
2-NITROFLUORENE

1. Chemical and Physical Data

1.1 Synonyms

Chem. Abstr. Services Reg. No.: 607-57-8
Chem. Abstr. Name: 9H-Fluorene, 2-nitro-
IUPAC Systematic Names: 2-Nitro-9H-fluorene; 2-nitrofluorene

1.2 Structural and moIecuIar formuIae and moIecuIar weight

C13H9NOi MoL. wt: 211.2

1.3 ChemicaI and physicaI properties of the pure substance

(a) Description: N eedles, recrystallzed from 50% acetic acid or acetone (Weast, 1985);
light-yellow, fluffy solid (Chemsyn Science Laboratories, 1988)

(b) Melting-point: 156°C (Buckingham, 1982)

(c) Spectroscopy data: Ultra-violet (Sawicki, 1954) and mass (Schuetzle & Jensen, 1985)

spectral data have been reported.

(d) Solubility: Sparingly soluble in water (Beije & Möller, 1988); soluble in acetone,
benzene (Weast, 1985), tetrahydrofluorenone and toluene (Chemsyn Science
Laboratories, 1988)
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1.4 Technical products and impurities

2-Nitrofluorene is available for research purposes at 95% (Pfaltz & Bauer, Inc. 1988),
98% (Aldrich ChemIcal Co., 1988) or ;;99% purity and in radiola belled form at ;;98% (14C)
or ;;99% PH) purity (Chemsyn Science Laboratories, 1988).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

No evidence was found that 2-nitrofluorene is currently produced other than for
laboratory use. It is reported on the 1985 Toxic Substances Control Act Chemical
Substance lnventory (US Environmental Protection Agency, 1986).

(b) Use

No evidence was found that 2-nitrofluorene has been used for commercial applications.

2.2 Occurrence

(a) Engine exhaust

2-Nitrofluorene has been identified in diesel emissions. Levels of two isomers of
nitrofluorene in exhausts from light-duty diesel passenger cars were 71 - 1 86 mg/ kg of

particulates (Schuetzle, 1983). Emission levels from 1980-85 model engines running on an
urban Federal Test Procedure cycle were 90 j.g/mile (56 j.g/km) for the gas phase and 97
j.g/mile (61 j.g/km) for the particulate phase (Schuetzle & Frazier, 1986). Concentrations
of 0.63 mg/ kg in particulates were reported for a heavy-duty mining diesel engine run at
100% load and 1200 revolutions/min arid 8.8 mg/kg in particulates for the same engine at
75% load and 1800 revolutions/ min (Draper, 1986).

(b) Other occurrence

Toners for use in photocopy machines have been produced in quantity since the late
1950s and have seen widespread use. 'Long-flow' furnace black was first used in photocopy
toners in 1967; its manufacture involved an oxidation whereby sorne nitration also
occurred. Subsequent changes in the production technique reduced the total extractable
nitropyrene content from an uncontrolled level of 5-100 mg/ kg to below 0.3 mg/ kg
(Rosenkranz et al., 1980; Sanders, 1981; Butler et aL., 1983), and toners produced from this
carbon black since 1980 have not been found to contain detectable levels of mutagenicity or,
hence, nitropyrenes (Rosenkranz et al., 1980; Butler et aL., 1983).

2-Nitrofluorene has been detected in airborne particulates in Tokyo, Japan, at con-
centrations of 0-21.8 mg! kg and in air at concentrations of 0-27.2 pg/ m3 (Tanabe et al.,
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1986) and 24-71 pg/m3, in Chinaat 36-700 pg/m3 and in the Federal Republic ofGermany
at 170-5200 pg/ m3 (Möller, 1988; Beije & Möller, 1988).

2-Nitrofluorene was identified in particulate extracts of emissions from kerosene
heaters, gas burners and liquefied petroleum gas burners (Tokiwa et al., 1985). ln the
exhaust from an open, oil-burning space heater, of the type used extensively in Japan in
urban and rural residential and public office spaces, a concentration of 568 ng/ m3 2-
nitrofluorene was reported (Möller, 1988).

2-Nitrofluorene was found in a river sediment at 1.5 ¡.g/kg (Möller, 1988).

2.3 Analysis

See the monograph on 1 -nitropyrene.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Humans

3.1 CarcinogeDicity studies iD animaIs!

(a) Oral administration

Rat: A group of six male and three female Minnesota strain (albino) rats (age
unspecified) was fed a basal diet containing 2.37 mmol(500 mg)/ kg diet 2-nitrofluorene
((purity unspecified) melting-point, 157°C) for 23 weeks (average estimated total dose, 756
mg per rat), after which time animaIs were placed on basal control diet until they developed
gross tumours or became moribund (Morris et al., 1950). Average survival time was 308
days for tumour-bearing animaIs and 310 days for animaIs without tumours. Three males
and threefemales fed basal diet alone served as controls (average survival time, 280 days). At
the end of the experiment, two females in the treated group had one adenocarcinoma of the
mammary gland and one squamous-cell carcinoma of the ear duct; no tumour was observed
in controls. (The Working Group noted the small number of animaIs used.)

