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Abstract

Environmental pollutions tend to spread from local scale to global scale. Such global
pollutions proceed slowly, but their effects are accumulated for a long time. So it is difficult
to restore environment after these pollutions have once occurred. Therefore, it is important
to establish the methods for long-term environmental monitoring.

From these reasons, a special research project entitled “Study on the methods for long-
term monitoring of environmental pollution in the background regions™ was programmed at
our institute from 1983 to 1987. This report corresponds to the subprogram concerning the
atmospheric quality in the background regions and includes the following themes.

1} Studies on the long-term monitoring of airborne particulate matter on an island.
2) Studies on the behavior of background ozone.

Since the atmosphere around Japan moves from the west to the east, we selected Qki
Islands in the Sea of Japan for monitoring of background level of air pollution and began to
measure the variations of the compounds in airborne particulate matter in Dec. 1983. Though
monthly sampling of airborne particulate matter are still going on, the results from Dec. 1983
to May 1988 are reported here. It was noticeable that sulfate and lead showed a different
behavior between summer and winter in accordance with seasonal meteorological condition.
Elemental composition of snow and gaseous organics on this island are also discussed.

Variations of background ozone concentration were measured at the several mountai-
nous regions in Japan for studying the behavior of lower tropospheric ozone, At most
sampling sites, background ozone gave the highest concentration in April or May,

Though no remarkable annual change of these air components were detected in this
research period, valuable informations were obtained concerning seasonal variation of each

compound.
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Abstract

Monitoring of airborne particulate matter on the Oki Islands were per-formed
from Dec. 1983 to May 1988, in order to evaluate the background level of airborne
particulate matter over the Sea of Japan. Sampling site is located at mountain top
{200m a.s.l)} of south western part of Dogo of the Oki Islands in the Sea of Japan.
Airborne particulate matter samples were taken at each month and its chemical
components (50,*, NO,~, CI™, NH,*. carbon, metal elements) were analyzed.

There is no component which showed remarkable change in annual mean
concentration for 4 years: only carbon showed a slight increase. Seasonal variations
and relationships among each component were also studied, Soil components were
found to be influenced strongly by Kosa (yellow sand), and its concentration increased
up to five times higher than that of ordinary season. Concentration of sulfate was
higher in summer than that in winter and had a correlation with V. On the other hand,
Pb concentration is high in winter. Sulfate and Pb were considered to be important for
monitoring from the standpoint of the consumption change of fuel around the Sea of
Japan.
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Table 2 Mean concentrations of airborne particulate matter and its com-
ponents in the atmosphere from Dec. 1983 to May 1988 at site 1 {Oki

Islands)

Element Mean S.D. Max. Min. E.F. North Alpine*  Sjsangen**
S.PM (gg/m®) 122 4.50 3.0 4.73 - - -
850, 159 .06 6.04 1.74 - 2.21 2.40
NO,~ 0114 0.104 0.404 0.0008 - 0.801 -
Cl- 0.0447 0.0936 0.492 0.001 - 0.081 0.190
NH,* 0510 0.282 LY 0.013 - 0.891 -
C 173 0.534 126 0.599 - - -
N 0.474 0.251 1.71 0.0146 - - - -
Na (ng/m*) 430 136 714 132 5.40 439 -
Mg 107 48.9 234 28.1 1.83 - -
Al 228 174 824 199 1.00 98.72 -
Ca 151 105 481 273 1.47 1289 74
Se¢ 0.0446 0.0372 0.155 0.00346 0.75 - -
Ti 12.4 9.55 46.4 0.260 1.00 - 50
V' 1.58 1623 3.03 0.597 4.68 - 25
Cr <2012 (1.35) (5.89) (0.0984) 6.46 - -
Mn 5.61 2.73 14.2 . 1.86 2.00 - 6.7
Fe 150 102 490 329 1.07 65.9 38
Co 0.196 0.112 0.514 0.00553 3.25 - -
Ni (1903 0.345 1.80 0.199 9.02 - 1.5
Cu 1.65 0.798 5.17 0.419 10.7 1.47 2.4
Zn 14.9 3.97 258 7.03 132 14.4 24
As 328 1.65 10.5 1.896 581 - -
Sr 1.34 0.718 3.a% 0.331 1.06 - -
Cd 0.276 0.113 0.657 0.108 669 . 0087 -
Pb 12.4 4.64 238 381 2943 16.4 21
K 130 58.9 328 46,9 1.73 40.93 76

¢ Mean Values (1972~1985} Wank (1780m a. s. |.), Germany'"
**  Mean Values {1976) Sweden'®

TORMELHERBZOHBEICE, TASOENHEABIIBFL v 27777 FOHEEVIE
BB, REMZELR (SEHEH0) RH LTG0, X3, BN THLZVWIIU 2 ERE.
SOEROFENLBHAGWMOBTHIEEIE, CheERELFLBEROLDIES > TLE
I, BTN EIEREFI Vo nFTHEOoOMNMRLETH B,

