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第１章第１章

調　査　概　要調　査　概　要
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20 23

Diesel Particulate Filter (DPF)

 

IgE

DPF

DPF

1  
DPF

DPF

1

DPF
DPF 125 g/m3 304 g/m3 200 g/m3

345 g/m3 2  

3, 4)

National Institute for Occupational 
Safety and Health: NIOSH Centers for Disease 
Control and Prevention
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LC50 3,246 ppm/15 min 7,853 ppm/15 min5)

LC50 5,620 ppm/1h 16,000 ppm/4 h
6) NIOSH

15 ppm 5) 50 ppm
6)  

5 ppm 9.4 mg/m3 10 
ppm 25 mg/m3 7)  

8)
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28 6

1/10 10
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第２章第２章

大気中有機酸類の成分分析大気中有機酸類の成分分析



－ 5－

1
 

24 1

MDS-1
G-1

 
1A 2

PTFE
PTFE

PTFE

1) 24
 

24

2
 

26 4 27 3

 
24 3

2 1 MP
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-30 50 mL/min 24
72 L 1a

1b 1.5 m  
PTFE 1

5 mM 1 mL 5 
mL  

 

2
PTFE 0.5 mL

3 mL

1 mL
2 a

b

a b 1  

50 mL/min 24

1.5 m
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 DionexTM ICS-1000 

 IonPacTM AG11-HC AS11-HC 

 KOH  2.5 mM (8 min)-4 min-40 mM (8 min) 

 35  

 1.0 mL/min 

 AERS 500  

 100 L 

50 mL/min 100 mL/min 24
n=1  510 g/m3  470 g/m3

2 100%
%

2 50 
mL/min 99.7% 100% 100 mL/min 99.8%
99.2

0.8%  
100 mL/min 2 24

1 2
100 mL/min 50 mL/min

2 50%

Plastic
Tube
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2

 

24 50 mL/min
1  0.5 mL 2  0.8 mL 100 mL/min 1

 0.2 mL 2  0.5 mL 1

24
50 mL/min

 
50 mL/min n=3

1  96.7 0.75%  85.4 1.4%
2  3.1 0.91%  14.2 1.4% 2

24
 

3 10 11
24 3

9 9 10  
3

 
 23.8 g/m3 8 7  30.2 

g/m3 7 15  23.1 g/m3 5 29 29.5 g/m3 5 29 

    

50 mL/min  96.1 84.2 

  3.6 15.8 

  0.2 0 

100 mL/min  63.9 42.1 

  35.9 57.1 

  0.2 0.8 
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4 8 3
9 2

 r=0.857 p<0.01
r=0.923 r<0.01  

表 3　各月の大気採取期間
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2
r=0.875 p<0.01 r=0.916 p<0.01

 
4 1

 
7.3 

g/m3 6.1 g/m3 1.2 p<0.05  
11.4 g/m3 9.7 g/m3

1.2 (p<0.01)  

(p<0.01)  
 

 
5

4 9 75%  
1 0%

 

*

**
**
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3 67% 75% 4 11
75% 12 50%

3 100%  
 59.2%  

56.8%  81.5%  78.8%

6 NOx NO2  

65.1 67.7

23.8 20.1

19.0
12.9

27.9

15.9

** **

** **

**

**

** **

** **

**

**
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SPM PM2.5
NOx NO2 SPM PM2.5  

(p<0.01) (p<0.01)  
 

NOx 7 NOx
1 24

 
NOx

1
2

2 NOx
50 ppb 2 9

10 50 ppb 2 2 19
50 ppb 4 15 9 9 3 10

3 12  
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NO2 NOx PM2.5  
4

5
 

16 4 ESE E ENE
NE NNE N NNW NW 2 WNW W WSW SW 3

SSW S SSE SE 4  
35 41.5 139

45.0

 
4

r=0.542
0.798

 

r=0.555 0.628  
NO2 NOx

r= -0.428 -0.573 2
NO2

(r=0.501)  
SPM PM2.5

(r=0.390 0.742)
r=0.659 0.792  

CO
CO

CO r=0.602 NO2

 

