the
kinetics of the compound. There was no apparent NDELA accumulation in
liver after either iv or cutaneous administration.

Loefberg and Tjdlve (1985) studied the distribution of NMOR by autoradio-
graphic techniques. Low-temperature whole-body autoradiography of animals
killed 1 min after an iv injection indicated that non-metabolised NMOR is
able to pass freely through cellular membranes and distribute evenly in
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most tissues of the body. Similar results were also obtained with NDEA and
NPYR (Brittebo et al, 198la,b; Loefberg and Tjdlve, 1984). Whole body
autoradiography with dried tissue sections showed a high level of non-
volatile NMOR metabolites in the liver and in the nasal mucosa at all time
intervals ranging from 15 min to 24 hr after iv or sc dosing; the
oesophageal mucosa accumulated NMOR metabolites to a lesser degree
(Loefberg and Tjdlve, 1985). Tissues of the lymphomyeloid system and the
gastro-intestinal mucosa also showed some accumulation of non-volatile NMOR
metabolites; this observation was consistent with results from NDMA, NDEA
and NPYR (Brittebo et al, 1981 a,b; Johansson and Tjalve, 1978).

Metabolism

Most dialkylnitrosamines studied have been shown to be oxidised at the
carbon « to the nitroso group by tissue specific microsomal mixed function
oxidases. In general, this oxidation results in an unstable product which
collapses to a diazohydroxide, and ultimately to an electrophile. A
carbonyl compound, also formed during oxidation of nitrosamines, has often
been quantified to estimate the extent of metabolism. Thus, Farrelly et al
(1984) determined that NDPA was oxidized at the «-carbon by rat liver
microsomes in vitro, producing propionaldehyde plus propyldiazohydroxide.
Similarly, Brouwers and Emmelot (1960) demonstrated that liver microsomes
metabolise NDMA to formaldehyde, while Magour and Nievel (1971) and Arcos
et al (1976) showed that acetaldehyde was a product of the microsomal
oxidation of NDEA (Fig. 3).

It has also been well established that in rats NMOR is oxidized at the
«-carbon (Hecht and Young, 1981; Manson et al, 1978). Following an
intraperitoneal injection of NMOR, 1.5% of the dose was found unmetabolised
in urine, together with 3 metabolites. In addition to (2-hydroxyethoxy)-
acetic acid and N-nitroso-(2-hydroxyethyl)glycine, NDELA was also shown to
be a urinary metabolite of NMOR (Hecht and Young, 1981; Brunnemann et al,
1983). The tissue specificity of NMOR metabolism has been studied in rats.
Cytochrome P-450 dependent metabolism of NMOR was shown to occur in the
nasal and oesophageal mucosa, as well as in the liver (Loefberg and Tjdlve,
1985) .
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NDELA is apparently not metabolized at the alpha carbon by rat liver
microsomes in _vitro. It has been shown to be oxidised to some extent at
the p-carbon by non-microsomal enzymes to N-(2-hydroxyethyl)-N-carboxy-
methylnitrosamine and N-(2-hydroxyethyl)-N-(formylmethyl)-nitrosamine
(Airoldi et al, 1984b; Farrelly et al, 1984; Lethco et al, 1982). This
non-microsomal metabolic pathway has been demonstrated in rats, mice,
hamsters and rabbits, and may possibly be a detoxification mechanism
(Bonfanti et al, 1986) (Fig. 4).

A two-step mechanism has been proposed by which NDELA is first transformed
by alcohol dehydrogenase into N-nitroso-2-hydroxymorpholine (NHMOR), the
ring-closed hemiacetal form of N-(2-hydroxyethyl)-N-(formylmethyl)-
nitrosamine. This cyclic B-hydroxynitrosamine appears to be a substrate
for sulphotransferase. The resulting sulphate conjugate is suggested to be
the ultimate genotoxic metabolite of NDELA (Sterzel and Eisenbrand, 1986)

(Fig. 4).

The carcinogenic significance of the metabolites oxidated at the g-carbon
of NDELA remains unclear, but ultimately the carcinogenicity of NDELA is
thought to depend on its a hydroxylation or on the transnitrosation
capacity of p-oxidated metabolites (Bonfanti et al, 1986) .

3.4 Summary

Dialkylnitrosamines are absorbed after application to intact skin of
laboratory animals. The rate of absorption is dependent on a variety of
factors including physical properties of the nitrosamine, thickness of
skin, area of application, vehicle effects and species based on results
obtained from various rodent and primate studies (Table 7). Due to the
complexities involved, exact skin penetration rates of dialkylnitrosamines
are unknown. For NDELA approximately 20% of an applied dermal dose would
be absorbed in 24 hr, based on results obtained in the various rodent
studies (Table 7). In a single human experiment and from experiments in
the pig, whose skin is more like man than rodent skin, it is more likely
that 2 - 5% of the applied NDELA would be absorbed by man. In the later
chapters of this report it is assumed that 5% of NDELA is absorbed.
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Nitrosamines are also readily absorbed from the gastrointestinal tract. At
least some studies have shown that NDELA is more readily absorbed via the
gastrointestinal tract than via the dermal route. The various oral studies
that have been conducted on NDELA (Table 8) suggest that approximately 70%
of an oral dose could be absorbed within 24 hr.

After absorption, the nitrosamines are distributed throughout the body, but
accumulation of non-volatile metabolites may occur in certain organs and
tissues, e.g. liver. NDELA is primarily eliminated unchanged in urine,
but a small fraction is believed to undergo oxidation at the g-carbon by
non-microsomal enzymes. By contrast, other dialkylnitrosamines are more
extensively metabolised, primarily via oxidation at the carbon « to the
nitroso group which results ultimately in the formation of an electrophile
capable of reacting with cellular nucleophiles.
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GENERAL TOXICITY

Acute Lethal Effects of Nitrosamines

The acute lethal effects of a number of selected nitrosamines are listed in
Table 9. Of the nitrosamines for which data were obtained, the lower alkyl
amines exhibited the highest order of acute lethal toxicity. Oxygenation
appeared to have a large moderating effect on toxicity, NDELA exhibiting
the lowest order of lethality with a reported oral LDgy in rats of 7 g/kg
body weight. Vinyl substitution on the other hand appear to have little
modifying effect on the LDgqy; thus, the reported oral LDgg values of NDMA
and NDEA in rats were approximately 50 and 88 mg/kg compared to LDgy values
of 24 and 102 mg/kg for methylvinylnitrosamine and ethylvinylnitrosamine
respectively. The cyclic nitrosamines appeared to have a somewhat lower
order of toxicity than the lower alkyl nitrosamines. Where data existed,
LDgy values for any one nitrosamine were relatively independent of the
route of administration. Within a group of structurally related
symmetrical nitrosamines, molecular weight appeared to play a major role in
determining the acute lethal toxicity, the higher the molecular weight the
lower the order of toxicity. Finally, where data were available on
multiple species with the same chemical, no apparent trends appeared with
regard to sensitivity to the lethal effects.

Descriptive Toxicology

The descriptive toxicity of nitrosamine compounds is almost exclusively
confined to NDMA. A number of studies on the toxic properties of NDMA were
initiated as a result of several case reports indicating toxic responses in
humans exposed under laboratory conditions (Freund, 1937; Barnes and Magee,
1954; Jacobson et al, 1955). These studies identified the liver as the
primary target organ affected. The toxicity to liver was demonstrated
across a number of animal species including mice, dogs, rats, rabbits and
guinea pigs. In general, lethality was produced by dosages of a similar
order of magnitude when administered orally, by intraperitoneal injection,
by intravenous injection or by subcutaneous injection. Barnes and Magee
(1954), however, could not produce toxic effects by dermal application,
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even when a dose of 100 mg/kg was applied to the uncovered, depilated skin
of rats on four successive days. Freund (1937) and later Jacobson et al
(1955) demonstrated that in spite of the low vapour pressure, inhalation of
NDMA vapor could result in toxic responses. Single 4-hour LCgqy values of
50 to 75 ppm have been demonstrated in various animal species. After
single acute exposures by any of the various routes, deaths were generally
delayed for up to several days.

There have been a number of incidences of poisonings of livestock and
domestically raised fur-bearing animals fed herring meal contaminated with
NDMA due to improper processing. These incidences subsequently led to the
investigations of toxicity of NDMA in cattle, sheep, poultry and mink
(Koppang, 1974a, b; Carlton and Welser, 1968; Juszkiewicz and Kowalski,
1976; Carter et al, 1969).

Mink appear to be exquisitely sensitive to the toxic effects of the
chemical. Animals receiving a diet containing 5 mg/kg died in
approximately four weeks, and those receiving 2.5 mg/kg died in the fifth
week of the study (Carter et al, 1969). Both cattle and sheep appear to be
sensitive to dosages in the range of 0.2 mg/kg/day and greater (Koppang,
1974a,b 1974b). Ducks receiving feed containing 0.005% NDMA died within
two weeks (Carlton and Welser, 1968). Along with liver injury, kidney
lesions were also noted as a major manifestation of the toxicity.
Juszkiewicz and Kowalski (1976) state that hens can tolerate doses of 3
mg/kg NDMA showing no immediate signs of intoxication and no changes in egg
production. As in laboratory animals, in all these cases liver was
jdentified as a major target organ.

Effects of NDMA on the Liver

Liver injury appears to be a common characteristic of acute poisoning from
a wide variety of nitrosamine compounds including NDMA, NDEA (Wegiel et al,
1980), N-nitroso-n-butylmethylamine (Heath, 1962), N-nitrosovinylethylamine
(Althoff et al, 1977), NPIP and NMOR (Althoff et al, 1974). Liver injury
resulting from NDMA treatment has also been reported across a wide variety
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of animal species. The injury produced by these nitrosamines appears to be
consistent with haemorrhagic centrilobular necrosis.