BEDNLD, BEAYPRUAT c—F 29 TREMIC Ay 2 720 FOEZS U T0BT
bz flERMTR U, 327 ) v I E O RERUEED g 08D O THEIHEIEEEE L
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Table 3 Mean concentrations of each component in airbaorne

particulate matter collected at site 1 (Oki Islands)
{Dec., 1983~May, 1988)

Element Mean 5.D. Max Min.
SPM. (%) 100 - - -
802 (%) 0.4 6.28 51.0 19.1
NOy~ (%) LO1 1.07 4.88 G.0111
Cl- (%) 0.213 0.659 4.64 0.00676
NH,* (%) 4.1 2.34 1.4 0.148
C (%) 14.5 4.26 275 7.69
N (%) 3.65 1.82 8.64 0.165
Na (%) 397 1.85 2.08 1.04
Mg (%) 0.926 0.387 1.79 0.251
Al (%) L76 0.906 3.86 0.301
Ca (%) 1.22 0.675 343 0.231
Sc¢ (ppm) 328 2.36 10.6 0.355
Ti (ppm) 957 506 2210 19.3
v (ppm) 135 46.5 258 50.8
Cr (ppm) 161 154 738 832
Mn (ppm} 463 157 . 834 203
Fe (%) 1.17 0.548 2.66 0.324
Co (ppm) 146 8.2 369 1.04
Ni (ppm} 75.9 2z 194 236
Cu (ppm) 139 536 260 31
Zn (ppm} 1280 304 2290 757
As (ppm) 92 157 858 97.4
Sr (ppm) 112 464 236 24.7
cd (ppm) 2355 §.59 517 1
Ph (ppm} 1060 353 1810 406
K (%) 108 0.312 1.82 0.416
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KEWEUIHFICFHEZI WY, Ihicksd L, STROFMLEISE, RO420547

W TE 5,
(1) #FXE-ISL—F-Al, Ca, Sc, Ti, Mn, Fe, Co, Sr, Cd, K
(2) Bigmus =7 S0,*, NH,*, C, N, V, Ni, Cu
(3) &RUBRICENS L— 7 NO,;~, Cl-, Na, Mg, As, Pb
(4) »HFvEFE(LEE-YGI L —FZn, Cr

ARSI T 5 & SRSy (Se, Ti, Fe, Mn, Co, Sr, K, Ca) 3HEBOBHO - HELI
BATIc B, 1L 12 B 6 FHECE VY, Ihb B2 5 (hERER» SO U AORED 26
rEZohd, TRNOONHEE, FUESIOEERICERSFBII LRSI Laiaeb, Tk
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ta) BRI B 5K U ARG R BEESE (19835128 ~19884# 5 H)

Table 4a) Monthly mean concentrations of each airborne particulate component

at site 1 (Oki Islands) (Dec., 1983~May, 1988)

Element Jan Feb Mar Apr May  Jun Jul Aué Sep Oct Nov  Dec
S.PM. (ug/mY) 11.2 e 147 170 176 14.1 986 11.8 8.19 8.87 106 8.98
SO, 304 349 383 460 451 427 327 421 360 240 259 269
NO,- 007 015 018 016 011 004 004 0O 007 018 015 017
Cl- 0.01 002 004 002 001 000 0.00 0.00 0.0l 013 00z 003
NH,* 037 049 030 065 05% 081 05 068 061 014 023 028
C 1.78 1.66 L9 187 221 2.07 1.51 1.70 1.53 1.36 1.29 1.54
N 031 040 047 0356 035 074 048 054 064 019 040 021
Na {ng/m?) 397 437 467 490 402 362 270 338 421 537 579 444
Mg 81.7 96.3 140 155 152 82.2 50.2 66.1 77.3 109 148 108
Al 133 203 359 457 449 163 677 118 86.8 128 266 200
Ca 100 135 247 247 260 948 473 825 660 101 200 183
Sc 002 004 006 008 009 C04 001 00z 002 002 006 003
Ti 733 112 200 238 248 857 2.96 530 430 916 141 11.1
v 090 107 1S4 216 221 25 Lel 235 148 L5 139 109
Cr .52 222 L7 167 278 1.53 112 139 1.48 2.08 1.96 1.22
Mn 401 438 &11 901 879 540 318 367 1M 420 676 510
Fe 897 129 244 275 280 118 552 B8O 661 913 169 128
Co 010 015 024 031 030 019 010 016 015 016 017 015
Ni 0.57 062 087 112 119 LI18 095 116 054 068 083 060
Cu 1.08 1.29 1.51 2.09 205 264 1.00 2.07 1.38 1.18 214 1.49
In 137 14.% 162 188 172 169 11.6 12.9 12.8 129 16.2 134
As 298 429 476 249 3.24 320 1.70 2.02 325 L8 478 313
Sr 1.01 .37 199 203 210 094 054 083 071 104 L.74  1.39
Cd 027 032 033 037 031 0.28 0.19 0.21 0.24 0.22 0.28 0.26
Pb 138 158 163 159 133 106 706 602 950 930 150 127
K 108 126 174 188 19 122 736 796 768 944 163 125
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Table 4b) Monthly mean concentrations of each component in a airborne
particulate matter sampled at site 1 (Oki Islands) (Dec., 1983~May,
1988)

