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Airborne particulates were collected at a roadside site in Kanazawa, Japan, in the summer and winter, 1999, 2004/2005, 2007/2008 and
2010. The polycyclic aromatic hydrocarbons (PAHs) and nitropolycyclic aromatic hydrocarbons (NPAHs) were determined by HPLC with
fluorescence and chemiluminescence detections, respectively. The total concentration of six PAHs (pyrene, benz[a]anthracene, chrysene,
benzo[b]fluoranthene, benzo[k]fluoranthene and benzo[a]pyrene) decreased by the factor of 63.9% in the winter and 75.6% in the summer
from 1999 to 2010. The total concentration of seven NPAHs (1,3-, 1,6-,
7-nitrobenz[a]anthracene and 6-nitrobenzo[a]pyrene) significantly decreased by the factor of 88.0% in the winter and 89.2% in the summer

1,8-dinitropyrenes, 1-nitropyrene, 6-nitrochrysene,
during the same period. The concentration ratio of 1-nitropyrene to pyrene also significantly decreased in this period, suggesting a decrease in
the emission amount. As the main reason for the significant decrease in the PAHs and NPAHS, the regulation of exhaust gas/particulates from

automobiles was considered.
Key words : Polycyclic aromatic hydrocarbon, nitropolycyclic aromatic hydrocarbon, urban air, Kanazawa, automobile
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% (EBASABFFERERE (IARC), 2010), IARC T/ /L—7 112
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TRV ERZERFMEZ B> (Ames et al., 1975; Epstein et al,,
1979), L7=A3>7T, Ziuh PAH, NPAH RS 2
L., BT 52 L3 CEETHD,

LCHEE, T35, AR, AR ER ERNEZ 6T
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Pyr . benz[alanthracene ( BaA ) . chrysene ( Chr ) .
benzo[hlfluoranthene (BbF). benzo[k]fluoranthene (BkF)., BaP
DRI 91~106%, 0K UKEE RSD, n=5) 13031
~1.9%, FRHIRFE (SN =3) 1X7.9~43 fimol/iEAN T
77

NPAH 1T, EH DD BFE/ /V—771388% L= HPLCALS:
FEFRHEIZ LV 58751 T -7~ (Hayakawa et al., 1991; Tang et
al, 2003), ST AT DI TI S EHEEYETTRO S B OR
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RP-18, PerkinElmer) . 538 7 2 (4.6id. X (250+ 150) mm,
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Table 1 Variation of PAH and NPAH concentrations in Kanazawa (Fyjie).