McLean et al (1965) studied the time course of the lesion after single
intraperitoneal injections of NDMA in the rat. Changes occurring in one
day included extensive coagulative necrosis at the centre of the lobules
with fatty accumulation in cells in the portal regions. After three days
necrotic cells in the center of the 1lobules had disappeared and were
replaced by "lakes" of blood with leucocytosis evident; the central veins
were normal. Seven days after dosing, central vein occlusion appeared,
endothelial proliferation was seen and collateral channels appeared in the
vicinity of the blocked veins. By 10 days, fibrosis was evident along with
frequent veno-occlusive lesions. The authors contended that these were not
the result of direct toxic effect on the vein endothelium, but followed the
obstruction to the liver circulation occurring early in the necrotic phase.
Khanna and Puri (1966) also studied the time course of NDMA liver injury in
rats; the effects of 75 mg/kg in feed being characterized as parenchymal
necrosis, haemorrhage and regenerative activity.

Korsrud et al (1973) investigated the effect of NOMA in the Sprague-Dawley
rat. Minimal histopathological changes were seen in the liver at a dose
level of 1.9 mg/kg. Clumping and slight vacuolation of cells occured in
the central vein area. At higher dosage levels, injury was more severe
with marked congestion and necrosis 100 mg/kg.

Reuber (1975) demonstrated a sex difference in the liver toxicity of NDMA
in the Buffalo rat, females being more sensitive than males.

Wegiel et al (1980) investigated the effects of NDEA on the livers of male
mice. Necrotic changes increased in severity over the first week after
dosing, the resulting injury requiring two to three months to resolve to a
condition approaching that of control animals. Electron microscopy
revealed that NDEA caused a swelling of the mitochrondia and severe
degenerative changes in the rough endoplasmic reticulum which rapidly
underwent vacuolisation and degranulation. There was also an increase in
lipid droplet number and droplet volume. Changes observed by electron
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microscopy were largely resolved within four days after dosing, but were
still apparent in some animals after a month,

Possible Modifiers of Liver Toxicity

Investigations have been conducted on conditions and agents which modify
the toxicity of NDMA in general, and which either increase or decrease the
toxic effects on the liver in particular. Diets rich in protein, cystine
and choline have been shown to offer some protection from the toxic effects
of NDMA (Khanna and Puri, 1966), while at the same time protein-free diets
also appear to protect against the liver toxicity (Swann and MclLean, 1968;
Hard and Butler, 1970). Complicating these results are those of Khanna and
Puri (1966) and Pani et at (1977), who have shown that repeated
administration of choline enhances the toxicity of NDMA and also increases
the activity of N-nitrosodimethylamine demethylase. Indeed, there appears
to be a great deal of evidence which suggests that treatments which enhance
demethylase activity also enhance the toxic effects-of NDMA on the liver.
pound and co-workers have conducted extensive studies which demonstrate
that nonlethal doses of carbon tetrachloride protect the liver from the
toxic effects of NDMA and also inhibit the demethylase activity (Pound et
al, 1973; Pound and Lawson, 1974, 1975; Pound, 1975).

The fact that the toxic effects of NDMA on liver appear to be mediated
through enzymatic N-demethylation may have important ramifications for
other nitrosamines, particularly for NODELA where the major pathway of
metabolism occurs through p-oxidation rather than «-oxidation and, thus, is
not dependent on the demethylase enzyme (see Section 3.3).

Extrahepatic Target Organ Toxicity

Although the great majority of investigations on the target organ toxicity
have focused on the liver, there are some suggestions of toxic effects on
other organs and system. As mentioned above, the duck kidney appears to be
uniquely sensitive to the toxic effects of NDMA (Carlton and Welser, 1968).
There are reports of possible renal and cardiac toxicity in cattle, pigs
and sheep (Koppang, 1974a, b). In addition Hard and Butler (1970) have
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been able to produce damage to the testis of Porton rats with NDMA; this
damage being accentuated in animals fed a protein-free diet.

Pielsticker et al (1967) demonstrated that NDEA did not produce teratogenic
effects in golden hamsters when administered at various times during
gestation.

Nnruckrey (1973) found NOMA to be highly foetotoxic but not teratogenic in
rats after a single dose administered on either the tenth day or between
the 13th and 15th day of gestation; NDEA was not teratogenic when doses of
up to 70 mg/kg were administered in similar experimental design.

Toxic Effects in Man

Toxic effects of NDMA in man have been documented in a number of case
reports (Freund, 1937; Barnes and Magee, 1954; Jacobson et al, 1955;
Rouech, 1982). In all cases liver injury was a major manifestation of
poisoning. When deaths occurred they were delayed; in the cases of a
single dose homicidal poisoning, four days in an infant and five days in an
adult (Rouech, 1982). Signs and symptoms experienced by victims included
nausea accompanied by vomiting, loss of appetite, abdominal pain, ascites,
diarrhoea, fever, haemorrhage and coma. In addition, elevated
temperatures, malaise, evidence of decreased liver function with Tliver
pathology of an undefined nature have also been reported (Jacobson et al,
1955). When necropsies or biopsies were performed, there was evidence of
necrosis and cirrhosis.

Summar

Although most of the descriptive toxicology of acute nitrosamine poisoning
is confined to NDMA, the information that does exist indicates that liver
is a primary target organ. Little data appear to be available on the acute
effects NDELA. The fact that NDELA is metabolized in a manner different
from that of the ‘Yower alkyl nitrosamines (Section 3.3), and that toxic
effects to the liver appear to be mediated through an active metabolite,
suggest that NDMA and NDEA may not be an appropriate model for NDELA.
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Clearly, the acute lethal effects of NDELA are of a lower order of
magnitude than those of NDMA, NDEA and other aliphatic nitrosamine (Table
9). Nevertheless, the liver is the primary target organ of carcinogenic
activity for most nitrosamines.
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CARCINOGENICITY STUDIES IN ANIMALS

In 1937 it was reported that workers exposed to NDMA suffered quite
moderate to severe liver damage, but it was not until the 1950's that Magee
and Barnes (1956) demonstrated that NDMA was carcinogenic to the liver of
mice and rats. Subsequent work by Druckrey (1975) showed that a whole
range of nitrosamines possessed the potential to cause tumours in a variety
of organs following oral administration. These studies have now been
confirmed by many workers using this and other routes of administration
(IARC, 1978, 1982, 1987).

A summary of the target organ toxicity associated with the major
nitrosamines included in this survey are provided in Table 10. Malignant
tumours have been found in many organs such as liver, lung, nasal cavity,
brain and central nervous system, trachea, stomach, gut, bladder, pancreas
and the haemopoietic system. The organotropic action is influenced by the
chemical structure, the animal species under investigation, route of
administration and dose. The main target organ in the rat for NDMA is the
liver. For NDEA and for unsymmetrical agents such as NMEA, it is liver and
oesophagus (Preussman and Wiessler, 1987). Lijinsky et al (1981b)
demonstrated changes in target organ specificity associated with very small
alterations in chemical structure such as odd or even alkyl chain length.
They showed that for methyl alkyl nitrosamines with aklyl chain lengths of
7, 9 or 11 carbon atoms, liver and lung tumours in the rat occurred whereas
the same chemical class with chain lengths of 8, 10, 12 and 14 carbon atoms
selectively induced wurinary tract tumours. In general, and where
comparisons can be made, the main tumours in the mouse and hamster were of
the lung, liver and respiratory tract, but not of the urinary tract.

The organotropic action of nitrosamines may be due to one or all of the
following mechanisms:

1. different activation in different organs according to sub-classes of
activating enzyme.

2. enzyme activation in the liver and transport of metabolites or
conjugates to the target organ.



-34-

3. glucuronides or sulphate forming enzymatic reactions may have various
capacities in different organs.

4. different repair capacities for alkylated bases in different organs or
for different cell types in the same organ.

Table 11 refers specifically to the target organ specificity of NDELA. Two
important papers include those of Lijinsky and Kovatch (1985) and
Preussmann et al (1982a, b). Lijinsky and Kovatch (1985) administered
NDELA in drinking water to 126 rats of both sexes at dose levels of 0, 24
and 64 mg/1 for 100 weeks and at 64 and 160 mg/1 for 50 weeks. Animals
were examined histologically at death or when moribund or after 130 weeks.
A statistically significant dose-response in the incidence of
hepatocellular carcinomas and neoplastic nodules was seen in females and to
a lesser extent in males at the higher dose Jevels. Low incidences of
kidney tubular cell adenomas and carcinomas, which were not statistically
significant were seen in most treatment groups. Preussmann et al (1982a,
b) gave NDELA in drinking water to Sprague Dawley rats at 0, 1.5, 6, 25,
100 and 400 mg/kg/day for a lifetime. A statistically significant
increased incidence of liver and nasal cavity tumours was seen after
adjustment for early death. The increase was dose-dependent for Tliver
tumours. In these studies tumours were observed at all dose levels.