Element Jan Feb Mar Apr May Jun Jul Aug  Sep Qct Nov  Dec
SPM. (%) 100 300 100 100 100 100 100 100 100 100 100 100
502 (%) 275 294 263 273 273 303 326 355 455 276 288 305
NO,~ (%) 0.722 129 11.24 10957 0.482 0284 0338 0072 1372 182 139 202
Cl- (%) 0.25 0214 0208 0089 0038 0004 0026 000 0148 123 0211 0335
NH,* (%) 323 4le 342 379 379 567 562 560 751 171 222 317
C (%) 160 140 136 112 (3§ 148 162 421 [69 152 |1l 317
N (%) 261 319 33 32T 346 511 471 454 661 222 368 241
Na (% 408 383 327 310 258 2B 343 287 5377 610 575 483
Mg (%) 0830 0841 0958 0948 0902 0591 0627 03563 1.02 126 144 113
Al (%) 131 172 241 272 250 L1300 0730 0994 10l 150 248 205
Ca (%) 10F 117 Le6 149 155 0671 0332 0706 0806 120 190 Lo4
Sc {ppm) 240 293 412 469 473 28  L27 167 298 267 522 326
Ti (ppm) 725 955 1340 1420 1370 598 343 427 482 1040 1310 1160
v {(ppm) 862 90% 106 132 134 151 177 197 190 135 136 120
Cr {(ppm) 145 210 128 898 157 104 110 194 278 207 172 151
Mn  (ppm) 371 382 35 543 506 38t 367 9 412 501 651 546
Fe (%) 0873 110 168 166 158 0819 0589 0742 0798 108 158 132
Co  (ppm) 971 129 178 181 170 138 889 133 168 193 167 146
Ni {ppm) 514 555 577 653 705 837 106 98.9 118 809 786  66.)
Cu  (ppm) 960 108 101 125 147 177 119 179 175 143 200 164
Zn (ppm) 1240 1210 1060 1140 1010 1180 1260 1080 160 1520 1520 1540
As (ppm) 276 369 312 1S3 191 227 194 172 417 39 436 367
Sr (ppmy 101 1i% 135 123 125 661 619 708 900 121 165 144
cd  (ppm) 247 283 226 222 185 198 198 174 296 254 263 274
Pb (ppm}  FI00 1090 F170 1130 1430 850 833 670 996  l100 1530 1440
K (%) 0955 109 1.1 113 L13  DRS1 0833 0670 0996 100 153 136

REFTZ2OBACELLTHEETHZ I 2E25bvRE, 1EOHDHE 5102 OBECIERE

OLERESHERCFLEAATHE LV TECR S,

—7%, S0,27, C, VHEREREVLEESRLZ, VIEEML OB s auiilan s
ERERTHLOT, TIV2RBREROFRSBCHEMNT 2 e 2RLTHwE, BHICE, &
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(fl 2 (T e RERN BHLHOT, 2OEFEFETIORINETOT— 5o TREET
Hh, CIBoRERSLE, EHOERERO Ay 7 /77y FEEVGIERGHZER, ©
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Table 5 Correlation coefficients based on the concentrations in the atmospher at éﬁ
site 1 (Dec., 1983~May, 1988}
SPM S0, NO, Cl NH, C N Na Mg Al Ca S Ti V Cr Mn Fe Co Ni Cu Zn As S Cd Pb K

SPM 1.00 '

50, 0.81 1.00

NO, 0.25 -13 1400

Cl -13 -38 0.56 1.00

NH, 0.44 072 -32 -22 .00

C 0.60 0.64 0.08 -29 0.35 L0

N 0.51 080 -.32 -.31 0.85 046 1.00

Na -10 -28 034 047 -323 -35 -30 1.00

Mg 0.44 0.13 041 024 -06 06 -03 070 100

Al 0.73 042 041 002 051 019 0.14 0.36 0.89 1.00

Ca 0.52 024 0.35 0.10 0.00 0.03 0.04 050 0.94 0.93 1.00

Sc 0.62 0.3%9 026 -05 008 0.14 0.16 0.29 082 091 088 1.00

Ti 0.72 0.38 046 0.14 (.10 0.08 0.12 0.40 0.89 0.9 050 0.90 1.00

v 059 0.65 -16 -.13 058 037 0.56 0.07 0.38 051 042 052 0.49 100

Cr 0.8 0.00 023 044 026 -.04 0.16 0.28 034 029 026 0.22 0.36 026 1.00

Mn 072 044 033 -04 0.8 0.17 024 037 0.87 095 0.8 0.87 095 0.57 028 1.00

Fe 0.72 043 037 00! 0.13 020 0.19 0.35 0.87 058 091 0.92 098 0.54 (.20 097 1.00

Co 0.63 049 038 -05 0.16 036 0.21 005 0.53 0.68 0.60 (.57 0.66 034 0.19 066 0.67 1.00

Ni 0.62 0.63 -.08 -.17 047 0.15 049 -15 0.21 0.43 02% 038 040 0.74 006 047 042 041 1.00