Nine male and ni ne female Holtzman (albino) rats weighing 190-210 g (age unspecified)
were fed a basal grain diet containing 1.62 mmol(342 mg)/ kg diet 2-nitrofluorene ((purity
unspecified) melting-point, 155- 157°C) for eight months (Miler et al., 1955). A group of26
males and 27 females receiving a diet containing 1.62 mmol(361 mg)/kg diet 2-acetyl-
aminofluorene (a metabolite of 2-nitrofluorene) served as positive controls. After eight
months, both groups were maintained on grain diet alone for two months. A group of 18
male and 20 female rats received basal grain diet alone for ten months, at which time the
experiment was terminated. 2-Acetylaminofluorene induced high incidences of lIver-cell
tumours in males (24/26) and ofmammary gland tumours, described as adenocarcinomas,

lThe W orking Group was aware of a study in progress in mice by single subcutaneous injection (lARe, 1988).
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in females (22/25) and caused moderate incidences of carcinomas of the ear duct (11/26 in
males, 19/27 in females) and adenocarcinomas ofthe small intestinal epithelium (13/26 in
males, 6/27 in females). Four mammary gland tumoUrs were seen in 2-nitrofluorene-treated
females and only one fibroadenoma in an untreated female. Most rats given 2-nitrofluorene
developed multiple papilomas or squamous-cell carcinomas in the forestomach (517 males
and 212 females examined). To confirm this observation, a group of 20 male rats was fed
1.62 mmol(342 mg)1 kg diet 2-nitrofluorene for 12 months, during which time a further ten

males were maintained on basal diet. Of these rats, 17/18 that survived for 10- 12 months
had squamous-cell carcinomas of the forestomach. ln addition, 13 rats in this group had
developed tumours of the liver, four had tumours of the ear duct, two had tumours of the
small intestinal epithelium, and one had a tumour of the mammary gland by 12 months. No
tumour was found in the control group.

(b) Initiation-promotion study

ln a initiation-promotion model, Möller et al. (1989) gave weanling male Wistar rats 20,
100 or 200 mgl kg bw 2-nitrofluorene intraperitoneally 16 h after a two-thirds hepatectomy.
Two weeks later, the animaIs were fed a diet supplemented with 0.02% 2-acetylamino-
fluorene for two weeks, 2 mIl kg bw carbon tetrachloride intragastrically when the rats had
been on this diet for one week, and then a basic diet for a further four weeks. ln a second
experiment, weanling male Wistar rats received an intraperitoneal injection of 200 mgl kg
bw N-nitrosodiethylamine. Two weeks later, they were given 30 or 120 mgl kg bw 2-nitro-
fluorene intragastrically in six equal doses: four doses were given on consecutive days
followed by a two-thirds hepatectomy, followed by two additional doses of2-nitrofluorene.

Seven weeks after initiation, the rats were kiled, and y-glutamyl transferase-positive liver
foci were identified microscopically and quantitified using morphometric techniques. A
statistically significant increase (p oe 0.001) in the number offoci was observed in the first
experiment. A dose-response effect was seen in the second study, the highest response being
approximately three times the background.

3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distribution, excretion and metabolism
The metabolism of 2-nitrofluorene in vivo has been reviewed by Möller (1988).

After male albino rabbits were administered 2-nitrofluorene orally at 100 mgl kg bw per
day for two days, 2-aminofluorene, 2-acetylaminofluorene and 2-formylaminofluorene

were found in urine collected for three days after dosing. The same metabolItes were found
in the faeces but not in urine of male Wistar rats treated similarly. 2-Formylaminofluorene
was also detected in in-vitro incubations of rabbit, rat, mouse, guinea-pig and hamster
cytosol supplemented with N-formyl-L-kynurenine and 2-aminofluorene (Tatsumi &
Amano, 1987). (The W orking Group noted that 2-aminofluorene and 2-acetylamino-
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fluorene are carcinogenic in a variety of experimental animal species. See for example,
Garner et aL. (1984).)

ln an eight-day period after Sprague-Dawley rats were given a single oral dose of 5 mg
(I4C)2-nitrofluorene, approximately 60% was excreted in the urine and 30% was found in
the faeces; N-, 1-, 3-, 5-, 7-, 8- and 9-hydroxy-2-acetylaminofluorenes were identified as
metabolites. The major products were 5- and 7-hydroxy-2-acetylaminofluorenes (Möller et
al., 1985, 1987a). (The Working Group noted that N-hydroxy-2-acetylaminofluorene is
carcinogenic in a variety of experimental species and 9-hydroxy-2-acetylaminofluorene in
rats. See for example, Garner et al., 1984). After intratracheal instillation in rats, 2-
nitrofluorene was rapidly excreted into the perfusate (Möller et al., 1987b). Intestinal
microflora appeared to reduce the excretion of mutage nie metabolites of 2-nitrofluorene
(Möller et al., 1988).