Zerban et al (1988) investigated a dose-response relationship for the
development of preneoplastic liver lesions in rats following administration
of very low doses of NDELA. Dose levels ranging from 0.2 to 25 mg/kg/day
in the drinking water were given for periods up to two years. Tumour
formation along with the number of liver foci positive for glucose 6
phosphate dehydrogenase was examined. The results indicated that at dose
levels of 0.2 mg/kg/day no tumour formation occurred. Evidence for
glucose-6phosphate dehydrogenase positive foci was observed at all dose
levels including the lowest of 0.2 mg/kg/day. The relevance of such foci
to tumour formation continues to be debatable (EPA, 1986) .
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MECHANISTIC CONSIDERATIONS

Initiation and Promotion

One of the main observations of the last decade concerning chemical
carcinogenesis is the complexity of its biological nature. When this
process is initiated there is almost always a long latency period before
the tumour is expressed by a carcinogenic stimulus. The long latency
appears due to stepwise, sequential transformation of normal into mai:.gnant
cells via several intermediate cell populations during which they
acquire increasing degrees of autonomy (Foulds, 1958; Medina, 1975; de
Gerlache et al, 1984; Schulte-Hermann, 1985; Pitot and Campbell, 1987).
In this multi-stage concept of carcinogenesis, formation and development
of these intermediate cell populations and thus tumour formation results
from at least three fundamentally different mechanisms: initiation,
promotion and progression.

Tumour initiation refers to the earliest irreversible effect of exposure to
a carcinogen which leads to a persistent and heritable alteration of a
cell.

Promotion refers to a process that enhances the development of neoplasms
by the selection and clonal proliferation of initiated cells. Tumour
promoters are agents that increase the tumourigenic response to a
genotoxic carcinogen when applied after the initiator (Weisburger and
Williams, 1980).

It is well established that nitrosamines like NDMA, NDEA and NMOR are
strong initiators and therefore widely used as positive controls in
initiation-promotion studies. A high dose of the hepatocarcinogen NDEA
produces approximately only one initiated foci (clone) per 106 hepatocytes
in the liver of rats (Farber and Cameron, 1980; Pitot and Sirica, 1980).
However, multistage carcinogenesis has been actively evaluated in a number
of different organs including the skin and the lung of mice and the liver
of rats (Boutwell, 1974; Uchida and Hirono, 1979; Pitot and Sirica, 1980;
Pitot and Campbell, 1987). In these studies a strong quantitative



-36-

correlation occurred between carcinogen dose and the appearance of
enzyme-altered hyperplastic foci (Schieferstein et al, 1974; Kunz et al,
1978; Emmelot and Scherer, 1980; Preat et al, 1986).

Twenty-four hours after being partially hepatectomised, adult rats were
administered either a single dose of 10 mg NDEA/kg/body weight or, to study
dose-response relationships, doses in the range of 0.3 to 30 mg NDEA/
/kg/body weight. After that, a progressive increase in the size of
ATPase-deficient hepatocellular foci over time and a linear dose-response
in the incidence of foci were noted (Scherer and Emmelot, 1976) .

Kunz et al (1978) compared the number of gamma-glutamyltranspeptidase
positive foci, average area of foci, and total foci areas induced by
NDEA with the subsequent carcinogenicity of this compound. Total foci area
correlated best with subsequent carcinogenicity, although it is recognised
that not all foci will progress towards malignancy.

Zerban et al (1988) demonstrated that NDELA can induce the formation of
liver foci. In the same study formation of neoplastic nodules and
hepatocarcinoma was also demonstrated.

Preat et al (1986) initiated rats with single i.p. injections of NDEA or
NMOR followed by treatment sequentially with 2-acetylaminofluorene (2-AAF)
and phenobarbitone (PB). A necrogenic dose of CCl4 was also applied during
o.AAF  treatment. A dose-effect relationship between the dose of
nitrosamine and the gamma-glutamyl transferase (GGT) positive foci was
demonstrated with NDEA being more potent than NMOR. In the 44 week study
- only NDEA produced malignant tumours.

Comparable results have been reported by de Gerlache et al (1984) who have
found that NDEA was more potent in inducing hepatocarcinogenesis than NMOR.
A rapid increase of neoplastic nodules measured as GGT+ foci by a short
treatment with 2-AAF coupled with partial hepatectomy after initiation by
a single dose of NDEA was also reported by Ito et al (1982).
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Lapis et al (1984) investigated promotion models with different
stimulation of liver cell proliferation. Rats were treated with NDEA,
and two weeks later promotion was effected by application of 2-AAF for 14
days. At midpoint of the promotion protocol, one group of rats was
subjected to partial hepatectomy, the most potent stimulus of rapid liver
growth. Two other groups of animals were treated either with carbon
tetrachloride or with thioacetamide. The highest incidences of liver foci
and of hepatocellular carcinomas were observed after partial hepatectomy
and a good correlation with long-lasting elevated GGT-activity was found.

Recently placental glutathione S-transferase, which is hardly detectable
in normal rat liver, was demonstrated as a new marker protein for
preneoplastic liver foci in initiation-promotion assays (Sato et al,
1984; Tatematsu et al, 1985). More than 50 chemicals including
hepatocarcinogens, non-hepatocarcinogens, hepatopromoters and others were
investigated for their potential to modify GST-P positive foci development.
In animal models, all hepatocarcinogens 1ike NDEA and NDMA and all
hepatopromoters like 2-AAF and PB clearly enhanced the induction of GST-P
positive foci whereas non-hepatocarcinogens and non-hepatopromoters did not
(Tatematsu et al, 1987). It is well established that they are strong
initiators widely used as positive controls in initiation/promotion
studies.

Mutagenicity and Genotoxicity

The mutagenicity and genotoxicity of N-nitrosamines has been widely studied
in a variety of short-term in vitro and in vivo assays (IARC, 1978; Rao,
1984; Lijinski 1987).

In  non-mammalian systems, N-nitrosamines are only mutagenic if
metabolically activated by cytochrome P-450 linked mixed function oxidases.
Most studies reported have been carried out with the Ames Salmonella-
/microsome test (Ames et al, 1975). In general, liver homogenate fractions
from hamsters are more effective than rat liver fractions in metabolising
N-nitrosamines in this in vitro assay. This may explain why many



6.2.

6.2

-38-

N-nitrosamines were poorly responsive when initially tested in the
conventional plate incorporation assay (Tables 12 and 13).

1 NDMA

NOMA showed genotoxic activity in a variety of prokaryotes and non-
mammalian eukaryotes after metabolic activation. In the host-mediated
assay using mice or rats, mutagenicity was shown in S. typhimurium G46,
C207 and C340 (Gabridge and Legator, 1969) and in Saccharomyces cerevisiae
D-4 (Fahrig, 1975; Fahrig and Remmer, 1983). In the latter studies, high

doses close to the LDgy were necessary to produce any effect.

NDMA induced cross-linked recessive lethal mutations in Drosophila, 8-
azaguanine-resistant mutants in Chinese hamster V79 cells, and chromosome
aberrations and sister chromatid exchanges (SCEs) in Chinese hamster ovary
(CHO) cells, in the presence of a rat liver fraction (Fahmy et al, 1975;
Kuroki et al, 1977; Natarajan et al, 1976). NDMA induced unscheduled DNA
synthesis in isolated rat hepatocytes and in cultured human fibroblasts
(Williams, 1977; Laishes and Stich, 1973). NOMA treatment of rat liver
epithelial like cells maintained in culture resulted in transformed cells,
which induced tumours at the site of injection in 80% of injected newborn
rats (Montesano et al, 1975).

In vivo studies with NOMA showed induction of chromosome aberrations in
liver cells of Chinese hamsters and in rat lymphocytes and, at high i.p.
doses, induction of micronuclei in rat bone marrow cells (Brookes and
Cregger, 1973; Lilly et al, 1975; Watanabe et al, 1982). A low incidence
of gene mutations was observed in the mouse spot test after i.p. dosing
(Fahrig et al, 1981). A dominant lethal test with NDMA in mice was
negative (Epstein et al, 1972).

.2 NDEA

—

NDEA produced reverse mutations in Salmonella typhimurium strains TA1535
and TA100 and in Escherichia coli, in the presence of a Tiver fraction from
induced rats. In the host-mediated assay with mice, NDEA was mutagenic in
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Salmonella typhimurium at doses of 50 mg/kg bw. NDEA also caused forward
mutations in Saccharomyces cereviae and Neurospora crassa (IARC, 1978).

NDEA induced chromosome aberrations and SCEs in CHO cells in the presence
of metabolic activation (Natarajan et al, 1976), and induced point
mutations in the recessive lethal test with Drosophila melanogaster
(Pasternak, 1963). Dominant lethal mutations were not seen in mice treated
with 13.5 mg/kg bw NDEA (Propping et al, 1972). A low incidence of gene
mutations was found in the mouse spot test after i.p. dosing (Fahrig et
al, 1981). Transplacental treatment of hamster embryos 1led to
transformation of the cells in primary culture (Evans and DiPaolo, 1975).

3 NMOR

NMOR was mutagenic in Salmonella typhimurijum TA1530, TA1535, TA1537 and
TA1538 in the presence of liver microsomal fractions from rats and human
biopsies (Bartsch et al, 1976). NMOR induced 8-azaguanine resistant
mutants in Chinese hamster V79 cells in the presence of rat liver S-9
(Kuroki et al, 1977). In BHK21 cells, NMOR induced 8-azaguanine resistant
mutants as well as chromosomal aberrations (Kimble et al, 1973). Other

studies showed mutagenic effects in a host-mediated assay with mice (dose
100 mg/kg bw) and induction of cross-linked recessive lethal mutations and
translocations in Drosophila melanogaster (Henke et al, 1964; Zeiger and

Legator, 1971). NMOR was negative in a dominant lethal assay in male mice
carried out at doses of 50 and 100 mg/kg bw (Parkin et al, 1973).

