PFCAs

(polyfluoroalkyl phosphate esters, PAPS)

PAPs (perfluorinated carboxylic acid; PFCAS)
PFCAs
PAPs
PAPs

PFCAs 15 13 9 8 PFCAs

PFCAs ( 6-14) 5.9 u g/g

19 p o/g PAPs PFCAs
PAPs 35.0 p g/g 2.5y g/g

PFCAs PFCAs ppm
PFCAs PAPs
PAPs PFCAs

Daito

Kasel Kogyo., 1993 PFCAs

perfluorooctanoic acid, PFOA

PFCAs
perfluorinated  carboxylic  acids,
PFCAs D'eon and Mabury,
2011, 2007
PAPs
(polyfluoroalkyl phosphate esters,
PAPS)
PAPs
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PFCAs 6 14 )

1)
PAPs
Tablel 2007 2012
15
9
PAPs (
5 )
2)

perfluoroheptanoic
acid (PFHXA, 6 C6)
perfluorohexanoic acid (PFHpA, C7)
PFOA (C8) perfluorononanoic acid
(PFNA; C9) perfluorodecanocic acid
(PFDA; C10) perfluoroundecanoic acid
(PFUNDA; C11) perfluorododecanoic
acid (PFDOoDA; C12)
perfluorotridecancic  acid (PFTrDA;
C13), perfluorotetradecanoic
acid (PFTeDA; Cl14) 9

1-200mg

13C PFOA,

PFNA, PFDA, PFUNDA, PFDoDA
t-

(MTBE)Iml 0.5M
TBA 0.3ml 0.5M
0.6ml
MTBE
1ml 24
2

1 ngl1H-PFUNDA

24

GC/MS (Agilent 6890GC/
5973MSD, Agilent Technologies
Japan, Ltd., Tokyo, Japan)

DB-5MS( 30m
0.25mm lum)
Single ion monitoring

150 70
2 100 20 /min
280 30 /min
Table 2

3)
(IDL) /
=3
Milli-Q water

2
Method detection limit (MDL)
(Table2) 100pg

11H-PFUnDA

PFCAs
77-81%
(Table2) PFCAs Table3
15 13

9 8 PFCAs
PAPs
PFCAs

( 6-14)

5.9 y glg

PFCAs

19 y g/g
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Table 3
consumer products

PFCAs
(Washburn et al., 2005)
PFCAs
PAPs
35.0 u g/g 2.5u glg
PFCAs
(Table4) PFCAs PAPs
PAPs PFCAs
PFCAs
PFCAs ppm
PFCAs
PAPs
PAPs
PFCAs
1.
2.
83

2013 3 24-26

D’eon, J.C., Mabury, S.A., 2007. Production
of perfluorinated carboxylic acids

(PFCAs) from the
biotransformation of
polyfluoroalkyl phosphate
surfictants ~ (PAPS):  Exploring
routes of human contamination.
Environmental Science &

Technology 41, 4799-4805.

D'eon, J.C., Mabury, S.A., 2011. Exploring
Indirect  Sources of Human
Exposure to Perfluoroalkyl
Carboxylates (PFCAs): Evaluating
Uptake, Elimination, and
Biotransformation of
Polyfluoroalkyl Phosphate Esters
(PAPs) in the Rat. Environmental
Health Perspectives 119, 344-350.

Daito Kasei Kogyo., 1993. Water and Oil
repellent Pigments and their
Manufacturing. Examined Patent
Publication of Japan (Kokoku)
No.5-3456. 15 December 1993.

Washburn, S.T., Bingman, T.S.,
Braithwaite, S.K., Buck, R.C,,
Buxton, L.W., Clewell, H.J., Haroun,
L.A., Kester, J.E., Rickard, R.W,,

Shipp, A.M., 2005. Exposure
assessment and risk
characterization for
perfluorooctanoate in  selected

consumer articles. Environmental
Science & Technology 39, 3904-3910.
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SCCPs

SCCPs

Nakanishi and Tsunemi, 2008

SCCPs
SCCPs
JALOS, 2007 2010
SCCPs
3 ng m3
SCCPs
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SCCPs

4 1 2
SCCPs
B-1.
SCCPs
SCCPs
22
SCCPs
Nakanishi and Tsunemi 2008
CPs FRCJ, 2003
SCCPs
JALOS, 2007
2010
, 2012
SCCPs
Nakanishi and Tsunemi
2008
2010
, 2012
2000
SCCPs

Nakanishi and Tsunemi, 2008;
Denier van der Gon et al., 2007

CPs
De Boer et al., 2010 2007
60
Wang et al., 2009
SCCPs
CPs
Zeng et al., 2011; Zeng et al.,
2012 60 CPs
SCCPs
4%
NBS, 2009
CIESIN and CIAT,
2005
SCCPs
Lamon et
al. (2009)
To (K) Eo
T E
E=E,xexp AU L1 1 (1)
R \T, T
R 8.314d
mol 1 K'! AU
k J mol?
PL (Pa)

MacLeod et al., 2007 ;
AU , =-3.82In(P_ ) + 67.5.

