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Effects of frontal passage on the concentrations of particulate matter
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The effects of a drop and rise in atmospheric pressure (AP) associated with the approach and passage of a cold front on

particulate matter (PM) concentrations were analyzed for the long-term monitoring data of the mean concentrations of PM;,

(total mass) and PM, 5 (semi-volatile, non-volatile, sulfate, nitrate, EC, OC and TC) and meteorological factors for 24 hours.

Statistical analyses of the monitoring data showed that the concentrations were significantly higher during the dropping than

during the rising. Especially, this tendency was remarkable in winter. Comparing the contribution ratios of chemical

fractions in PM, 5 aerosols during the dropping and those during the rising, the ratios of organic matter and sulfate increased

during the rising. Furthermore, a comparison was made between the PM concentrations at the beginning of the AP change

and those during the dropping or the rising of 5 hPa. Positive correlations between the PM (except for EC and nitrate)

concentrations at the both time points were significant only at the dropping. Particle number size distribution during the

dropping shifted to smaller sizes during the rising.
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Fig.1 A selected example in AP (Atmospheric
Pressure) change
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Fig.2 Observed cases at AP dropping and rising
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Table 1 Number of selected cases in each season

Season Spring  Summer Fall Winter
Number 13 4 4 10
AP drop 6.9 - 33.1 (hPa)

AP rise 6.3 - 21.3 (hPa)

Table 2 Elemental statistics for 24 hours at AP dropping

and rising in winter

AP drop
Mean SD

AP rise
n Mean SD n

Factor

PM, 5 (Semi-volatile)

307 141 96 114 74 90
(ug/m®
PM, 5 (Non-volatile)

s 214 111 94 111 53 92
(ug/m°)
PM;o (1t g/m°) 276 119 96 143 52 96
Volatile ( (£ g/m°) 69 30 96 38 31 96
Sulfate (¢t g/m°) 36 19 96 20 09 96
Nitrate (1 g/m°) 48 32 96 14 19 96
oc (1t g/m?) 54 27 96 30 17 96
Ec (1 g/m®) 15 06 96 04 03 96
Temperature(°C) 74 24 96 78 2.1 96

Abs. humidity (g/m°) 47 13 96 32 13 96

Wind velocity(m/sec) 32 15 96 50 22 96
AP(hPa)-1000 106 85 96 54 71 96
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Fig3 Significant difference tests between 24h-mean
values of PM properties and meteorological factors at AP

dropping and those at AP rising
Table 3 Elemental statistics for 24 hours at AP dropping

and rising in winter (case of complete data)

AP rise
n Mean SD n

Factor AP drop

Mean SD

PM, 5 (Semi-volatile)

(it g/md) 325 148 216 111 7.8 206
PM, 5 (Non—volatile)

3 93 238 108 7.1 230
(1 g/m*)
PM;o (1 g/m®) 264 105 240 144 81 237
Volatile (1 g/m°) 76 33 216 33 29 200
Sulfate (¢t g/m°) 38 15 192 20 12 192
Nitrate (4 g/m®) 57 35 216 14 16 216
oc (i g/m®) 53 23 168 29 16 168
Ec(ug/m’) 15 09 168 04 03 168
Temperature(°C) 89 28 240 83 24 240

Abs. humidity (g/m®) 53 13 240 31 1.1 240

Wind velocity(m/sec) 3.0 14 240 52 21 240
AP(hPa)-1000 122 70 240 99 7.2 240
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Table 4 Contribution ratios of chemical components in PM2.5 aerosol

129

M X, X, X, X, X,
PM, s S0,* NO; OM=1.60C EC Residue
AP Mass concentration (pg/m’) 30.7 3.6 4.8 8.6 1.5 12.2
dropping Percentage 100 11.7 15.6 28.1 4.9 39.6
AP Mass concentration (pug/m’) 11.4 2 1.4 4.8 0.4 2.8
rising Percentage 100 17.5 12.3 42.1 3.5 24.6
Total Mass concentration (pug/m’) 21.1 2.8 3.1 6.7 1 7.2
Percentage 100 14.7 14 35.1 4.2 32.1
M = X,(S0,)+ X,(NO, )+ X,(1.60C) + X ,(EC) + X, (Residue) (ug/m®) (1)
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Table 5 Time to change by 5 or 10 hPa at AP dropping

and rising in winter

AP drop AP rise
MeantSD Range Mean+SD  Range
10.1#4.5hr 6~23Hr 8.1+4.3hr 3~17Hr 10

9~21Hr 17.2454hr 7~19Hr 6

5hPa
10hPa 16.3+3.9hr

Table 6 Correlation analyses between values of factors in
starting and ShPa or 10hPa AP changing points

AP drop AP rise
Factor
5 hPa 10 hPa 5 hPa 10 hPa
PM, 5-
. 0.676 * -0.039 -0.046 0.245
semi-vol
non-vol 0.639 * 0.843 * -0.236 0.895 *
PM,, 0.806 ** 0.567 0.316 0.873 *
Volatile 0.692 * 0.185 0.786 -0.471
Sulfate 0.755 * 0.821 * -0.108 -0.068
Nitrate 0.492 0.532 0.658 -0.070
ocC 0.811 * (0.676) 0.621 (0.651)
EC 0.179 (-0.727) 0.236 0.414)
TC 0.769 * (0.624) 0.564 (0.840)

**:p<0.01, *:p<0.05, N=4 in parentheses



130 J. Jpn. Soc. Atmos. Environ. Vol.45 No.3 (2010)

JE_EF-OBAIARES & ShPa 7213 10hPa ek L 7= & DEW)
EPREE OB - [BUROHTEATS & Table 6 DX H ThHh-o7,
10hPa ZZ{L L7661 5 5, OC « EC - TC IZXKHAIRH - T4
B & 720 DEDT-DFERIT DOV TEEMER AR E LT A (R
IEFR, 9XT p>0.05), 5hPa ZB{bDBE . M FREE I AR
L& BC ZFRWCTHBEDOMEITH - 72h3, ERRHZI R
MR DOBRPHE TH T, kDT &G, ShPa kLT
H 2 e D PM IR CFRREBISRD TR B D L HEEE S LD,

SUERE FRHC I RHEEE D Tdh o 7=, ShPa [ FIFOBRALART

Table 7 Regression analyses between values of
factors in the starting point and the ShPa AP dropping

point
Coeff of Coeff of
Intercept
Factor determ N regress
-ination -ion Value SD
PM, -
semi-vol 0.457 9 1.15 79 114
non-vol 0.662 10 1.02 14 9.7
PM,, 0.408 10 1.01 0.9 7.3
Volatile 0.479 9 1.09 36 20
Sulfate 0.569 9 0982 34 12
Nitrate 0.242 8 0918 1.0 23
oC 0.658 6 1.08 0.7 0.7
EC 0.032 7 0.352 - -
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Fig.4 Comparison of particle size distributions

at AP dropping and AP rising
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