1,3-DINITROPYRENE
1,3-Dinitropyrene was evaluated by a previous IARC Working Group in 1988 (IARC, 1989).
New data have since become available, and these have been taken into consideration in
the present evaluation.

1.

Exposure Data

1.1 Chemical and physical data
1.1.1 Nomenclature
Chem. Abstr. Serv. Reg. No.: 75 321-20-9
Chem. Abstr. Name: Pyrene, 1,3-dinitroIUPAC Systematic Name: 1,3-Dinitropyrene

1.1.2 Structural and molecular formulae and
relative molecular mass
NO2

Melting-point: 274–276 °C (Buckingham,
1985); 295–297 °C (Paputa-Peck et al., 1983)
Spectroscopy data: Ultraviolet (Paputa-Peck
et al., 1983), infrared (Hashimoto & Shudo,
1984), nuclear magnetic resonance (Kaplan,
1981; Paputa-Peck et al., 1983; Hashimoto
& Shudo, 1984) and mass spectral data
(Schuetzle & Jensen, 1985) have been reported.
The National Institute of Standards and
Technology Chemistry WebBook provides
extensive spectroscopic data (Linstrom &
Wallard, 2011).
Solubility: Moderately soluble in toluene
(Chemsyn Science Laboratories, 1988)

NO2

C16H8N2O4
Relative molecular mass: 292.3

1.1.3 Chemical and physical properties of the
pure substance
Description: Light-brown needles, recrys
tallized from benzene and methanol
(Buckingham, 1985)

1.1.4 Technical products and impurities
1,3-Dinitropyrene is available for research
purposes at a purity of 99% (Sigma-Aldrich, 2012).
The ChemicalBook web site lists nine companies
that supply 1,3-dinitropyrene (ChemicalBook,
2012).

1.2 Analysis
For analytical methods of nitro-polycyclic
aromatic hydrocarbons (PAHs) in general,
the reader is referred to Section 1.2.2(d) of the
501

IARC MONOGRAPHS – 105
Monograph on Diesel and Gasoline Engine
Exhausts in this Volume.
A variety of analytical methods have been
used to separate and quantify specific dinitro
pyrenes in environmental samples. Hayakawa
et al. (1992) used the reduction of the nitro groups
off-line with sodium hydrosulfide followed by
separation of the mixture of amino derivatives of
nitropyrenes and dinitropyrenes using high-per
formance liquid chromatography with chemilu
minescence detection. In a later modification
of this method, nitro-PAHs were separated
from extraneous substances using a clean-up
column and reduced to their amino derivatives
on a platinum/rhodium-coated alumina reducer
column. The derivatives were concentrated on a
concentrator column and eluted into a separator
column, and the components were measured
by chemiluminescence induced by a solution of
bis(2,3,6-trichlorophenyl)oxalate and hydrogen
peroxide (Hayakawa et al., 2001). Hutzler et al.
(2011) reported the high sensitivity and speci
ficity of liquid chromatography with an atmos
pheric-pressure photoionization source attached
to an API 4000 mass spectrometer.
The measurement of dinitropyrene vapour in
environmental samples is challenging because
of the very low concentrations, which limited
some of the earlier studies. Araki et al. (2009)
developed an apparatus to collect nitropyrene
vapours downstream of a quartz fibre filter in a
high-volume sampler at 300 L/min. The specially
designed cylindrical vapour collector (8 cm in
diameter, 8 cm in length) contained two layers of
XAD-4 resin, the first 4 cm deep and the second
2 cm deep, each followed by a 1-cm thick sheet of
polyurethane foam. Dinitropyrenes were meas
ured by gas chromatography-mass spectrometry
(MS) with an electron ionizing detector.
Crimmins & Baker (2006) achieved high
sensitivity using a programmed temperature
vapourization method for injecting a large
volume of gas into a gas chromatograph with
a mass spectrometer as a detector. MS was
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performed using negative chemical ionization
with methane ionization gas (40 mL/minute) at a
temperature of 200 °C. Excellent reproducibility
was obtained, with a relative standard deviation
of 1.4–3.7% for three dinitropyrene compounds,
but the limits of detection of the instrument were
relatively high: 0.53 pg for 1,3-dinitropyrene,
2.85 pg for 1,6-dinitropyrene and 1.7 pg for
1,8-dinitropyrene, which were at least one order
of magnitude higher than that for 1-nitropyrene
(0.17 pg). When the method was applied to the
National Institute of Standards and Technology
standardized reference materials 1649 and 1650
prepared from samples of diesel engine exhaust,
none of the dinitropyrenes could be detected
because of matrix effects at the inlet.

1.3 Production and use
1,3-Dinitropyrene is produced by the nitra
tion of 1-nitropyrene, and have been isolated
and purified from such preparations (Yoshikura
et al., 1985).
No evidence was found that 1,3-dinitro
pyrene has been produced in commercial quan
tities or used for purposes other than laboratory
applications.

1.4 Occurrence
1.4.1 Engine exhaust
The reader is also referred to the Monographs
on Diesel and Gasoline Engine Exhausts and
1-Nitropyrene in this Volume.
During combustion in diesel and gasoline
engines, pyrene is nitrated to form 1-nitro
pyrene, which is further nitrated to form small
amounts of 1,3-, 1,6- and 1,8-dinitropyrene
(Heeb et al., 2008). A variety of tests of diesel
engine emissions were performed in the 1980s,
which showed a range of 1,3-dinitropyrene
concentrations in the particulate matter (PM)
of up to 1600 pg/mg (Table 1.1; reviewed in Fu

1,3-Dinitropyrene

Table 1.1 Levels of 1,3-dinitropyrene in diesel engine exhaust particles and their extracts
Reference

Vehicle/engine

Concentration of 1,3-DNP
(pg/mg particulate matter)

Nishioka et al. (1982)
Gibson (1983)
Nakagawa et al. (1983)
Schuetzle & Perez (1983)

Passenger cars (LDD)
Diesel cars, 1978–82 (LDD)
Idling 6-tonne bus from 1970 (HDD), 1200 rpm
Heavy-duty vehicle
Idle
High-speed, no load
High-speed, full load
Passenger cars (LDD)
Commercial mining engine (HDD), 100% load, 1–200 rpm
Commercial mining engine (HDD), 75% load, 1–800 rpm
Idling engine (LDD)

ND–600a
≤5
Detected

Salmeen et al. (1984)
Draper (1986)
Hayakawa et al. (1992)

< 800
600
400
300 ± 200
520
1600
81.8b

Range of three different engines
Using a much more sensitive analytical method
DNP, dinitropyrene; HDD, heavy-duty diesel; LDD, light-duty diesel; ND, not detected
a

b

Table 1.2 Mass concentrations in particulate matter from diesel and gasoline engine exhausts
from tailpipes in 1992
No. of
samples
Gasoline engine, idle
Diesel engine, idle

8
7

Concentration (pg/mg)a
1-NP

1,3-DNP

1,6-DNP

1,8-DNP

444 ± 210
12 600 ± 13 100

64 ± 44
67 ± 44

128 ± 106
67 ± 47

102 ± 53
61 ± 41

a Values are means ± standard deviations
DNP, dinitropyrene; NP, nitropyrene
From Hayakawa et al. (1992, 1994)

& Herreno-Saenz, 1999). The production of
dinitropyrenes appears to depend on engine size
and operating conditions.
Using a more sensitive method than in earlier
studies, Hayakawa et al. (1992, 1994) examined
nitroarenes in PM emissions from 15 diesel and
gasoline engine vehicles (Table 1.2). Exhausts
from idling diesel and gasoline engines contained
approximately the same mass concentration of
1,3-dinitropyrene [64–67 pg/mg]; however, the
ratio of the concentrations of 1,3-dinitropyrene
to 1-nitropyrene was 14% for gasoline and 0.5%
for diesel engine exhaust, which was assumed
to be the result of differences in combustion
conditions. The diesel engines produced many
more particulates, and their total emissions of

1,3-dinitropyrene were therefore much greater.
In emissions from mixed traffic, the air concen
tration ratio of 1,3-dinitropyrene to 1-nitro
pyrene decreases as the relative number of diesel
vehicles increases.
In the past decade, particulate filters have
been developed to filter PM from diesel engine
exhausts to control emissions. The accumulated
soot particles and organic carbon components,
including PAHs and nitro-PAHs, that collect on
the filters are removed by oxidation, aided by
catalytic coatings or catalysts added to the fuel
(see Section 1.1 in the Monograph on Diesel and
Gasoline Engine Exhausts in this Volume).
In a series of laboratory tests, a range of
various types of diesel particulate filter was tested
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to compare their impact on PAH and nitro-PAH
emissions (Heeb et al., 2010). All filters tested,
which removed 99% of the particles, also removed
most PAH components. However, low-oxidation
filters produced 63% more 1-nitropyrene than
the amount present in the unfiltered exhaust;
although the quantities of dinitropyrenes were
not measured, they would also be expected to
increase similarly.
Carrara & Niessner (2011) examined the
formation of 1-nitropyrene in high- and low-ox
idation filters operating at temperatures of
293–573 °K (20–300 °C). The lower temperatures
produced more 1-nitropyrene on the filter, with
a peak at ~100 °C that declined at higher temper
atures. Measurements at 250 °C showed that
< 2% of the 1-nitropyrene was on the filter and
47% ± 12% was on the vapour collector (losses
of vapour were noted). Although they were not
measured in the samples, dinitropyrenes would
be expected to be affected similarly.

