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Table 1 List of sampling locations

city site sampling period
Kathmandu Monitoring station in Padan ambient air Jan./2003 - Dec./2003
Ho Chi Minh Vietnam National Univ. of Ho Chi Minh ambient air Jan./2003 - Jul./2004
Osaka Environmental pollution control center, ambient air Apr./2001 - Mar./2002
Osaka Pref.
Shijyonawate  Monitoring station road side Apr./2001 - Mar./2002
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Table 2 Operational conditions for HRGC/HRMS
HRGC
Column

HP-1MS (Agilent Technology)
15mx0.25mm [.D.,0.25um f.t.
70°C(1min.hold)-15°C/min-
130°C-6°C/min- 300°C

He 1.2mL/min

300°C

splitless (120sec)

Column temp.

Carrier gas
Injection temp.
Injection mode

HRMS

Ion source EI positive

Ion source temp.  260°C

Interface temp. 260°C

Ionization voltage 70eV

SIM mode low resolution, R>1,000
2. 4 HRAEXNRYE

e L 7= 65 FEEA D PAHs Z fg B B BN LA FIZR T,
2 rings : naphthalene, benzo[b]thiophene,
1-/2-methylnaphthalene, biphenyl
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2,6-/2,7-/1,3-/1,4-/2,3-/1,5-/1, 2—di
methylnaphthalene,
2, 3, 5—trimethylnaphthalene.

3 rings : acenaphthylene, biphenylene,

acenaphthene, fluorene,

9, 10-dihydroanthracene,

9, 10-dihydrophenanthrene,
dibenzothiophene, fluorenol,
phenanthrene, anthracene,
1-/2-phenylnaphthalene,
o—/m—/p—terphenyl,
1-/2-/3-/4-/9-methylphenanthrene,
2-/9-methylanthracene,

3, 6-dimethylphenanthrene,

9, 10-dimethylanthracene.

4 rings : 1,2, 3, 4—tetrahydrofluoranthene,
4H-cyclopentaldef]phenanthrene (4H-Cde
fP), fluoranthene, pyrene,
benzo[b]fluorine (BbF), 1, 1-binaphthyl,
9-phenyanthracene,
benz[alanthrathene (BaA), triphenylene,
chrysene, naphthacene,
7-methylbenz[a]anthracene (7-MeBaA).

5 rings : benzo[b]fluoranthene (BbF),
benzo[ j]fluoranthene (BjF),
benzo k] fluoranthene (BkF),
benzo[elpyrene (BeP),
benzo[alpyrene (BaP), perylene,
3-methylcholanthrene,
7-methylbenzolalpyrene (7-MeBaP),

9, 10—diphenylanthracene,
1,2;3,4-/1, 2;5, 6-dibenzanthracene.

6 rings : indeno[1, 2, 3-cd]pyrene (INcdP),
benzo[ghi]perylene (BghiP),
Anthanthrene,
naphtho[2, 3-a]pyrene,

3, 4,8, 9-dibenzopyrene.
7 rings : coronene.
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Table 3 Averages of concentrations of SPM * (PMyq ") and PAHs compounds in Kathmandu, Ho Chi Mirh, Osaka, and Shijyonawate