As reported in an abstract, covalent bindîng tohaemoglobin was detected in male
Sprague-Dawley rats treated orally with 0.5 mmol( 106 mg)/ kg bw 2-nitrofluorene,
although the level was lower than that found with 2-aminofluorene (Suzuki et aL., 1987).

Under anaerobic conditions, rat liver microsomes and rabbit lIver micros ornes and
cytosol catalysed the reduction of 2-nitrofluorene to N-hydroxy-2-aminofluorene and
2-aminofluorene (Uehleke & Nestel, 1967; Sternson, 1975; Kitamura et aL., 1983; Tatsumi
et aL., 1986). (The W orking Group noted that N-hydroxy-2-aminofluorene is carcinogenic
to rats. See, for example, Garner et al., 1984).)

Incubation of 2-nitrofluorene with postmitochondrial supernatants from the livers of
Wistar rats pretreated with sodium phenobarbital, 3-methylcholanthrene or Kenechlor-500
resulted in a time-dependent loss of substrate. The rate of metabolism was faster with
homogenates from animaIs pretreated with 3-methylcholanthrene or Kanechlor-500 than
with those from animaIs given phenobarbital (Ohe, 1985).

The major metabolites in isolated perfused lungs from male Sprague-Dawley rats were
9-hydroxy-2-nitrofluroene and an unidentified hydroxylated nitrofluorene. The same
metabolites were detected in perfused livers from Wistar rats following treatment with
ß-glucuronidase (Möller et al., 1987b).

(ii) Toxic effects

No data were available to the Working Group.

(iii) Genetic and related effects
The genetic and related effects of nitroarenes and of their metabolites have been

reviewed (Rosenkranz & Mermelstein, 1983; Beland et aL., 1985; Rosenkranz & Mermelstein,
1985; Tokiwa & Ohnishi, 1986).

2-Nîtrofluorene induced DNA damage in Salmonella typhimurium (Nakamura et al.,
1987; lowest effective dose, 31 Mg/ ml) and in Escherichia coli (Ohta et al., 1984 (50-200

Mg/ml); Quilardet et al., 1985; Mamber et al., 1986; Marzin et al., 1986 (lowest effective
dose, 100 nMj ml)). Treatment of E. coli with 2-nitrofluorene induced binding of cellular
DNA to the bacterial envelope (Kubinski et al., 1981). Conflicting results have been
reported regardîng the ability of 2-nitrofluorene to induce prophage in E. coli (Ho & Ho,
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1981; Mamber et al., 1984). 2-Nitrofluorene (only dose tested, 10 ¡.g/ ml) preferentially
inhibited the growth ofDNA repair-deficient E. coli 

(Rosenkranz & Poirier, 1979; Doudney
et al., 1981; McCarroll et aL., 1981a; Mamber et al., 1983) and Bacillus subtils (McCarroll et
al., 1981b; Suter & Jaeger, 1982).

Conflcting results have been reported regarding the mutagenicity of 2-nitrofluorene to
E. coli (Sakamoto et aL., 1980; Dunkel et al., 1984; Mitchell & Gilbert, 1984, 1985). Over 200
independent reports are available on the mutagenicity of2-nitrofluorene in S. typhimurium,
as the compound is often used as a positive reference compound. These studies gave
generally positive results: e.g., mutage nie to S. typhimuriumT A97, TA98, T AI00, TA1538,
T A1978 (Purchase et al., 1978; Rosenkranz & Poirier, 1979; Sakamoto et aL., 1980; Wang
et aL., 1980; McCoy et aL., 1981; Pederson & Siak, 1981; Tokiwa et aL., 1981; Pitts et al., 1982;
Rosenkranz & Mermelstein, 1983; Dunkel et al., 1984; Xu et al., 1984; Vance et al., 1987)
and BA9 (Ruiz-Rubio et aL., 1984; Hera & Pueyo, 1986) but not to strain SV50 (Xu et aL.,
1984). 2-Nitrofluorene (0.7 ¡.g/ml) was also mutagenic to Photobacterium leiognathi
(Ulitzur, 1982).

2-Nitrofluorene (5%) induced recombination in the yeast Saccharomyces cerevisiae D3
(Simmon, 1979) but not strain D4 (at up to 100 ¡.g/ ml; Mitchell, 1980). It was not mutagehic
to Aspergilus nidulans at up to 2000 ¡.g/ ml (Bignami et al., 1982). 2-Nitrofluorene has been
reported to be mutagenic to the Tradescantia stamen hair (Schairer & Sautkulis, 1982).

ln the mouse host-mediated assay, 2-nitrofluorene (at 125-1600 mg/ kg) induced
mutation in S. typhimurium but not recombination in S. cerevisiae D3 (Simmon et al.,
1979). The urine of rats administered 2-nitrofluorene was mutagenic to S. typhimurium
(Beije & Möller, 1988).