1.4.2 Environmental occurrence
(a)

Air

The nitration of pyrene in atmospheric
processes leads to the formation of 2- but not
1-nitropyrene, because the oxidants involved
differ from those that are present during combus
tion, which produces 1-nitropyrene (Pitts, 1987).
Thus, dinitropyrenes cannot be formed by
atmospheric processes.
The earliest reports of 1,3-dinitropyrene in
atmospheric air date back to the early 1980s. The
presence of dinitropyrenes [not further char
acterized] in respirable particles from ambient
atmospheric samples was inferred from muta
genicity testing of polycyclic organic matter
extracts (Pitts, 1987). Tanabe et al. (1986) found
levels of 1,3-dinitropyrene of up to 4.7 pg/m3
in the air and up to 56.2 pg/mg in PM in the
ambient atmosphere in Tokyo, Japan. Gibson
(1986) found no 1,3-dinitropyrene in the
ambient air at six sites in the USA, under various
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conditions. [The Working Group noted that the
limit of detection of the analytical method used
was 1 pg/mg PM and may have been too high.]
Similarly, 1,3-dinitropyrene was not detected in
another study in the Michigan area (Siak et al.,
1985).
In the early 1990s, Hayakawa and colleagues
developed sensitive methods for the detection
of nitro- and dinitropyrenes (see Section 1.2)
and used them to perform a series of studies on
PAHs and nitro-PAHs in Japan, and later in the
countries surrounding the Sea of Japan. In a first
study of atmospheric air, they determined that
94.3% of the 1,3-, 1,6- and 1,8-dinitropyrene, and
99.8% of the 1-nitropyrene in the air came from
diesel engine emissions (Murahashi et al., 1995).
They later compared the atmospheric formation
of nitropyrenes from highway emission sources
(Hayakawa et al., 2002). Samples were taken at
three sites at varying distances from a highway
(two urban and one suburban) in Kanazawa,
Japan, using a high-volume sampler to collect
total suspended particulates; 24-hour samples
were collected for 6 consecutive days during each
of the four seasons in 1989–96 (total, 84 samples;
Table 1.3). Air concentrations of nitropyrenes
rapidly declined with distance from the highway.
A characteristic pattern of similar air concentra
tions of dinitropyrene isomers, within a factor
of two, was observed; also, concentrations of
dinitropyrenes were two orders of magnitude
lower (approximately 0.5%) those of the parent
compound, 1-nitropyrene.
A short series of five, 24-hour roadside
samples were collected in Kanazawa, Japan
in 2007 (Araki et al., 2009). The concentration
pattern was similar to that in earlier samples
(Table 1.3), and the levels of dinitropyrenes in
PM were less than 1% of those of 1-nitropyrene.
Compared with the earlier samples, no evidence
of a decline over time was found. The authors
also examined the vapour-PM partitioning of
the nitro-PAHs using a newly designed, highvolume vapour collector. No dinitropyrenes

Table 1.3 Airborne concentrations of 1-nitropyrene and isomers of dinitropyrene
Reference
Hayakawa
et al. (2002)

Araki et al.
(2009)
Schauer
et al. (2004)

Location, site
Kanazawa, Japan, 1989–96
2 m from an urban roadside
10 m from an urban roadside
Suburban area not near roads
Kanazawa, Japan, 2007
Urban roadside in winter
Munich area, Germany
Urban site, September–23 October 2002
Rural site, 28 August–15 September 2002
Alpine site, 30 October–26 November 2002

No. of
samples

84
84
84

Airborne concentrations (pg/mg3)a,b
1-NP

1,3-DNP

1,6-DNP

1,8-DNP

170 (35–400)

0.61 (0.29–1.8)
0.2 (0.06–0.64)
0.023 (0.006–0.06)

1.1 (0.41–2.6)
0.24 (0.05–0.67)
0.025 (0.008–0.04)

1.0 (0.32–2.9)
0.23 (0.03–0.73)
0.025 (0.003–0.06)

54 (7.4–150)
5.4 (1.0–16)

5

18.8 ± 7.41

0.12 ± 0.06

0.17 ± 0.088

[0.61]c ± 0.17

10
5
9

22 ± 6
6.6 ± 3.9
2.2 ± 0.7

16 ± 5
4.0 ± 1.6
0.1 ± 0.1

4.8 ± 3.4
3.0 ± 1.8
0.6 ± 0.5

ND
ND
ND

Values are means (range) or means ± standard deviations
Reported values for 1,3-, 1,6- and 1,8-DNP in fmol/m3 were multiplied by 0.292 pg/fmol and those of 1-NP were multiplied by 0.247 pg/fmol for the conversion to pg/m3.
c The value reported in the article (21 fmol/m 3) conflicts with the reported range of 1.3–2.9 fmol/m 3. The Working Group therefore assumed that the correct value is 2.1 fmol/m 3, or
0.61 pg/m3.
DNP, dinitropyrene; m, metres; ND, not detected; NP, nitropyrene
a

b

1,3-Dinitropyrene
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Table 1.4 Mass concentrations of 1-nitropyrene and three isomers of dinitropyrene in airborne
particulate matter
Reference
Kakimoto et al.
(2002)

Albinet et al.
(2006)

Location, study period
Kitakyushu, Japan
Industrial city centre, 1997
Sapporo, Japan
Roadside of highway, 1997
Tokyo, Japan
Roadside of highway, 1997
Sollières, France
Rural site, winter 2002–03

No. of
samples

Concentration (pg/mg)a
1-NP

1,3-DNP

1,6-DNP

1,8-DNP

20

230 ± 96

4.1 ± 0.18

7.9 ± 6.5

5.9 ± 1.8

20

2700 ± 1600

11 ± 9.4

10 ± 8.8

16 ± 9.4

20

940 ± 490

4.7 ± 0.85

5.0 ± 3.2

8.2 ± 3.2

13

10.6 (2.7–28.9)

3.7 (0.0–27.7)

1.3 (0.0–4.4)

9.5
(0.0–27.2)

a Values are means ± standard deviations (range)
DNP, dinitropyrene; NP, nitropyrene

were detected in the gas phase samples, whereas
~10% of the 1-nitropyrene was present in the gas
phase. Nitro-PAHs were generally less volatile
than their parent compounds.
1-Nitropyrene and related dinitropyrene
isomers are not formed in the atmosphere, but
can be removed by atmospheric processes such
as photo-degradation; as a result, their concen
tration declines more rapidly than through dilu
tion and dispersion alone (Morel et al., 2006).
Kakimoto et al. (2002) noted that the levels of
1-nitropyrene and dinitropyrene in airborne
PM declined more rapidly with distance than
the un-nitrated PAHs, which implies an active
removal process. Also, the levels of dinitro
pyrenes in the PM collected close to the roadside
in Sapporo and Tokyo, Japan, were 0.2–0.9% of
those of 1-nitropyrene (Table 1.4), whereas at
a distance from the roadside, in Kitakyushu,
Japan, levels of dinitropyrenes were 1.7–34% of
those of the 1-nitropyrene, which indicates that
1-nitropyrene is removed more rapidly than
dinitropyrenes.
To link the levels to the sources, the authors
also recorded the percentage of diesel-powered
vehicles registered in each city and the volume
of kerosene purchased per home. Levels of
each dinitropyrene and 1-nitropyrene in PM
increased with the percentage of diesel-powered
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vehicles registered in the cities. Atmospheric
concentrations of 1-nitropyrene and of each
dinitropyrenes were 1.3–4.3-fold higher in the
winter (with the exception of 1,3-dinitropyrene
in Kitakyushu), but most differences were not
significant (Table 1.4). Sapporo had the highest
percentage of diesel vehicles compared with
Kitakyushu and Tokyo (38.5% versus 20% and
26%, respectively) and the highest volume of
kerosene used per home (1343 L versus 224 L and
85 L, respectively) (Kakimoto et al., 2002). This
site also had the lowest dinitropyrene:1-nitro
pyrene ratio (0.011 versus 0.06 and 0.017, respec
tively). The differences in the number of vehicles
and the amount of kerosene used may account in
part for the variations between the three cities.
Consistently, Sapporo had the highest airborne
levels of each of the dinitropyrene isomers, but
the differences were much smaller than those for
1-nitrropyrene.
At a rural site in France, the levels of dinitro
pyrenes isomers were similar to those in a
previous study (Albinet et al., 2006).
Schauer et al. (2004) collected a series of
air samples in Germany during the autumn
and summer of 2002 in urban (Munich), rural
(Hohenpeissenberg) and high alpine (Zugspitze)
locations to measure the levels of PAHs and nitroPAHs. The method of analysis used nitro-PAH

