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PMF

VOC 1072

(LOD) LOD 1/2

15%

PMF

(r2) 0.25

0.25 24 Bad (PMF

Bad ) 0.25

styrene 1-butene 2 3)

Bad

(r2) 0.75 22

Weak (PMF Weak

3 )

1 PMF

( Factor ) 6 10 Factor

PMF 100

1 PMF

Q(True) Q(Robust)

2 Q Q

Q(Theory) Q (RSD)

Factor 4) 1

Factor=9

PMF

Bootstrap(BS) Displacement(DISP) BS

2 2 Factor

Species Slope r2

TVOC60(Total Variable) 0.84 0.92
1 cis-2-pentene 0.93 0.98 Strong
2 trans-2-pentene 0.99 0.98 Strong
3 isopentane 0.83 0.97 Strong
4 ethyl benzene 1.01 0.97 Strong
5 o-xylene 0.97 0.97 Strong
6 m,p-xylene 1.00 0.97 Strong
7 methyl cyclopentane 0.98 0.97 Strong
8 2-methyl pentane 0.92 0.96 Strong
9 2,3-dimethyl butane 0.84 0.96 Strong
10 m-diethyl benzene 0.93 0.95 Strong
11 1,2,3-trimethyl benzene 0.98 0.95 Strong
12 1-pentene 1.09 0.95 Strong
13 cis-2-butene 0.91 0.95 Strong
14 3-methyl hexane 0.91 0.95 Strong
15 2,3,4-trimethyl pentane 0.90 0.94 Strong
16 p-diethyl benzene 0.96 0.94 Strong
17 n-pentane 0.95 0.94 Strong
18 3-methyl heptane 0.91 0.93 Strong
19 o-ethyl toluene 0.91 0.93 Strong
20 trans-2-butene 0.80 0.93 Strong
21 2-methyl-1-pentene 1.03 0.93 Strong
22 1,2-dichloroethane 0.84 0.92 Strong
23 n-propyl benzene 0.90 0.92 Strong
24 2,2-dimethyl butane 1.00 0.92 Strong
25 1,3,5-trimethyl benzene 0.86 0.91 Strong
26 1,2,4-trimethyl benzene 0.83 0.91 Strong
27 m-ethyl toluene 0.90 0.91 Strong
28 2-methyl hexane 0.82 0.91 Strong
29 2,2,4-trimethyl pentane 0.67 0.90 Strong
30 1,2-dichloropropane 0.71 0.90 Strong
31 n-octane 0.80 0.90 Strong
32 p-ethyl toluene 0.80 0.89 Strong
33 n-undecane 0.83 0.88 Strong
34 2,3-dimethyl pentane 0.75 0.88 Strong
35 2-methyl heptane 0.86 0.87 Strong
36 beta-pinene 0.69 0.86 Strong
37 3-methyl pentane 0.79 0.85 Strong
38 n-decane 0.70 0.77 Strong
39 n-butane 0.42 0.74 Weak
40 n-heptane 0.67 0.72 Weak
41 n-nonane 0.55 0.67 Weak
42 1,1-dichloroethane 0.55 0.65 Weak
43 acrylonitrile 0.62 0.63 Weak
44 chloroform 0.94 0.62 Weak
45 alpha-pinene 0.40 0.62 Weak
46 isobutane 0.28 0.61 Weak
47 1,3-butadiene 0.59 0.58 Weak
48 2,4-dimethyl pentane 0.59 0.58 Weak
49 toluene 0.48 0.57 Weak
50 p-dichlorobenzene 0.31 0.57 Weak
51 benzene 0.70 0.56 Weak
52 cyclohexane 0.32 0.55 Weak
53 1,1,2-trichloroethane 0.27 0.54 Weak
54 monochlorobenzene 0.33 0.54 Weak
55 isopropyl benzene 0.55 0.53 Weak
56 methyl chloride 1.94 0.48 Weak
57 methyl cyclohexane 0.21 0.47 Weak
58 ethyl chloride 0.30 0.31 Weak
59 trichloroethylene 0.13 0.29 Weak
60 trans-1,3-dichloropropene 0.13 0.29 Weak
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F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 F 9 Unmapped
Boot Factor 1 97 0 0 0 2 0 0 0 1 0
Boot Factor 2 0 100 0 0 0 0 0 0 0 0
Boot Factor 3 0 0 100 0 0 0 0 0 0 0
Boot Factor 4 1 0 0 96 0 0 0 0 3 0
Boot Factor 5 6 0 0 0 94 0 0 0 0 0
Boot Factor 6 2 0 0 0 0 98 0 0 0 0
Boot Factor 7 0 0 0 0 0 0 100 0 0 0
Boot Factor 8 0 0 0 0 0 0 0 100 0 0
Boot Factor 9 0 0 0 1 0 0 0 0 99 0