1999 2004/2005
Compound  summer(n = 6) winter(n = 6) summer(n = 12) winter(n = 14)
mean SD mean SD mean SD mean SD
TSP 33.6 £ 2.3 49.7 £ 30.6 314 =+ 8.6 302 £ 132
PAHs
Pyr 1.22 = 0.26 2.20 = 0.74 0.804 = 0.385 0.927 = 0.630
BaA 0.701 = 0.154 1.77 = 0.69 0.449 = 0.218 0.753 = 0.344
Chr 0.957 = 0.188 2.74 = 0.81 0.733 = 0.324 1.17 £ 0.47
BbF 1.64 = 0.28 2.72 = 0.82 1.55 = 0.94 1.01 £ 0.41
BKF 0.590 = 0.118 1.16 = 0.36 0.833 = 0.617 0.540 = 0.226
BaP 1.12 £ 0.29 1.65 £ 0.70 0.562 = 0.143 0.974 = 0.520
Total 6.24 = 0.97 12.2 £ 3.95 493 £ 1.60 537 £ 2.30
NPAHs
1,6-DNP 2.04 £ 1.05 3.20 £ 0.60 0.748 = 0.559 0.669 = 0.372
1,8-DNP 241 £ 147 2.20 £ 0.68 3.19 = 2.09 1.81 = 2.37
1,3-DNP 1.41 £ 0.57 4.53 £ 1.41 0.602 = 0.311 0.552 = 0.220
1-NP 176 £ 44 424 = 186 101 £ 52 101 = 44
6-NC 93.3 = 154 553 = 16.5 41.0 £ 20.5 293 £ 12.1
7-NBaA 9.10 = 1.89 20.2 = 10.8 0.900 = 0.994 6.57 £ 7.10
6-NBaP 47.5 £ 15.5 437 £ 18.0 5.50 £ 2.30 12.1 £ 4.8
Total 331 = 61 553 = 172 153 = 76 152 £ 59
2007/2008 2010
Compound  summer(n = 7) winter(n = 7) summer(n = 7) winter(n = 7)
mean SD mean SD mean SD mean SD
TSP 39.1 £ 13.9 24.0 £ 8.20 295 £ 5.1 27.6 = 6.1
PAHs
Pyr 0.526 = 0.122 1.66 = 0.53 0.395 = 0.093 1.51 £ 0.54
BaA 0.255 = 0.064 0.835 = 0.125 0.167 = 0.049 0.431 = 0.152
Chr 0.400 = 0.095 1.51 = 0.18 0.306 = 0.084 1.02 £ 0.19
BbF 0.417 = 0.108 1.33 = 0.20 0.309 = 0.052 0.785 = 0.173
BKkF 0.160 = 0.036 0.594 = 0.089 0.126 = 0.024 0.305 = 0.064
BaP 0.243 = 0.044 0.673 = 0.089 0.220 = 0.054 0.363 = 0.114
Total 2.00 = 0.38 6.60 £ 0.76 1.52 = 0.32 441 = 1.13
NPAHs
1,6-DNP 0.200 = 0.140 0.478 = 0.128 0.815 = 0.918 0.234 = 0.102
1,8-DNP 0.248 = 0.175 0.256 = 0.071 0.577 = 0.362 0.586 = 0.209
1,3-DNP 0.283 £ 0.168 0.253 £ 0.063 0.482 = 0.264 0.247 = 0.066
1-NP 41.5 £ 14.7 51.1 = 9.1 153 = 5.2 43.3 £ 15.1
6-NC 16.7 = 5.7 21.0 = 3.4 149 = 43 15.8 £ 8.4
7-NBaA 3.04 = 1.97 173 = 11.2 1.99 = 4.57 323 £ 499
6-NBaP 248 £ 0.51 429 £ 1.04 1.83 = 1.12 291 £ 1.27
Total 64.5 £ 22.2 947 £ 158 35.8 £ 10.2 66.3 = 25.0

Units: pug m®(TSP), pmol m* (PAH) , fmolm® (NPAH)
PAH Total = Pyr + BaA+ Chr + BbF +BKF + BaP
NPAH Total = DNPs +1-NP +6-NC +7-NBaA +6-NBaP

WERA LTz, B 7 AHBERRE LT, 72 h=FUb
E10mM A X Z ) —/UERTERK (pH 7.6) % Z AL 4UEE 0.5 mL
min” TRA L TR L, EFFGRRE LT 7' h=1Y
JAZHI 2\ ZEfE L7 0.04 mM bis(2,4,6-trichlorophenyl)oxalate
& 30 mM H,0, & ZH 2t 0.5 mL min” T L CIRA L7z,
13-, 1,6-, 1,8-DNP, 1-NP, 6-NC, 7-NBaP, 6-NBaP M[r][Y
L 93~105%, #VIKUKE (RSD,n=5) 1X13~2.7%.

MHBRRYE (SIN=3) 1 027~11 fmolJEA Th o7, 728,
TEEENERRBIMELL FIZ2 > T-38813. #0012 OfEs Lz,

3. # &R

P o THURIZEIT Dl 12 SR ORERER )
'Z (total suspended particulate; TSP) #FEDATE A Fig. 1 (277,
BIIPAE RN RSN 103, AT TET T —
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—RREVZDHEE TRV, EEET UL 444%
(49.7 pg/m® 75 27.6 pgim?) WY L1,

BT 12 AFERIOZ LA B 572012, Hlosirsigyt
AL LT, PAH 124 82D Pyr, BaA., Chr, 552 BbF, BkF
BLOBaP, NPAH (% 13-, 1,6-. 1,8-DNPs, 1-NP, 6-NC,
7-NBaA X1 6-NBaP %#388A 72, 4% PAH, NPAH OFE|
TR DISERZHHC Table 1 (2753, PAH, NPAH 3Ei2, 4%
REDFNE L VIRENE- =05, O[T ZivETo
AIRH O KE T PAH, NPAH ([Z25W T Szl

(Murahashi et al., 1995; Kakimoto et al., 2000; Hayakawa et al.,
2002; Tangetal,, 2002) &—3 L TW\\5, ZDIFINEPRE &7
HERD—o L LT, HFREORKIEZ Y Z2E LT
WABTZDIZ, I LIZS W ERFTFTBND,