Cu 0.60 059 -00 -26 0.35 0.30 049 -02 030 044 0.34 040 041 0.63 0.05 0.50 045 0.35 6.65 1.00

Zn 0.79 0.68 0.16 -.18 0.44 04t 056 0.14 049 0.63 0.50 0,60 0.64 0.58 0.17 0.73 0.67 0.4 .60 074 1.00

As 0.23 0.00 031 0.17 -06 -08 -03 038 042 036 042 038 040 008 0.12 040 0.36 -04 0.13 025 047 1.00

Sr 0.55 0.25 039 0.13 0.03 DOS 006 0.56 0.96 093 0.98 088 D.93 042 034 091 092 0.57 .26 0.36 0.56 045 1.00

Cd 0.53 044 0.15 -.13 040 020 036 0,19 045 053 0.48 038 0.53 026 0.33 0.55 050 0.64 044 044 0.63 019 052 1.00

Pb 0.62 0.35 0.39 -.12 009 031 (.18 027 058 0.66 059 0.63 0.67 0.12 0.14 0.67 0.67 0.36 0.19 040 0.78 0.6] 0.65 0.55 1.00

K 076 042 043 000 0.12 022 0.16 038 0.84 094 086 0.85 0.94 047 0.28 094 093 054 043 0.52 0.75 0.53 0.8% 0.53 078 1.00
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Table 6 Correlation coefficients based on the concentrations in airborne particulate
matter sampled as site 1 (Dec., 1983~May, 1988)

SPM
30,
NO,
Cl
NH,

SPM
1.00

S0,

1.00
-.09
-.29
0.57
0.35
0.59
0.23
-.07

-.33
-.20
-.50
0.51
0.15
=17
-.36
0.01
0.47
0.35
0.39
0.10
=27
0.21
.02
-.22

NO,

1.00
0.54
-3
-.03
-.59
0.44
0.35
0.12
0.16
-.10
0.18
-.19
0.42
0.12
0.10
0.21
-.20
0.01
0.15
029
0.27
0.10
0.35
0.36

Cl

1.00
-.08
-.06
-.28
0.43
0.35
-.01

0.10
-.14
0.25
-.03
0.43
-.03
-.00
-.07
-.09
-.20
0.02
.18
0.22
0.03
-.01
0.08

NH,

1.00
-10
0.75
0.01
-.15
-.27
-.26
-.19
=27
0.48
0.43
-1
-.21
-.16
.24
0.12
0.13
-.00
-.21
0.21
=17
-.21

C

L.00
0.04
-.03
-5
-.46
-.38
-30
.44
-17
-2
-.39
-.42
-.02
-.08
-09
0.05
-13
-3
-.10
0.07
-3

N

1.00
-.28
-.26
-.24
-.23
-.058
-.27
0.38
012
-.10
-.16
-.02
.24
0.17
0.12
-.13
-.26
0.09
-.24
-.35

Na

1.00
0.81
0.13
0.33
(.08
0.17
0.37
0.45
0.49
0.18
0.01
0.26
0.30
0.67
0.58
0.53
0.40
.55
0.59

Mg Al Ca

1.00

0.65 1.00

0.80 0.92 1.00
054 Q.80 078
065 095 088
027 -.03 0.05
031 000 0.08
083 0.78 083
0.67 095 0.9
.30 0.41 043
008 -.23 -.14
0.25 0.00 4.10
0.50 -.02 0.14
049 009 0.26
050 086 0.96
039 016 0.27
.55 0.28 0.38
083 73 0.78

Sc

1.00
0.76
0.12
-.05
0.67
0.82
0.33
-.08
0.0]

