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A few studies have reported the concentrations of nitrate and sulfate because the continuous measurements of both
substances are not typically easy. Since we could use continuous analyzers, we surveyed the concentrations of nitrate and
sulfate for almost a year in Uji, Kyoto Prefecture , and then analyzed the seasonal variation and diurnal variation of the
concentrations. The concentrations of PM particles (PM;, PM, s, PM,,) were low in the winter. The concentrations of nitrate in
the PM, and PM,, decreased in the summer. In contrast, the concentrations of sulfate increased in the spring. It is considered
that these concentration variations are influenced by the gasification of nitrate in the summer and blowing of yellow sand in
the spring. The peak time of the nitrate concentrations was typically observed between 8 a.m. and 9 a.m. in the diurnal
variation in relation to the increased concentration by increased traffic volume and decreased concentration by a warmer
temperature. In addition, the peak time of the sulfate concentrations was observed about 2 p.m. when the amount of UV

increased. By comparing the concentrations among the main wind directions, both the concentrations of nitrate and sulfate

were appreciated to be found by the wind from the direction of Osaka City.
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Fig.1 Location of the observation site in Uji
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Table 1 Summary of concentrations (ug/m3) of PM,, PM, s and PM,,

PM, PM, 5 PM,q
Season Mean SD n Mean SD n Mean SD n
Summer  20.2 9.1 1373 249 11.9 1373 28.9 13.0 1373
Fall 214 13.0 1511 26.4 13.6 1350 32.2 12.2 1365

Winter 12.0 105 1618 13.6
Spring 18.3 9.5 1371 265

86 1618 18.2 9.0 1618
125 1373 29.7 13.7 1368

Table 2 Summary of concentrations (ug/mS) of nitrate and sulfate in PM,and PM,,

Nitrate

Sulfate

PM;, PM;o

PM, PM;o

Season Mean SD n Mean SD

Mean SD n Mean SD n

Summer 077 042 1371 142 074
Fall 3.06 194 1543 417 270
Winter 243 1.30 1443 3.14 3.07
Spring 1.93 1.88 1957 3.54 2.61

1372 443 169 1236 545 227 1236
1534 310 163 1280 508 280 1280
1442 200 130 1367 270 202 1367
1955 467 266 1771 613 398 1771
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A2 PMy OSBRI, RERIE & R ChH -7, —J7, HlC
OWNT, JFRITIAME TR, BEDOAH PM/PM,s DEIA
2 0.69 T, MOFEHT (0.81~0.89) [TLETE -T2, 72
B, PM/PM,y. PM,sPM,o I ZENEH 06~0.7, 0.75~09
CHFFENVINE ol HERE, FEEEIZ OV T, g
D PM/PM bl 0.5~0.8, it PM/PM, LI 0.6
~0.8 Th 7=,

WIZ, PM,. PM,, FFOORHERHE, HifRtE OB R 2 5
L=t D% Table 2 IR Uiz, BEZFEOMBEIRE L PM,,
PM;g & HITHDOZEIOHF LU T LKL | lEET o E=7 A
SRR YRIRD EFIC L0 T A LT FenTe 2 &
FIMERORENYS7-0 . BFRE CEREN D2 -7
ZEBEZHND RPN IO E D E ) 72, 10,
11 ARG LE L TND DT, JEHR LU L D 0H
BRI DR DIen B2 bis, —J7, FilsREoZ
TR X PM,. PM, & DEFDIRD R T2, BEOR
JESENEES D B OO FIREMED F N Z & TR F b
TEY GHK, 20060, ZOFERSZEFLEOBRTH -
Too Flo. BEEIRRRELRFHNESOFH LY b e
% LS T D AN Rattigan et al.,2006), = Z THESE
IRV TEZR, BEREL 2D, FROER 2R Uiz, 72
B, FENOEEREIIEREDE TR, TN 52~65%T
HOHLDO LR T, 475, BT 54~98%L K&, Hitli
HIZOWTH, HEE, KRR 38~55%Icx L, 4%, F£F
X 57~75%& K& o1z,

SEAHE-CRELE D PM, PM o1 5% 5 EEOEIS %2Rk
7eb D%, Table 3 1R L7Z, PM,, PMy, & &R CAE[A T,
A XN ENEI203%, 173% EE< . BENEN
A 3.8%., 49% L&k oTe, MMREITESFERENEN
25.5%, 20.6%&E < . KENFNLI 14.5%, 15. 8% LK
VIER Th o7z, 7o, EEEEFIIMAE LV biE
DEEDE L AT HRIE OBIE D @ T-, £,
FEOWEREEMC, #b7e E OMBEE 9RO BN S
ZBNDHDOT, BEGROZENKE < 2AUX, PM BE
(2 h5 9 DR EE OB S DIZE L 72D iTREMED 5

Table 3 Weight percent of nitrate and
sulfate in PM; and PM,,
Nitrate Sulfate
Season PM; PM,, PM, PM;,
Summer 3.8 49 219 18.9
Fall 143 130 145 158
Winter 203 173 167 1438
Spring 10.5 11.9 25.5 20.6
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Fig.2 Diurnal variation of PM concentrations in four seasons
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Fig.4 Wind rose in four seasons
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Table 4 Comparison of concentrations in main wind directions

Southwest North—northwest
Mean SD n Mean SD n p

SO, Summer 062 057 189 055 047 T7 Hkx
(ppb)  Fall 0.58 0.56 98 034 0.38 130 kx
Winter 0.63 0.72 150 046 0.65 128 *

Spring 055 0.69 119 040 041 93 *

NOx Summer 142 49 189 11.1 5.0 T7 *kx

(ppb)  Fall 206 13.0 98 13.0 11.7 130 **x
Winter 164 130 150 112 124 128 **%x*
Spring 15.0 7.7 119 8.9 114 93 *kk

PM, 5 Summer 225 135 189 175 11.0 77 **

(ug/m?) Fall 235 302 98 170 140 130
Winter 147 101 150 115 102 128 %
Spring 238 120 119 240 61 93

*: p<0.05, **: p<0.01, ***: p<0.001
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Table 5 Correlation analyses between NOx and nitrate
or SO, and sulfate

NOx *nitrate SO, sulfate
Corr. n p Corr. n p
Summer 0524 685 <0.001 0391 618 <0.001
Fall 0.653 696 <0.001 0462 585 <0.001
Winter 0.651 721 <0.001 0.634 684 <0.001

Spring 0.693 917 <0.001 0.103 477 0.03
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