(r= -0.437 -0.753)
r 0.525  

r=0.668 0.688  
4

SPM PM2.5  
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r=0.371 0.788
NO2 r=0.530 CO r=0.630

4

PM2.5 r=0.498 r=0.511
 

5
r=0.684 0.735

NO2

NOx
SPM PM2.5

SPM
(r=0.486 0.769)  

CO (Ox)
Ox

r=0.493 0.676
r= -0.636
(r=0.421 0.514)

r=0.669 0.671  
5

SPM PM2.5 Ox
r=0.429 0.759

5
r=0.679

NO2 r=0.584  
 

NOx SPM
 

6 7
r=0.368 SPM r=0.683

SPM r=0.611 SPM r=0.876
r=0.713  
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0.5 r=0.527 p=0.064  
SPM r=0.458

SPM r=0.704
SPM 0.5 r=0.525

p=0.065  



－ 18 －

SPM
SPM

SPM  

NO2 CO

8

NO2 CO
 

VOC
2)

 

1.2

 
SPM PM2.5

PM2.5
3,4) VOC  
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2,3)

 PM2.5  

9

1 18
30% 76%

12 5 45% 65%
VOC
65%

 
 

 
 
 
 
 
 
 
 
 
 

 

 

8.4 16.0
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11.95 mm Hg 25 5)

1 mm Hg
20 6)

 

SPM
VOC

SPM
 

1985
7) 4 28 6 4

 8.3 g/m3  5.5 g/m3

4 6  10.4 g/m3  16.5 g/m3

1.3 3.0
1980

15 2003 8)

DPF

DPF
 

2011 2012
9)  1.3 g/m3  2.1 g/m3
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培養ヒト肺上皮由来細胞への培養ヒト肺上皮由来細胞への

有 機 酸 類 ば く 露 実 験有 機 酸 類 ば く 露 実 験
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RPMI1640 0.25%
-EDTA FBS GIBCO® Thermo Fisher Scientific Inc.

Cell Counting Kit-8 DOJINDO
DuoSet® ELISA Development kit human CXCL8/IL-8 DuoSet® IC Human Total 

HO-1/HMOX1 ELISA R&D SYSTEMS High Capacity RNA-to-cDNA 
kit TaqMan® Gene Expression Master Mix TaqMan® Gene Expression Assay Applied 
Biosystems® Thermo Fisher Scientific Inc. RNA RNAqueous® 
Kit Ambion® Thermo Fisher Scientific Inc.  

 
 

 
A549 A549 American Type Culture 

Collection No. CCL-185 10%FBS RPMI1640 37 5% 
CO2 95% air A549 -EDTA

96 2 ×104 cells/well  
1 8 3

 
 

 
A549 2 1%FBS RPMI1640

1/10 24
WST-8 1-Methoxy PMS

1/10 1 Multiskan FC
Thermo Fisher Scientific Inc. 450 nm

1%FBS RPMI1640 1/10
24 100%  
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Cultex® CG Cultex® Laboratories 

GmbH  

 

D-30
50 0.8 L/min 0.5 

L/min Cultex® CG
156 66.3 ppm 294 163 mg/m3

2 1
D-30 1 12.3 ×

103 mm 50 0.5 L/min

Cultex® CG
116 64.6 ppm 218 159 mg/m3  

A549 -EDTA 10%FBS RPMI1640
12 0.9 cm2

17 × 104 37 5% CO2 95% air
3 A549 1%FBS

RPMI1640 Cultex® CG A549
1.0 

mL/min 15 30 60 90 120
1%FBS RPMI1640 0.6 mL

IL -8 0.5 mL
37 5% CO2 95% air A549

 
1 3 2
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24 A549 WST-8 1-Methoxy PMS