0.09

0.11
0.71
0.06
0.30
0.57

Ti

1.00
-.08
0.14
0.77
0.93
0.34
-.26
-.05
0.03
0.15
0.84
0.18
0.31
0.73

\4

1.00
0.30
0.30
0.06
=11
0.63
0.49
0.44
0.16
0.08
0.06
-.16
0.09

Cr

1.00
013
0.04
-.05
-.06
0.05
0.21
.36
0.22
Q.36
0.20
0.26

Mn

1.60
0.85
0.31
0.08
0.26
0.47
0.39
.86
0.32
0.44
0.84

Fe

1.00
0.40
-.18
0.03
0.09
0.13
0.86
0.15
0.31
0.74

Co

1.00
-.01
0.00
-.07
-.18
0.34
0.41
0.03
0.09

Ni

1.00
0.52
.50
0.20
-1
0.34
-.05
-.03

Cu

1.00
0.60
0.37
0.14
.32
Q.19
0.28

Zn

1.00
0.68
0.29
0.52
0.67
0.48

AS

1.00
0.38
0.29
0.67
0.55

Sr Cd Pb
1.00

036 1.00
0.52 045 1.00

0.87 0.32 0.65

K

1.00

U Z B3 Co L6 2 DN & o DV
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F* T RIS (site2) O LAKESEESORIDEEOHEEGEE (1983 F
12 H~1983 % 5 A)
Table 7 Correlation coefficients based on the concentrations in the atmospher at
site 2 (Dec., 1983~May, 1988)
SPM 50, NO, €1 NH, C N Na Mg Al Ca S Ti V Cr Mn Fe Co Ni Cu Zn As St Cd Pb K
SPM 1.0
50, 0.80 1.00
NO, 040 006 1.00
Cl 0.12 -06 0.79 1.0D
NH, 0.43 0.64 -19 -13 1.00
C 0.56 0.59 0.20 0.02 0.25 L0
N D66 0.72 041 001 043 063 100
Na 0.55 0.29 0.67 045 -24 030 034 1.00
Mg 0.85 0.53 057 030 001 043 035 076 1.00
Al 088 0.61 046 019 0.09 041 0.56 0.66 096 1.00
Ca 0.74 0.44 0.62 044 -01 036 048 071 0.91 085 1.00
Sc 0.89 0.61 049 0.23 006 044 057 0.65 0.96 0.98 0.86 1.00
Ti 0.89 0.61 048 021 0.12 040 0.56 0.67 0.96 0.99 0.85 097 1.00
v Q.71 477 -.18 -17 0.71 044 0.61 006 0.44 051 0.30 051 0.50 1.00
Cr 0.34 026 012 -.14 -10 044 039 0.34 049 044 049 046 043 022 1.00
Mn 081 0.60 025 -.01 0.03 047 0.67 0.57 0.86 052 0.73 0.92 0.89 0.52 0.50 1.00
Fe 0.89 062 043 015 0.12 043 059 064 096 1.00 085 098 0.99 053 046 093 1.00
Co 0.78 0.57 049 0.13 -.02 046 0.54 0.71 (.88 091 0.80 091 09! 0.38 047 0.86 090 1.00
Ni 0.56 0.59 0.09 -04 0.25 051 0.60 030 0.50 0.49 0.43 052 049 0359 0.59 055 051 049 1.00
Cu 028 0.24 005 000 038 007 0.11 -02 0.16 4.18 009 0.18 017 032 0.13 0.12 0.19 003 045 1.00
Zn 071 0.52 0.35 0:19 0.33 044 0.56 059 0.69 062 057 0.61 069 0.60 040 052 063 061 0.61 030 1.00
As 0.38 0.18 053 0.43 008 007 009 028 045 040 047 042 033 0.11 012 024 039 023 0.10 0.27 024 1.00
Sr 0.80 0.51 0.63 044 005 036 0.50 0.72 0.94 090 098 090 050 0.36 048 (.76 0.89 0.82 044 0.14 0.60 0.50 1.00
cd 0.68 047 0.3%8 021 035 0.51 0.57 053 0.60 054 048 052 0.56 0.56 0.22 048 0.56 0.48 0.54 032 0.79 031 051 1.00
Pb 073 0.42 069 042 0.19 048 049 057 0.75 0.71 06% 073 0.72 0.27 0.34 059 0.72 062 0.35 031 0.59 066 0.73 065 1.00
K 0.88 0.66 0.44 014 008 051 062 0.71 093 096 081 096 095 049 047 093 096 0.90 050 0.14 0.60 0.36 087 0.54 0OTF 100

SEY 4
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o
"
£
e
o o
£ %
]
-~
R= .985
o
%] Al (ng/m%) 996

4 KRIo AlERAE = TiREOB®R (Site 1)

O & (1~4A), o 2 65~108)

Relationship between Al and Ti concentrations in the
atmosphere

Dec., 1983~May, 1988, Oki Islands, Site 1

O © winter samples (Nov.~Apr.),

A T summer samples (May~QOct.)

498
K = ( 3.18E-1) x Al
s 0 5.73E 1)

”E

.

€

x

5] Al (ng/m%) 990

5 AR&HD Al L KBEOHE (Sitel)

Fig. 5

Relationship between Al and K concentrations in the
atmosphere {(sampling period, site and symbols are same
as Fig. 4)
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Mn = [ 1.48E-2) x Rl
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6 AT Al E MnBEOBF (Site 1)
Fig. 6 Relationship between Al and Mn concentrations in the

atmosphere (sampling period, site and symbols are same
as Fig. 4}

390

Mg = ( 2,49E-1) » Al
+ 1 5.B4E 1)

(ng/m?)

Mg

1] Al (ng/m%) SP0

7 REHO Al E Mg BEOBGR Site 1)

Fig. 7 Relationship between Al and Mg concentrations in the
atmosphere (sampling period, site and symbols are same
as Fig. 4)



R IZ 85 O & KB U A B o R ZE 0

Hbo
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ZEI0RL . EROHERERSZAE YR 200, B2 7 ORI DBEC T
S0THL, BN E L0 ST A0 Z LB 7oy FAERL Thd, @i,
AT T Agndienmiz SO OEFEVIEATEEL Tw D, JHik, SO0 ORED % <
WEMCEELTWL I 2RLENS &, ZPETORD TH <, EonRFEC R - 215
MEDHSE LW I ELFEZISNEIEARLTWVE LEDRE,