1,3-Dinitropyrene

Table 1.5 Distribution of particulate matter, dinitropyrene isomers and 1-nitropyrene by particle
size
PM size
(µm)

PM
(µg/m3 (%))

1,3-DNPa
(pg/m3 (%))

1,6-DNPa
(pg/m3 (%))

1,8-DNPa
(pg/m3 (%))

1-NPa
(pg/m3 (%))

>7
3.3–7
2–3.3
1.1–2
< 1.1
Total

24 (36%)
7.1 (11%)
4.6 (7%)
4.4 (7%)
26 (39%)
66.1

0.02 (3%)
0.04 (5%)
0.04 (5%)
0.05 (6%)
0.62 (81%)
0.77

0.04 (5%)
0.05 (6%)
0.05 (6%)
0.06 (7%)
0.62 (76%)
0.82

0.06 (9%)
0.07 (10%)
0.06 (8%)
0.06 (8%)
0.46 (65%)
0.70

4.99 (3%)
8.10 (4%)
7.46 (4%)
10.20 (5%)
155 (84%)
186

Values were converted from fmol/m3 to pg/m3 using a conversion factor of 0.292 pg/fmol for DNPs and 0.247 pg/fmol for 1-NP.
DNP, dinitropyrene; NP, nitropyrene; PM, particulate matter
From Hayakawa et al. (1995)

a

reduction to amino-PAHs and fluorescence
detection, which appears to be less sensitive
than the chemiluminescence detection used
by Hayakawa’s group. The air concentrations
for 1,3- and 1,6-dinitropyrene were among the
highest observed for the urban and rural areas
(Table 1.3). The concentrations of 1,3-dinitro
pyrene were almost of the same magnitude as
those of 1-nitropyrene, which differed consid
erably from the Japanese data that showed
a difference of at least 100-fold between the
concentrations of 1-nitropyrene and the dinitro
pyrenes isomers. [The Working Group noted
that the values for dinitropyrenes seemed to be
unreasonably high.]
In the autumn of 1993, Hayakawa et al. (1995)
collected size-fractionated PM with an Andersen
high-volume sampler for 6 days in downtown
Kanazawa, Japan (Table 1.5). Approximately
one-third (36%) of the particulate mass
comprised particles > 7 µm and another third
(39%) comprised particles < 1.1 µm. However,
81% of 1,3-, 76% of 1,6- and 65% of 1,8-dinitro
pyrene, and 84% of 1-nitropyrene were found in
the smallest particles (< 1.1 µm), probably due to
the predominant diesel emissions in the submi
cron PM sizes from nearby heavy traffic.
The authors later extended these studies to
the Pan-Japan Sea area (Tang et al., 2005). The
sampling sites are given in Fig. 1.1. The amount

of 1-nitropyrene derived from pyrene associ
ated with coal fires was much smaller than that
from diesel engine emissions, which have much
higher operating temperatures. Air samples were
collected from six cities during the summer and
winter seasons. Very clear seasonal differences
were seen for all of the dinitropyrene isomers
and 1-nitropyrene (Table 1.6). Lower levels in
the summer were attributed to increased photo
chemical degradation, while higher levels in
the winter were partially ascribed to stagnant
weather conditions. In contrast, the patterns of
the levels of nitropyrenes did not change with
the seasons. [The Working Group noted that this
observation indicates that coal burning was not a
significant confounder.]
(b)

Water

Nitropyrene and the dinitropyrene isomers
were measured in rainwater, river water and
sea water in Kanazawa (Murahashi et al., 2001),
Japan, in the autumn and winter of 1996–97. The
levels of dinitropyrenes were all approximately
0.01 pmol/L in February and approximately
0.05 pmol/L in September–October.
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Fig. 1.1 Sampling locations in the study by Tang et al. (2005)
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From Tang et al. (2005)

1.4.3 Other sources
Small amounts of dinitropyrenes are gener
ated by kerosene heaters, which are used exten
sively in Japan to heat residences and offices
(Tokiwa et al., 1985). Such open, oil-burning
space heaters were found to emit dinitropyrenes
at a rate of 0.2 ng/h after one hour of operations;
1,3-dinitropyrene was found at 0.53 ± 0.59 pg/mg
in the particulate extract.
Gas and liquefied petroleum gas burners
are widely used for home heating and cooking,
and also produce detectable amounts of dinitro
pyrenes. A level of 0.6 pg/mg particulate extract
of 1,3-dinitropyrene was found in emissions
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from one gas burner. Dinitropyrenes may result
from the incomplete combustion of fuel in the
presence of nitrogen dioxide (Tokiwa et al., 1985).
Toners for photocopy machines have been
produced commercially since the late 1950s and
have been in widespread use since that time.
Löfroth et al. (1980) and Rosenkranz et al. (1980)
first discovered the presence of dinitropyrenes in
the toner and on the copies. They traced these
to impurities in the carbon black, the toner
colorant. ‘Long-flow’ furnace black was first
used in photocopy toners in 1967. Its manufac
ture involved an oxidation step whereby some
nitration of pyrene also occurred. A carbon black

Table 1.6 Seasonal concentrations of 1-nitropyrene and dinitropyrene isomers in cities around the Sea of Japan, 1997–2002
Site, country, sampling date
Season

No. of samples

Seoul, Republic of Korea, 2002
Summer
Winter

4

Shenyang, China, 2001
Summer
Winter

9

Vladivostok, the Russian Federation, 1999
Summer
Winter

14

Kanazawa, Japan, 1999
Summer
Winter

14

Sapporo, Japan, 1997
Summer
Winter

20

Tokyo, Japan, 1997
Summer
Winter

20

Kitakyushu, Japan, 1997
Summer
Winter

20

Concentration (pg/m3)a

Comments

1-NP

1,3-DNP

1,6-DNP

1,8-DNP

173.6 ± 38.5

1.1 ± 0.1

1.1 ± 0.2

1.6 ± 0.4

29 ± 24
178.6 ± 19.0

0.6 ± 0.5
2.0 ± 0.2

0.4 ± 0.1
1.5 ± 0.2

0.3 ± 0.1
0.9 ± 0.3

330 000 cars

330 000 cars; energy from coal

200 000 cars; energy from coal
17 ± 19
95.1 ± 76.6

0.3 ± 0.3
1.2 ± 0.9

0.2 ± 0.2
0.6 ± 0.7

0.3 ± 0.2
0.5 ± 0.4

25 ± 28
56.3 ± 56.1

0.2 ± 0.2
0.8 ± 0.6

0.4 ± 0.4
0.6 ± 0.4

0.4 ± 0.4
0.4 ± 0.3

126 ± 36
271.7 ± 109.9

0.4 ± 0.1
1.2 ± 0.4

0.4 ± 0.1
1.1 ± 0.4

0.8 ± 0.2
1.6 ± 0.5

44 ± 12
168.0 ± 61.8

0.4 ± 0.2
0.7 ± 0.2

0.2 ± 0.1
0.9 ± 0.4

0.4 ± 0.2
1.4 ± 0.4

5.7 ± 2.2
13.6 ± 8.6

0.2 ± 0.1
0.1 ± 0.1

0.1 ± 0.1
0.4 ± 0.6

0.2 ± 0.1
0.3 ± 0.1

2 640 000 cars

1 210 000 cars; 38.5% diesel

3 630 000 cars; 20.5% diesel

550 000 cars; 26.3% diesel

a Values are means ± standard deviations
DNP, dinitropyrene; NP, nitropyrene
From Tang et al. (2005)
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sample manufactured before 1979 was reported
to contain 6.3 ng/mg 1,3-dinitropyrene (Sanders,
1981); using fused silica capillary gas chromatog
raphy/negative ion chemical ionization MS for
analysis, a ‘long-flow’ furnace carbon black was
also reported to contain 1,3-, 1,6- and 1,8-dinitro
pyrenes (Ramdahl & Urdal, 1982). Subsequent to
this discovery, changes in the production process
reduced the total extractable nitropyrene content
from uncontrolled levels of 5–100 ng/mg to less
than 0.3 ng/mg. Toners formulated from this
modified carbon black (and sold since 1980) have
resulted in no detectable levels of mutagenicity
and, hence, of nitropyrenes (Rosenkranz et al.,
1980; Butler et al., 1983). A sample of carbon black
made in 1980 contained 0.07 ng/mg 1,3-dinitro
pyrene (Giammarise et al., 1982), as detected by
optimization of the extraction method.