2-Nitrofluorene caused inhibition of DNA synthesis in HeLa cells (Painter & Howard,
1982). At a dose of 10-4-10-1 mg/ml, it induced unscheduled DNA synthesis in mouse
hepatocytes (Mori et al., 1987), but conflicting results were obtained with rat hepatocytes:
negative at 1000 nmol/ml (Probst et al., 1981) but active at 10-4-10-1 mg/ml (Mori et aL,
1987). It induced sister chromatid exchange in Chinese hamster CHO cells (at 30 ¡.M) in the
presence of an exogenous metabolic system (Nachtman & Wolff, 1982) and mutation in
mouse lymphoma L5178Y TK+/- cells (Amacher et al., 1979; Oberly et aL., 1984).

2-Nitrofluorene induced morphological transformation of Syrian hamster embryo cells
in the presence of hamster hepatocytes (Poiley et al., 1979; Pienta, 1980).

Oral administration of2-nitrofluorene (125-500 mg/ kg) to Chinese hamsters resulted in
an increased incidence of sister chromatid exchange in bone-marrow cells; no such effect
was 0 bserved after intraperitoneal administration of 50-200 mg/ kg (N eal & Probst, 1983).

(b) Humans

No data were available to the Working Group.
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3.3 Epidemiological studies and case reports of carcinogenicity in humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

2-Nitrofluorene has been detected in particulate emissions from diesel engines, kerosene
heaters and gas burners. It has also been found at low concentrations in ambient air.

4.2 Experimental data

2-Nitrofluorene was tested for carcinogenicity in rats by oral administration, producing
tumours of the mammary gland, forestomach, liver and ear duct. ln a liver initiation-
promotion model, it was shown to be an initiator of preneoplastic foci.

4.3 Human data

No data were available to the Working Group.

4.4 Other relevant data

2-Nitrofluorene induced sister chromatid exchange in Chinese hamsters in vivo. It
induced DNA damage, sister chromatid exchange, mutation and morphological transforma-
tion in cultured animal cells. It was recombinogenic but not mutage nie to fungi and induced
DN A damage and mutation in bacteria.

2-Aminofluorene, 2-acetylaminofluorene, N-hydroxy-2-amino-fluorene and N-hydroxy-
2-acetylaminofluorene, which are model carcinogens, have been detected as metabolites of
2-nitrofluorene.

4.5 Evaluationl

There is sufficient evidence for the carcinogenicity in experimental animaIs of 2-
nitrofluorene.

No data were avaIlable from studies in humans on the carcinogenicity of 2-nitrofluorene.

Overall evaluation

2-Nitrofluorene is possibly carcinogenic to humans (Group 2B).

IFor definitions of the italicized terms, see Preamble, pp. 25-28.



Summary table of genetic and related effects of 2-nItrofluorene

Nonmammalian systems Mammalian systems

Pro ka-
ryotes

Plants ln vitro1 nsectsLower
eukaryotes

Animal cells Human ce Ils

D G G A D G C D G S A T D G S M C A T

+1

R G A M CCD R

+ + -1 +1 +1+ ++

ln vivo

HumansAnimaIs

D G S M C DL A D S M C A

A, aneuploidy; C. chromosomal aberraiions; D, DNA damage; DL, dominantleihal mutation; G, gene mutation; L, inhibition ofintercellular communication; M, micronuclei; R, mitotic recombination and gene conversion; S, sister chromatid exchange;
T, celltransformation

ln camp/eiing ihe table, the fullowing symbols indicate the consensus v/the Watking Group ""ith regard 10 the ,esulisla, each endpoinr:
+ considcred to be positive for the sperific endpoînt and level of biological complexity
+' considered to be positive. but only one valid study was available to the Working Group
-1 considered 10 be negative, but only one valid study was available to the Working Group

N
00.i

-
;i
:;n
~ozoa
:;
;i
'"
::
'J
~
o
t"e
~
m
.i0\



2-NITROFLUORENE 285

5. References

Aldrich Chemical Co. (1988) Aldrich Catalog / H andbook of Fine Chemicals 1988-1989, Milwaukee,
Wi, p. 1114

Amacher, D.E., Pailet, S.C. & Turner, G.N. (1979) Utility of the mouse lymphoma L5178Y/TK assay
for the detection of chemical mutagens. ln: Hsie, A.W., O'Neil, J.P. & McElheny, V.K., eds,
Mammalian Cell Mutagenesis, The Maturation of Test Systems (Banbury Report No. 2), Cold
Spring Harbor, NY, CSH Press, pp. 277-289

