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研究成果の概要（和文）：エアロゾルは、気体中に浮遊する微小な粒子から構成されています。近年、粒子状物
質（PM）は世界的な健康上の関心事となっています。大気中のPMは気候と健康の両方に影響を与え、PMは喘息や
呼吸器疾患など、人間の健康に大きな悪影響を与える可能性があります。したがって、PAHの多様な影響を検討
し、制御することができるように、その存在量、化学種、分布、潜在的な発生源を理解することが重要である。

研究成果の概要（英文）：PAHs are a group of organic compounds of multiple aromatic rings.  PAHs and 
related compounds have toxic, mutagenic, and carcinogenic properties. Hence, it is important to 
understand the abundance, speciation, distribution, and potential sources, so that the diverse 
effects of PAHs can be examined and can be controlled.  Currently, LC/MS methods have been 
established with 0.01 ng LOQ and 0.001 ng LOD. Aerosol samples have been collected on the rooftop of
 health science, Hokkaido University from 2021 and 2022. Benzo perylene is the most abundant species
 followed by 6-nitro benzo pyrene and Benzo anthracene  As the cold season approaches the 
concentration of PAH and related compounds also increases from October to April. Benzo perylene 
concentration ranged from 3.5 pg/m3 to 19.4 pg/m3 from October to January.6-nitro benzo pyrene 
ranges from 2.9 pg/m3 to 7.1 pg/m3 from October until March and 6-nitro benzopyrene is considered a 
secondary aerosol formed in the atmosphere.

研究分野： Analysis of hazardous components(PAHs)
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研究成果の学術的意義や社会的意義
Seasonal variation of PAHs and related compounds have been examined in the Sapporo aerosols. These 
results will help to understand the air quality of the Sapporo, Sapporo is the cold area of Japan 
where heating activity is more in autumn-winter and spring. 

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景  

In recent years, particulate matter (PM) has become a worldwide health concern.  
Atmospheric PM affects both climate and health. PM significantly impacts human health, 
including asthma, respiratory illness, and cardiovascular mortality and morbidity. 
Polycyclic aromatic hydrocarbons (PAHs) are a group of organic compounds of multiple 
aromatic rings.  PAHs and their derived oxygenated PAHs (oxy-PAHs) have toxic, 
mutagenic, and carcinogenic properties. Hence, it is important to understand the 
abundance, speciation, distribution, and potential sources of PAHs in aerosols, so that 
the diverse effects of PAHs can be efficiently controlled. PAHs are released from 
incomplete combustion or pyrolysis of materials containing carbon and hydrogen, such 
as coal, oil wood, and petroleum products.  

 
２．研究の目的 
 Understanding the characteristics of PAHs and their derivatives in the atmosphere, the 
source profiles, and the technology available for controlling PAHs emission is essential 
to reducing the impact of PAHs. PAHs are mostly formed from saturated hydrocarbon 
under oxygen-deficient conditions. Pyro synthesis and pyrolysis are the two main 
mechanisms for PAH formation. The US Environmental production agency (EPA) 
selected 16 PAHs (Naphthalene, Acenaphthene, Acenaphthene, Fluorene, 
Phenanthrene, Anthracene, Pyrene, Benzo anthracene, Chrysene, Benzo fluoranthene, 
Benzo pyrene, Dibenzo anthracene, Indeno pyrene, and Benzo perylene) as priority 
compounds. PAH levels in TSP aerosols over Hokkaido were limited despite diverse 
anthropogenic and biogenic activities over the region.  

 
３．研究の方法 
 Sapporo has been selected as a study site for the PAH analysis. Aerosols samples on 
the rooftop of the Department of health science have been collected. The targeted PAH 
has been extracted with dichloromethane: methanol (2:1) 5ml X3 and filtered using quartz 
wool until it reaches about 1ml and transferred into an Eppendorf tube and dried 
completely under nitrogen and redissolve in 100uL of CAN. LC/MS method has been 
optimized for quantifying PAH, oxy-PAH, and nitro PAH. ZORBAX Eclipse PAH has been 
selected as a good candidate for the PAH analysis. Solvent A: 10 mM ammonium acetate 
in Milli-Q water and B: ACN with the flow rate of 200 uL/ min at 30℃  column temperature 
have been optimized. LOD of most of the PAH is 10 pg, and LOD of oxy-PAH and nitro-
PAH is 5 pg.  9 PAHs, 4 oxy-PAH, and 3-Nitro-PAH.  

 



４．研究成果 
 The PAH compounds detected in the Sapporo aerosol samples are listed in Table 1, 
Most of the species’ concentration is max in Dec, Jan, and Feb.  Among them, benzo 
perylene is the most abundant species followed by 6-nitrobenzopyrene and Benzo 
anthracene. As the cold season approaches the concentration of PAH and related 
compounds also increases. Benzo perylene concentration ranged from 3.5 pg/m3 to 19.4 
pg/m3 from October to January. Pyrene and fluoranthene are structural isomers, and they 
can be separated in the current LCMS method. Pyrene shows a significant difference 
between Oct and Dec. Chrysene and Benzo_a_anthracene are the structural isomers and 
Benzo_a_anthracene shows a significant difference between Oct and Nov. 
Benzo_ghi_perylene shows a highly significant difference between Oct to Dec. 
Interestingly, 6-nitrobenzopyrene concentration increases as the cold season increases 
ranging from 2.9 pg/m3 to 7.1 pg/m3 from October until March, and 6-nitro benzopyrene 
is considered a secondary aerosol formed in the atmosphere Nitrate-PAHs and oxy-PAH 
are produced in the atmosphere by secondary processes. In Sapporo aerosols, I detected 
4 nitro and 1 oxy PAH but no significant difference between each month. Sample 
collection is going on and shortly in summer, samples will be analyzed. The 
photooxidation of these types of molecules is probably high in winter, as shown in Figure 
1.  Even in winter photooxidation is active and secondary aerosol formation is available 
in the atmosphere. Further, a study will be conducted to know the concentration of PAH 
and related compounds in the snow samples collected at the Department of Health 
Science, Hokkaido University. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Monthly PAHs and nitrated-PAH concentrations in the Sapporo sampling site.  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. The concentration (pg/m3) of PAH and related compounds were detected in the 
Sapporo sampling site.  
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