2.

Cancer in Humans
No data were available to the Working Group.

3.

Cancer in Experimental Animals

3.1 Mouse
See Table 3.1.

3.1.1 Intraperitoneal administration
Groups of 90 or 100 male and female
newborn CD-1 mice received three intraperito
neal injections of 1,3-dinitropyrene (total dose,
200 nmol [58.5 µg]; purity, > 99%) or benzo[a]
pyrene (total dose, 560 nmol [140 µg]; purity,
> 99%) in 10, 20 and 40 µL of dimethyl sulfoxide
(DMSO) or three injections of DMSO alone on
days 1, 8 and 15 after birth. At 25–27 days, when
the mice were weaned, 30 males and 39 females
in the treated group, 37 males and 27 females in
the positive-control group and 28 males and 31
females in the vehicle-control group were still
alive. All surviving mice were killed after 1 year.
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No increase in the incidence of tumours was
observed in any of the organs examined in males
or females (Wislocki et al., 1986). [The Working
Group noted the short duration of the study.]

3.1.2 Subcutaneous administration
A group of 20 male BALB/c mice, aged 6 weeks,
received subcutaneous injections of 0.05 mg of
1,3-dinitropyrene (purity, > 99,9%) dissolved in
0.2 mL of DMSO (total dose, 1 mg) once a week
for 20 weeks. A positive-control group of 20 males
received injections of 0.05 mg benzo[a]pyrene,
and a further 20 mice served as controls. [The
Working Group could not determine whether
controls were injected with DMSO.] Animals
were observed for 60 weeks or until moribund.
The first subcutaneous tumour in the benzo[a]
pyrene-treated group was seen in week 21, and
all 16 mice surviving beyond this time developed
tumours at the injection site which were diag
nosed histologically as malignant fibrous histi
ocytomas [a term used as a specific diagnosis
for some malignant soft-tissue sarcomas]. No
subcutaneous tumour was found in 1,3-dinitro
pyrene-treated mice or controls up to 60 weeks.
Some tumours developed in the lungs, liver and
spleen of 1,3-dinitropyrene-treated animals,
but the incidence was not statistically different
from that in the controls (Otofuji et al., 1987).
[The Working Group noted the small number of
animals used and the relatively short observation
period.]

3.2 Rat
See Table 3.2.

3.2.1 Oral administration
A group of 36 female weanling Sprague-Dawley
rats received intragastric intubations of 10 µmol
[3 mg]/kg body weight (bw) of 1,3-dinitropyrene
(purity, > 99%) dissolved in DMSO (1.7 µmol
[0.5 mg]/mL) three times per week for 4 weeks

Table 3.1 Studies of the carcinogenicity of 1,3-dinitropyrene in mice
Strain (sex)
Duration
Reference

Dosing regimen,
Animals/group at start

Incidence of tumours

Newborn
CD1 (M, F)
12 mo
Wislocki
et al.(1986)

Intraperitoneal administration
0 (control), 200 nmol [58.5 mg] 1,3
DNP (total dose) or 560 nmol [140
μg] B[a]P in 10, 20 or 40 µL DMSO
once at 1, 8 and 15 d after birth
Groups of 90 M, 100 F

BALB/c (M)
60 wks
or until
moribund
Otofuji et al.
(1987)

Subcutaneous injection
0.05 mg 1,3-DNP or B[a]P in 0.2
mL DMSO (total dose, 1 mg) once/
wk for 20 wks
Groups of 20 aged 6 wks including
a control group [unclear if injected
with DMSO]

Liver (adenoma):
M–2/28 (7%), 6/30 (20%)
F–0/31, 0/39
Liver (carcinoma):
M–0/28, 0/30
F–0/31, 0/39
Lung (adenoma):
M–1/28 (3%), 3/30 (10%)
F–0/31, 3/39 (8%)
Lung (carcinoma):
M–0/28, 0/30
F–0/31, 0/39
Malignant lymphoma:
M–1/28 (1%), 1/30 (3%)
F–1/31 (1%), 3/39 (8%)
Subcutaneous (all tumours):
0/13 (control), 0/18
Lung (all tumours):
3/13 (23%), 8/18 (44%)
Liver (all tumours):
3/13 (23%), 2/18 (11%)

Significance

Comments

NS

Purity, > 99%
Survival: 1,3-DNP–30 M, 39 F; controls–73 M, 65 F
Short duration of the study
Incidences of liver and lung tumours were increased
in B[a]P-treated animals (positive-control group)

NS

Purity, > 99.9%
Study limited by small number of animals and the
relatively short observation period
Incidence of subcutaneous tumours was increased in
B[a]P-treated animals (positive-control group)

1,3-DNP, 1,3-dinitropyrene; B[a]P, benzo[a]pyrene; d, day; DMSO, dimethyl sulfoxide; F, female; M, male; mo, month; NS, not significant; wk, week
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Strain (sex)
Duration
Reference

Dosing regimen,
Animals/group at start

CD (F)
76–78 wks
King (1988);
Imaida et al.
(1991)

Oral administration (intragastric intubation)
0 or 10 μmol [3 mg]/kg bw in DMSO (total dose, 16
μmol [4.7 mg]/rat), 3 ×/wk for 4 wks
Groups of 36 weanlings

CD (F)
76–78 wks
King (1988);
Imaida et al.
(1991)

Incidence of tumours

Significance

Leukaemia: 0/36, 3/36 (9%)
Mammary gland
(adenocarcinoma): 5/35 (14%),
5/35 (14%)
Mammary gland
(fibroadenoma): 9/35 (26%), 7/35
(20%)
Adrenal gland
(pheochromocytoma): 4/36
(11%), 3/35 (9%)
Adrenal gland (cortical
adenoma): 6/36 (17%), 10/35
(29%)
Pituitary gland (carcinoma): 2/36 *P < 0.05
(6%), 12/35 (34%)*
Pituitary gland (adenoma): 9/36
(25%), 5/35 (14%)
Intraperitoneal administration
Peritoneal cavity (malignant
0 or 10 μmol [3 mg]/kg bw in DMSO (total dose, 16 fibrous histiocytoma): 0/31, 2/36
μmol [4.7 mg]/rat), 3 ×/wk for 4 wks
(6%)
Groups of 36 weanlings
Leukaemia: 0/31, 2/36 (6%)
Mammary gland
P < 0.05 for mammary
(adenocarcinoma): 3/31 (10%),
tumour-bearing animals
9/36 (25%)
Mammary gland
(fibroadenoma): 5/31 (16%),
12/36 (33%)
Pituitary gland (carcinoma): 3/31
(10%), 3/36 (8%)
Pituitary gland (adenoma): 10/31
(32%), 13/36 (36%)

Comments

Purity, > 99.9%
Study limited by the short
duration of both treatment
and observation periods and
the use of a single dose.

Purity, > 99.9%
Study limited by the short
duration of both treatment
and observation periods and
the use of a single dose.
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Table 3.2 Studies of the carcinogenicity of 1,3-dinitropyrene in rats

Table 3.2 (continued)
Strain (sex)
Duration
Reference

Dosing regimen,
Animals/group at start

Incidence of tumours

F344/DuCrj
(M)
347 d
Ohgaki et al.
(1984)

Subcutaneous injection
0 or 0.2 mg in 0.2 mL DMSO (total dose, 4 mg),
twice/wk for 10 wks
Groups of 10 or 20 aged 6 wks

Injection site (subcutaneous
sarcoma): 0/20, 10/10 (100%)

[P < 0.0001]

CD (F)
67 wks
King (1988);
Imaida et al.
(1991)

Subcutaneous injection
Suprascapular injection starting within 24 h of
birth; 1st dose: 2.5 μmol/kg bw; 2nd and 3rd doses:
5 μmol/kg bw; 4th–8th doses: 10 μmol/kg bw (total
dose, 6.3 μmol [1.9 mg]) in DMSO once/wk for 8
wks
Treated group: 43 newborns; a group of 40
newborns served as vehicle controls

Injection site (malignant fibrous
histiocytomas): 0/40, 5/43 (12%)*
Mammary gland
(adenocarcinoma): 1/40 (2%),
6/43 (14%)
Mammary gland
(fibroadenoma): 6/40 (15%), 3/43
(7%)
Mammary gland (adenoma):
1/40 (2%), 1/43 (2%)

