Chapter 8

Recent Trends in Atmospheric Concentrations
of Polycyclic Aromatic Hydrocarbons

and Nitropolycyclic Aromatic Hydrocarbons
in Japanese Cities

Kazuichi Hayakawa

Abstract Total suspended particulate matter (TSP) was collected during the sum-
mer and winter in Japanese cities (Sapporo, Kanazawa, Tokyo, Sagamihara, and
Kitakyushu) from 1997 to 2014. Polycyclic aromatic hydrocarbons (PAHs) with
four to six rings and two nitropolycyclic aromatic hydrocarbons (NPAHSs),
1-nitropyrene and 6-nitrobenzo[a]pyrene, were determined. A comparison between
PAH and NPAH concentrations and [NPAH]/[PAH] ratios revealed the following
characteristics:

1. Commercial cities (Sapporo, Kanazawa, Tokyo, and Sagamihara): the concen-
trations of PAHs and NPAHs were high at the beginning of the sampling period
and then steadily decreased, with NPAHs decreasing more than PAHs. The major
contributor was automobiles, but their contributions decreased significantly as a
result of the effective regulation control of particulate matter and NO, emitted
from automobiles.

2. Iron-manufacturing cities (Kitakyushu and Muroran): PAH concentrations did
not decrease, though concentrations of NPAHs decreased. The major contributor
of PAHs was iron manufacturing which uses a large amount of coal.
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8.1 Introduction

In the 1970s and 1980s, urban air pollution in Japanese cities became serious, and
automobiles were considered to be the major contributor with many kinds of pollut-
ants such as carbon dioxide, sulfur oxides, nitrogen oxides, polycyclic aromatic
hydrocarbons (PAHs), and nitropolycyclic aromatic hydrocarbons (NPAHs).
Automobiles were identified as the main source of atmospheric PAHs and NPAHs in
Kanazawa, a commercial city in Japan, as seen by the parallel between variations in
diurnal PAH and NPAH concentrations and traffic volume (Fig. 8.1) (Hayakawa
et al. 1995; Murahashi et al. 1995). The Japanese government gradually reinforced
controls on nitrogen oxides (NO,) and PM emitted from automobiles starting in the
1990s (Ministry of Land, Infrastructure Transport and Tourism 2017). As a result, a
decrease in PAH and NPAH concentrations was observed (Kojima et al. 2010; Hama
et al. 2012; Suzuki et al. 2015; Inomata et al. 2016). In this chapter, the changes in
atmospheric concentrations and sources of PAHs and NPAHs during the period from
1997 to 2014 were clarified to obtain a more accurate picture of the effect of govern-
ment emission controls on the allowable emissions from automobiles.

Total suspended particulate matter (TSP) was collected in Sapporo, Kanazawa,
Tokyo, Sagamihara, and Kitakyushu (Fig. 8.2). Sapporo and Kanazawa, the respec-
tive capital cities of Hokkaido and Ishikawa Prefecture, are commercial cities
though the former has a population about five times larger. Tokyo, having the largest
population, is the capital of Japan, and Sagamihara is a typical satellite city of
Tokyo. Both are commercial cities. Kitakyushu is one of the major iron-
manufacturing cities in Japan. TSP samples in each city were collected for 2 weeks
in winter (January—February) and summer (July—August) by using high-volume air
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Fig. 8.1 Diurnal variations of 1,3-, 1,6-, and 1,8-dinitropyrenes (DNPs) and 1-NP in urban air
sampling site of downtown Kanazawa; sampling period: February 2-3, 1993
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Fig. 8.2 Airborne particulate sampling cities in Japan

samplers. Nine PAHs, fluoranthene (FR), pyrene (Pyr), benz[a]anthracene (BaA),
chrysene (Chr), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), BaP,
benzo[ghi]perylene (BghiPe), and indeno[1,2,3-cd]pyrene (IDP), were determined
by using an HPLC equipped with a fluorescence detector. Two NPAHs, 1-nitropyrene
(1-NP) and 6-nitrobenz[a]pyrene (6-NBaP), were determined using an HPLC
equipped with a fluorescence detector.