4 NPIP

NPIP induced reverse mutations in Escherichia coli and in Salmonella
typhimurium TA100, TA1530 and TA1535 (IARC, 1978; Dahl, 1985). It also
induced 8-azaguanine resistant mutants in Chinese hamster V79 cells, in the

presence of a metabolic activation system (Kuroki et al, 1977).
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6.2.5 NNN

6.2

In the presence of a liver microsomal preparation of Aroclor-induced rats,
NNN caused a dose-dependent increase in mutations in Salmonella typhimurium
TA100 (highest doses tested 2.5 umol/plate) and induced mutations in TA1530
at 5.7 pmol/plate. NNN induced unscheduled DNA synthesis in freshly
isolated rat hepatocytes at 1073 and 104 M concentrations (IARC, 1985).

.6 NDELA

Although NDELA has been shown to produce an increase in mutations in
bacterial tester strains, the results were not consistent. In particular,
mutagenicity testing in the standard Ames assay, with rat liver S$-9 mix or
microsomal fraction used for activation has failed to indicate mutagenicity
or has led to equivocal results. Mori et al (1987) reported that purified
NDELA was positive in the presence of a liver activation system either from
rats or hamsters, but that the mutagenicity was completely lost when DMSO
was used as a solvent. In contrast, NDELA of purity of 93.8% showed
mutagenicity without metabolic activation. NDELA was positive in a
intrasanguineous host-mediated assay with E. coli K-12 343/113 as
indicator strain (Kerklaan et al, 1981). A subcutaneous application of
NDELA induced a dose-dependent increase of galactose fermenting mutants in
cells recovered from the livers of mice exposed for 3 h to the compound
(Knasmueller et al, 1986).

When incubated with alcohol dehydrogenase (ADH) from yeast or horse liver
and NAD, NDELA is converted to a potent mutagen in Salmonella typhimurium
TA98 and TA100. NDELA and its putative mutagenic metabolites N-nitroso-
2-hydroxymorpholine (NHMOR), N-nitroso-(2-hydroxyethyl)-glycine (NHEG) and
N-nitrosoiminodiacetic acid (NIDA) were also tested for induction of DNA

single-strand breaks in primary rat hepatocytes. NDELA and NHMOR were
clearly genotoxic in these cells whereas NHEG and NIDA were inactive
(Denkel et al, 1986). NHMOR is also mutagenic in S. typhimurium TA 1535
with and without metabolic activation (Hecht, 1984). wWhen assayed for DNA
amplification, NDELA and its metabolites were not found to induce SV40 DNA
synthesis in Sv40-transformed Chinese hamster cells. NDELA induced SCEs,
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chromosome aberrations and micronuclei in cultured human Jlymphocytes
(Ditterberner et al, 1988).

NDELA, its metabolite N-nitroso-2-hydroxymorpholine (NHMOR) and other
hydroxyxated N-nitrosoalkylamines induce single-strand breaks in rat liver
after a single oral application (Denkel et al, 1987). After competitive
inhibition of ADH by pretreatment with ethanol, induction of single-strand
breaks by NDELA and N-nitroso-(2-hydroxyethyl)ethylamine (NHEEA) was
completely suppressed, whereas breaks induced by NHMOR were only partially
reduced. Moreover, pretreatment with the ADH inhibitor
3-butylthiolane-1-oxide considerably reduced the single-strand break
potential of NDELA. Pretreatment with the sulphotransferase inhibitor
2,6-dichloro-4-nitrophenol (DCNP) completely suppressed the induction of
single-strand breaks by NDELA. The data suggest that ADH and
sulfotransferase are enzymes responsible for the in yvivo activation of
NDELA.

NDELA was negative in a micronucleus test and in a bone marrow metaphase
assay in BALB/c mice (Gilbert et al, 1981).

6.3 DNA Binding

N-Nitrosamines like most genotoxic chemicals form covalent bonds with DNA
or proteins thereby forming adducts. DNA adducts are likely to be of prime
importance in tumour initiation and induction of mutation but their
relevance to the later stages of carcinogenesis (promotion, progression) is
unknown. The role of haemoglobin adducts is unclear. Two applications of
the measurements of adducts have been discussed: exposure monitoring and
health risk assessment. Whereas the use of DNA and protein adducts for
exposure monitoring is very promising, the use for risk assessment is more
of a qualitative nature. Evidence for DNA binding suggests an increased
risk, but the magnitude of the increase may not be known (ECETOC, 1989).

Animal experiments have shown that the extent of DNA and protein adduct
formation was directly proportional to the administered doses (ECETOC,
1989). However, a different ratio exists between DNA and haemoglobin
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(protein) binding level. e.g. with NDEA the level of alkylation was found
to be of about two orders of magnitude higher in liver of mice with DNA
than in haemoglobin (Ostermann-Golkar and Bergmark, 1988).

At least 12 sites of alkylation in DNA have been identified, the major
alkylation products are 7-me Gua, 06-me Gua, 3-me Ade and 0%-me Thy
(Montesano et al, 1988). Nevertheless, the level of adducts is also
dependent on the degree of repair. The actual damage by DNA alkylation is
the result of several factors such as distribution in tissues, metabolism
and, as mentioned earlier, DNA repair. A comparison of the degree of
alkylation of DNA by a number of methylating and ethylating nitrosamines
showed that alkylation of 06 and N’ was much more pronounced by methylating
than by the corresponding ethylating compounds, irrespective of their
tumourigenic potencies. Thus the conclusion was drawn that reactions other
than alkylation are also important in inducing tumours (Lijinsky, 1989).

The first study on the alkylation of DNA by N-nitrosamines was performed by
Craddock and Magee (1965). By now, the group of N-nitroso compounds is
very well studied for their DNA binding activity (Lutz, 1979; Hemminki,
1983). DONA adducts in cultured human tissue were detected, e.g. in
bronchus, colon, oesophagus with NDMA and NDEA, whereas NPIP only reacted
with bronchus cells (Harris, 1985).

The interaction of TSNA with DNA and haemoglobin in rats and the
possibility of using such assays as potentially useful dosimeter for human
exposure have been studied by Hecht et al (1988).

N-Nitroso-2-hydroxymorpholine, a mutagenic metabolite of NDELA, is believed
to react with deoxyguanosine to form a cyclic 1, Nz-g]yoxa]deoxyguanosine
(Chung and Hecht, 1985).

DNA hydroxyethylation was demonstrated in vivo in an immuno slot-blot assay
with 06-2-hydroxyethy1deoxyguanosine (06-HEdG) as reaction product; the
degree of reaction by NDELA was considerably lower than with other N-
nitroso-2-hydroxyalkylamines tested (Scherer et al, 1989).
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6.4 Structure-Activity Relationships

Aliphatic nitrosamines 1like NDMA and NDEA are more potent mutagens in
Salmonella typhimurium (with hamster liver S9 for metabolic activation)
than cyclic nitrosamines. NDELA has failed to show clear positive results
in the conventional Ames assay. Studies with aliphatic nitrosamines have
shown a direct relationship between alkyl chain length and bacterial
mutagenicity in contrast to the inverse relationship between chain length
and carcinogenicity (Yahagi et al, 1977). This tack of congruence is due
to the complexity of the metabolic processes leading to formation of

proximate carcinogens. The deficiencies in the mutagenicity assays appear
to arise from a lack of the necessary enzymes in the rat liver microsomal
fractions normally used for activation. N-Nitrosamines bearing oxygen on
the B-carbon of an alkyl chain are not oxidized by rat microsomal enzymes
and hence are not converted to bacterial mutagens by rat liver microsomes.
In contrast, the mutagenic actitivity of the cyclic nitrosamines (among
these N-nitroso-piperidine and N-nitroso-morpholine) is more closely
related to their carcinogenicity. In this group, which is less mutagenic
in bacteria than the aliphatic nitrosamines, the bacterial mutagenicity
increased with the size of the ring; their carcinogenic activities follow a
similar pattern. Therefore it is concluded that, at least for aliphatic
nitrosamines, there is no quantitative relationship between the bacterial
mutagenicity and the carcinogenicity. Bacterial mutagenicity 1is not
considered to be a relevant guide to the carcinogenic activity of aliphatic
N-nitrosamines or to the mechanism by which these compounds induce cancer
(Lijinsky et al, 1984b; Lijinsky, 1987).

Metabolism to a mutagenic intermediate is presumably only one of the
critical factors determining the potency and the organ-specifity of
carcinogenic N-nitrosamines. It is interesting to note that a better
correlation between carcinogencity and mutagenicity of N-nitrosamines was
observed in mammalian cell-mediated mutagenesis assays (Jones and Huberman,
1984; Langenbach, 1986).
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6.5 Possible Modulators of Genotoxic Effects

The organotropism of N-nitrosamines may, in some part, be due to the
presence of modulators of their biological activities. For instance, there
are indications that a number of dietary factors may help in either
reventing the formation of endogenously produced nitrosamines (nitrosation
inhibitors) or by exerting an anti-mutagenic or anticarcinogenic effect.
Such agents include ascorbic acid, vitamin E and antioxidants such as BHA
(Bartsch and Montesano, 1984; Bartsch, 1989; Bhide et al, 1989; Nair et al,
1989). These have also been implicated as possible inhibitors of
nitrosation (Wang and Wu, 1989) as have polyphenols occurring in
vegetables, fruits, beers and soft drinks (Pignatelli et al, 1982; Stich et
al, 1983). In addition, the natural repair capacity in man may well confer
an enhanced capability to withstand the possibly damaging effects of
nitrosamines. It is known that there are species differences with respect
to their repair capacity and in particular to levels of 06-a1kylguanine DNA
alkyltransferase. This class of enzyme is present in much greater
quantities in the liver than in other tissues (Bartsch and Montesano,
1984). Furthermore, it is considered that human cells have a higher

capacity to repair 06-methy1guanine than do rodent cells (Bartsch and

6.6

Montesano, 1984).