SO LR#FSEOMFEE, B1LICRL 7o, BRRESOMCEREL AR WERIOF
Sxh sz, 7oy MzEs 20 Twha, —AshOMEENS S EEL NG, £LEH
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300
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B Al (ng/m®) a9p

& 8 K& Al ¥t &7 L5 Mg (Soil Mg) BEOH
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Fig. 8 Relationship between Al and Soil Mg concentrations ; soil
Mg is calculated by subtraction of sea salt Mg from total
Mg
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NH4 = [ 1,94E-1)1 x Ex-504 /’
+ (-1.BBE~-1] s

4] Ex-S04 (ug/m*) 7

9 K& U AFO Excess SO,2 £ NH,” OE5{F (Site 1)
Excess -80,=total $0,-Sea salt Nax0.25 @il NH,” £ S0, @
WHtAS 1) ik B,

Fig. 9 Relationship between Excess S0,*~ and NH,* concentra-
tions in airborne particulate matter (Site 1)
Excess-SO,=total SO,—Sea salt Nax(0.25 Dashed line showes
equivalent point of NH,* and S0,*~

3
V-s¥ = [ 2.74E-1) x Ex-584 R
+ [ 2.8E-1) .
e
~
o
c
=
w
]
=
A Ex-504 (ug/m?) 7

® 10 Excess -S0,* &HERSEELI[WZV (V—soil V) &
DA% (Site 1)

Fig 10 Relation between Excess -50,%~ and V-sV, which means
total vanadium minus vanadium corresponding  soil
component (V-0.00166x Al)
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C=( 3, 17E-1) x Ex-504%
+ 1 B8,BlE-1)

C (pug/m*)

4] Ex-504 (pg/msl 7

11 Excess -SO,* #[RFE L OMR (Site )
Fig. 11 Relationship between Excess -S0O, and Carbon concentra-
tions (Site 1)
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DL DEFFANBRD £ DI, BEEHY NOy- 22 L oiHEESRTL IO EEZLNS,

V & Ni, Zn & Cu, Pb & As BE W CHEEOFEWERLHDEEL SR, [FH2a) ,b) o)
T &S BRI A 5 B,

Pb & Zn OFAEE B3R UA, TRLHER LI 97 L LA A v OBRO & 5,
BrRET7o0w PR EIDAPRONE , ZITF Zn b PhaENAIBRES R T2 2 et
G3d, Znk Ph & & bUMNEIT Qum T S LTEEL TS eELoh b0, AF
Lbo#E&HRHBEL s EEESRS, LT, Z0L2RFLEL0ENE, BERFOCL
DOBECERBLTHA L0078 LiL,

4 2 &

4.1 HWeroRE
HHOREMMEBEC L > THLY ZOHBL ZOR L2 TRE > Td, ElHAN
O T 2 ECPHE L ZOHE R > T2, HEOKRS 2 b O, MEMA £ TP THRLA,
NEZHDRNNMFDATE -7 DT85, B 14 EIWESERHT, Al, Fe, TIOZRHDE
WEHEWOREEA2TFLLL0THS (BEREERRO Y I TEAsNES 2 1EELT
Lo Al Fe, TIOE—71t, WHWOEEREE—RLTED, JhsOERMPHEWICL>T
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Fig.12 Relationship between S0, and NO,~ concentrations in
airborne particulate matter (Site 1)
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Pt = ( 9.28E-1) x Zn
+ [-1.47E B}
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13 ARE$@Pb & Zn & DR (Site 1)

Fig.13 Seasonal difference of Pb/Zn ratio in the atmosphere (Site 1)
O: winter sample (Nov.~Apr.), 2. summer sample (May~Oct.)
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Fig.14 Variations of Al, Ti and Fe concentrations in the -
atmosphere and occurences of Kosa Phenomena

1000 |
3
g ®
®
§ ®
5 3
E 500
§ o]
8 O
= O
[
g 8]
s 0 g
O
L 1 |
o 1 2 3

Occurence of Kosa Phenomena (No.)

15 EHORLER 16H) & 20D 120 Al DEEEE
o MR REmIz L 5,

Fig. 15 Relation between mean Al concentration during a month
and frequency of Kosa Phenomena
® : shows large scale ones.
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Fig. 17 Relationship between Al and Sc concentrations in the
atmosphere

& 8 RBEESOHHEOTEMRS (B61%)
Talbe 8 Elemental composition of soil samples on Qki Islands (Con-
centraion in %)

1 i 1 2 3 3 4 5 6 7 8 9
Sﬁilﬂuﬁ{zéiﬁgm i R EBE wEm @ g A e S
) G o BB BTN g sk tslow K ow i

Al 9.83 7.94 7.44 8.74 116 747 1077 1087 6.25 6.14 9.18 6.2
Fe 5.59 7 3.32 2.57 2.92 4.12 5.57 5.94 3.75 4.31 26 2.29
Na 0.0995 0.502 0.891 (.71 0974 0301 0.702 0201 1.82 1.72 1.18 2.13
K 1.26 242 1.76 237 1.57 213 1.02 1.31 1.58 1.52 1.86 3.44
Ca 00193 0.316 0741 0.226 0,174 00345 0.517 0.083 4.56 5.47 0.278 0.744
Mg 0467 049 0625 0.172 0345 1.16 0.756 0478 0966 1.14 0.219 0.147
Ti 0541 0539 0394 0233 0.34 0345 0813 0738 0437 0519 0343 0289
Mn 0.0152 00424 0.104  0.0430 00178 0.0162 0.0375 0.026% 0.0760 0.0752 0.0196 0.0679
Sc {ppm) 13.7 101 9.11 6.75 872 159 134 16.1 11.9 11.9 6.1 2.92

