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4-(N-Nitrosomethylamino)-1-(3-
Pyridyl)-1-Butanone 
CAS No. 64091-91-4
Reasonably anticipated to be a human carcinogen
First Listed in the Sixth Annual Report on Carcinogens (1991) 

Carcinogenicity

4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK) is
reasonably anticipated to be a human carcinogen based on sufficient
evidence of carcinogenicity in experimental animals (IARC 1985, 1987).
When administered by multiple subcutaneous injections, the compound
induced neuroblastomas and rhabdomyosarcomas of the nasal cavity,
adenocarcinoma and adenosquamous cell carcinomas of the lung, and
hepatocellular carcinomas and hemangiosarcomas of the liver in rats of
both sexes. In a similar study, NNK induced esthesioneuroepitheliomas,
squamous cell carcinomas, anaplastic carcinomas, and spindle cell
sarcomas of the nasal cavity; squamous cell carcinomas and
adenocarcinomas of the lung; and benign and malignant tumors of the
liver in rats of both sexes. An IARC Working Group interpreted the
results as demonstrating dose-response relationships for induction of
tumors of the nasal cavity, lung, and liver. In two studies in which NNK
was administered by multiple subcutaneous injections and one study in
which NNK was administered as a single subcutaneous injection,
adenocarcinomas of the lung, pleomorphic carcinomas of the nasal
cavity, and tumors of the trachea were induced in hamsters of both sexes.
When administered by intraperitoneal injection, NNK induced
adenomas and carcinomas of the lung in female mice.

No adequate data were available to evaluate the carcinogenicity of
4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone in humans
(IARC 1985, 1987).

Properties

NNK is a light yellow crystalline solid with a melting point of 63°C to
65°C. NNK occurs naturally in tobacco products or may be formed
from the reaction of nicotine with sodium nitrate in aqueous solution.
NNK occurs as a mixture of approximately 73% E-isomer and 27%
Z-isomer. The abbreviation NNK was selected to emphasize the
relationship of this compound to nicotine and stands for nicotine-
derived nitrosamino ketone (IARC 1985).

Use

NNK has no known use other than as a laboratory chemical (IARC 1985).

Production

NNK is not produced commercially, but is available from three U.S.
suppliers in small quantities for laboratory research (IARC 1985,
Chem Sources 2001). It is formed naturally by oxidation and
nitrosation of nicotine during tobacco curing, ageing, processing, and
smoking. Synthetic NNK is prepared by reacting sodium hydroxide
and sodium nitrite with 4-(N-methyl)-1-(3-pyridyl)-1-butanone
dihydrochloride or by reacting nicotine with sodium nitrite in
aqueous solution (IARC 1985).

Exposure

Potential exposure to NNK is widespread among tobacco product users
and those exposed to sidestream smoke. It has been detected in tobacco

at 0.1 to 35 mg/kg, in snuff products at 0.9 to 7 mg/kg, in mainstream
cigarette or cigar smoke at 0.02 to 4.2 µg/cigarette, and in sidestream
smoke at 0.2 to 15.7 µg/cigarette. One study showed that NNK
concentrations decreased by 45% to 73% in filtered versus nonfiltered
cigarettes. NNK may also form in the mouth during tobacco chewing
or oral snuff use. Concentrations of NNK in the saliva from women
who were snuff users ranged from 2.1 to 201 ng/g (IARC 1985).

Regulations
EPA
Clean Water Act

Effluent Guidelines: Listed as a Toxic Pollutant (nitrosamines)
Water Quality Criteria: Based on fish/shellfish and water consumption = 0.0008

µg/L (nitrosamines); based on fish/shellfish consumption only = 1.24 µg/L
(nitrosamines)

Resource Conservation and Recovery Act
Listed as a Hazardous Constituent of Waste 

FDA
Action level for N-nitrosamines in rubber baby bottle nipples is 10 ppb
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