The liver clearly plays the major role in activation or detoxification of
nitroso agents, particularly at low dose levels. In addition to the above
mentioned factors, others such as protein restricted diet, ethanol,
disulfiram and zinc deficiency may all lower the alkylation potential of
the liver, resulting in increases in DNA alkylation in other tissues.
Thus, modulation of activity through dietary factors could have positive
and negative effects and emphasises the problems in attempting to determine
whether there is a causal association between exposure to nitrosamines and
some types of cancer.

Summar

Results obtained in initiation/promotion animal models strongly support the
concept of an initiating role for various N-nitrosamines. This hypothesis
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is firmly supported by results from various genotoxicity assays in which
N-nitrosamines have demonstrated mutagenic and clastogenic activities.
Some N-nitrosamines have been found to form covalently bound adducts with
DNA, again lending support for initiating cellular events which could
ultimately lead to tumour formation. It would appear that N-nitrosamines
require metabolising to a reactive form in order to demonstrate their
effects and dietary modulators may mitigate such effects.
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EPIDEMIOLOGY

The epidemiological evidence implicating NDELA is rather limited. There
are studies, that have involved exposures in part to nitrosamines including
NDELA or their precursors. Comments on such studies are given below.

Nitrate in Drinking Water and Diet

Most epidemiological studies have concentrated on the relationship between
the intake of nitrates and gastric cancer and to a lesser extent with
cesophageal, liver or bladder cancer. The assumption is made in these
studies that nitrate is reduced to nitrite in vivo which in turn reacts
with naturally occurring amines to produce N-nitrosamines. N-nitrosamines
are considered the proximate carcinogenic species in such studies.

There have been numerous studies that have either made geographical
comparisons of high and low gastric cancer incidence or case-control
studies in which the exposure to nitrate of gastric cancer control
populations were compared. Reviews of the early evidence by the US
National Academy of Sciences (1981) and WHO (1985) concluded that the
evidence linking exposure of humans to high levels of nitrates and gastric
or oesophageal cancer etc was, at best, circumstantial.

A recent review by Preussmann and Tricker (1989) considered the evidence
from a number of the more significant studies (see Table 14). He found
that when nitrate body burden was estimated by analysis of urine or saliva
the relationship between body burden and cancer incidence was often
conflicting. In Columbia Cuello et al (1976) showed a correlation between
gastric cancer and urinary nitrate but not with salivary nitrate. In Chile
(Armijo et al, 1981), Iran (Eisenbrand et al, 1980), China (Xu, 1981),
Japan (Kamiyama et al, 1987) and UK (Foreman et al, 1985) high levels of
urinary nitrate or salivary nitrate were found in areas of low gastric
cancer incidence. Consequently, a simple relationship between nitrate body
burden and cancer incidence does not appear to exist.
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The importance of dietary factors in the incidence of gastric cancer have
been considered by ECETOC (1988) and Preussmann and Tricker (1989). They
considered that when a high nitrate intake was associated with the
ingestion of vegetables, anti-carcinogenic agents such as vitamin C
appeared to counteract any adverse effect of the nitrate (Mirvish, 1985,
1986; Tannenbaum and Correa, 1985; Foreman et al, 1985). On the other
hand, populations with low gastric acidity appear to be more at risk of
developing gastric cancer. It has been suggested that the higher pH allows
bacteria to colonise the stomach and thus increase the amount of nitrate
reduced to nitrite. The increased nitrite concentrations in turn could
lead to higher N-nitrosamine formations. (Correa et al, 1975; Hill et al,
1973).

As a consequence of the dietary and health factors, the incidence of
gastric cancer in developed countries is falling despite an increased
nitrate intake. In developing countries where low gastric acidity, dietary
deficiencies and high nitrate intake coexist, a higher incidence of gastric
cancer remains (Fraser, 1985).

Occupational Studies

Occupational epidemiological studies can be divided into two groups. The
first involves exposure to nitrates and, hence, are similar to dietary
studies where an in vivo conversion of nitrates to N-nitrosamines is
assumed. The second involves exposures in industries where N-nitrosamines
are already formed or are produced during processing (metal working fluids,
rubber industry).

The effect of non-dietary exposure to nitrates has been studied in
fertiliser workers. Such workers are exposed to dusts that contain water
soluble nitrates. Fraser et al (1982) in a census-based study compared
fertiliser workers with the general population and found no evidence of
elevated gastric cancer rates.

Al-Dabbagh et al (1986) studied fertiliser workers in the North East of
England. He was able to demonstrate that such workers had higher nitrate
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body burdens than non-fertiliser workers in the factory and also higher
than the general population. The study found no excess of any cancer that
could be associated with occupational exposure to nitrate.

There have been a number of epidemiological studies involving exposure to
cutting fluids. In most studies there were mixed exposures to vegetable,
mineral as well as synthetic oils. The degree that additives such as
nitrites and ethanolamines were used is unknown. In general, these studies
did not demonstrate any excess of cancer (Decoufie, 1976, 1978; Jérvholm et
al, 1981; Ely et al, 1970) despite the known association of mineral oils
with skin cancer (Lee 1976). Even when studies were structured to
emphasize the exposures to cutting fluids suspected of containing NDELA, no
excess of cancer was found (Jarvholm et al, 1986; Vincent et al, 1986). No
attempt was made to measure NDELA exposures in these studies.

A further study involving exposures to an antirust oil may have
demonstrated an excess of non-specific cancers (12 cases observed against
3.9 expected) but 7 different organs were involved. Suggestions by the
authors that N-nitroso-N-phenyl-l-naphthylamine may be a causative agent
are unsubstantiated (Jirvholm and Lavenius, 1981).

A number of epidemiological studies have taken place within the Rubber
Industry (IARC, 1982). Several authors have suggested that N-nitrosamines
may have been associated with the excess of bladder, lung, stomach or other
tumours found in the studies (Spiegelhalder and Preussmann, 1983).
However, the complex nature of the exposures in the industry makes such a
conclusion very speculative. For instance, other authors have implicated
naphthylamines among the several hundred substances that have been involved
in the Rubber Industry (IARC, 1982).

Tobacco Products

There is an increasing number of studies that suggest that N-nitrosamines
in cigarette smoke, snuff or chewing tobacco contribute to the excess of
cancer associated with the use of such products (Brunneman et al, 1987;
Reichart and Mohr, 1987; Preston-Martin, 1987).
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It has been pointed out that the complex nature of tobacco and tobacco
smoke makes the interpretation of the role of any one component extremely
difficult (Hecht and Hoffmann, 1989). For instance, apart from polynuclear
aromatic hydrocarbons, phenols, carbon monoxide, hydrogen cyanide etc, over
20 different nitrosamines have been found in unburned cigarettes. Of these
NDELA is reported to constitute only a minor fraction (Tricker and
Preussmann, 1989a).
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POTENCY RANKING

The nitrosamines discussed in this report are all potent genotoxic
carcinogens. Nevertheless, they do display variations in the manner and
degree that their carcinogenicity is expressed in animal studies.
Variations also exist in their acute toxicity and their activity in
mutagenicity screens. As carcinogenicity is the parameter of most concern
with nitrosamines, only the carcinogenic potency of NDELA relative to other
nitrosamines will be considered.

Comparisons of potency are notoriously difficult because of the many
variables such as manner of dosing, range of doses, animal species and
end-point of measurement. For instance, Berger et al (1989) suggest that
NDELA is 40 times less potent than NDEA and 4 times less potent than NPYR
based on time to death with tumour in the rat. Lijinsky (1987) suggests
that hydroxylated nitrosamines are, in general, less potent than their
parent unsubstituted nitrosamines. For instance, he suggests that NDELA is
less potent than NDEA by up to 2 orders of magnitude based on total dose
and median time-to-death. Dybing (1986) using TDgq values (the daily dose
rate in mg/kg which would halve the actuarilly adjusted percentage of
tumour-free animals at the end of a standard experiment) reported that NDEA
was more potent than NDMA by up to a factor of 10 depending on
species/sex/strain of animal and the site of tumour examined. Shepherd et
al (1987) using an oncogenic potency index suggest NDEA is more potent than
NDMA which in turn is more potent than NPYR. Rowland (1988) referring to a
semiquantitative method of assessment suggests NDELA is much less potent
than NDEA and NDMA. The EPA (1988) using Unit Risk Factors have calculated
that NDMA and NDEA have very similar potency with NPYR being less potent by
a factor of about 100.

Pair by Pair Comparison

In an attempt to understand the relative potency of the six nitrosamines of
interest, different ways of displaying the data have been considered. For
instance, the nitrosamines can be ranked by using the qualitative
pair-by-pair comparison technique (CONCAWE, 1985). In this approach, the
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data on each nitrosamine are compared with that on every other nitrosamine
on a pair-by-pair basis. Thus, each of every possible pair of nitrosamines
is examined in turn. In each case, the nitrosamine considered to be more
active is given a score of 1 and the less active a score of zero. Where it
is impossible to distinguish between two nitrosamines, each is given a
score of 1/2. When all the pair comparisons are completed, the scores are
added together to give the total score for each nitrosamine. A relative
ranking is thus achieved based on the size of the score.