4.2 Sitel, Site2 RUHRIT & OLEH

Site 2 i, BFEOD I H 20— AR FHREH Site 1 L DB HbN DA H L E7
BN > THER TS LY A CHRENFRL LT OB H 5, Litsd> T, Site ]
& Site2 Rt T, EboDBREOFSNEOREMENE T A I EHTES, LML
Site ] & Site 2 TREFEHNRLEDT, BECI2EREOBREOE(LLERBL LT E LSk
Vo FERNFRME TR, UEHEH 3 Sitel it bick 2 Site2 i3, W 1.5BDEEZF>T
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Fig. 18 Sampling sites of surface soil (Dogo, Oki Islands)
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Fig.19 Comparison of components in airborne particulate matter

sampled at Site 1 and Site 2
All values were hormarized by S.P.M, {Dec, 1983~May, 1988}
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FLARKREBE ST 3) ESite2DF— ¥ RIEBLLLDTHD, THHEERERLCLS
i, SPM D&% L IKRE{EL, ThFOROS %L RITO 7~ /Site2 D F—F) Lizh
DTHL, Tiumb, Al Fe, Ca, S¢, L EOQIERSE, T LBEEL<RUBETHLZ
Epfind, IHEBEZLL, IASOTENRLEBCEREMA SN T ABEWNTLES
FLTODLEnI e RERLTWLELIoNS, Hle L TR 21 Site2® Al LELE®
AlDARIZEfE 7oy b LT, ChER2E, EF0OY> 71U 7HEOEY (RTTR, %5
1~BHDH w7 v F %iToTw)pMERENTHW»EH, EFCENLEBSER-T0nD
DB A, T, BBORS— b, [ L ETOMEE T D B e D THS Z L &
IS Twh, 23R By s, AIEBEE B THMITIIBE T LEI Ny 7 /5y R
EZOHLOERLTVLEERTEILLTELS,

—HEEEAF e EZ R bOOMTE, Ti, Mn, K 2T oENE L, TrL s 0BREs
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Fig.20 Comparison of components in airborne particulate matter
sampled at Site 2 and Matsue
All values were normarized by S.P.M, (Dec. 1983~Mar. 1986).
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Fig.21 Comparison of variation of Al concentration in the
atmosphere at Site 2 and Matsue (Dashed line)
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EHES ELTHFSLTLEOR, VTEEL SO OFTH A, »icd L, BHEHED
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Sk, BRI B 2 R A ERSES L TWAAEEEA S 2 v S, b3 12, BIKE
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fo 2 EnSBIEL TV B2, BIROBE 4, 5 A T DREMN L &> Tnd, Linio T, fekic &
AEBIN L AP VEEZ TRV ERDNRS, —7, EHEREE—RCESCRNT 2 LE
RSO K 1 7 —FOHEM & L ORI 30 TR0 EEHREERC s KA 5%
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BRIl A, TITR, IRICOWTLIPLEL (EET S,
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Abstract

Airborne particulate matter and gaseouse pollutants were measured on the Oki
lslgnds in summer and winter in order to study the seasonal characteristics of air
pollutants at Japan Sea-side of Japan. Measurements of size distribution for several
ions and electron microscopic analysis were also done.

Concentrations of air pellutants increased when wind blew from main land of
Japan and Asian Continent in both summer and winter, while in the case of a north
wind, these concentrations showed the background levels (e. g. SO,>~ 1~2 x/m?*, 50; <
0.5 pg/m?)

Theugh S0O,% existed as fine particles (< 2xm), NO;~ was concentrated in coarse
particles by a reaction with sea salt particles. About half part of sulfate containing
particles was considered to be sulfuric acid mist. This acid mist caused nitrate ion and
chroline losses at particles less than 1em dia. Sulfuric acid particles, which exhibit a
characteristic form on the plastic mesh, were also detected by electron microscopic
analysis. S0,% was found to be main component of acidic snow (pH=4.5~5.0),
collcted on this island.
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Table 1 Brief weather reports during sampling period
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Fig. 3 Simplified surface synoptic weather map on 29 Aug.
(1984) at 9: 00.