F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 F 9
isobutane 33 0 3 2 17 4 16 2 21
n-butane 36 2 3 0 16 4 19 3 18

isopentane 35 2 2 0 9 4 41 6 0
n-pentane 38 2 7 4 10 3 25 5 7

alpha-pinene 0 75 0 4 5 0 3 0 14
beta-pinene 0 74 0 4 16 1 3 3 0

1,1-dichloroethane 0 0 79 8 7 0 0 0 6
1,2-dichloroethane 10 2 82 2 3 0 0 0 0

1,2-dichloropropane 0 2 83 0 6 1 0 4 4
1,1,2-trichloroethane 12 9 79 0 0 0 0 0 0
monochlorobenzene 8 4 69 6 8 0 1 4 1

n-decane 18 1 4 44 10 1 1 16 5
n-undecane 22 3 5 56 0 0 2 12 1

1,3,5-trimethyl benzene 2 3 0 42 9 2 2 6 34
1,2,4-trimethyl benzene 4 1 1 41 10 1 2 11 29

m-ethyl toluene 7 1 2 41 7 1 1 9 31
o-ethyl toluene 10 2 2 40 8 1 1 11 25

1,2,3-trimethyl benzene 4 0 2 44 7 2 1 8 32
2-methyl-1-pentene 13 7 5 0 46 0 16 4 9

acrylonitrile 19 0 12 2 67 0 0 0 0
methyl cyclopentane 0 5 0 0 21 71 3 0 0

cyclohexane 8 0 3 1 15 39 0 24 9
methyl cyclohexane 5 0 2 5 11 33 0 27 16

trans-2-butene 1 0 1 3 0 0 74 4 17
cis-2-butene 2 0 0 3 20 1 70 4 0

toluene 9 1 7 11 11 10 0 35 14
ethyl benzene 3 5 8 9 9 0 4 61 0

m,p-xylene 0 3 6 12 13 2 3 39 23
2,3,4-trimethyl pentane 25 6 0 1 6 1 9 8 45

2-methyl heptane 25 10 0 0 0 3 6 10 46
1,3-butadiene 7 4 4 12 11 0 1 0 62
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M
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r Ox PM2.5 NOx NO2 PO F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 F 9
Ox 1.00

PM2.5 0.28 1.00
NOx -0.42 0.09 1.00
NO2 -0.37 0.13 0.95 1.00
PO 0.93 0.35 -0.09 -0.01 1.00

0.50 0.12 -0.17 -0.22 0.43 1.00
0.39 0.21 -0.41 -0.43 0.25 0.45 1.00

-0.60 -0.24 0.18 0.21 -0.56 -0.66 -0.36 1.00
0.45 -0.02 -0.31 -0.36 0.33 0.39 0.15 -0.39 1.00

F 1 -0.19 0.25 0.25 0.24 -0.06 0.02 0.04 -0.02 -0.29 1.00
F 2 -0.35 -0.07 -0.04 -0.09 -0.41 -0.04 0.42 0.23 -0.24 0.06 1.00
F 3 0.37 0.40 -0.11 -0.09 0.35 0.06 0.08 -0.05 0.10 -0.08 -0.26 1.00
F 4 -0.30 0.01 0.38 0.39 -0.14 -0.25 -0.11 0.26 -0.37 0.27 0.26 -0.11 1.00
F 5 -0.16 -0.13 0.23 0.26 -0.09 -0.11 -0.03 0.21 -0.14 -0.04 0.25 -0.33 0.40 1.00
F 6 -0.26 0.09 0.16 0.12 -0.27 -0.10 0.02 0.18 -0.13 0.05 0.24 0.01 0.13 0.19 1.00
F 7 -0.16 -0.06 0.15 0.14 -0.11 -0.10 -0.05 0.11 -0.10 0.11 0.04 -0.11 0.12 0.10 0.20 1.00
F 8 -0.10 0.13 0.36 0.34 0.03 0.00 -0.03 0.05 -0.09 0.28 0.06 -0.02 0.45 0.16 0.25 0.11 1.00
F 9 -0.52 -0.08 0.72 0.65 -0.29 -0.30 -0.43 0.32 -0.37 0.38 0.08 -0.15 0.45 0.16 0.14 0.32 0.42 1.00

2 Ox PM2.5 NO2 Factor  

4 Factor  

0

5

10

15

20

0

10

20

30

40

50

60

1 3 5 7 9 11 13 15 17 19 21 23

N
O

2
(p

pb
), 

F9
 (μ

g/
m

3 )

O
x 

(p
pb

)

Ox NO2
F 9

1.5

2.0

2.5

3.0

15

16

17

18

19

20

1 3 5 7 9 11 13 15 17 19 21 23

F3
 (μ

g/
m

3 )

PM
2.