Drouillard et al. 1998 SCCPs
congener CnHon+2-,Cl,
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log,, (P, ) = —0.353n— 0.645Z + 4.462.

C10H16Cle 2012 1
1.15x103 Pa Shenyang 45km
Fushun 3
7 8
WRF/Chem Grell et al., Shanghai 5 24
2005
WRF/Chem SCCPs
Peters et
al., 2000
Niisoe et al., 2010
Fushimi Agamasaki
4500 km 3600 km 1.5 m Sakyo Shenyang
90 km domainl Fushun 3 m Kashiwara
450 km 9 km Shanghai 20 m
domain2
domain 24
domain

2-way nesting
!

domainl 2008 10
domain2 Beijing 12
Busan 24
(0]
300 hPa
JRA-25 Onogi
et al., 2007 2008 10
2012 8
C-1. SCCPs
B-2.
2011 1 3
Sakyo SCCPs 0.08 t
Fushimi yrl 52tyrl 12000tyr!?
Amagasaki
Kashiwara 4
24
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1
0.3 mg m2 mon'!
7 20 mg m?2 mon'!
2012 1
SCCPs
25
ng m-3
1 ng m3
1 ng m3
C-2. SCCPs
2011 4 2012
3 2008
1 3
4
5ng m-3
3 ng
m-3 12
5.561 ng m3
10
2
100 ng m=3
227 ng m3
7 8
4.3 pg m-3
1
15 ng m-3
2011 2012 Sakyo
7

2.81 11.4 ng m3

197 ng m3
100 ng m-3

C-3.

23.3
2012 7

SCCPs

Shenyang Shanghai

factor2

Sakyo

1010 23
factor 2
8
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2011
2012

r=091 p=137x
15

factor 4
Sakyo



SCCPs

320t yr-1
4000

SCCPs

2012 1 7
SCCPs
7 25 ng m3

1 lngm?3

SCCPs
Shenyang Fushun

20 ng m 3
Sakyo Fushimi

SCCPs
2012 1
7
SCCPs
1
50

10

7
2007
SCCPs JALOS,
2007 SCCPs
Kashiwara
SCCPs
SCCPs
SCCPs 1ngm
3 25
ng m3
SCCPs
2012 Sakyo
Shanghai
300K
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SCCPs

CPs

SCCPs

e.g. Zeng et al., 2011; Zeng et

al., 2012

CPs

CPs

2008

SCCPs

SCCPs

CPs
SCCPs
SCCPs
SCCPs
SCCPs
SCCPs
40 1
SCCPs
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52
2012 11 17
83
2013 3 25
, 2012.
22 — ,

http://www.meti.go.jp/statistics/t
yo/kougyo/result-2/h22/kakuho/s
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1choson/xls/h22-k6-data-j.xls.
CIESIN and CIAT, 2005.
Gridded population of the world
version 3 (GPWv3): population
density grids, Palisades, NY.
http://sedac.ciesin.columbia.edu/
gpw.

De Boer J., El-Sayed Ali T.,
Fiedler H., Legler J., Muir D.C.,
Nikiforov V.A., Tomy G.T.,
Tsunemi K., 2010. Chlorinated
paraffins. In: De Boer J. (Ed.),
The handbook of environmental
chemistry. Chlorinated paraffins,
vol. 10. Springer-Verlag, Berlin:
Berlin/Heidelberg.

Denier van der Gon H., Van het
Bolscher M., Visschedijk A.,
Zandveld P, 2007. Emissions of
persistent organic pollutants
and eight candidate POPs from
UNECE-Europe in 2000, 2010
and 2020 and the emission
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implementation of the UNECE
POP protocol, Atmos. Environ.
41, 9245-9261.

Drouillard K.G., Tomy G.T.,
Muir D.C.G., Friesen K.J., 1998.
Volatility of chlorinated n—
alkanes (C10~Ci12): Vapor
pressures and Henry’s law
constants. Environ. Toxicol.
Chem. 17(7), 1252-1260.

Grell G.A., Peckham S.E.,
Schmitz R., McKeen S.A., Frost
G., Skamarock W.C., Eder B.,
2005. Fully coupled “online”
chemistry within the WRF
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Lamon L., Waldow H.V.,
Maclead M., Scheringer M.,
Marcomini A., Hungerbiihler K.,
2009. Modeling the global levels
and distribution of
polychlorinated biphenyls in air

under a climate change scenario.

Environ. Sci. Technol. 43,
5818-5824.

MacLeod M., Scheringer M.,
Hungerbiihler K., 2007.
Estimating enthalpy of
vaporization from vapor
pressure using Trouton’s rule.
Environ. Sci. Technol. 41,
2827-2832.

