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Volatile N-nitrosamines are well known as potent mutagens and carcinogens in
experimental animals, and lead to a wide variety of tumours in many animals
(Tricker and Preussmann 1991). These nitrosamines are widely distributed in
various human environments such as foodstuffs (Hotchkiss 1987; Tricker and
Preussmann 1991), drinking water (Tomkins and Griest 1996), drug formulations
(Fine et al. 1977), agricultural chemical formulations (Frassanito et al. 1994),
rubber products (Sen et al. 1987), tobacco and tobacco smoke (Bunneman et al.
1980; Tricker & Preussmann 1992) and ambient air (Fine et al. 1977; Fajen et al.
1979). N-Nitrosamines can be formed by the reaction of precursor secondary
amines with nitrosating agents such as nitrite or nitrate found in the human diet
(Tricker and Preussmann 1991), and in vivo in the stomach or small intestine of
experimental animals (Lijinsky 1980; Van Stee et al. 1995). Moreover, it is
considered that volatile N -nitrosamines in cigarette smoke are formed from
decarboxylation of N -nitroso amino acids, pyrolytic nitrosation of secondary
amines and concentrated decarboxylation/nitrosation of amino acids during
combustion process (Tricker and Preussmann 1992). However, the presence and
formation of these N-nitrosamines in other combustion smokes have not yet been
reported.

Recently, we developed a selective and sensitive method for the determination of
secondary amines by gas chromatography with flame photometric detection (FPD-
GC), in which these compounds are analysed as their N -diethylthiophosphoryl
(DETP) derivatives (Kataoka et al. 1995). Moreover, we developed a selective and
sensitive method for the determination of volatile N-nitrosamines by using this
technique after denitrosation with HBr, and applied it to the analysis of these N -
nitrosamines in mainstream and sidestream smokes of cigarettes (Kataoka et al.
1996). In this paper, we investigated the presence and formation of volatile N -
nitrosamines in combustion smokes of various materials such as foods, cigarettes,
wood and rubber by using our developed FPD-GC methods.
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MATERIALS AND METHODS

N-Nitrosodimethylamine (NDMA) and N -nitrosomorphorine (NMOR) were
purchased from Wako Pure Chemicals (Osaka, Japan) and Nacalai Tesque (Kyoto,
Japan),  respectively.  N -Nitrosodiethylamine (NDEA), N -nitrosodibutylamine
(NDBA), N -nitrosopyrrolidine (NPYR) and N -nitrosopiperidine (NPIP) were
purchased from Sigma (St. Louis, MO, USA). Each N-nitrosamine was dissolved
in methylene chloride to make a stock solution at a concentration of 10 mg/mL and
used after dilution with the same solvent to the required concentration.
Phenylphosphonic acid diethyl ester (PPDE) as an internal standard (IS) for N-
nitrosamine analysis was purchased from Tokyo Kasei Kogyo (Tokyo, Japan) and
stocked as a 20 mg/mL solution in n -hexane. Dimethylamine (DMA) and
diethylamine (DEA) as the hydrochlorides, di-n-butylamine (DBA), pyrrolidine
(PYR), piperidine (PIP), morpholine (MOR), and N -methylcyclohexylamine
(NMCHA) as an IS for secondary amine analysis were purchased from Nacalai
Tesque. Each amine was dissolved in 0.05 M HCl containing 50% acetonitrile to
make a stock solution at a concentration of 10 mg/mL and used after dilution with
0.05 M HCl to the required concentration. HBr (Nacalai Tesque) was used as a
concentration of 47%. o-Phthaldialdehyde (OPA, Nacalai Tesque) was used as a
0.2 M solution in acetonitrile. Diethylchlorothiophosphate (DECTP, Tokyo Kasei
Kogyo) was used as a 1% solution in acetonitrile after distillation. Peroxide-free
diethyl ether was obtained from Dojindo Laboratories (Kumamoto, Japan), and the
the diethyl ether containing 25% isopropanol was used as an extraction solvent. All
other chemicals were of analytical-reagent grade.

Food, cigarettes, mosquito repellent, wood chips, rubber and plastic were
purchased at local retail markets and were treated for analyses on the same day.
As shown in Figure 1, a cigarette was smoked with a laboratory-made smoking
machine (Pieraccini et al. 1992), and mainstream- and sidestream-smokes were
separately bubbled through 25 mL of 5% HCl containing 20 mM ascorbic acid in
trapping bottles. Other samples (ca. 1-8 g) were heated on hot plates (250-270°C)
inside the chamber of this machine and the resulting combustion smokes were
bubbled through the same trapping solution.

An aliquot (0.5-2 mL) of each HCl solution containing combustion smoke was
pipetted into a 10-mL Pyrex glass tube with a PTFE-lined screw-cap, and then
extracted twice with half-volume of diethyl ether containing 25% isopropanol. After
centrifugation at 2000 X g for 1 min, the organic layer (upper layer) was transferred
to another tube, and the combined organic layer called the N-nitrosamine fraction.
On the other hand, the remaining aqueous layer (under layer) was called the amine
fraction. Both fractions were used as the sample for derivatization.