PAHEE (Fig. 2) 132008 FF4\Z ESAAABIIZAN, iz
Gl R Ch o7, AXZOHIIZ 63.9% (122
pmol/m’ 7% 4.41 pmol/m®) , 513 75.6% (6.24 pmol/m’ 7> 5 1.52
pmol/m®) 8D L7z, 4 PAH OFEEERIOEIA % Fig. 3 1L
T2 WTHOZERICH 4 BR PAH, FFIZ Pyr OEGHAEEIIL
5 8% PAH OFIGITRUAE N R BT,

NPAH 722 (Fig. 4) 13550/T 12 4EREIIC4 88.0% (553 fimol/m’
735 663 fimol/m®) . H 89.2% (331 fimol/m’ 7>% 35.8 fimol/m’)
T U, TSP <2 PAH (ZEH: U CRIEZ 2B 78 B 6 7=, NPAH
OFFEROEG % Fig. SITRLTED, o7 o7 LIl
I L DT INP BREEIG % STz,
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Fig. 1 Variations of TSP concentrations in Kanazawa (Fujie).
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Fig. 2 Variations of Total PAH concentrations in Kanazawa (Fujie).
Total PAHs = [Pyr] + [BaA] + [Chr] + [BbF] + [BKF] + [BaP]
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Fig. 4 Variations of Total NPAH concentrations in Kanazawa (Fujie).
Total NPAHs = [DNPs] + [I-NP] + [6-NC] + [7-NBaA] +
[6-NBaP]
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Fig. 5 The ratio of each NPAH in Kanazawa (Fujie).
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Fig. 7 Variations of CO concentrations in Kanazawa (Fujie).
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NOZEEITHEGT 12 FMIC[1-NPY[Pyr|EASSEE 2 L7
ZEDALINT o T, BOMEN%4 L AR E o7 HiHh
D—oL LT, BIFKIENE O HHIARGEN S < | Pyr
DHAFA~OBATHE L, KHEFD Pyr JEMK T L7722
ENBZOHND, L, Fll 12 ORI T,

(951
W

summer

%—‘}-I—-l\\+’,.~~*-+-+—l~~.,'*

(%)
(=]

N
()]

[
[=]

W

—_
S

winter
0

1999 2001 2003 2005 2007 2009

Air temperature, ‘C

W

Fig. 8 Average air temperature of summer and winter in
Kanazawa.

0.2

1998 2000 2002 2004 2006 2008 2010
Fig. 9 Variation of [1-NP]/[Pyr] ratio in Kanazawa (Fujie).

RELBENTND, Vo7 o Z S OEIRTHET HBERHIL,
W ATAREIRBET 5 L 5 Ik, Lind, &l 12
FERIO Pyr JEEEIIBEE O L2 (Fig 2), L3>, 2
ORI [1-NPY[PyrHEDIIN T, A RIRBEDEEIN L 7= 7=
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HiLd, BIzIE, 7 —BNVEEFIZOWT, 1997 FOEH
FHIOBIHIEIE, NOx 13 5.80 g/kWh, PM I 049 gkWh T -
72h3, 2003 AEOFTFEHIBIHI T NO 1% 3.38 gkWh, PM 1%0.18
gkWh {2 FIF B, FIZ 2005 FEOFRBIBIHIT NOx 1% 2.0
g/kWh, PM [T 0.027 gkWh (2 FiF Hiiz, & LT, 2009 £ED
RA N HHREWIHIHIC NOx 1% 0.7 gkWh, PM 13 0.010 gkWh (2
ETHRFONE (Fig 11) (E 122,201, Lavs, Bl
EOHEREHS, PAH & NPAH ORI HEEOHER: (Fig. 2 38X
'Fig. 4) SAHBAL TS ZE LD, PM & NOx DIFHfilOZ
BAIREWEHEERE SN, BT BB EHET ZBIHINC X
0 REHID PAH & 1-NP OIREENRUD LT & O (Kojima
etal,2010) 1%, AWFFEREIR EFFET D,

FOMOEE L LT, =P DU L RBIOBE OUE
EZbND, T A =BTV NTRE SCR VAT A (R
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Fig. 10 Number of registered automobiles in Kanazawa.
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Fig. 11 Transition of Japanese regulation values of NOx and PM
against new diesel-engine automobiles.
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