Eathmandu Ho Chi Minh Osaka Shijyonawate
Ave. =D Iin. JLES Ave 5D Iin Max. Ave. S.D. in. Iax Ave 5D IMin ax.
congentrations of SPM (Phy0) (ugfm’) 017 0.06 0.07 0.26 0.10 0.03 0.04 0.16 0.06 0.03 0.06 0.16 0.08 0.03 0.06 0.16
concentrations of PAHs m air (ng/'mj)
naphthalens 0.0z 0.06 HD 0.21 ND 0.01 NI 0.05 NI NI ND MND ND MDD ND ND
benzo[b]thiophene WD’ 0.01 D 0.02 ND ND N.D. ND N.D. ND ND N.D. ND N.D. N.D ND
1-methylnaphthalene ND 0.01 ND 0.03 ND ND N.D 0.01 NI ND ND ND ND ND N.D 0.01
2-methylnaphthalene 0.01 0.02 NI 0.07 N.D ND. N.D. 0.02 ND. N.D ND N.D. ND N.D. N.D 0.01
1,2-dimethylnaphthalene ND N.D ND 0.01 ND ND N.D 0.00 NI ND ND 0.01 ND ND N.D 0.01
1,3-dimethylnaphthalene 0.01 0.01 NI 0.04 N.D ND. N.D. 0.02 0.03 0.01 0.02 0.04 0.03 0.01 0.01 0.06
1,472,311, 5-dimethylnaphthalene ND 0.01 ND 0.04 ND ND N.D ND NI ND ND ND ND ND N.D 0.01
2,6f2,7-dimethylnaphthalene 0.01 N.D NI 0.01 N.D ND. N.D. 0.01 0.01 N.D ND 0.01 0.01 N.D. N.D 0.01
2,3, 5-trimethylnaphthalene 0.01 0.01 ND 0.02 0.01 ND N.D 0.01 0.02 ND 0.01 0.03 0.02 0.01 0.01 0.04
T2 rings PAH: 0.03 HN.D 0.03 0.03 0.02 0.02 0.01 0.12 0.06 0.01 0.04 0.0% 0.07 0.03 0.04 0.14
acenaphthylene 0.01 0.01 N.D 0.03 0.01 0.01 N.D. 0.02 0.01 0.01 MD 0.03 0.01 0.01 H.D 0.04
biphenylens ND ND HND ND ND ND NI ND ND ND ND ND ND ND ND ND
acenaphthene 0.01 0.02 NI 0.05 N.D WD N.D. N.D 0.01 N.D MD 0.01 0.01 N.D. 0.01 0.01
fluorens 0.01 0.02 HND 0.06 ND ND NI 0.01 0.02 0.01 0.01 0.04 0.02 0.01 0.02 0.05
dibenzothiophene 0.03 0.05 NI 0.1% 0.01 WD N.D. 0.02 0.03 0.02 0.01 0.07 0.04 0.03 0.01 0.0%
fluorenol ND ND HND ND ND ND NI ND 0.57 0.12 041 089 0.52 0.15 035 052
o-terphenyl N.D. N.D NI N.D. N.D WD N.D. N.D N.D. N.D MD 0.01 MD N.D. N.D 0.01
m-terphenyl 0.0z 0.02 HND 0.08 ND ND NI 0.01 003 0.03 0.01 0.10 0.04 0.04 001 015
p-terphenyl 0.01 0.01 NI 0.06 N.D ND. N.D. 0.01 0.01 0.01 ND 0.03 0.01 0.01 N.D 0.05
phenanthrene 0.27 033 0.03 123 0.07 0.05 0.01 0.18 017 0.17 0.05 0.64 0.26 023 0.09 052
1-methylphenanthrene 0.08 0.07 0.02 021 0.02 0.02 N.D. 0.07 0.17 0.18 0.05 0.68 0.20 0.1 0.06 072
2-methylanthracene 0.01 001 HD 0.0z ND MND NI 0.01 0.0z 0.03 0.01 0.10 0.02 0.03 001 013
3-methylphenanthrene 0.03 0.02 0.01 0.07 0.01 0.01 N.D. 0.02 0.04 0.04 0.01 0.17 0.05 0.05 0.01 012
4-/9-methylphenanthrens MND NI HD 0.01 ND MND NI ND 0.0z 0.03 ND 0.10 0.02 0.03 ND 0.10
3,6-dimethylphenanthrene N.D. N.D NI 0.01 N.D ND. N.D. N.D 0.03 0.03 0.01 0.11 0.03 0.03 N.D 012
9,10-dihydrophenanthrene ND 0.01 ND 0.02 ND ND N.D 0.01 0.03 0.02 0.01 0.05 0.04 0.03 0.01 0.08
anthracene 0.08 0.06 0.02 022 0.04 0.02 0.01 0.07 0.06 0.07 0.02 0.27 0.09 0.10 0.03 0.40
2-methylphenanthrene 0.04 0.03 0.01 011 0.01 0.00 0.01 0.02 0.07 0.07 0.02 0.26 0.08 0.07 0.03 0.30
S-methylanthracene N.D. N.D NI 0.01 N.D ND. N.D. N.D 0.01 0.01 0.01 0.05 0.01 0.01 N.D 0.03
9,10-dimethylanthracene ND N.D ND ND ND ND N.D ND NI ND ND ND ND ND N.D ND
9,10dhydroanthracene N.D. N.D NI 0.01 N.D ND. N.D. 0.01 ND. N.D ND 0.01 0.01 0.01 N.D 0.02
1-phenylnaphthalene 0.32 0.38 0.41 172 0.03 0.03 N.D 0.14 0.0 0.12 ND 0.44 013 015 0.03 0.57
Z-phenyhnaphthalene 0.06 0.05 0.0z 0.16 0.01 0.01 N.D. 0.03 0.05 0.06 0.01 0.22 0.07 0.08 0.02 032
EBrmgsPAHsd 15 0.93 0.60 4.0 0.22 011 0.07 044 14 0.57 073 4.2 16 12 0.86 5.2
1,2,3 4-tetrahydrofluoranthens ND ND HND ND ND ND NI ND ND ND ND 001 ND ND ND 0.01
4H-CdefP 0.03 0.02 NI 0.06 0.01 WD N.D. 0.01 0.02 0.03 MD 0.10 0.03 0.04 0.01 0.14
fluoranthene 045 041 0.06 13 0.08 0.04 0.03 0.18 042 049 011 18 0.52 0.62 012 23
pyrene 074 0.61 012 16 017 0.11 0.04 0.42 15 1.9 032 6.6 17 2.2 0.33 22
EBbF 0.17 0.15 0.03 0.40 0.04 0.03 0.01 0.14 019 0.27 0.02 083 0.23 035 0.03 12
1,1-binaphthyl N.D. N.D NI 0.01 N.D WD N.D. 0.01 N.D. N.D MD 0.01 MD N.D. N.D 0.02
9-phenylanthracens ND ND HND ND ND ND NI ND 001 0.01 ND 0.03 0.01 0.0z ND 0.09
Bah 0.38 0.81 0.07 2.9 0.10 0.09 N.D. 0.34 12 20 012 .00 16 3.0 0.21 11
triphenylene/chrysene 07z 11 0.07 39 0.07 0.04 0.02 0.20 040 0.58 0.08 210 0.52 077 0.10 2.9
naphthacene N.D. N.D NI N.D. N.D ND. N.D. 0.03 0.12 0.18 0.01 0.61 0.09 0.1 N.D 062
F-MeBad 0.00 001 HD 0.0z ND MND NI ND 0.0z 0.03 ND 011 0.02 0.05 ND 017
T4 rings PAH: 3.0 2.9 0.44 8.5 0.47 0.29 0.10 11 3.9 55 0.69 19 4.6 7.2 0.88 27
BLE/BF 26 2.6 0.30 9.2 0.77 0.57 0.08 2.2 0.95 13 012 4.8 13 2.0 0.27 74
BkF 2.0 2.5 018 10 044 0.39 0.05 15 098 12 0.21 4.6 13 2.0 0.29 73
BeP 29 3.0 0.41 11 11 0.39 0.12 33 16 1.9 032 74 20 3.0 0.52 11
BaP 13 12 011 4.0 0.28 0.28 0.03 1.0 4.0 59 0.57 22 4.0 89 0.52 32
Perylene 025 0.28 0.02 0395 0.04 0.05 N.D. 0.15 0.65 0.8 0.02 35 058 13 0.07 4.7
3-methylcholanthrens ND ND HND ND ND ND ND. ND 0.02 0.02 0.01 0.07 0.02 0.0z ND 0.07
7-MeBaP 036 0.87 N.D 31 0.03 0.04 N.D. 0.12 0.18 0.22 MD 0.78 0.20 033 0.05 12
2,10-diphenylanthracens ND ND HND ND ND ND ND. 0.01 ND ND ND ND ND MND ND ND
1,2,3,4/1,2,5,6-dibenzanthracene 0.44 0.6% 0.03 26 0.10 0.08 0.01 0.27 0.10 0.12 0.02 045 013 0.18 0.03 072
E5 rings PAHs ¥ 9.9 1 10 41 28 2.2 0.32 22 24 12 14 43 3.5 18 1.8 65
Dicdp 4.0 3.6 0.4% 13 18 15 0.21 53 19 24 0.37 8.1 23 37 0.56 14
BghiP 4.9 3.6 0.86 12 33 29 0.33 10 37 4.9 0.66 19 4.5 6.8 13 26
anthanthrene 021 041 NI 1.10 0.03 0.0% N.D. 041 0.95 1.6 0.10 5.8 0.87 2.1 0.07 15
naphthe[2,3-alpyrene 0.20 0.31 ND 091 0.01 0.03 N.D 0.14 0.4% 0.70 0.09 26 0.51 1.0 0.04 37
3,4,8,9-dibenzopyrene N.D ND ND ND ND ND ND. ND 0.05 0.06 0.01 022 0.04 0.07 0.01 027
T6 tings PAHs ® 93 15 13 26 5.2 44 0.54 16 7.1 a7 123 36 8.2 14 2.0 51
coronens 32 2.5 0.84 10 2.4 18 0.36 6.3 098 13 017 50 12 17 0.34 6.5
ZTn'ngsPAHsh 32 25 0.84 10 2.4 18 0.36 6.3 098 13 017 50 12 17 0.34 6.5
T65PAH: 27 24 4.4 8% 11 27 15 32 22 29 43 108 25 41 6.4 150