Derivatization of secondary amines and N -nitrosamines was performed by
previously reported methods (Kataoka et al. 1995, 1996). For secondary amine

analysis, to the amine fraction was added 0.1 mL of 10 µg/mL NMCHA (IS), and
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Figure 1. Laboratory-made smoking machine used to collect combustion smoke.
For details see text.

the mixture was neutralized with 2 M NaOH. To the mixture was added 0.2 mL of
0.5 M phosphate buffer (pH 8) and 0.2 mL of 0.2 M OPA, and the mixture was
allowed to stand for 2 min at room temperature. To the reaction mixture were added
0.2 mL of 10% Na2CO3 and 0.2 mL of 1% DECTP, and then the mixture was N -
diethylthiophosphorylated by incubation at 60°C for 10 min after tightly capping. In
order to remove the excess of reagent, the reaction mixture was incubated again at
60°C for 5 min after addition of 0.2 mL of 50 mM cysteic acid. The reaction

mixture was extracted with 0.2-0.4 mL of n -hexane and 1 µL of this extract was
injected into the FPD-GC system. On the other hand, N -nitrosamines were
derivatized as secondary amines after denitrosation with HBr to produce the
corresponding secondary amines. After evaporation to dryness of solvent in N -
nitrosamine fraction at 80°C under a gentle stream of nitrogen (accomplished within

a few minutes), 20 µL of HBr were added to the residue. Then the test tube was
immediately capped and heated for 5 min at 100°C. After cooling, to the reaction
mixture was added 0.5 mL of distilled water, and then the mixture was neutralized
with 2 M NaOH. To this solution were added 0.2 mL of 1% DECTP and 0.2 mL of
1 0 %  N a2C O3, and then the mixture was N -diethylthiophosphorylated by the same
procedure as secondary amine analysis. After cysteic acid treatment, the reaction

mixture was extracted with 0.2-0.4 mL of n -hexane containing 0.4 µg of PPDE

(IS) and 1 µL of this extract was injected into the FPD-GC system.
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GC analysis was carried out with a Shimadzu 14A gas chromatograph equipped
with a flame photometric detector (P-filter). A fused silica capillary column (15 m X

0.53 mm I.D., 1.0 µm film thickness) of cross-linked DB-1701 (J & W, Folsom,
CA, USA) was used. The operating conditions were as follows: column
temperature, programmed from 100°C to 260°C at 10°C/min; injection and detector
temperature, 280°C; nitrogen flow-rate, 10 mL/min. The peak heights of secondary
amines or N -nitrosamines and each IS were measured and the peak height ratios
against the IS were calculated.

RESULTS AND DISCUSSION

The volatile N -nitrosamines in environmental cigarette smoke, to which both
smokers and non-smokers are exposed, have received a great deal of attention as a
source of indoor air pollutions. The presence of NDMA, NMEA, NPYR and NPIP
in cigarette smoke samples had already been reported (Bunneman et al. 1980;
Tricker and Preussmann 1992). We also detected NDMA, NPYR and NPIP in the
smoke samples of four commercial cigarettes in a previous study (Kataoka et al.
1996). In order to confirm the formation of these N-nitrosamines during smoking,
N-nitrosamines and their precursor secondary amines were determined in the
cigarette smoke and cigarette leaf extracts (extracted with 5% HCl containing 20
mM ascorbic acid). As shown in Figure 2, the contents of NDMA, NPYP and
NPIP in cigarette smoke were found to be 2-25 times higher than those in cigarette
leaves. On the other hand, the contents of precursor secondary amines for above N-
nitrosamines in cigarette smoke were found to be lower than those in cigarette leaves,
except for DMA which can be produced by pyrolysis of amino acids and proteins.
MOR was also detected at low levels in both samples, but the corresponding N-
nitrosamine, NMOR, was not detectable. These results indicate that the N -
nitrosamines in cigarette smoke are formed from pyrolytic nitrosation of secondary
amines during smoking. In fact, the percentage of NPYR formation by pyrolytic
nitrosation of PYR in tobacco is estimated at about 37%, and it is considered that the
nitrosation agent is NOx emitted during combustion of cigarettes. Furthermore,
these results suggest that these N-nitrosamines may be formed through combustion
of various materials containing secondary amines.

It is well known that secondary amines are present in various foods (Pfundstein et
al. 1991; Kataoka et al. 1995) and environmental samples (Kataoka 1996).
Therefore, we determined N-nitrosamines in combustion smokes of these samples
containing secondary amines to elucidate a similar possibility of N -nitrosamine
formation during combustion. Table 1 shows the N -nitrosamine contents in
combustion smokes of various materials such as foods, wood and rubber. The data
are represented as amount of nitrosamine in the smoke per amount of the burnt
sample. Among six N-nitrosamines tested in this study, NDMA, NPYR, NPIP and
NMOR were detected in these smoke samples, but NDEA and NDBA were not
detectable. The combustion smoke of black pepper, containing high concentration
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Table 1. Contents of N -nitrosamines in combustion smokes of various samples

a Mean ± SD (n=3). NDMA = N-nitrosodimethylamine; NPYR = N-nitroso-
pyrrolidine; NPIP = N-nitrosopiperidine; NMOR = N-nitrosomorphorine

b Not detectable.

of PIP (Kataoka et al. 1995), was found to contain very high concentration of
NPIP. The combustion smoke of dried squid contained high concentration of
NDMA and NPYR. The combustion smoke of hair also contained relatively high
concentration of NDMA, NPYR and NPIP. NPYR was detected in most
combustion smokes of foods. NDMA, NPYR and NPIP were widely distributed in
the combustion smokes of various samples tested in this study, but NMOR was
detected in the combustion smoke of rubber at high concentration. MOR has been
used in the rubber and tire industry and NMOR has been detected in the factory air
(Fajen et al. 1979). Furthermore, the presence of N-nitrosamines in the combustion
smoke of mosquito repellent is noteworthy, because humans are continuously
exposed to this smoke in the closed room. These results suggest that N -
nitrosamines are ubiquitous air pollutants and humans are continually exposed to
these compounds in normal daily life.
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