8.2 Long-Term Changes in PAH and NPAH Concentrations
from 1997 to 2014

In Sapporo, Kanazawa, and Tokyo, the highest mean XPAH concentrations observed
were in the range between 5.1 and 8.0 ng/m? in winter 1997 or 1999. Subsequently,
in Sapporo, Kanazawa, and Tokyo, the respective concentrations decreased to 1/6
(summer), 1/3 (winter) and 1/3 (summer), and 1/2 (winter) of the initial concentra-
tions with seasonal differences (winter > summer). However, TSP concentrations
did not show any statistical decrease in these cities. In Kitakyushu, the initial mean
¥PAH concentrations (3.0 ng/m?® in summer 1997 and 4.6 ng/m* in winter 1997)
were at the levels similar to those of the other Japanese cities and remained at simi-
lar levels until a sudden increase in 2014, despite a low TSP concentration
(Hayakawa et al. 2017). The variations in BaP, as a representative PAH, in the five
cities are shown in Fig. 8.3. In Sapporo, Kanazawa, and Tokyo, the highest mean
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Fig. 8.3 Atmospheric BaP concentrations

BaP concentrations observed were in the range between 0.48 and 0.91 ng/m® in the
winter of 1997 or 1999. Subsequently, in Sapporo, Kanazawa, and Tokyo, the con-
centrations decreased significantly with seasonal differences (winter > summer). In
Kitakyushu, the initial BaP concentrations (0.40 ng/m? in summer 1997 and 0.45 ng/
m? in winter 1997) were at the levels similar to those of the other Japanese cities and
increased suddenly to 1.72 ng/m? in winter 2014.

In Sapporo, Kanazawa, and Tokyo, the highest winter XNPAH concentrations
ranged from 70 to 141 pg/m® and were observed during the winters of 1997 and
1999. Subsequently, in Sapporo, Kanazawa, and Tokyo, the concentrations
decreased more significantly than those of PAHs. The rates of decrease were faster
in the first stage (during 1997-2005) than in the second stage (2007-2014). However,
Kitakyushu showed different patterns. The initial mean ZNPAH concentrations in
summer and winter were much lower than those of the other three Japanese cities.
The subsequent summer concentration seemed to decrease, but the winter concen-
tration did not (Hayakawa et al. 2017). Variations in 1-NP, as a representative NPAH,
in the five cities are shown in Fig. 8.4. In Sapporo, Kanazawa, and Tokyo, the high-
est winter [-NP concentrations ranged from 70 to 141 pg/m?® and were observed in
winter 1997. Subsequently, the concentrations decreased more significantly than
those of BaP and faster in the first stage (during 1997-2005) than in the second
stage (2007-2014). However, Kitakyushu showed initial mean 1-NP concentrations
in both summer and winter that were much lower than those of the other three
Japanese cities. While the summer concentration seemed to subsequently decrease,
the winter concentration did not.

Figures 8.3 and 8.4 showed that air pollution caused by PAHs and NPAHs has
improved in Sapporo, Kanazawa, and Tokyo, especially in the first stage but not in
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Fig. 8.4 Atmospheric 1-NP concentrations

Kitakyushu. The most important difference between Japanese cities and the other
Far Eastern Asian countries is that pollution levels of PAHs and NPAHs in China
and Far Eastern Russia were much higher than those in Japan by 1-2 orders of mag-
nitude or more (Tang et al. 2002, 2005; Hattori et al. 2007).

8.3 Source Estimation

We previously reported that the concentration ratio of NPAH to corresponding PAH
([NPAH]/[PAH]) in TSP becomes larger with an increase in combustion tempera-
ture (Tang et al. 2005; Hama et al. 2012). This is because the formation of NO, and
the mono- and di-nitration of PAHs depends on the combustion temperature.
Depending on the combustion temperature and differences between coal-burning
stoves (1100-1200 °C) and automobile engines (2700-3000 °C), the [1-NP]/[Pyr]
value of PM from coal stoves (8 x 10™* — 6 x 10~3) was much smaller than that of
PM from automobile engines (0.36) as seen in Fig. 8.5 (Yang et al. 2010).