1
450 nm

100%  
 

IL-8  
24 A549 DuoSet® 

ELISA Development kit human CXCL8/IL-8
450 nm IL-8 IL-8

PBS 2
1mM EDTA 0.5% Triton X-100 PBS

Lowry 1)

HO -1  
3 A549 PBS 2 RNA

RNA
RNA High Capacity RNA-to-cDNA kit

mRNA cDNA cDNA TaqMan® 
Gene Expression Master Mix TaqMan® Gene Expression Assay

PCR Applied Biosystems® 7500 RT-PCR
50  2 95  10

95  15 60  1 40
HO-1 -

HO-1 -  

HO-1
HO-1 3 A549

DuoSet® IC Human Total HO-1/HMOX1 ELISA

450 nm HO-1
 

 
Student t-  
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0.01 0.1 0.3 0.5 0.7
1.0 3.0 5.0 10 mg/mL 0.01 0.1 0.5 0.7 1.0 3.0 5.0 10 mg/mL

1
0.01 0.5 mg/mL 1.0 mg/mL

3.0 mg/mL

A549
2

 
IL-8

120 IL-8
30 IL-8

IL-8 3
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HO-1 4
HO-1 1 3 HO-1

60 90
HO-1 HO-1

HO-1  
HO-1 HO-1

HO-1
5

A549
1%FBS RPMI1640 pH 7.3

1.0 mg/mL pH 6.2 3.0 mg/mL pH 3.8
1.0 mg/mL pH 6.0 3.0 mg/mL pH4.9

pH 6.8 7.2
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2)

3)

in vitro
A549

294 mg/m3 163 mg/m3

218 mg/m3 159 mg/m3

15 120

1 IL-8 120

IL-8 HO-1

HO-1
120 HO-1

HO-1
A549  

HO-1
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HO-1
A549 3 6 18 A549
HO-1

10 14 2 4)

3 HO-1

A549
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有機酸類ばく露システムの構築有機酸類ばく露システムの構築

及びギ酸・酢酸測定の検討及びギ酸・酢酸測定の検討
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PB-1B

53 L 307 mm 307 mm 560 mm  
 

1)

0.5 ppm 0.94 mg/m3

5 ppm 9.4 mg/m3 50 ppm 94 mg/m3

1 ppm 2.5 mg/m3 10 ppm 25 mg/m3 100 ppm 247 
mg/m3  

10 1
5

2 1
 

 
 

Waters 2690 alliance/Waters 432
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ICA-25P 2
TSKgel SuperIC-AZ IonPac AS11-HC

MP- 30
15 ml

2 50 g
200 mL/min 60  

400 mL/min 200 mL/min 100 mL/min
30

0.12 /h 0.46 /h 7.4
/h 1.5% 6.0%

2 30
 

24

25 2
26 3 1

6 5 6
5 2 10

11 13 13 14 15 3
1

 
 

 
 

1
2 24

25 27
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2 2
 

3
5

7.4 /h
5

3,000 ppm
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4

24 27
1 4  

24

30 35
40 50 35 40
35 50  

24

D-30

26 27
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 4 L/min 4 L/min 4 L/min 4 L/min 

 D-30* ( 17 
mm 75 mm) 

D-30* ( 13 
mm 85 mm) 

   30 35  40 50  35 40  35 50  

     

 7.4 /h 7.4 /h 7.4 /h 7.4 /h 

 2 L/min 2 L/min 2 L/min 2 L/min 

* 10 mm 20 mm 125 mm 

 

 

 

 

  

   

   

 4 L/min 4 L/min 

 D-30*  
( 17 mm 75 mm) 

 40  50  

   

 7.4 /h 7.4 /h 

 2 L/min 2 L/min 

* 10 mm 20 mm 125 mm 

 

 

 

 

 

 

 



－ 35 －

 

     

    

    

 4 L/min 4 L/min 4 L/min 

 
 

( 10.5 mm 106 
mm) 

 
( 13 mm 85 mm) 

  
( 17.5 mm 74.8 mm)