Most of the available data are in the rat using drinking water as the
vehicle. Accordingly, it was considered that the most appropriate basis
for comparison would be to concentrate on one species (rat) and the one
route of dosing (drinking water). An inspection of the dataset in Table 10
shows that most nitrosamines were associated principally with liver tumours
but NNN was associated only with nasal and oesophageal tumours. NDEA, on
the other hand, was associated with both oesophageal and liver tumours. If
the type of tumour is ignored, it is possible to rank the nitrosamines in a
pair-by-pair comparison by using any one of the parameters, total dose,
tumour incidence or time to death by tumour as the yardstick for
comparison. (See Table 15 for relevant data). The result from such a
pajr-by-pair comparison on the six nitrosamines is given in Table 16. It
can be seen that by using this simple technique the relative ranking is:

NDEA = NDMA > NMOR > NPYR > NNN > NDELA

1Dgq Calculations

An inspection of the literature summarised in Table 10 shows that some
studies have sufficient data to allow a more rigorous comparison of
potencies to be made. Appropriate data exist on NDEA, NDMA, NMOR, NPYR and
NDELA to allow dose response curves to be modelled and TDgy values to be
calculated. Such appropriate data do not exist for NNN and, hence, NNN has
been removed from this exercise.

As with the pair-by-pair comparison technique, it is possible to remove
some confusing factors by concentrating on drinking water studies in the



-52-

rat. A further factor can be removed by concentrating on liver tumours
only. NDEA is the only one of the nitrosamines being considered that is
associated principally with oesophageal tumours as well as with liver
tumours.

The bioassays in the literature are still subject to variability between
laboratories, between sexes and strains of rats and between duration and
size of dosing. In an attempt to standardise the combination of dose and
duration of dose, the simple product "mg/kg/day x weeks" has been used in
this exercise. This product is, of course, proportional to the total dose.

Taking the references given in Table 17 and applying a logit model to the
relationship between the proportion of rats with liver tumours and the
total dose (expressed as the product "mg/kg/day X weeks"), the curves
displayed in Figure 1 are obtained. The data from different studies were
aggregated for each nitrosamine. The apparent differences in slopes can be
explained by the quality of data. The slope for NOMA is based on only two
points (the data from the Lijinski and Reuber (1981a) study were considered
inconsistent with the more recent data). The siope of the NPYR curve is
heavily influenced by one data point arising from the Lijinski and Reuber
(1981b) paper. The slopes for NMOR and NDELA, appear well defined over a
wide range of doses. Consequently, if it is assumed the slopes of the
other nitrosamines would approach those for NMOR and NDELA if more data
were available, a]T curves can be constrained to have the same slope. The
result of such a treatment is given in Figure 2.

As mentioned earlier, TDgg values can be used to demonstrate the relative
potencies of substances (Dybing 1986). The TDgg values that can be
calculated from Figure 2 are as follows:
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TDcy VALUES DERIVED FROM LOGIT MODELS

Nitrosamines IDgq (mg/kq/day x weeks)
NDEA 34

NDMA 14

NMOR 43

NPYR 202

NDELA 974

These TDgy values suggest that NDMA is the most potent liver carcinogen
with NDELA being the least potent within the group.

However, the Tliterature suggests that NDEA 1is more potent than NDMA
(Dybing, 1986; Shepherd et al, 1987). The TDgy value for NDMA in this
exercise is probably unreliable because it is based on only two doses in
one small study. The principle reason for the difference is almost
certainly due to the inclusion of oesophageal tumours from NDEA in the
treatments by Dybing (1986) and Shepherd et al (1987).

Peto et al (1984) in their large and very well conducted study considered
the effects of NDEA and NDMA in drinking water of rats over a wide range of
dose levels (15 steps from 0.033 ppm to 16.986 ppm plus controls). Animals
were dosed for their full lifespan rather than the more normal 2 years.
Consequently, at the lower doses, some animals were still being dosed after
well over 3 years. The large number of animals involved (4080) and the
long duration of the study allows the effects at very low doses to be
estimated. As before, the authors found that both NDEA and NDMA were
associated with liver tumours but only NDEA was associated significantly
with oesophageal tumours. Oesophageal tumours were, less relevant at the
low dose levels. In a related but smaller study, Peto et al (1984) also
studied the effects of NPYR in the drinking water of rats. Ignoring tumour
type they were able to display a relative potency based on TDgy values
(mg/kg/day) of NDEA > NDMA > NPYR. If their TDgy values are recalculated
in terms of mg/kg/day x weeks (assuming a median dosing period of 130
weeks) the following values are obtained:
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TDgq (mg/ka/day) TDgq (ma/kq/day x weeks)
NDEA 0.06 8
NDMA 0.12 16
NPYR 0.5 65

It can be concluded, therefore, that NDEA is more potent than NDMA when all
tumour types are considered.

Berger et al (1987) in their recent well conducted study have further
demonstrated that NDEA is more potent than NPYR which in turn is more

potent than NDELA.

Consequently, if we take all the observations in the literature, the
pair-by-pair comparison, the calculated TDgq values in this report and in
the work by Peto et al (1984), it can be concluded that:

(i)  NDEA is the most potent nitrosamine within the group and,
(ii) NDELA is less potent than NDEA by at least one and probably two
orders of magnitude.
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ESTIMATED DOSE OF NDELA FROM PERSONAL CARE PRODUCTS

Levels of NDELA in Personal Care Products

Subsequent to NDELA being identified as a contaminant in personal care
products (Fan et al, 1977b), samples of various preparations have been
analysed throughout the Western World using a variety of analytical
procedures. A summary of the main findings are given in Table 6 where it
can be seen that while analytical techniques have been improved the
absolute levels of NDELA in personal care products and toiletries have
decreased. As seen from Section 2.6, many products now contain no
detectable levels of NDELA whilst others contain relatively small amounts.
For the purpose of this risk assessment it is assumed, as a conservative
approach, that all personal care products contain 10 ug/kg of NDELA.

Inhibitors of Nitrosamine Formation

There are two main types of agents which encourage the inhibition of
N-nitrosamines formation in personal care products, these being
sequestering and reducing agents.

The most effective agents are ascorbic acid, bisulphite, a-tocopherol,
butylated hydroxytoluene (BHT) and ascorbic-palmitate.

As referred to in Section 9.3, it could be predicted that the addition of
antioxidants and other scavengers in personal care products and toiletries
may reduce the likelihood of N-nitrosamine formation. For personal care
products which are frequently emulsions, lipids readily extract the
nitrosating species from water (Douglass et al, 1978). Under such
conditions nitrosation reactions are very fast. Since amines are also more
soluble in the oil phase of emulsions it is prudent to add active
inhibitors in this phase such as alpha-tocopherol, ascorbate or palmitate
to minimise N-nitrosamine formation.

Dunnet and Telling (1984) examined the effectiveness of 0.05% BHT,
a-tocopherol or ascorbate in shampoos and skin creams. They found that
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«-tocopherol was the preferred inhibitor as ascorbate and BHT can both
produce unacceptable darkening of the personal care products due to
oxidation. However, Kabacoff et al (1983) have suggested that sodium
bisulphite and ascorbyl palmitate were effective in inhibiting NDELA
formation but the choice of inhibitor should be on the basis of their
reactivity with nitrite and their oil or water solubility characteristics.

In situ Formation of N-Nitrosamines

In addition to possible exposure to pre-formed N-nitrosamines and
endogenously formed N-nitrosamines, there has been speculation that in situ
nitrosation could occur whereby additional nitrosamine formation could take
place on the skin under certain environmental conditions. Studies into
mechanisms of formation of N-nitrosamines in situ by Kamp et al (1989) and
Powell (1987) showed that this was dependent on time, pH, nitrite or NOy
levels and type of amine present. Very large quantities of NDELA were
produced at high pH of 10 - 11 and high levels of NO, (5 ppm upwards) in
the presence of DEA. Smaller quantities were also produced at pH values of
6.8 with high NO, levels (5 ppm). The NO, values found in urban air range
from 0.002 - 0.5 ppm and those found in a smoke-filled room can be of the
order of 1.0 ppm. Powell (1987) demonstrated in_situ nitrosation can
occur, although the NO, level needs to be very high at 600 ppb, compared
with < 2 ppb present in normal clean air (Pool et al, 1988). Eisenbrand
(1988) reported ambient levels of NO and NO, of 2 and 12 ppb respectively.
Even under the above extreme conditions, less than 3 ng/cm2 NDELA was
produced after a 24 hour exposure at high pH. Thus, whilst the theoretical
probability of in situ nitrosation has been demonstrated, the likelihood of
this phenomenon occurring, under normal usage and under normal
environmental conditions, is exceedingly remote.

Furthermore, it has been demonstrated that the inclusion of antioxidants in
personal care product formulations can reduce nitrosamine formation to
below the limits of analytical detection. Since such agents prevent
nitrosamine formation in personal care products it is likely they could
also inhibit nitrosation in_situ. This aspect of in situ nitrosation has
not yet been fully evaluated.
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9.4 Amount of Personal Care Products Used

It is difficult to obtain an accurate estimation of typical usage of
personal care products and toiletries. The European trade association
COLIPA conducted a survey in 1981 and the average amounts used per
application are given in Table 18. It can be estimated that approximately
30 g of personal care products could be used daily. The figures refer to
the amount of substance applied. Frequently products will be removed or
discarded and therefore the quantities remaining on or in the skin (as a
result of adsorption and metabolism) will be much lower than that initially
applied. However, if the following conservative assumptions are made:

1. all of the 30 g of personal care products that are applied remain on
the skin and are available for absorption,

2. all of these products contain as much as 10 pg/kg of NDELA (even
though all products are known not to contain NDELA),

3. based on the pig and human skin data (Bronaugh et al, 1981;
Marzulli et al, 1981) that 5% of the NDELA is absorbed,
then the internal dose would be 0.015 pg/day (Section 3).
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10. ESTIMATED TOTAL HUMAN DOSE

10.1 Uptake through the Diet

Average daily intakes of N-nitrosamines via the diet can be calculated
using mean values of daily food consumption in combination with the
N-nitrosamine content of various foodstuffs (Section 2.1). Such
calculations have already been performed for different countries. Taking
into account different eating habits, the estimated overall uptake of N-
nitrosamines through the diet ranged from 0.3 pg/person/day for Sweden up
to 1.8 ug/person/day for Japan (ACS, 1984). A compilation of all available
estimates is given in Table 19. The different values for West Germany
given in Table 19 are based on the considerable reduction of the
N-nitrosamine content of beer between 1978 and 1981 (see also Section
2.1.6). The main N-nitrosamine contaminants of food were found to be NDMA
and NPYR, and to a lesser extent NPIP, NDEA and NMOR. Based on the
available results, NDELA was not detected in any of the foodstuffs
analysed. Uptake of N-nitrosamines through drinking water is considered to
be negligible (Section 2.2).