The diurnal variations in atmospheric PAH and NPAH concentrations were in
parallel with traffic volume in Kanazawa, a typical local commercial city in Japan
(Hayakawa et al. 1995), suggesting automobiles were the main contributors (Hama
et al. 2012). Figure 8.6 shows changes in [1-NP]/[Pyr] ratios for the five Japanese
cities from 1997 to 2014 with a single value for Muroran in winter 2009. At the
beginning of the study, Kanazawa showed the largest summer and winter [1-NP]/
[Pyr] ratios (0.18 and 0.20, respectively). From the average [ 1-NP]/[Pyr] ratio (0.35)
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Fig. 8.5 [NPAH]/[PAH] ratios of automobile engine exhaust particulates (AP), coal-burning par-
ticulates (CP), and biomass-burning particulates (BP)
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Fig. 8.6 Variation in [1-NP]/[Pyr] ratios

of PM exhausted from diesel engines, the contribution of automobiles to atmospheric
PAHs and NPAHs was calculated to be between 47 and 57%. These values decreased
significantly to 0.03 (p < 0.01) and 0.013 (p < 0.01), respectively, in 2013/2014.

Sapporo showed the largest [1-NP]/[Pyr] ratios (0.12 in both summer and win-
ter) in 1997. They decreased to 0.019 and 0.043 (p < 0.01) by 2013/2014. The
recent small [1-NP]/[Pyr] ratios suggest that the contribution of automobiles
decreased significantly.
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8.4 The Effect of Regulations on Atmospheric PAH/NPAH
Levels

In Japan, during the period between 1995 and 2014, the registered number of cars
increased from 44,680,000 to 60,670,000, while the registered number of trucks/
buses, which consisted mainly of diesel-engine vehicles, decreased from 20,670,000
to 14,850,000. This alone does not explain the significant decreases in atmospheric
NPAH concentrations shown in Fig. 8.4. Automobile mileage was also improved
through innovations in engine performance and oil quality (Japan Automobile
Manufacturers Association 2017). This might be another reason. Recently, the
Japanese government enforced legislation limiting the values of NO, and PM from
new diesel vehicles through a step-by-step procedure starting in 1993. Emissions of
CO, HC, and NO, from new gasoline car in 2000, 2001, and 2002 (Shin-tanki kisei)
were similarly restricted. Figure 8.7 shows the change of the regulation values of
NO, and PM emitted from new diesel vehicles of three weight categories, < 1.7
tons, 1.7-3.5 tons, and >3.5 tons, as an example of automobile categories. The regu-
lation values of NO, and PM from diesel-engine automobiles (£ 3.5 tons) decreased
significantly to 13.7-29.4% and 2.8-3.8% of the original levels before 1997.
Because TSP contains not only PM exhausted from automobiles but also soils and
particulates from the road surface, the decreases in Pyr and BaP may be explained
primarily by decreases in regulation values of PM from automobiles (Fig. 8.7).
Considering that the formation of NPAHs depends on [PM] and [NO,], it is reason-
able that atmospheric concentrations of 1-NP and 6-NBaP decreased faster than
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Fig. 8.7 Japanese regulation of NOx and PM emissions from new diesel-engine vehicle regulation
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those of Pyr and BaP, respectively. The rapid decrease in atmospheric concentra-
tions of PAHs and NPAHs (Figs. 8.3 and 8.4) means that governmental control of
PM and NO, emission from automobiles has dramatically improved urban air pol-
lution caused by automobiles in Japanese commercial cities (Kakimoto et al. 2000,
2002; Kashiwakura et al. 2008, 2009).

By contrast, Kitakyushu showed a different [1-NP]/[Pyr] profile. The values
were very low during the monitoring period. The values were below 0.0004 in
2013/2014 (Fig. 8.6). Similarly, in another recent study of Muroran, which is a typi-
cal iron-manufacturing city in Japan, the [1-NP]/[Pyr] ratio was also very small
(3.1 x 107%) in the winter of 2009. A coke-oven iron-manufacturing plant, which
consumes a large amount of coal, was found to be the major contributor of PAHs in
the city (Hayakawa et al. 2016). Like Muroran, Kitakyushu is also a major iron-
manufacturing city.