*P < 0.05

Significance

NS

Comments

Study limited because of the
small number of animals
studied, the short treatment
and observation periods
and the possible influence
of the contamination with
1,6-dinitropyrene (0.6%).
Purity, > 99.9%
Study limited by the short
duration of both treatment
and observation periods and
the use of a single dose.

bw, body weight; d, day; DMSO, dimethyl sulfoxide; F, female; h, hour; M, male, NS, not significant; wk, week
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(average total dose, 16 µmol [4.7 mg]/rat) and
were observed for 76–78 weeks. A vehicle-con
trol group of 36 animals received DMSO only.
Average survival times of the treated and control
animals were 527 and 517 days, respectively.
Three rats (9%) administered 1,3-dinitropyrene
and none of the controls developed leukaemia.
Mammary adenocarcinomas were found in 5 out
of 35 (14%) and fibroadenomas in 7 out of 35 (20%)
treated animals, but their incidence did not differ
from that observed in vehicle controls (5 out of
35 and 9 out of 35, respectively). A significant
increase in the incidence of pituitary carcinomas
was also observed in treated animals (12 out of
35; 34%) compared with the control group (2 out
of 36; 6%) (King, 1988; Imaida et al., 1991). [The
Working Group noted the short duration of both
treatment and observation.]

3.2.2 Intraperitoneal administration
A group of 36 female weanling SpragueDawley rats received intraperitoneal injections
of 10 µmol [3 mg]/kg bw of 1,3-dinitropyrene
(purity, > 99%) dissolved in DMSO (1.7 µmol
[0.5 mg]/mL) three times a week for 4 weeks
(total dose, 16 µmol [4.7 mg]/rat); 36 control
animals were treated with DMSO only. Animals
were killed when moribund or after 76–78 weeks.
Malignant fibrous histiocytomas were found in
the peritoneal cavity of two treated rats (6%),
and two animals (6%) had leukaemia. Neither
malignancy developed in 31 surviving controls.
Mammary adenocarcinomas were observed in 9
out of 36 (25%) treated animals compared with
3 out of 31 (10%) controls, and fibroadenomas
occurred in 12 out of 36 (33%) treated rats
compared with 5 out of 31 (16%) controls; the
difference in the number of mammary tumour
bearing animals was statistically significant
(P < 0.05). There was also an increased incidence
of pituitary adenomas (P < 0.05) (King, 1988;
Imaida et al., 1991).
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3.2.3 Subcutaneous administration
Ten male Fischer 344/ DuCrj rats, aged
6 weeks, received subcutaneous injections of
0.2 mg of 1,3-dinitropyrene [purity unspecified]
(impurities: 0.6% 1,6-dinitropyrene, < 0.05%
other nitropyrenes) dissolved in 0.2 mL of
DMSO twice a week for 10 weeks (total dose,
4 mg). A control group of 20 rats received injec
tions of 0.2 mL DMSO alone. The animals were
killed between days 169 and 347. Subcutaneous
sarcomas developed at the site of the injection
in all (100%) treated rats between days 119 and
320. No tumours were observed in other organs
of the treated rats, and no tumours developed
among control animals (Ohgaki et al., 1984).
[The Working Group noted that, while the study
material was contaminated with 1,6-dinitro
pyrene, the 100% incidence of sarcomas that it
caused would indicate that the small amount of
the impurity had a minor effect, if any, on the
outcome.]
A group of 43 female newborn SpragueDawley rats received subcutaneous injections
into the suprascapular region of 1,3-dinitro
pyrene (purity, > 99%; total dose, 6.3 µmol
[1.9 mg]) dissolved in DMSO (1.7 µmol [0.5 mg]/
mL) starting within 24 hours after birth. A group
of 40 or more animals injected with DMSO alone
served as controls. The first dose was 2.5 μmol/kg
bw, the second and third doses were 5 μmol/kg and
doses 4–8 were 10 μmol/kg. The average length
of survival was 468 days for treated animals and
495 days for the controls. The animals were killed
67 weeks after the first treatment, and 5 out of 43
(12%; P < 0.05) treated rats had developed malig
nant fibrous histiocytomas at the site of injection;
no tumour of this type was found among the
vehicle controls (0 out of 40). No increase in the
incidence of mammary tumours was observed.
Mammary tumours were observed in treated
animals (6 out of 43 had adenocarcinoma (14%);
3 out of 43 had fibroadenoma (7%); and 1 out of
43 had adenoma (1%)) and in control animals
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(1 out of 40 had adenocarcinoma (3%); 6 out of
40 had fibroadenoma (15%); and 1 out of 40 had
adenoma (3%)) (King, 1988; Imaida et al., 1995).
[The Working Group noted that the study was
limited by the short duration of both treatment
and observation and the use of a single dose.]

4.

Mechanistic and Other
Relevant Data

4.1 Absorption, distribution,
metabolism, excretion
4.1.1 Humans
No data were available to the Working Group.

4.1.2 Experimental systems
The metabolic activation of 1,3-dinitropyrene
(reviewed previously in IARC, 1989) is caused by
the reduction of one nitro group to yield the corre
sponding N-hydroxylamine derivative, which in
turn can undergo acid-catalysed DNA binding
or be converted into a highly reactive O-acetyl
metabolite by bacteria and mammalian acetyl
transferases; several metabolizing systems were
employed and the nitroreduction of 1,3-dinitro
pyrene by rat liver cytosol occurred to much lesser
extent than that of 1,6- or 1,8-dinitropyrene (Fu,
1990; Beland & Marques, 1994).

4.2 Genetic and related effects
4.2.1 Humans
No data were available to the Working Group.

4.2.2 Experimental systems
The genotoxicity of nitro-PAHs, including
1,3-dinitropyrene, in eukaryotic cells, including
fungi, plants and mammalian cells, has been
reported (IARC, 1989; IPCS, 2003). The wide

differences in sensitivity to nitro-PAHs of
prokaryotic and eukaryotic cells are probably
due to interspecies differences in the types and
concentrations of metabolizing enzyme present,
as well as DNA repair or possibly other factors,
including the duration of treatment (Durant
et al., 1996).
The activation of 1,3-dinitropyrene to a
mutagen in Salmonella typhimurium was mainly
due to the enzymes in the bacteria itself (IARC,
1989). Overall, nitroreduction is an important
mutagenic activation pathway in this system. The
use of a nitroreductase-deficient strain revealed
a clear decrease in mutagenic activity compared
with the standard tester strain, which showed
the maximum mutagenic potency of 1,3-dini
tropyrene (Crebelli et al., 1995).
Genotoxicity studies of 1,3-dinitropyrene
in bacterial systems other than the Salmonella
microsome assay have been reported, and the
results, with a few exceptions, were consistent
with those in Salmonella. Other bacterial assays
were also used, e.g. S. typhimurium TM677 (a
quantitative bacterial forward mutation assay,
based on resistance to 8-azaguanine). In general,
the results were consistent with those observed
in S. typhimurium TA98. 1,3-Dinitropyrene was
a potent mutagen in in vitro studies in bacteria,
but only marginal effects were observed in vivo
in a host-mediated assay using the same bacterial
strain (McCoy et al., 1985; IARC, 1989; MerschSundermann et al., 1991, 1992; Shah et al., 1991;
Oda et al., 1992, 1993; Busby et al., 1994; Shimada
et al., 1994; Shane & Winston, 1997; Yamazaki
et al., 2000).
In the yeast Saccharomyces cerevisiae D4,
1,3-dinitropyrene at doses of up to 500 μg/mL did
not induce gene conversion; in primary mouse
hepatocytes at 5–20 μM, it induced marginal DNA
damage (as measured by alkaline elution); and in
rat, mouse and human hepatocytes, 1,3-dinitro
pyrene (1.1 × 10−5–1.1 × 10−2 mg/mL) induced
unscheduled DNA synthesis. At 0.5–2.0 μg/mL,
it induced the synthesis of polyoma virus DNA
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in polyoma virus-transformed rat fibroblasts
(IARC, 1989).
1,3-Dinitropyrene (0.1–10 μg/mL) induced
mutation to diphtheria toxin resistance in
cultured Chinese hamster lung fibroblasts and to
ouabain resistance in Chinese hamster V79 cells
(1–10 μg/mL). At 0.2–2 μg/mL, it also induced
mutation to 6-thioguanine resistance in Chinese
hamster ovary cells in the absence of an exog
enous metabolic system but was unequivocally
active at 2 μg/mL and in the presence of metabolic
activation. 1,3-Dinitropyrene (2 μg/mL) induced
chromosomal aberrations in cultured Chinese
hamster lung fibroblasts in the absence of an
exogenous metabolic system but not morpholog
ical cell transformation at concentrations of up
to 250 μg/mL in BALB/c3T3 cells (IARC, 1989).
The effects of nitro-PAHs, including
1,3-dinitropyrene, on cell signalling related to
apoptosis have been reported (Landvik et al.,
2007). In Hepa1c1c7 cells, 1,3-dinitropyrene
was a more effective inducer of apoptosis than
1,8-dinitropyrene, in contrast to the level of DNA
damage that it causes and its carcinogenic activity.
Both compounds induced cytochrome P450 1a1,
and activated various intracellular signalling
pathways related to apoptosis. Furthermore,
1,3-dinitropyrene was found to induce concen
tration-dependent lipid peroxidation, as meas
ured using the fluoroprobe C11-BODIPY581/591.
Products derived from lipid peroxidation can
react with DNA leading to the formation of
mutagenic etheno adducts (el Ghissassi et al.,
1995; Nair et al., 2007).

