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Fig. 1
Numbers correspond to those in Table 1. Colors
represent the elevation based on ASTER GDEM
version 2, a product of METI and NASA.

Study area with passive sampling sites
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Table 1 Sampling sites of atmospheric VOCs
No. Sampling site No. Sampling site

1 Kitakomatsu 11 Goryocho

2 Kitahira 12 Ikenouchi

3 Kido 13 Oishi

4 Horai 14 Haguri

5 Wani 15 Kamitanakami

6 Mano 16 Kayanoura

7 Sakashita 17 Shimogasa

8 Ikadachi 18 Konohama

9 Oginosato 19 Saizukawa

10 Minamishiga 20 Katata

200 C FCTHIRL 15 4 MIPRFE L7z, 3 ALIREEE 200 TC,
AT AFEIZ10OmL min~,, A7 v MHIZ20 & L7
BRSO EME m/2 45 ~500 DA F x VllEE L7z
KEH VOCs ILEEDO B IMILL T D & 5 1247 721,

C=10"X M/(r X k X ¢)

ZZT, CEKRAHVOCs #E (ugm®), MIXVOCs il
Fm (ug), rIEBAEE O, RV V7Y Y 7HEHE (mL
min ), (&Y 7Y Y ZEM (min) TH D, AL
EL, BTN THEERSY YT TS —OFWNE
B 5457

3 MRLEL

31 KRHFVOCs BEDHE

P VT No.20 IZBWTH—MTICY v 7T —
% 2 lkIE S 2 ZEmHlE E T, SISV T £ ol
EHDSPEIHED 15 % NP ThH ooy ¥y, Pz
vV, FIULY, ZFAURVEY, 14TV 7RV E Y,
oa-¥ R VBRI GE S & L7z, Table 2 (&5 S O 8%
BERRY. D KRAPIRESRP 7201 LT VT 3.58
ugm ° (EWEKEOFY, LLFH) Thol. KW THE
PWRFECTH S - A 253093 ugm * Thorz. ZOMO
4 EIEIZFAREETH - 7. REBHEMHEIED SN TV
BRYEVIIRAMETD 117 ug m ™ L BB L D LA
WIBETH o7, NYEVIZAERGERME L LTAK
YRk D ®E= 5 ) VB EETITDRTE Y,
AREFFEDOR LU I IR, PRy 5 —, B
HRE SEHOE=F) Y Z7HEED L. ZNHOHRIC
BUIARABHOE=SY) ¥ 7 #EY O FHHIZ 078
pgm “THY, KWL FERETH 7.

3:2 KRHVOCs BEDOKAENHEBEE ZNDER
Fig. 2 {2 K5 H VOCGs i BE 0 545 8] o0 A B % 0 72 391 7 o0
FTRTUITOWORT. HPEIRD VOCs TH 5 o- ¥ % Vi
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Fig. 2  Scatter plot matrix of VOCs concentration observed by passive samplers

Units are ug m .
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Table 3 Estimated emissions from various sources ~
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)

benzene toluene xylene ethylbenzene 1,4-dichlorobenzene
Industry 2749 204147 95097 23512 110
(PRTR) (115) (131669) (52384) (12674) (10)
Household 92 221 1742 558 20000
Transportation 16318 16080 14206 6573 —

Unit :

kg year '

Fig. 3 Amount of toluene emissions based on PRTR
2009
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B d P iERe R o 2R, THIEHIA No. 17, 18 LY
19 DEFHEE RIS L THRENBREL 27205 Th
A, F7z, 10 BIEEREL 2500 E2H D, No. 18 LT
DEMVIY, FYLYRFZFANRVEYTHBLTE
WEEL 2D, No.blE MV LY THILEL o TV,



T7FITAHANVLEKR— |

0 2000 6000
May Jun. Jul.
glr? =0.54 2 =0.70 r? =0.56
6 ® e
Q
‘?E 4M€ 009f ° 0n OQ S
o° ©
30 °©
B Aug. Sep. Oct.
% 2 =023 r? =0.58 ? =005 8
% . ® ° 6
-+ X ® 4
@
° 0
0 2000 = 6000 0 2000 ~ 6000

Inverse distance weighted emission / t year’1

Fig. 4 Correlation between inverse distance-weighted
emissions and the atmospheric concentration of
toluene
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Fig. 5 Distribution of population in 500 m square
mesh
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Table 4 Reaction rate constants with the OH radical'”

and the influence radius of VOCs emissions

Reaction rate

VOCs constant/cm’ Inﬂuence
-1 -1 radius/km
molecules " s
benzene 1.23x 10" 40
toluene 5.96 x 10" 30
xylene 173 x 107" 30
ethylbenzene 7.10 X 107" 30
1,4-dichlorobenzene 3.21x 107" 0.5
o-pinene 1.21 x 10" 2.0
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Wiz, IhEL e, 7Y IMEOMET S X
¥ 2 DS OB A & RAHIREE & OBMRE T L 72
5, FRICBIRIE R WZER o/, 22T, Mg O
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SEDE )TN ORMEEZERIKET 2925, 7 A
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16, 17, 18, 19, 20) o725, T TH No. 5, 6 LU 20
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HEMARRERERZ DI EDNTEL. 20720, Kad
BB L TR VWHEIFHO RN, S EENH - ThH, BE
DZERARY R TN LTIV TEF O A IR A S D %55-H%
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In this study, the atmospheric concentration of volatile organic compounds (VOCs) was
monitored by using passive samplers ; also, the relationship with emissions was investigated.
Anthropogenic VOCs, such as benzene, toluene, xylene, ethylbenzene and
1,4-dichlorobenzene, as well as biogenic VOCs, such as o-pinene, were monitored. The
concentration of toluene was the highest among these VOGs, and the second highest was
o-pinene. The concentration of benzene was below the environmental quality standard in
Japan. The sector of emission sources of toluene, xylene and ethylbenzene were implied to
be similar because their concentrations showed a high correlation with each other. The
concentrations of toluene, xylene and ethylbenzene showed high correlations with the amounts
of emissions based on the PRTR database. The concentrations of 1,4-dichlorobenzene and
o-pinene showed high correlations with the population and conifer covered area ratio,
respectively. It was demonstrated that the atmospheric concentration of VOGs is influenced
by emission sources in a relatively short distance.

Keywords : volatile organic compounds (VOCs); passive sampler ; atmospheric concentration ;

emission.