Nakanishi J., Tsunemi K., 2008.
Short chain chlorinated
paraffins; AIST risk assessment
document series No. 6, National
Institute of Advanced Industrial
Science and Technology (AIST),
Tsukuba, Japan;
http://unit.aist.go.jp/riss/crm/ma
inmenu/1-9.html.

NBS, 2009. China industry
economy statistical yearbook
2009. Department of Industrial
and Tranportation Statistics,
National Breau of Statistics of
the People’s Republic of China,
China Statistics Press, Beijing,
China.

Niisoe T., Harada K.H.,
Ishikawa H., Koizumi A., 2010.
Long-term simulation of human
exposure to atmospheric
perfluorooctanoic acid (PFOA)
and perfluorooctanoate (PFO) in
the Osaka urban area, Japan,

13.

14.

15.

16.

17.

-234-

Environ. Sci. Technol. 44,
7852-7857.

Onogi K., Tsutsui J., Koide H.,
Sakamoto M., Kobayashi S,
Hatsushika H., Matsumoto T.,
Yamazaki N., Kamahori H.,
Takahashi K., Kodokura S.,
Wada K., Kato K., Oyama R.,
Ose T., Mannoji N., Taira R.,
2007. The JRA-25 reanalysis, J.
Meteorol. Soc. Jpn. 85, 369-432.
Peters A.J., Tomy G.T., Jones
K.C., Coleman P., Stern G.A.,
2000. Occurrence of C19-Cis
polychlorinated n-alkanes in the
atmosphere of the United
Kingdom. Atmos. Environ., 34,
3085-3090.

Wang Y., Fu J., Jiang G., 2009.
The research of environmental
pollutions and toxic effect of
short chain chlorinated
paraffins, Environ. Chem. 28,
1-9 (in Chinese).

Zeng L., Wang T., Han W., Yuan
B., Liu Q., Wang Y., Jiang G.,
2011. Spatial and vertical
distribution of short chain
chlorinated paraffins in soils
from wastewater irrigated
farmlands, Environ. Sci. Technol.
45, 2100-2106.

Zeng L., Wang T., Ruan T., Liu
Q., Wang Y., Jiang G., 2012.
Levels and distribution patterns
of short chain chlorinated
paraffins in sewage sludge of
wastewater treatment plants in
China, Environ. Pollut., 160,
88-94



1. 2011 SCCPs ng m3
ng m3 ng m3

2011/01/24 2.81 3.67

Yoshida 2011/01/25 4.05 2.44
2011/01/26 1.80 1.85

2011/01/27 1.64 2.12

2011/01/28 1.90 5.96

2011/01/29 2.58 1.60

2011/01/30 4.89 1.82

2.60 2.50

2011/02/10 0.57 1.90

Ujigawa 2011/02/11 1.93 2.22
2011/02/12 1.73 1.19

2011/02/13 7.47 2.82

2011/02/14 13.7 1.99

2011/02/15 3.26 6.72

2011/02/16 2.99 8.92

2.94 2.89

2011/02/25 3.35 5.04

Amagasaki 2011/02/26 2.99 11.1
2011/02/27 9.14 10.2

2011/02/28 8.37 3.73

2011/03/01 4.85 5.05

2011/03/02 2.15 2.35

2011/03/03 2.90 2.55

4.20 4.86

2011/03/11 2.51 6.41

Kashiwara 2011/03/12 9.83 11.6
2011/03/13 2.79 11.0

2011/03/14 1.91 2.61

2011/03/15 0.963 3.54

2.63 5.92

2008/12/14 3.78 3.31

Busan 2008/12/15 7.25 8.42
2008/12/16 6.11 6.89

5.51 5.77

2008/10/18 242 261

Beijing 2008/10/19 166 183
2008/10/19 348 247
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2008/10/20 190 313

227 247
2012/01/04 15.7 8.46
Shenyang 2012/01/05 17.7 8.97
2012/01/06 19.2 7.83
17.5 8.41
2012/01/08 16.8 23.9
Fushun 2012/01/09 22.6 15.7
2012/01/10 7.18 6.49
14.0 13.5
2012/06/29 4617 1069
Shanghai 2012/06/30 4650 2474
2012/07/01 2338 2199
2012/07/02 5470 2045
2012/07/03 5498 2056
4323 1895

Sakyo SCCPs ng m3
2011 1 24 31 2.81 2.78
2011 5 9 16 23.6 27.1
2011 6 6 13 39.8 88.2
2011 7 21 27 50.0 37.4
2011 7 27 8 3 23.3 72.5
2011 9 8 15 51.5 46.4
2011 12 18 25 6.34 4.73
2012 1 16 23 9.86 3.73
2012 2 27 3 5 11.4 4.22
2012 4 16 23 26.5 10.4
2012 5 10 11 6.02 9.64
2012 7 9 16 108 71.7
2012 7 16 17 197 49.6
2012 7 18 20 120 47.1
2012 7 24 26 135 103
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3600km

4500km

450km

9km
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2011 2 10
Fushimi

Januar

50N SN

45N

: : ; : 20N : ;
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