4.3 Other relevant data
No data were available on the acute toxicity
of 1,3-dinitropyrene. As previously reported
(IARC, 1989), rats administered 1,3-dinitro
pyrene (about 3 mg/kg bw, three times a week for
4 weeks) orally showed no effects on body weight
or survival. Before the appearance of tumours,
local effects (ulcer and scar formation at the site
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of injection) were noted in rats after repeated
subcutaneous injections of 0.2 mg of 1,3-dinitro
pyrene per animal. Three intraperitoneal injec
tions of 1,3-dinitropyrene (at 2.5 mg/kg bw)
into young male Sprague-Dawley rats resulted
in a fourfold increase in 1-nitropyrene reductase
activity, a carcinogen-metabolizing enzyme, in
the liver microsomes compared with controls
(IARC, 1989).
Oral administration of 1,3-dinitropyrene to
female weanling CD rats resulted in the develop
ment of leukaemia. Subcutaneous injection of
1,3-dinitropyrene into mice and rats did not
result in significant tumorigenicity. However,
subcutaneous injection of 1,3-dinitropyrene
into newborn CD rats resulted in the formation
of malignant fibrous histiocytomas at the site of
injection (IARC, 1989).

4.4 Mechanistic considerations
See the Monograph on 1,8-Dinitropyrene in
this Volume.

5.

Summary of Data Reported

5.1 Exposure data
1,3-Dinitropyrene is formed by the nitration
of 1-nitropyrene. No evidence was found that it
has been produced in commercial quantities or
used for purposes other than laboratory appli
cations. During the combustion of diesel and
gasoline engines, pyrene is nitrated to form
1-nitropyrene, which is further nitrated to form
small amounts of dinitropyrenes. This leads
to a content of 1,3-dinitropyrene in the range
of 0.1–10% relative to that of 1-nitropyrene in
diesel and gasoline exhaust particles and ~1% in
airborne particulate matter. 1,3-Dinitropyrene
is present in the 0.1–10 ng/g range in airborne
particulate matter collected from ambient
atmospheric samples. Air concentrations clearly
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declined from values in the 1–10 pg/m3 range at
urban locations to values in the 0.01–0.1 pg/m3
range at suburban and rural locations.
1,3-Dinitropyrene is also generated by kero
sene heaters. No data on occupational exposure
were available to the Working Group.

5.2 Human carcinogenicity data
No data were available to the Working Group.

5.3 Animal carcinogenicity data
1,3-Dinitropyrene was tested for carcino
genicity in mice in one study by intraperitoneal
injection and in one study by subcutaneous injec
tion, and in rats in one study by oral administra
tion, one study by intraperitoneal injection and
two studies by subcutaneous injection. In mice,
neither intraperitoneal nor subcutaneous injec
tion of 1,3-dinitropyrene produced an increase
in the incidence of tumours at any site that was
significantly different from that in controls. In
rats, intragastric intubation of 1,3-dinitropyrene
produced a significant increase in the incidence
of pituitary carcinomas; intraperitoneal injection
of 1,3-dinitropyrene caused a significant increase
in the incidence of mammary tumours and pitu
itary adenomas; and subcutaneous injection of
1,3-dinitropyrene caused significant increases
in the incidence of subcutaneous sarcomas in
treated animals in one study and an increase in
the formation of malignant histiocytomas at the
injection site in another study.

of one nitro group to yield the corresponding
N-hydroxylamine, which may then be converted
into the highly reactive O-acetyl metabolite.
Mutagenicity assays in bacteria have shown that
the activating enzymes are present in the bacteria
themselves. 1,3-Dinitropyrene did not induce gene
conversion in yeast. It was mutagenic in different
mammalian systems, and induced chromosomal
aberrations in Chinese hamster lung fibroblasts,
but no cell transformation in BALB-c3T3 cells.
1,3-Dinitropyrene was an effective inducer of
apoptosis in mammalian Hepa1c1c7 cells, and it
enhanced lipid peroxidation.
Overall, these data provide weak mecha
nistic evidence to support the carcinogenicity of
1,3-dinitropyrene.

6.

Evaluation

6.1 Cancer in humans
No data were available to the Working Group.

6.2 Cancer in experimental animals
There is sufficient evidence in experi
mental animals for the carcinogenicity of
1,3-dinitropyrene.

6.3 Overall evaluation
1,3-Dinitropyrene is possibly carcinogenic to
humans (Group 2B).

5.4 Mechanistic and other relevant
data

References

No data were available to the Working Group
on the absorption, distribution, metabolism and
excretion or the genetic and related effects of
1,3-dinitropyrene in humans. Metabolic acti
vation of 1,3-dinitropyrene occurs by reduction

Albinet A, Leoz-Garziandia E, Budzinski H, Viilenave
E (2006). Simultaneous analysis of oxygenated
and nitrated polycyclic aromatic hydrocarbons on
standard reference material 1649a (urban dust) and
on natural ambient air samples by gas chromatogra
phy-mass spectrometry with negative ion chemical

517

IARC MONOGRAPHS – 105
ionisation. J Chromatogr A, 1121: 106–113. doi:10.1016/j.
chroma.2006.04.043 PMID:16682050
Araki Y, Tang N, Ohno M et al. (2009). Analysis of
Atmospheric Polycyclic Aromatic Hydrocarbons
and Nitropolycyclic Aromatic Hydrocarbons in Gas/
Particle Phases Separately Collected by a High-volume
Air Sampler Equipped with a Column Packed with
XAD-4 Resin. J Health Sci, 55: 77–85. doi:10.1248/
jhs.55.77
Beland FA, Marques MM (1994). DNA adducts of nitropoly
cyclic aromatic hydrocarbons. In: DNA adducts:
Identification and biological significance. Hemmininki
K, Dipple A, Shuker DEG et al., editors. Lyon, France:
International Agency for Research on Cancer, pp.
229–244.
Buckingham J, editor (1985). Dictionary of Organic
Compounds, 5th ed. New York, USA: Chapman & Hall.
Busby WF Jr, Smith H, Bishop WW, Thilly WG (1994).
Mutagenicity of mono- and dinitropyrenes in the
Salmonella typhimurium TM677 forward mutation
assay. Mutat Res, 322: 221–232. doi:10.1016/0165
1218(94)90098-1 PMID:7523916
Butler MA, Evans DL, Giammarise AT et al. (1983).
Application of Salmonella Assay to Carbon Blacks and
Toners. In: Polynuclear Aromatic Hydrocarbons, 7th
International Symposium, Formation, Metabolism and
Measurement. Cooke M, Dennis AJ, editors. Columbus,
OH: Battelle Press, pp. 225–241.
Carrara M & Niessner R (2011). Impact of a NO2-regenerated
diesel particulate filter on PAH and NPAH emissions
from an EURO IV heavy duty engine. J Environ Monit,
13: 3373–3379. doi:10.1039/c1em10573f PMID:22027900
ChemicalBook (2012). Product Chemical Properties.
Available at: http://www.chemicalbook.com
Chemsyn Science Laboratories (1988). 1,3-Dinitropyrene.
Product Code, U1037. Lenexa, KS, USA: Chemsyn
Science Laboratories, pp. 66–68.
Crebelli R, Conti L, Crochi B et al. (1995). The effect of
fuel composition on the mutagenicity of diesel engine
exhaust. Mutat Res, 346: 167–172. doi:10.1016/0165
7992(95)90049-7 PMID:7535382
Crimmins BS & Baker JE (2006). Improved GC/MS methods
for measuring hourly PAH and nitro-PAH concentra
tions in urban particulate matter. Atmos Environ, 40:
6764–6779. doi:10.1016/j.atmosenv.2006.05.078
Draper WM (1986). Quantitation of nitro- and dinitro
pyolycyclic aromatic hydrocarbons in diesel exhaust
particulate matter. Chemosphere, 15: 437–447.
doi:10.1016/0045-6535(86)90537-0
Durant JL, Busby WF Jr, Lafleur AL et al. (1996). Human
cell mutagenicity of oxygenated, nitrated and unsubsti
tuted polycyclic aromatic hydrocarbons associated with
urban aerosols. Mutat Res, 371: 123–157. doi:10.1016/
S0165-1218(96)90103-2 PMID:9008716
el Ghissassi F, Barbin A, Nair J, Bartsch H (1995). Formation
of 1,N6-ethenoadenine and 3,N4-ethenocytosine by