10.2 Uptake through Tobacco

The total exposure from tobacco use, expressed in ug/person/day, can be
summarised as follows:

Total NOC NDELA
cigarette smoking 4 - 86
snuff (nasal) 40 0.04
snuff (oral) 45 - 405 0.3

The figures for cigarette smoking were calculated on the basis of an
average use of 20 cigarettes/day (Spiegelhalder, 1983; Bartsch and
Montesano, 1984), nasal snuff consumption of 2 g/day and oral snuff use of
4.5 g/day of English snuff (total exposure: 310 ug), 14.3 g/day of Swedish
snuff (total 152 pg), and 10 g/day of Indian zarda (total 405 ug) (Tricker
and Preussmann, 1989b). These figures demonstrate that N-nitrosamine
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uptake from snuff exceeds by far N-nitrosamine exposure from any other
consumer product.

The calculations probably underestimate the actual exposure, as endogenous

N-nitrosamine formation - especially of NNN - has not been considered
(Tricker and Preussmann, 1989b).

10.3 Total Uptake

Using the above data and reference sources such as Bartsch and Montesano
(1984) it is possible to estimate the dose to man of total nitrosamines and
of NDELA from various exposure groups. These values cannot be precisely
defined as the contribution from diet and from endogenous sources varies
with individual lifestyle. However, for general assessment the ranges
given below can provide a helpful guide.

Source Total nitrosamine NDELA
(excluding NDELA)
in pg/person/day

Diet 0.3 -1.8 0
Tobacco (smoking) 4 - 40* 0
Tobacco (other uses) 4 - 400 10 - 30
Endogenous 0.3 - 20 0
Personal Care Products 0 0.015
(Workplace) <5 - 180 <5 - 50

* For some brands up to 86

As a relatively small proportion of the population would be exposed to high
levels of nitrosamine as a result of their workplace environment or indeed
through use of snuff, these values will not be included for comparative
estimates of dose, neither will the (considerable) contribution from
cigarette smoking. Taking nitrosamine doses arising from diet or
endogenous sources and comparing these with estimates of the possible dose
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through use of personal care products,
sources covers the following ranges.

the contribution from these three

Most Least Realistic
favourable favourable
pg/day (% of pg/day (% of pg/day (% of
total) total) total)

Diet 0.6 65.6 1.6 6.5 1.0 24.9
Endogenous 0.3 32.8 20 93.4 3 74.7
Cosmetics 0.015 1.64 0.015 0.07 0.015 0.37
Total 0.915 21.415 4.015

It can be seen that, from these three sources alone, the contribution from
personal care products to the total nitrosamine body burden is generally

less than 1%.
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11. RISK ASSESSMENT BASED ON NDELA

The preceeding chapters of this report have demonstrated that all the
nitrosamines of interest are potent genotoxic carcinogens. There are
differences, in the manner and degree that they are metabolised. For instance,
NDELA is metabolised to a much lower extent than other nitrosamines in the rat
with most being excreted unchanged. NDELA also undergoes oxidation at the
g-carbon rather than oxidation at the a-carbon in producing its prime
metabolites. N-nitrosamines have also been shown to demonstrate different
effects in different species both in terms of the target organs involved and
the degree of effect displayed. Tumours have been induced in mammals, fish,
birds, reptiles and amphibians indicating that N-nitrosamines have an unusually
broad spectrum of target species (Rowland 1988). Within the rodents, there is
evidence to show that rats are more susceptible than mice or hamsters (Lijinsky
1987).

It would seem prudent, therefore, in any risk assessment, to assume that
N-nitrosamines are liable to be carcinogenic in man and that man is as
susceptible as the most susceptible animal species (in this case, the rat).

The data displayed in Section 10 show that the most realistic estimate of total
nitrosamine in the non-smoking, non-occupationally exposed population is 4
wg/person/day or about 0.06 pg/kg/day. As the major portion of this burden
arises from varied endogenous sources, it is impossible to give a full
breakdown of the contibution of each nitrosamine to the total. It is believed,
that NDELA from personal care products, even with conservative estimates of
usage and duration on the skin before rinsing, contributes less that 1% of the
total (0.015 pg/day or about 0.0002 ug/kg/day).

The most appropriate animal study for estimating the risk from very Tow levels
of exposure to nitrosamines is that by Peto et al (1984).

The very large number of animals involved allowed Peto to calculate effects
from very low levels of NDEA in drinking water. It was demonstrated that at
such very low doses oesophageal tumours were much less important than liver
tumours and could be ignored. Peto applied a "double Weibull" statistical
model to the data as this was considered the most appropriate method for
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dealing with large amounts of data. The approach is also believed to better
represent the rates at which cellular processes of carcinogenesis operate.
Such models assume that the cumulative tumour incidence is proportional to the
duration of dosing in years raised to the power of 7. Under such
circumstances, the liver tumour risk (in the absence of other causes of death)
in a two year experiment starting with rats at 6 weeks of age was found to be
about 0.8 x 1073 per ug/kg/day. Assuming a straight line relationship at very
low doses, the risk from exposure to 0.0002 ug/kg/day of NDEA would be 0.16 x
106,

If it is assumed that:

i) the data on NDELA would follow a similar dose-response relationship to that
for NDEA and

ii) NDELA is less potent than NDEA by at least one and possibly two orders of
magnitude,

then the liver tumour risk from exposure to 0.0002 upg/kg/day of NDELA from
personal care products becomes 0.16 x 10-7 to 0.16 x 10'8.

Peto et al (1984) also demonstrated an increased risk among animals allowed to
live out their normal lifespan. (Some of these animals died before completing
two years of treatment while others servived substantially longer and therefore
suffered higher tumour-onset rates). Under such circumstances, the absolute
risk from the treatment was about 7 times higher than the liver tumour risk
from a two year exposure. Consequently, if the very conservative assumption is
made to use livelong exposure risks rather than risks resulting from the usual
two year exposure models, then the risk from exposure to 0.0002 ng/kg/day of
NDELA becomes 1.1 x 1077 to 1.1 x 1078, The US-EPA have also undertaken a
formal risk assessment on NDELA data directly. Using drinking water
carcinogenicity studies in the rat, they have determined that the excess cancer
risk to man following daily exposure to 1 ug/kg for a lifetime would be 1 x
10-4 (EPA, 1988). Thus, assuming a straight line relationship at very low
doses, the risk from exposure to 0.0002 pg/kg/day would be in the order of 0.2
« 10°7. This value agrees well with the risk level calculated in this report
by extrapolation from the NDEA data.
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It must be stressed that these values are based on very conservative
assumptions and clearly reflect "worst-case"-situations. Nevertheless, these
risks are much smaller than the lifetime risk of 10~3 chosen by the Californian
Health and Welfare Agency as the definition of no significant risk (California
Department of Health Services, 1985).

Given assumptions made above and taking due cognizance of the contributions of
modulating factors (Section 6.5), it is considered that the carcinogenic risk
from exposure to NDELA in personal care products is not significant and poses
no threat to human health.
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Table 1. Chemical Names of N-nitrosamines, Abbreviations Used in the Text and
their Allocation to Analytical Groups (see text p.4)

Abbrev.| Chemical Name Group Structural Formula
NAB* N-nitrosoanabasine II " /’I
;J=0 \N =
NAT* N-nitrosoanatabine II . = l
NZO N
NDBA N-nitrosodi-n-butylamine I (n-C4H9)2N-N=0
NODMA N-nitrosododecyImethylamine Il CIZHZS-N-CH3
N=0
NDEA N-nitrosodiethylamine I (CZH )ZN-N=O
NDELA N-nitrosodiethanolamine I11 (HOCHZCHZ)ZN-N=O
NOMA N-nitrosodimethyliamine I (CH3)2N-N=0
NDPA N-nitrosodi-n-propylamine I (n-C3H7)2N-N=O
NOPHA N-nitrosodiphenylamine I <C6H5)2N'N=O
NMEA N-nitrosomethylethylamine [ CZHS-N-CH3
N=0
S N oN=
NMOR N-nitrosomorpholine I o N-h=0
NNK* 4- (N-methyl-N-nitrosamino)- 7S N
1-(3-pyridyl)-1-butanone I1 SN 0 l=o
NNN* N-nitrosonornicotine I1 oo
N N=Q
NPIP N-nitrosopiperidine I ( N =NeO
COOH
NPRO N-nitrosoproline n.c. [:jN-N:o
NPYR N-nitrosopyrrolidine I [:>N-N:o
TSNA tobacco-specific nitrosamines 11