Beije, B. & Möller, L. (1988) Correlation between induction ofunscheduled DNA synthesis in the liver
and excretion of mutagenic metabolites in the urine of rats exposed ta the carcinogenic air
pollutant 2-nitrofluorene. Carcinogenesis,9, 1465- 1470

Beland, FA, Heflch, R.H., Howard, P.e. & Fu, P.P. (1985) The in vitro metabolic activation of
nitro polycyclic aromatic hydrocarbons. ln: Harvey, R.G., ed., Polycyclic Hydrocarbons and
Carcinogenesis (ACS Symposium Series No. 283), Washington DC, American Chemical
Society, pp. 371-396

Bignami, M., Carere, A, Conti, L., Crebell, R. & Fabrizi, M. (1982) Evaluation of two different

genetic markers for the detection of frameshift and missense mutagens in A. nidulans. Mutat.
Res., 97, 293-302

Buckingham, J., ed. (1982) Dictionary of Organic Compounds, 5th ed., New York, Chapman & Hall,
p. 4247 (N-00938)

Butler, M.A., Evans, D.L., Giammarise, AT., Kiriazides, D.K., Marsh, D., McCoy, E.C.,
Mermelstein, R., Murphy, c.B. & Rosenkranz, H.S. (1983) Application of Salmonella assay to
carbon blacks and toners. ln: Cooke, M. & Dennis, A.J., eds, Polynuclear Aromatic

Hydrocarbons, 7th International Symposium, Formation, Metabolism and Measurement,
Columbus, OH, Battelle, pp. 225-241

Chemsyn Science Laboratories (1988) 2-Nilrofluroene (Product Code U1046), Lenexa, KS, pp.
111-113

Doudney, C.O., Franke, M.A & Rinaldi; e.N. (1981) The DNA damage activity (DDA) as say and its
application ta river waters and diesel exhausts. Environ. int., 5,293-297

Draper, W.M. (1986) Quantitation of nitro- and dinitropolycyclic aromatic hydrocarbons in diesel
exhaust particulate matter. Chemosphere, 15,437-447

Dunkel, V.c., Zeiger, E., Brusick, D., McCoy, E., McGregor, D., Mortelmans, K., Rosenkranz, H.S.
& Simmon, V.F. (1984) Reproducibility of microbial mutagenicity assays: 1. Tests with
Salmonella typhimurium and Escherichia coli using a standardized protocol. Environ.
Mutagenesis, 6, Suppl. 2, 1 -254

Garner, R.C., Martin, C.N. & Clayson, D.B. (1984) Carcinogenic aromatic amines and related

compounds. ln: Searle, C.F., ed., Chemical Carcinogens, 2nd ed., Vol. 1 (A CS Monograph 182),
Washington DC, American Chemical Society, pp. 175-276

Hera, C. & Pueyo, C. (1986) Conditions for the optimal use of the L-arabinose-resistance mutagenesis
test with Salmonella typhimurium. Mutagenesis, 1, 267-273

Ho, Y.L. & Ho, S.K. (1981) Screening of carcinogens with the prophage Àclts857 induction test.
Cancer Res., 41, 532-536



286 IARC MONOGRAPHS VOLUME 46

IARC (1988) Information Bulletin on the Survey of Chemicals Being Testedfor Careinogenicity, No.
13, Lyon, p. 20

Kitamura, S., Narai, N., Hayashi, M. & Tatsumi, K. (1983) Rabbit liver enzymes responsible for
reduction of nitropolycyclic aromatic hydrocarbons. Chem. pharm. Bull., 31, 776-779

Kubinski, H., Gutzke, G.E. & Kubinski, Z.O. (1981) DNA-cell-binding (DCB) assay for suspected
carcinogens and mutagens. Mutat. Res., 89, 95-136

Mamber, S.W., Bryson, V. & Katz, S.E. (1983) The Escherichia coli WP2/WPI00 rec assay for
detection of potential chemical carcinogens. Mutat. Res., 119, 135-144

Mamber, S.W., Bryson, V. & Katz, S.E. (1984) Evaluation of the Escherichia coli KI2 inductest for
detection ofpotential chemical carcinogens. Mutat. Res., 130,141-151

Mamber, S.W., Okasinski, W.G., Pinter, C.D. & Tunac, J.B. (1986) The Escherichia coliK-12 SOS
chromotest agar spot test for simple, rapid detection of genotoxic agents. Mutat. Res., 171,
83-90

Marzin, D.R., Olivier, P. & Vophi, H. (1986) Kinetic determination of enzymatic activity and
modification of the metabolic activation system in the SOS chromotest. Mutat. Res., 164,
353-359

McCarroll, N.E., Piper, c.E. & Keech, B.H. (l98Ia) An E. coli microsuspension assay for' the
detection of DNA damage induced by direct-acting agents and promutagens. Environ.
Mutagenesis, 3, 429-444