518

lipid peroxidation products and nucleic acid bases.
Chem Res Toxicol, 8: 278–283. doi:10.1021/tx00044a013
PMID:7766812
Fu PP (1990). Metabolism of nitro-polycyclic aromatic
hydrocarbons. Drug Metab Rev, 22: 209–268.
doi:10.3109/03602539009041085 PMID:2272288
Fu PP & Herreno-Saenz D (1999). Nitro-polycyclic
aromatic hydrocarbons: a class of genotoxic environ
mental pollutants. J Environ Sci Health, Part C, 17: 1–43.
Giammarise AT, Evans DL, Butler MA, et al. (1982).
Improved Methodology for Carbon Black Extraction. In:
Polynuclear Aromatic Hydrocarbons, 6th International
Symposium, Physical and Biological Chemistry. Cooke
M, Dennis AJ, Fischer GL, editors. Columbus, OH:
Battelle Press, pp. 325–334.
Gibson TL (1983). Sources of direct-acting nitroarene
mutagens in airborne particulate matter. Mutat
Res, 122: 115–121. doi:10.1016/0165-7992(83)90047-7
PMID:6197644
Gibson TL (1986). Sources of nitroaromatic mutagens
in atmospheric polycyclic organic matter. J Air Pollut
Control Assoc, 36: 1022–1025. doi:10.1080/00022470.19
86.10466141 PMID:2430003
Hashimoto Y & Shudo K (1984). Preparation of pure
isomers of dinitropyrenes. Chem Pharm Bull (Tokyo),
32: 1992–1994. doi:10.1248/cpb.32.1992
Hayakawa K, Butoh M, Hirabayashi Y et al. (1994).
Determination of 1,3-dinitropyrene, 1,6-dinitro
pyrene, 1,8-dinitropyrene and 1-nitropyrene in vehicle
exhaust particulates Jap J Toxicol Environ Health, 40:
20–25. doi:10.1248/jhs1956.40.20
Hayakawa K, Butoh M, Miyazaki M (1992). Determination
of dinitro- and nitropyrenes in emission particulates
from diesel and gasoline engine vehicles by liquid chro
matography with chemiluminescence detection after
precolumn reduction. Anal Chim Acta, 266: 251–256.
doi:10.1016/0003-2670(92)85050-G
Hayakawa K, Kawaguchi Y, Murahashi T, Miyazaki M
(1995). Distribution of nitropyrenes and mutagenicity
in airborne particulates collected with an Andersen
sampler. Mutation Research Letters, 348: 57–61.
doi:10.1016/0165-7992(95)00046-1
Hayakawa K, Noji K, Tang N et al. (2001). A high-per
formance liquid chromatographic system equipped
with on-line reducer, clean-up and concentrator
columns for determination of trace levels of nitropoly
cyclic aromatic hydrocarbons in airborne partic
ulates. Anal Chim Acta, 445: 205–212. doi:10.1016/
S0003-2670(01)01279-X
Hayakawa K, Tang N, Akutsu K et al. (2002). Comparison
of polycyclic aromatic hydrocarbons and nitropolycy
clic aromatic hydrocarbons in airborne particulates
collected in downtown and suburban Kanazawa,
Japan. Atmos Environ, 36: 5535–5541. doi:10.1016/
S1352-2310(02)00252-2

1,3-Dinitropyrene
Heeb NV, Schmid P, Kohler M et al. (2008). Secondary
effects of catalytic diesel particulate filters: conversion
of PAHs versus formation of nitro-PAHs. Environ
Sci Technol, 42: 3773–3779. doi:10.1021/es7026949
PMID:18546721
Heeb NV, Schmid P, Kohler M et al. (2010). Impact of
low- and high-oxidation diesel particulate filters on
genotoxic exhaust constituents. Environ Sci Technol,
44: 1078–1084. doi:10.1021/es9019222 PMID:20055402
Hutzler C, Luch A, Filser JG (2011). Analysis of carcino
genic polycyclic aromatic hydrocarbons in complex
environmental mixtures by LC-APPI-MS/MS. Anal
Chim Acta, 702: 218–224. doi:10.1016/j.aca.2011.07.003
PMID:21839201
IARC (1989). Diesel and gasoline engine exhausts and
some nitroarenes. IARC Monogr Eval Carcinog Risks
Hum, 46: 1–458. PMID:2483415
Imaida K, Lee M-S, Land SJ et al. (1995). Carcinogenicity of
nitropyrenes in the newborn female rat. Carcinogenesis,
16:
3027–3030.
doi:10.1093/carcin/16.12.3027
PMID:8603480
Imaida K, Lee M-S, Wang CY, King CM (1991).
Carcinogenicity of dinitropyrenes in the wean
ling female CD rat. Carcinogenesis, 12: 1187–1191.
doi:10.1093/carcin/12.7.1187 PMID:1649014
IPCS (2003). Environmental Health Criteria No. 229.
Selected Nitro- and Nitro-oxy-polycyclic Aromatic
Hydrocarbons. International Programme on Chemical
Safety. Available at: http://www.inchem.org/docu
ments/ehc/ehc/ehc229.htm. Accessed 3 June, 2013.
Kakimoto H, Matsumoto Y, Sakai S et al. (2002).
Comparison of atmospheric polycyclic aromatic
hydrocarbons and nitropolycyclic aromatic hydrocar
bons in an industrialized city (Kitakyushu) and two
commercial cities (Sapporo and Tokyo). J Health Sci,
48: 370–375. doi:10.1248/jhs.48.370
Kaplan S (1981). Carbon-13 chemical shift assignments
of the nitration products of pyrene. Orge. Magn.
Resonance, 15: 197–199. doi:10.1002/mrc.1270150215
King CM (1988). Metabolism and biological effects of
nitropyrene and related compounds. Res Rep Health
Eff Inst, 16: 1–22. PMID:2855872
Landvik NE, Gorria M, Arlt VM et al. (2007). Effects of
nitrated-polycyclic aromatic hydrocarbons and diesel
exhaust particle extracts on cell signalling related to
apoptosis: possible implications for their mutagenic
and carcinogenic effects. Toxicology, 231: 159–174.
doi:10.1016/j.tox.2006.12.009 PMID:17240030
Linstrom PJ, Wallard WG, editors (2011). NIST Chemistry
WebBook, NIST Standard Reference Database Number
69. Gaithersburg, MD: National Institute of Standards
and Technology. Available at: http://webbook.nist.gov/
chemistry/. Accessed: 3 June, 2013.
Löfroth G, Hefner E, Alfheim I, Møoller M (1980).
Mutagenic activity in photocopies. Science, 209: 1037–
1039. doi:10.1126/science.6996094 PMID:6996094