5
(μ

g/
m

3 )

PM2.5 F 3

0.0

2.0

4.0

6.0

8.0

1 3 5 7 9 11 13 15 17 19 21 23

F1
,7

,8
 (μ

g/
m

3 )

F 1 F 7 F 8

0.0

1.0

2.0

3.0

4.0

1 3 5 7 9 11 13 15 17 19 21 23

F2
,4

,5
,6

 (μ
g/

m
3 )

F 2 F 4 F 5 F 6

-80--  80  -



(F3) Ox

Ox 100ppb

(21 -5 ) Ox (

) Ox 3

Ox

Ox 120ppb

Ox

Ox

(F3)

15 Ox

15

5

NO.1 NO.8

Ox

Ox 100ppb VOC

(F3) (F3)

1 2 3

Ox PM 2.5 F 3

(ppb) (μg/m3) (μg/m3) (mW/cm2) (%)

1 2017.5.30 91 29 4.5 0.8 30

2 2017.5.29 × 89 23 5.6 0.9 17 ×

3 2018.5.15 × × 87 35 6.1 0.7 24 ×

4 2018.6.3 × × 83 35 2.0 0.6 41 ×

5 2018.5.14 × × 81 28 9.2 0.8 32 ×

6 2017.5.1 × 73 31 6.6 0.5 57 ×

7 2017.5.31 × × 70 33 2.7 0.3 37 ×

8 2017.5.8 69 50 3.0 0.5 19

9 2016.5.7 × × 68 38 7.6 1.1 52 ×

10 2017.9.20 × × 67 38 9.0 0.5 42 ×

11 2017.7.21 × × 67 29 5.1 0.9 48 ×

12 2017.5.2 × × 67 30 3.1 0.9 33 ×

13 2017.5.7 × × 67 33 1.9 1.3 8 ×
14 2016.5.13 × × × 65 14 0.6 0.9 33 ×
15 2018.7.19 × × × 65 44 0.3 0.8 38 ×

48 19 2.1 0.8 42

NO.
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Ox
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４ まとめ 

 本調査では、VOCを2時間毎という高時間分解能で測

定し、最終的に1072検体・60成分のデータセットを用い

てPMF解析を行い、以下の知見を得た。 

① VOCの発生源を低沸点燃料成分、植物起源成分、

移流成分、高沸点燃料成分、樹脂成分、溶剤成分、

液化石油ガス成分、塗料成分、自動車排ガス成分

の9つに分類することができた。 

② 朝の通勤時間帯に上昇した自動車排ガス成分は、

日中に消費されOxの生成に強く寄与しているこ

とが示唆された。 

③ Ox及びPM2.5は移流成分と共に流入していること

が示唆された。また、移流成分の指標としては、

1,2-dichloroethaneが有力な成分とされていたが、

1,1-dichloroethane 、 1,2-dichloropropane 、 1,1,2- 

trichloroethane、monochlorobenzene等も移流成分の

指標となり得ることが示唆された。 

④ 移流成分の挙動が移流の判断基準に追加できる可

能性が示唆された。 
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(英文要旨) 

Analysis of source contribution of volatile organic compounds to photochemical oxidants 

and fine particulate matter    
  

Yusuke KAJIHARA, Hisao CHIKARA, Yoshiteru BABA, Yuki YAMAMURA   

Shuhei NAKAGAWA and Kengo HAMAMURA 
 

Fukuoka Institute of Health and Environmental Sciences, 

Mukaizano 39, Dazaifu, Fukuoka 818-0135, Japan 
 

To obtain a true value of the contribution of volatile organic compounds (VOC) to photochemical oxidants (Ox) and fine 

particulate matter (PM2.5), we conducted serial analysis of VOC during 2016–2018 and source apportionment. The generation 

sources of VOC were divided into nine types, including the potential contribution to Ox by VOC from vehicle emissions. VOC 

such as 1,2-dichloroethane were detectable in ambient air together with Ox and PM2.5. This indicates a potential mechanism of 

transboundary air pollution by VOC. 

[Key words ; VOC , Ox , PM2.5 , PMF, transboundary air pollution] 
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