McCarroll, N.E., Keech, B.H. & Piper, C.E. (1981 b) A microsuspension adaptation of the Boeil/us
subtils 'rec' assay. Environ. Mutagenesis, 3,607-616

McCoy, E.C., Rosenkranz, E.J., Rosenkranz, H.S. & Mermelstein, R. (1981) Nitrated fluorene
derivatives are potent frameshift mutagens. Mutat. Res., 90, 1I-20

Miller, J.A., Sandin, R.B., Miler, E.C. & Rusch, H.P. (1955) The carcinogenicity of compounds
related to 2-acetylaminofluorene. II. Variations in the bridges and the 2-substituent. Cancer
Res., 15, 188-199

Mitchell, 1. deG. (1980) Forward mutation in Escherichia coli and gene conversion in Saccharomyces
cerevisiae compared quantitatively with reversion in Salmonella typhimurium. Agents Actions,
JO, 287-295

Mitchell, 1. deG. & Gilbert, P.J. (1984) The effect of pretreatment of Escherichia coli CM891 with
ethylenediaminetetraacetate on sensitivity to a variety of standard mutagens. Mutat. Res., 140,
13- 1 9

Mitchell, 1. deG. & Gilbert, P.J. (1985) An assessment of the importance of error-prone repair and
point mutations to forward mutation to L-azetidine-2-carboxylic acid resistance in Escherichia
coli. Mutat. Res., 149,303-310

Möller, L. (1988) 2-Nitrofluorene, in vivo Metabolism and Assessment of Cancer Risk of an Air
Pollutan!, Stockholm, Karolinska Institute

Möller, L., Nilsson; L., Gustafsson, J.-Å. & Rafter, J. (1985) Formation of mutagenic metabolites
from 2-nitrofluorene in the rat. Environ. int., Il, 363-368

Möller; L., Rafter, J. & Gustafsson, J.-Å. (l987a) Metabolism of the carcinogenic air pollutant
2-nItrofluorene in the rat. Careinogenesis, 8, 637-645

oMöller, L., Törnquist, S., Beije, B., Rafter, J., Toftg.îrd, R. & Gustafsson, J.-A. (l987b) Metabolism
of the carcinogenic air pollutant 2-nitrofluorene in the isolated perfused rat lung and liver.
Careinogenesis,8, 1847-1852



2-NITROFLDORENE 287

oMöIler, L., Corrie, M., Midtvedt, T., Rafter, J. & Gustafsson, J.-A. (1988) The role of the intestinal
microflora in the formation of mutagenic metabolites from the carcinogenic air poIlu tant
2-nitrofluorene. Carcinogenesis, 9, 823-830

MöIler, L., Torndal, D.B., Eriksson, L.e. & Gustafsson, J.-Å. (1989) The air pollutant 2-nitrofluorene
as initiator and promotor in a liver model for chemical carcinogenesis. Carcinogenesis (in press)

Mori, H., Sugie, S., Yoshimi, N., Kinouchi, T. & Ohnishi, Y. (1987) Genotoxicity of a variety of
nitroarenes and other nitro cornpounds in DNA-repair tests with rat and mouse hepatocytes.
Mutat. Res., 190, 159-167

Morris, H.P., Dubnik, e.S. & Johnson, J.M. (1950) Studies of the carcinogenic action in the rat of
2-nitro-, 2-amino-, 2-acetylamino-, and 2-diacetylaminofluorene after ingestion and after
painting. 1. natl Cancer lnst., JO, 2101 -1213

Nachtman, J.P. & Wolff, S. (1982) Activity of nitro-polynuclear aromatic hydrocarbons in the sister
chromatid exchange assay with and without metabolic activation. Environ. Mutagenesis,4, 1-5

Nakamura, S.-., Oda, Y., Shimada, T., Oki, 1. & Sugimoto, K. (1987) SOS-inducing activity of
chemical carcinogens and mutagens in Salmonella typhimurium TAI535/pSK1002: examina-
tion with 151 chemicals. Mutat. Res., 192,239-246

Neal, S.B. & Probst, G.S. (1983) Chemically-induced sister-chromatid exchange in vivo in bone

marrow of Chinese hamsters. Mutat. Res., 113, 33-43

Oberly, T.J., Bewsey, B.J. & Probst, G.S. (1984) An evaluation of the L5178Y TK+/- mouse
lymphoma forward mutation assay using 42 chemicals. Mutat. Res., 125, 291-306

Ohe, T. (1985) Studies on comparative decomposition rate by rat liver homogenate and on
micronucleus test of nitrated polycyclic aromatic hydrocarbons. Bull. environ. Contam.
ToxicoL., 34, 715-721