McCoy EC, Holloway M, Frierson M et al. (1985). Genetic
and quantum chemical basis of the mutagenicity of
nitroarenes for adenine-thymine base pairs. Mutat
Res, 149: 311–319. doi:10.1016/0027-5107(85)90146-0
PMID:3887141
Mersch-Sundermann V, Kern S, Wintermann F (1991).
Genotoxicity of nitrated polycyclic aromatic hydrocar
bons and related structures on Escherichia coli PQ37
(SOS chromotest). Environ Mol Mutagen, 18: 41–50.
doi:10.1002/em.2850180108 PMID:1864268
Mersch-Sundermann V, Klopman G, Rosenkranz HS
(1992). Structural requirements for the induction
of the SOS repair in bacteria by nitrated polycyclic
aromatic hydrocarbons and related chemicals. Mutat
Res, 265: 61–73. doi:10.1016/0027-5107(92)90039-5
PMID:1370243
Morel MC, Alers I, Arce R (2006). Photochemical
degradation of 1,6-and 1,8-dinitropyrene in solu
tion. Polycyclic Aromatic Compounds, 26: 207–219.
doi:10.1080/10406630600760576
Murahashi T, Ito M, Kizu R, Hayakawa K (2001).
Determination of nitroarenes in precipitation collected
in Kanazawa, Japan. Water Res, 35: 3367–3372.
doi:10.1016/S0043-1354(01)00035-5 PMID:11547857
Murahashi T, Miyazaki M, Kakizawa R et al. (1995).
Diurnal concentrations of 1,3-dinitropyrene, 1,6-dini
tropyrene, 1,8-dinitropyrene, 1-nitropyrene, and
benzo(a)pyrene in air in downtown Kanazawa and
the contribution of diesel-engine vehicles Jap J Toxicol
Environ Health, 41: 328–333. doi:10.1248/jhs1956.41.328
Nair U, Bartsch H, Nair J (2007). Lipid peroxidation-in
duced DNA damage in cancer-prone inflamma
tory diseases: a review of published adduct types
and levels in humans. Free Radic Biol Med, 43:
1109–1120.
doi:10.1016/j.freeradbiomed.2007.07.012
PMID:17854706
Nakagawa R, Kitamori S, Horikawa K et al. (1983).
Identification of dinitropyrenes in diesel-exhaust
particles. Their probable presence as the major muta
gens. Mutat Res, 124: 201–211. doi:10.1016/0165
1218(83)90191-X PMID:6197647
Nishioka MG, Petersen RA, Lewtas J (1982). Comparison
of Nitro-aromatic Content and Direct-acting
Mutagenicity of Diesel Emissions. In: Polynuclear
Aromatic Hydrocarbons, 6th International Symposium,
Physical and Biological Chemistry. Cooke M, Dennis
AJ, Fischer GL, editors. Columbus, OH: Battelle Press,
pp. 603–613.
Oda Y, Shimada T, Watanabe M et al. (1992). A sensi
tive umu test system for the detection of mutagenic
nitroarenes in Salmonella typhimurium NM1011
having a high nitroreductase activity. Mutat Res, 272:
91–99. PMID:1383753
Oda Y, Yamazaki H, Watanabe M et al. (1993). Highly
sensitive umu test system for the detection of muta
genic nitroarenes in Salmonella typhimurium

519

IARC MONOGRAPHS – 105
NM3009 having high O-acetyltransferase and nitrore
ductase activities. Environ Mol Mutagen, 21: 357–364.
doi:10.1002/em.2850210407 PMID:8491215
Ohgaki H, Negishi C, Wakabayashi K et al. (1984).
Induction of sarcomas in rats by subcutaneous injec
tion of dinitropyrenes. Carcinogenesis, 5: 583–585.
doi:10.1093/carcin/5.5.583 PMID:6722977
Otofuji T, Horikawa K, Maeda T et al. (1987). Tumorigenicity
test of 1,3- and 1,8-dinitropyrene in BALB/c mice. J
Natl Cancer Inst, 79: 185–188. PMID:3037147
Paputa-Peck MC, Marano RS, Schuetzle D et al. (1983).
Determination of nitrated poly nuclear aromatic hydro
carbons in particulate extracts by capillary column gas
chromatography with nitrogen selective detection.
Anal Chem, 55: 1946–1954. doi:10.1021/ac00262a027
Pitts JN Jr (1987). Nitration of gaseous polycy
clic aromatic hydrocarbons in simulated and
ambient urban atmospheres: A source of muta
genic nitroarenes. Atmos Environ, 21: 2531–2547.
doi:10.1016/0004-6981(87)90186-7
Ramdahl T & Urdal K (1982). Determination of nitrated
polycyclic aromatic hydrocarbons by fused silica capil
lary gas chromatography and negative ion chemical
ionization mass spectrometry. Anal Chem, 54: 2256–
2260. doi:10.1021/ac00250a027
Rosenkranz HS, McCoy EC, Sanders DR et al. (1980).
Nitropyrenes: isolation, identificaton, and reduction
of mutagenic impurities in carbon black and toners.
Science, 209: 1039–1043. doi:10.1126/science.6996095
PMID:6996095
Salmeen IT, Pero AM, Zator R et al. (1984). Ames assay
chromatograms and the identification of mutagens
in diesel particle extracts. Environ Sci Technol, 18:
375–382. doi:10.1021/es00123a017 PMID:22280088
Sanders DR (1981). Nitropyrenes: the Isolation of Trace
Mutagenic Impurities from the Toluene Extract of an
Aftertreated Carbon Black. In: Polynuclear Aromatic
Hydrocarbons, 5th International Symposium, Chemical
Analysis and Biological Fate. Cooke M, Dennis AJ,
editors. Columbus, OH: Battelle Press, pp. 145–158.
Schauer C, Niessner R, Pöschl U (2004). Analysis of
nitrated polycyclic aromatic hydrocarbons by liquid
chromatography with fluorescence and mass spectrom
etry detection: air particulate matter, soot, and reac
tion product studies. Anal Bioanal Chem, 378: 725–736.
doi:10.1007/s00216-003-2449-1 PMID:14704835
Schuetzle D, Jensen TE (1985). Analysis of Nitrated
Polycyclic Aromatic Hydrocarbons (Nitro-PAH) by
Mass Spectrometry. In: Nitrated Polycyclic Aromatic
Hydrocarbons. White CM, editor. Heidelberg: Hüthig
Verlag, pp. 121–167.
Schuetzle D & Perez JM (1983). Factors influencing the
emissions of nitrated-polynuclear aromatic hydro
carbons (nitro-PAH) from diesel engines. J Air Pollut
Control Assoc, 33: 751–755. doi:10.1080/00022470.1983
.10465636

520

Shah AB, Rowland IR, Combes RD (1991). Inhibition
of dinitropyrene mutagenicity in vitro and in vivo
using Salmonella typhimurium and the intrasan
guinous host-mediated assay. Mutat Res, 253: 181–191.
PMID:1922144
Shane BS & Winston GW (1997). Activation and detox
ification of dinitropyrenes by cytosol and micro
somes from Aroclor-pretreated rats in the Ames
and umu assays. Environ Mol Mutagen, 30: 303–311.
doi:10.1002/(SICI)1098-2280(1997)30:3<303::AID
EM9>3.0.CO;2-L PMID:9366909
Shimada T Oda Y, Yamazaki H, Mimura M, Guengerich
FP (1994). SOS function test for studies of chemical
carcinogenesis using Salmonella typhimurium. In:
Methods in Molecular Genetics, Vol. 5, Gene and
Chromosome Analysis, Part C. Adolph KW, editor. San
Diego, California: Academic Press, pp. 342–355.
Siak J, Chan TL, Gibson TL, Wolff GT (1985). Contribution
to bacterial mutagenicity from nitro-PAH compounds
in ambient aerosols. Atmos Environ, 19: 369–376.
doi:10.1016/0004-6981(85)90104-0
Sigma-Aldrich (2012). Chemical Product Directory,
1,3-dinitropyrene, CAS No.75321-20-9. Sigma-Aldrich
Corp. Available at: http://www.sigmaaldrich.com/
catalog/. Accessed: 3 June, 2013
Tanabe K, Matsushita H, Kuo C-T et al. (1986).
Determination of carcinogenic nitroarenes in airborne
particulates by high performance liquid chromatog
raphy. (Jpn.). Taiki Osen Gakkaishi J Jpn Soc Air Pollut,
21: 535–544.
Tang N, Hattori T, Taga R et al. (2005). Polycyclic
aromatic hydrocarbons and nitropolycyclic aromatic
hydrocarbons in urban air particulates and their
relationship to emission sources in the Pan-Japan Sea
countries. Atmos Environ, 39: 5817–5826. doi:10.1016/j.
atmosenv.2005.06.018
Tokiwa H, Nakagawa R, Horikawa K (1985). Mutagenic/
carcinogenic agents in indoor pollutants; the dinitro
pyrenes generated by kerosene heaters and fuel gas and
liquefied petroleum gas burners. Mutat Res, 157: 39–47.
doi:10.1016/0165-1218(85)90047-3 PMID:3892284
Wislocki PG, Bagan ES, Lu AY et al. (1986). Tumorigenicity
of nitrated derivatives of pyrene, benz[a]anthracene,
chrysene and benzo[a]pyrene in the newborn mouse
assay. Carcinogenesis, 7: 1317–1322. doi:10.1093/
carcin/7.8.1317 PMID:3731386
Yamazaki H, Hatanaka N, Kizu R et al. (2000).
Bioactivation of diesel exhaust particle extracts and
their major nitrated polycyclic aromatic hydrocarbon
components, 1-nitropyrene and dinitropyrenes, by
human cytochromes P450 1A1, 1A2, and 1B1. Mutat
Res, 472: 129–138. PMID:11113705
Yoshikura T, Kuroda K, Kamiura T (1985). Synthesis of
1,3-, 1,6- and 1,8-dinitropyrenes and evaluation of
their mutagenicities. Annu Rep Osaka City Inst public
Health environ Sci, 47: 31–35.