* Ho Chi Minh, Osala, and Shijyonawats ® R athmandu, © Sum of concentrations of 2 rings PAHs compounds 4 Sum of concentrations of 3 rings PAH: compounds. ® Sum of concentrations of 4 rings PAHs compounds foum of
concentrations of 5 rings PAHs compounds. ® Sum of concentrations of 6 rings PAHs compounds. BCloncentration of coronene. 1 Sum of concentrations of 63 kinds of PAHs compounds shown in this table. * Mot detected
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Fig.1 Monthly change in X 65PAHs and concentration of SPM * (PM10 °) in Kathmandu, Ho Chi

Minh, Osaka and Shijyonawate
* Ho Chi Minh, Osaka, and Shijyonawate. ® Kathmandu
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Fig.2 Profiles of 2 to 7 rings PAHs in Kathmandu, Ho Chi Minh, Osaka and Shijyonawate
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Fig.3 Averages of predominant PAHs compounds in Kathmandu, Ho Chi Minh, Osaka and
Shijyonawate
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Fig.4 Monthly changes in X MPs/P in Kathmandu, Ho Chi Mihn, Osaka and Shijyonawate
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Fig.5 Monthly changes in INcdP/(INcdP+BghiP) in Kathmandu, Ho Chi Mihn, Osaka and
Shijyonawate
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