 30  35  35  

   55 mm  70 mm 

    

 7.4 /h 7.4 /h 7.4 /h 

 2 L/min 2 L/min 2 L/min 

 

 

    
      

 6 L/min 6 L/min 4 L/min 

 D-30*  ( 10 
mm×104 mm) 

 ( 22.5 mm×60 
mm) 

 3 mL 3 mL 3 mL 
 35  50  50  
    

      

 6 L/min 6 L/min 6 L/min 

 
 ( 13 mm×85 

mm) 
 ( 22.5 

mm×60 mm) 
 ( 22.5 mm×60 

mm) ** 

 3 mL 3 mL 5 mL 
 35  35  30  
   55 mm 15 mm*** 

    
 7.4 /h 7.4 /h 7.4 /h 

 3 L/min 3 L/min 2 L/min 
 3 L/min 3 L/min 3 L/min 

* 10 mm 20 mm 125 mm 
**  75 mm

 
*** 55 mm 15 mm 0.95 g  
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TSKgel SuperIC-AZ IonPac AS11-HC 2

5
TSKgel SuperIC-AZ IonPac AS11-HC
TSKgel SuperIC-AZ 7.5 mmoL/L NaHCO3+1.1 mmoL/L Na2CO3 IonPac 

AS11-HC 1 mmoL/L KOH  
TSKgel SuperIC-AZ

IonPac AS11-HC
TSKgel SuperIC-AZ 2.5

IonPac AS11-HC
5  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 IonPac AG11-HC AS11-HC 

 1 mmol/L KOH 

 30  

 1.5 mL/min 

  

 30 L 

 

20.00

10.00

0.00

m
v

20.00

10.00

0.00

m
v

20.00

10.00

0.00

m
v

20.00

10.00

0.00

m
v
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200 mL/min 60 2

n=1
93.2% 96.9% 2

100 mL/min 200 mL/min 400 
mL/min 30

 
 

6
25

7 4
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6 (%)

(%)

 
26

8
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  2.1 2.1 

  1.3 1.3 

 

(%) 

-38.7 -36.6 

  18.6 18.1 

  10.0 8.9 

 

(%) 

-46.0 -51.2 

 6 5 6 5 2  
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

   

    

ppm   2.1 2.1 

  1.3 1.3 

 

(%) 
-38.7 -36.6 

ppm   18.6 18.1 

  10.0 8.9 

 

(%) 
-46.0 -51.2 

6 5 6 5 2  
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7

2

 
 

 

   

    

  1.5 1.5 

  0.6 0.8 

 

(%) 

-60.0 -46.7 

  27.7 27.7 

  5.3 8.7 

 

(%) 

-80.9 -68.6 

  233 233 

  62.0 79.4 

 

(%) 

-73.4 -65.9 

6 5 6 5 2  
 

 
 

24

6.2 ppm 10 ppm  

   

    

ppm   1.5 1.5 

  0.6 0.8 

 

(%) 
-60.0 -46.7 

ppm   27.7 27.7 

  5.3 8.7 

 

(%) 
-80.9 -68.6 

ppm   233 233 

  62.0 79.4 

 

(%) 
-73.4 -65.9 

6 5 6 5 2  
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62% 1.7 ppm 5ppm 34% 25
26

8  
0.2 L/min

53L 7.4 /h
2

A 48
5

B B
 

3
 

5

 
8
38.7% 46.0%

B

5 B

A

2

38.7 15.3 3.8 19.6 36.6 

46.0 15.3 5.3 25.4 51.2 

60.0 15.3 4.9 39.8 46.7 

80.9 15.3 7.1 58.5 68.6 

73.4 15.3 6.9 51.2 65.9 

* 1 0.2 L/min 53 L 7.4 /h  
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1/2
 

60.0% 80.9% 73.4

2/3  

80.9% 73.4
15.3 50 ppm

 

3)

2)

 

7.4 /h
1

3)

 

 