8.5 Conclusion

An analysis of long-term concentrations of atmospheric PAHs and NPAHs, as well
as [NPAH]J/[PAH] ratios in five Japanese cities from Hokkaido to Kyushu from
1997 to 2014, led to two conclusions:

1. Commercial cities [Sapporo, Kanazawa, Tokyo, and Sagamihara]: the concen-
trations of PAHs and NPAHs were high in the 1990s and then decreased. NPAHs
decreased faster than PAHs. The major source was automobiles at the beginning,
but the contribution of automobiles decreased significantly after the enforcement
of regulations aimed at curbing automobile emissions.

2. Tron-manufacturing cities [Kitakyushu and Muroran]: the concentrations of
PAHs did not decrease, while the concentrations of NPAHs decreased. The major
PAH contributor was from iron manufacturing.

From the comparison of Japanese cities (Chap. 8) and the other East Asian coun-
tries (Chap. 9), it must be emphasized that the pollution levels of PAHs and NPAHs
in Japanese urban air were much lower than those in China and Russia and that the
major sources are different. Automobiles are the major contributor in Japanese com-
mercial cities such as Sapporo, Tokyo, Kanazawa, and Busan. While iron manufac-
turing, which consumes a large amount of coal, is the major contributor in
Kitakyushu and Muroran, winter coal heating is the major contributor in Shenyang,
Beijing, and Vladivostok. In the automobile cities, the concentration of NPAHs rela-
tive to the concentration of PAHs was higher in East Asian countries. This means
that there will be differences between locales that require differing countermeasures
(Hayakawa 2016).


https://doi.org/10.1007/978-981-10-6775-4_8
https://doi.org/10.1007/978-981-10-6775-4_9

8 Recent Trends in Atmospheric Concentrations of Polycyclic Aromatic Hydrocarbons... 103

References

Hama H, Tokuda T, Izaki A, Ohno T, Watanabe Y, Kanda T, Tang N, Kameda T, Toriba A, Hayakawa
K (2012) Variation in polycyclic aromatic hydrocarbons and nitropolycyclic aromatic hydro-
carbons in airborne particulates collected in urban Kanazawa, Japan, in last 12 years. J Jpn Soc
Atmos Environ 47:1-8 (in Japanese with English abstract)

Hattori T, Tang N, Tamura K, Hokoda A, Yang XY, Igarash K, Ohno M, Okada Y, Toriba A,
Hayakawa K (2007) Profiles of particulate-bound polycyclic aromatic hydrocarbons and
their nitrated derivatives in three typical cities, Liaoning Province, China. Environ Forensic
8:165-172

Hayakawa K (2016) Environmental behaviors and toxicities of polycyclic aromatic hydrocarbons
and nitropolycyclic aromatic hydrocarbons. Chem Pharm Bull 64:83-94

Hayakawa K, Murahashi T, Butoh M, Miyazaki M (1995) Determination of 1,3-, 1,6-, and
1,8-dinitropyrenes and 1-nitropyrene in urban air by high-performance liquid chromatography
using chemiluminescence detection. Environ Sci Technol 29:928-932

Hayakawa K, Tang N, Morisaki H, Toriba A, Akutagawa T, Sakai S (2016) Atmospheric polycy-
clic and nitropolycyclic aromatic hydrocarbons in an iron-manufacturing city. Asian J Atmos
Environ 10:90-98

Hayakawa K, Tang N, Nagato E, Toriba A, Sakai S, Kano F, Goto S, Endo O, Arashidani K,
Kakimoto H (2017) Long term trends in atmospheric concentrations of polycyclic aromatic
hydrocarbons and nitropolycyclic aromatic hydrocarbons: a study of Japanese cities from 1997
to 2014

Inomata Y, Kajino M, Sato K, Hayakawa K, Ueda H (2016) Spatial and temporal trend of atmo-
spheric benzo[a]pyrene in Japan between 2000 and 2013. J Jpn Soc Atmos Environ 51:111-
123 (in Japanese with English abstract)

Japan Automobile Manufacturers Association, Inc. (2017) Registered number of vehicles. http://
www.jama.or.jp/industry/four\wheeled. Last accessed on 26 Apr 2017