Ohta, T., Nakamura, N., Moriya, M., Shirasu, Y. & Kada, T. (1984) The SOS-function-inducing

activity of chemical mutagens in Escherichia coli. Mutat. Res., 131, 101-109
Painter, R.B. & Howard, R. (1982) The HeLa DNA synthesis test as a rapid screen for mutagenic

carcinogens. Mutat. Res., 92,427-437
Pederson, T.C. & Siak, J.e. (1981) The role of nitroaromatic compounds in the direct-acting

mutagenicity of diesel particle extracts. J. AppL. ToxicoL., 1,54-60
Pfaltz & Bauer, Inc. (1988) Organic and lnorganic Chem icals for Research, 1 1 th ed., W aterbury, CT,

p.291
Pienta, R.J. (1980) Evaluation and relevance of the Syrian hamster embryo cell system. ln: Wiliams,

G.M., Kroes, R., Waaijers, H.W. & van de PoIl, K.W., eds, The Predictive Value ofShort-term
Screening Tests in Carcinogenicity Evaluation, Amsterdam, Elsevier, pp. 149-169

Pius, J.N., Jr, Lokensgard, D.M., Harger, W., Fisher, T.S., Mejia, V., Schuler, J.J., Scorziell, G.M. &
Katzenstein, Y.A. (1982) Mutagens in diesel exhaust particulate: identification and direct
activities of 6-nitrobenzo( a )pyrene, 9-nitroanthracene, 1 -nitropyrene and 5 H-phenanthro( 4,5-
bcd)pyran-5-one. Mutat. Res., J03, 241-249

Poiley, J.A., Raineri, R. & Pienta, R.J. (1979) Use of hamster hepatocytes to metabolize carcinogens
in an in vitro bioassay. J. natl Cancer lnstitute, 63,519-524

Probst, G.S., McMahon, R.E., Hil, L.E., Thompson, C.Z., Epp, J.K. & Neal, S.B. (1981)
Chemically-induced unscheduled DNA synthesis in primary rat hepatocyte cultures: a compa-
rison with bacterial mutagenicity using 218 compounds. Environ. Mutagenesis, 3, 11-32



288 IARC MONOGRAPHS VOLUME 46

Purchase, L.F.H., Longstaff, E., Ashby, J., Styles, J.A., Anderson, D., Lefevre, P.A. & Westwood,
F.R. (1978) An evaluation of six short-term tests for detecting organic chemical carcinogens. Br.
J. Cancer, 37, 873-959

Quilardet, P., de Bellecombe, C. & Hofnung, M. (1985) The SOS chromotest, a colorimetrie bacterial
assay for genotoxins: validation study with 83 compounds. Mutat. Res., 147, 79-95

Rosenkranz, H.S. & Mermelstein, R. (1983) Mutagenicity and genotoxicity of nitroarenes: aIl
nitro-containing chemicals were not created equal. Mutat. Res., 114, 217-267

Rosenkranz, H.S. & Mermelstein, R. (1985) The genotoxicity, metabolism and carcinogenicity
of nitrated polycyclic aromatic hydrocarbons. J. environ. Sci. Health, C3, 221 -272

Rosenkranz, H.S. & Poirier, L.A. (1979) An evaluation of the mutagenicity and DNA-modifying
activity of carcinogens and noncarcinogens in microbial systems. J. natl Cancer Inst., 62, 873-892

Rosenkranz, H.S., McCay, E.C., Sanders, D.R., Butler, M., Kiriazides, D.K. & Mermelstein, R.
(1980) Nitropyrenes: isolation, identification and reduction of mutagenic impurities in carbon
black and toners. Science, 209, 1039-1043

Ruiz-Rubio, M., Hera, C. & Pueyo, C. (1984) Comparison of a forward and a reverse mutation assay
in Salmonella typhimurium measuring L-arabinose resistance and histidine prototrophy.
EMBO J" 3, 1435-1440

Sakamoto, Y., Yamamoto, K. & Kikuchi, Y. (1980) Difference in sensitivity against various mutagens
in variants with E. coli repair ability (Jpn.). Environ. Mutagen. Res. Commun., 2, 10-12

Sanders, D.R. (1981) Nitropyrenes: the isolation of trace mutagenic impurities from the toluene
extract of an aftertreated carbon black. ln: Cooke, M. & Dennis, A.J., eds, Polynuclear
Aromatic Hydrocarbons, 5th International Symposium, Chemical Analysis and Biological Fate,
Columbus, OH, Battelle, pp. 145-158

Sawicki, E. (1954) 7-Alkyl derivatives of 2-aminofluorene. J. Am. chem. Soc., 76,2269-2271

Schairer, L.A. & Sautkulis, R.C. (1982) Detection of ambient levels of mutagenic atmospheric
pollutants with the higher plant Tradescantia. ln: Klekowski, E.J., Jr, ed., Environmental
Mutagenesis, Carcinogenesis and Plant Biology, Vol. 2, New York, Praeger, pp. 154-194

Schuetzle, D. (1983) Sampling of vehicle emissions for chemical analysis and biological testing.
Environ. Health Perspect., 47, 65-80.