= belonging to the group of tobacco-specific nitrosamines.
n.c. = not classifiable under this scheme.
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Table 9. Acute lethality of a number of N-nitrosamines
N-Nitroso LD50
Derivative MW Species| Route (mg/kg) Reference
NDELA 134 Rat Oral 7500 Druckrey et al (1967)
NOMA 74 Rat Ip 26.5 Barnes & Magee (1954)
Rat Oral <50 Barnes & Magee (1954)
Rat Inh. 78* Jacobson et al (1955)
Mouse Inh. 57* Jacobson et al (1959)
NOEA 102 Rat Iv 280 Oruckrey et al (1967)
Rat - P 216 Heath (1962)
Rat Oral 280 Oruckrey et al (1963)
Rat Sc 204 Althoff et al (1985)
Guinea | Oral 250 Druckrey et al (1967)
Pig
Hamster| Sc 246 Mohr et al (1972)
Nitrososi- 130 Rat Oral 850 Oruckrey et al (1967)
isopropylamine
Nitrosomethyl- 86 Rat Oral 24 Druckrey et al (1967)
vinylamine
Nitrosoethyl- 100 Rat Oral 88 Oruckrey et al (1967)
vinylamine Hamster| Sc 109 Althoff et al (1977)
NPYR 100 Rat Oral 900 Oruckrey et al (1967)
Hamster| Oral 1023 Ketkar et al  (1982)
NPIP 114 Rat Oral 200 Druckrey et al (1967)
Rat Sc 100 Druckrey et al (1967)
Rat IV 60 Oruckrey et al (1967)
Hamster| Oral 617 Ketkar g_ al  (1983a)
Hamster| Sc 324 Althoff et al (1974)
NMOR 116 Rat Oral 320 Druckrey et al (1967)
Rat Iv 98 Druckrey et al (1967)
Hamster| Oral 956 Ketkar et al (1983b)
Hamster| Sc 491 Althoff et al (1974)

*4-hour LC50, ppm
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Table 12. Mutagenicity of NOMA, NDEA, NMOR, NPIP and NNN

Test system NDOMA NDEA NMOR NPIP NNN
Standard bacterial mutation + + + +

In vitro cytogenetics + + + n.d. n.d.
Gene mutation in mamm. cells + + + + n.d.
Unscheduled DNA synthesis + n.d. n.d. n.d.

ONA strand breaks n.d. n.d. n.d. n.d. n.d.
Host-mediated assay + + + n.d. n.d.
Metaphase analysis in vivo + n.d. n.d. n.d. n.d.
Micronucleus test + n.d. n.d. n.d. n.d.
Deminant lethal test - - - n.d. n.d.
Mouse spot test (+) (+) n.d. n.d. n.d.

Table 13. Mutagenicity of NDELA and its metabolites

Test system

NDELA

Metabolites

Standard bacterial mutation
Bacterial mutation + microsomes
and ADH/NAD

In vitro cytogenetics

Gene mutation in mamm. cells
Unscheduled ONA synthesis

DNA strand breaks

Metaphase analysis in vivo
Host-mediated assay
Micronucleus test

DNA strand breaks

Dominant lethal test

Mouse spot test

+/

D 3

o eN

+/-
+

b ]
o -

33 3
Qoo [s ool
.« o e o ®

S 3

n.d. = no data available
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Table 14. Correlation Between High Nitrate Burden and Gastric Cancer Risk
(As modified from Preussmann and Tricker, 1989)

Country  High Nitrate Source

Correlation

Reference

CHILE Vegetables and drinking
water due to high use of
nitrate fertilizers

CHINA Vegetables due to low
molybdenum content of
soil. Drinking water

COLUMBIA Vegetables and drinking
water due to high
nitrate content of soil

DENMARK ~ Drinking water

ENGLAND  Drinking water

. HUNGARY  Drinking Water
ITALY Orinking water

JAPAN Vegetables due to high
nitrate content of soil

Positive
Positive
Positive

Negative

Negative

Positive

Positive

[nconsistent
Negative
Negative
Negative
Inconsistent
Inconsistent
Inconsistent
Inconsistent

Negative

Zaldivar and Robinson (1973)
Zaldivar (1977)
Armijo a.Coulson(1975)

Zaldivar and
Wetterstrand (1978)

Armijo et al (1981)
Xu (1981)

Cuello et al (1976)

Jensen (1982)

Davies (1980)
Beresford (1981)
Foreman et al (1985)
Hill et
Fraser and Chilvers (1981)
Juhaz et al (1980)

Amadori et al (1980)
1 (1987)

Kamiyama et

* Inconsistent is defined as being unable to reach a conclusion because

of

a) wvarying incidence in men and women
or b) varying incidence with time

or c¢) the data set was limited.
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Table 16. Ranking of N-Nitrosamines in Order of Carcincgenic Activity:
Pair-by-Pair Comparison

COMPARISON COMPARISON WITH: SUMMAT ION
OF OF
NDELA | NMOR | NDMA | NDEA | NNN | NPYR | SCORES
NDELA - 0 0 0 0 0 0
NMOR 1 - 0 0 1 1 3
NOMA 1 1 - X 1 1 4
NDEA 1 1 i - 1 1 4%
NN 1 0 0 0 - 0 1
NPYR 1 0 0 0 1 - 2

Retative Ranking: NDEA = NOMA > NMOR > NPYR > NNN > NDELA

Table 17. Literature Used in Potency Ranking Exercise (TDSO Values)

COMPQUND REFERENCE
Nitrosodiethylamine Lijinsky et al, 198lc
Berger et al, 1987
Nitrosodimethylamine Lijinsky and Reuber 1984b
Lijinsky and Reuber 1981a
Nitrosopyrrolidine Lijinsky and Reuber 1981b
Berger et al, 1987
Nitrosomorpholine Lijinsky et al, 1988
Nitrosodiethanolamine Lijinsky and Kovatch 1985

Preussman et al, 1982b
Zerban et al, 1988
Berger et al, 1987




-104-

Table 18. Use of personal care products and Toiletries*

AVERAGE FREQUENCY
PRODUCT QUANTITY OF
TYPE PER APPLICATICN APPLICATION
(grams)
[. MUCOUS MEMBRANE CONTACT
Toothpaste 1.5 1-2/day
Mouthwash (ready to use) 12 1-3/day
Eye make-up: powder 0.01 1-3/day
mascara 0.025 1/day
liner 0.005 1/day
Eye make-up remover 0.5 1-2/day
(wiped off)
Lipstick 0.01 2-6/day
II. NON-RINSE PRODUCTS
Face cream 0.8 2/day
After-shave 1.2 1-2/day
General purpose cream img/cm2 1-2/day
Body lotion 7.5 1-2/day
Setting product 12 1-2/week
Hairspray (as sprayed) 10 1-2/day
Temporary hair dye 12 1-2/week
Toilet water 0.75 1-5/day
Talcum powder 2.5 1-2/day
Anti-perspirant 3 1/day
decdorant spray (as sprayed)
Make-up remover 2.5 1-2/day
Anti-perspirant/decdorant: 0.5 1-3/day
others
Nail product 0.25 2-3/week
Sun cream 8 2-3/day for 2 weeks/year+
Sun lotion 10 1 week in winter, on face

_IIT.  RINSE-OFF PRODUCTS

Shaving cream 2 1/day
Soap bar 0.8 3-6/day
Foam bath (undiluted) 17 1-2/week
Shower gel 10 1-4/week
Shampoo 12 1-7/week
Hair conditioner 14 1-3/week
Semi-permanent hair dye 30 8-18/year
Permanent hair dye 50 : 8-12/year

(ready to use)

* Source COLIPA
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Table 19. Average Uptake of Total N-nitrosamines Through the Diet in
Various Countries (ACS, 1984)

Country Uptake (wg/person/day)
Sweden 0.3

Great Britain 0.5 (excluding beer)

The Netherlands 1.1

Germany 1.1 (estimation 1978/79)
Germany 0.6 (estimation 1981)
Japan 1.8
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Fig 1 DOSE RESPONSE RELATIONSHIPS FOR LIVER CARCINOGENICITY OF
N-NITROSAMINES (UNEQUAL SLOPES)
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Fig 2 DOSE RESPONSE RELATIONSHIPS FOR LIVER CARCINOGENICITY OF N-NITROSANINES
(SLOPES ASSUMED EQUAL)
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Fig. 3. Metabolism of NDEA as an Example for Most N-Nitrosodialkylamines

H
—> CH;—C :\o +  CH3~CH, = N=N—OH

Fig. 4. Metabolism of NDELA

FO=CH,—CH, HO—CH,—CH
‘ : ~ N -N=0 > 2 2 ::fV —N=0
HO—CH,—CH, HOOC-CH,
9) N —=N=0 —_— 0 N =N=0

HO OSO4H
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APPENBIX 1

Estimation of Daily Intake from Percentage Active in Diet or Drinking Water.
Basis of calculation of Standardised dose in Table 10.

A 250 g rat will eat about 18 g of food a day, so food intake is

72 g/kg bw/d.

A substance present at 1% in the diet will give a dose equivalent to
720 mg/kg bw/d.

A 250 g rat will drink 20 m] water a day, so water intake is 80 ml/kg bw/d.
A substance present at 1% in the drinking water will give a dose equivalent
to 800 mg/kg bw/d.

A 40 g mouse will eat 5 g food a day, so food intake is 125 g/kg bw/d.
A substance present at 1% in the diet will be equivalent to 1,250 mg/kg
bw/d.

A 40 g mouse will drink 5 ml water a day, so water intake is 125 g/kg bw/d.
A substance present at 1% in the drinking water will be equivalent to
1,250 mg/kg bw/d.
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