Kakimoto H, Kitamura M, Matsumoto Y, Sakai S, Kanoh F, Murahashi T, Akutsu K, Kizu R,
Hayakawa K (2000) Comparison of atmospheric polycyclic aromatic hydrocarbons and nitro-
polycyclic aromatic hydrocarbons in Kanazawa, Sapporo and Tokyo. J Health Sci 46:5-15

Kakimoto H, Matsumoto Y, Sakai S, Kanoh F, Arashidani K, Tang N, Akutsu K, Nakajima A,
Awata Y, Toriba A, Kizu R, Hayakawa K (2002) Comparison of atmospheric polycyclic
aromatic hydrocarbons and nitropolycyclic aromatic hydrocarbons in an industrialized city
(Kitakyushu) and two commercial cities (Sapporo and Tokyo). J Health Sci 48:370-375

Kashiwakura K, Sasaki S, Nakajima T, Sakamoto K (2008) Emissions of regulated and non-
regulated air pollutants emitted from heavy-duty diesel vehicles and their emission tendencies.
J Jpn Soc Atmos Environ 43:67-78 (in Japanese with English abstract)

Kashiwakura K, Sasaki S, Sakamoto K (2009) Emissions of regulated and non-regulated air pol-
lutants emitted from gasoline vehicles and their emission tendencies. J Jpn Soc Atmos Environ
44:102—-116 (in Japanese with English abstract)

Kojima Y, Inazu K, Hisamatsu Y, Okochi H, Baba T, Nagoya T (2010) Changes in concentration
levels of polycyclic aromatic compounds associated with airborne particulate matter in down-
town Tokyo after introducing government diesel vehicle controls. Asian J Atmos Environ 4:1-8

Ministry of Land, Infrastructure Transport and Tourism (2017) Regulation of Emission Gas from
Cars. http://www.mlit.go.jp/jidosha/jidosha/jidosha-kt10_000000.html. Last accessed 26 April
2017

Murahashi T, Miyazaki M, Kakizawa R, Yamagishi Y, Kitamura M, Hayakawa K (1995) Diurnal
concentrations of 1,3-, 1,6-, 1,8-dinitropyrenes, l-nitropyrene and benzo[a]pyrene in air in
downtown Kanazawa and the contribution of diesel-engine vehicles. Jpn J Toxicol Environ
Health 41:328-333


http://www.jama.or.jp/industry/four/wheeled
http://www.jama.or.jp/industry/four/wheeled
http://www.mlit.go.jp/jidosha/jidosha/jidosha-kt10_000000.html

104 K. Hayakawa

Suzuki G, Morikawa T, Kashiwakura K, Tang N, Toriba A, Hayakawa K (2015) Variation of poly-
cyclic aromatic hydrocarbons and nitropolycyclic aromatic hydrocarbons in airborne particu-
lates collected in Japanese capital area. J Jpn Soc Atmos Environ 50:117-122 (in Japanese with
English abstract)

Tang N, Tabata M, Mishukov VF, Sergineko V, Toriba A, Kizu R, Hayakawa K (2002) Comparison
of atmospheric nitropolycyclic aromatic hydrocarbons in Vladivostok, Kanazawa and Toyama.
J Health Sci 48:30-36

Tang N, Hattori T, Taga R, Igarashi K, Yang X, Tamura K, Kakimato H, Mishukov VEF, Toriba A,
Kizu R, Hayakawa K (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

Yang XY, Igarashi K, Tang N, Lin JM, Wang W, Kameda T, Toriba A, Hayakawa K (2010) Indirect-
and direct-acting mutagenicity of diesel, coal and wood burning-derived particulates and con-
tribution of polycyclic aromatic hydrocarbons and nitropolycyclic aromatic hydrocarbons. Mut
Res 695:29-34



	Chapter 8: Recent Trends in Atmospheric Concentrations of Polycyclic Aromatic Hydrocarbons and Nitropolycyclic Aromatic Hydrocarbons in Japanese Cities
	8.1 Introduction
	8.2 Long-Term Changes in PAH and NPAH Concentrations from 1997 to 2014
	8.3 Source Estimation
	8.4 The Effect of Regulations on Atmospheric PAH/NPAH Levels
	8.5 Conclusion
	References