Schuetzle, D. & Jensen, T.E. (1985) Analysis of nitrated polycyclic aromatic hydrocarbons (nitro-
P AH) by mass spectrometry. ln: White, C.M., ed., Nitrated Polycyclic Aromatic Hydrocarbons,
Heidelberg, A. Hüthig Verlag, pp. 121-167

Schuetzle, D. & Frazier, J.A. (1986) Factors influencing the emission ofvapor and particulate phase
components from diesel engines. ln: Ishinishi, N., Koizumi, A., McClellan, R.O. & Stöber, W.,
eds, Carcinogenic and Mutagenic Efects of Diesel Engine Exhaust, Amsterdam, Elsevier, pp.
41-63

Simmon, V.F. (1979) ln vitro assays for recombinogenic activity of chemical carcinogens and related
compounds with Saccharomyces cerevisiae D3. J. natl Cancer Inst., 62, 901-909

Simmon, V.F., Rosenkranz, H.S., Zeiger, E. & Poirier, L.A. (1979) Mutagenic activity of chemical
carcinogens and related compounds in the intraperitoneal host-mediated assay. J. natl Cancer
Inst., 62, 911-918

Sternson, L.A. (1975) Detection of arylhydroxy1amines as intermediates in the metabolic reduction of
nitro compounds. Experientia, 31, 268-270



2-NITROFLUORENE 289

Suter, W. & Jaeger, 1. (1982) Comparative evaluation of different pairs of DNA repair-deficient and
DNA repair-proficient bacterial tester strains for rapid detection of chemical mutagens and
carcinogens. Mutai. Res., 97, 1-18

Suzuki, J., Meguro, S. & Suzuki, S. (1987) Comparison ofin vivo binding of aromatic nitro and amino
compounds to rat hemoglobin (Abstract F 06-Y-13). J. pharm. Sei., 76, SL26

Tanabe, K., Matsushita, H., Kuo, C.-T. & Imamiya, S. (1986) Determination of carcinogenic

nitroarenes in airborne particulates by high performance liquid chromatography (Jpn.). Taiki
Osen Gakkaishi (J. Jpn. Soc. Air Pollut.), 21, 535-544

Tatsumi, K. & Amano, H. (1987) Biotransformation of I-nitropyrene and 2-nitrofluorene to novel
metabolites, the corresponding formylamino compounds, in animal bodies. Biochem. biophys.
Res. Commun., 142, 376-382

Tatsumi, K., Kitamura, S. & Narai, N. (1986) Reductive metabolism of aromatic nitro compounds
including carcinogens by rabbit liver preparations. Cancer Res., 46, 1089- 1093

Tokiwa, H. & Ohnishi, Y. (1986) Mutagenicity and carcinogenicity ofnitroarenes and their sources in
the environment. CRC crit. Rev. Toxicol., 17,23-69

Tokiwa, H., Nakagawa, R. & Ohnishi, Y. (1981) Mutagenic assay of aromatic nitro compounds wIth
Salmonella typhimurium. Mutat. Res., 91, 321-325

Tokiwa, H., Nakagawa, R. & Horikawa, K. (1985) Mutagenic/ carcinogenic agents in indoor
pollutants: the dinitropyrenes generated by kerosene heaters and fuel gas and liquified petroleum
gas burners. Mutat. Res., 157, 39-47

Uehleke, H. & N estel, K. (1967) Hydroxylamino- and nitrosobiphenyl: biological oxidation products
of 4-aminobiphenyl and reduction metabolites of 4-nitrobiphenyl (GeL). Naunyn-Schmiedebergs
Arch. Pharmacol. exp. Pathol., 257, 151 - 171

Ulitzur, S. (1982) A bioluminescence test for genetoxic agents. Trends anaL. Chem., 1,329-333
US Environmental Protection Agency (1986) Toxic Substances Control Act Chemical Substance

Inventory, 1985 ed., VoL. III, Substance Name Index (EPA-560/7-85-002c), Washington DC,
Office of T oxic Substances

Vance, W.A., Wang, Y.Y. & Okamoto, H.S. (1987) Disubstituted amino-, nitroso-, and nitro-
fluorenes: a physicochemical basis for structure-activity relationships in Salmonella typhimurium.
Environ. Mutagenesis,9, 123-141

Wang, c.Y., Lee, M.-S., King, C.M. & Wamer, P.O. (1980) Evidence for nitroaromatics as direct-
acting mutagens of airborne particulates. Chemosphere, 9, 83-87

Weast, R.C., ed. (1985) CRC Handbook ofChemistry and Physics, 66th ed., Boca Raton, FL, CRC
Press, p. C-277

Xu, J" Whong, W.-Z. & Ong, T.M. (1984) Validation of the Salmonella (SV50)/arabinose-resistant
forward mutation assay system with 26 compounds. Mutat. Res., 130, 79-86