Arrow means air trajectory for one day based on wind directicn

and wind speed on the Oki Islands.
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Fig. 4 Simplified 850mb synoptic weather map at 21: 00 on 29
Aug. (1984) with wind flow coming to the Oki Islands
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Fig. 7 Simplified surface synoptic weather map (9: 00 7 Aug,
1985) with air trajectory from 9: 00 to 18: 00 estimated
with wind direction and speed at the Qki Islands
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Fig. 8 Simplified 850mb synoptic weather map (21: 00 7 Aug.,
1985) with wind coming to Oki Islands
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Fig. 10 Simplified surface synoptic weather map (5 Aug., 1986}
with air trajecty estimated by surface wind direction and
Speed on the Oki Islands
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Fig 11 Simplified 850mb synoptic weather map with coming

wind to the Oki Islands (5 Aug., 1987)
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Fig.16 Simplified 850mb synoptic weather map (18 Sep., 1986)
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Table 2a) Chemical components in snow sampled on the Oki Islands (1987)

Site No. 1 2 3 4 4 5 6 7 8 9

Place B F @affE XA & &7 B #H O ®OF W8 & OE A OS
FHHE ‘87/2/26  C87/3/1  C8I/2/26  U87/2/26  '87/2/27 °R1/2/27 °87/2/27 °87/2/27 '81/2/27 81/2/27
pH 4.65 4.47 4.55 5.04 4.65 4.62 4.56 4.58 4,64 4.56
Sample show Snow SnOw Snow SNow Snow SNOwW snow snow snow
JE] Nw w NwW NwW WNW WNW WNW WNW WNW WNW
Cl- 50.33 1.71 27.45 16.43 13.50 16.69 16.14 15.99 15.23 14.08
NQ,~ 0.43 0.66 0.38 0.38 1.82 1.65 2.21 1.96 1.72 1.90
0,2 13.83 3.20 7.52 5.68 7.23 7.60 7.86 7.56 7.7 7.30
Na* 39.30 1.29 15.00 8.81 7.52 8.91 8.77 851 §.49 7.72
NH,* 0.83 0.40 0.61 053 1.03 0.93 1.20 0.88 0.98 0.85
K+ 1.44 Mz 0.57 0.35 0.58 0.46 0.47 042 0.68 046
Mg?* 4.75 0.14 1.86 .11 0.95 1.15 1.13 1.11 1.06 1.01
Ca®t 1.79 0.17 0.76 0.92 1.19 1.18 1.36 1.28 1.23 1.2t
Ca? /50,2 * 0.31 0.12 0.24 0.39 0.39 0.37 042 041 0.4] 0.40
NO,- /50, ** 0.03 0.21 0.05 0.07 0.25 0.22 0.28 0.26 0.24 0.26

*  equiv./equiv.

ppm/ppm
Site No. ER2IHC MG L T 2,

AEA—ENEL LY 2 QEHEBENEY. T O TIEmE
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Table 2b) Chemical components in snow and rain sampled on the Oki Islands (1988)

Site No. - 10 11 12 13 14 14 4 14 14 14 14
Place HEXHE # &k BiEAE HEE St ® 8 W 8 A B 8 /& B B OB Om OB
E£FB '88/2/19  °B8/2/19 °88/2/19 °88/2/19 °88/2/23 R8/3/7 '88/3/8 '88/3/9  "88/3/11 °88/3/12 °B8/3/14 '88/3/15
pH 4.36 4.76 (4.47) (4‘36‘) 4.79 4.65 5.80 {6.12) 5.05 (4.60) 4.77 4.73
Sample snow snow snow snow snow SNow Snow snow rain rain rain rain
) NW Nw NW NW NW w NW NW WSW WSW WS N
Ci-(ppm) 18.52 7.87 7.34 8.69 11.05 34.99 20.28 19.76 6.07 5.97 333 31.38
NO;- 3.06 0.18 0.22 0.31 0.67 1.80 3.00 312 0.57 1.0% 0.83 1.97
50,2 6.57 273 3.00 353 5.33 13.34 12.54 1155 2.05 318 334 13.79
Na* 10.10 4.57 4.33 4.96 6.41 21.80 10.70 10.20 3.56 3.55 231 18.90
NH,* 0.81 0.18 0.36 0.25 0.91 1.60 1.47 1.49 0.15 .79 0.65 1.57
K* 0.48 0.18 0.18 0.20 - 0.55. 1.0t 0.68 0.838 0.18 .21 0.24 0.89
Mgt 123 0.54 0.50 0.60 0.83 272 1.56 1.48 0.41 0.41 0.25 226
Ca?t 0.98 0.25 0.26 0.28 0.71 2.24 5.32 4.52 0,45 0.41 0.31 2.28
Ca?**/80,2-* 0.36 0.22 0.20 0.19 0.32 0.40 1.02 0.94 0.53 0.31 0.22 0.40
NO,~/50,2-** 047 0.06 0.07 0.09 0.13 0.14 0.24 0.27 0.28 0.34 0.25 0.14

epuiv./epuiv.

ppm/ppm

pHRZ ( ) #Rd Y7o si5R0, #fF oAl LiakoliEsind,
Site No. i 2L HHIEL T3,

T

2 Yl
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Fig.21 Sampling Sites of snow, rain and river water

WARECS S ZDORIOBEEMSIL 2 L WIBEEF->TwWaLELONS,

1988 D 3R THICRBF LS HWHRARL Tk, TOHOEEELELNIZ, B
WHT a0 Thoh Bz o, HBHTFHEOhICE SN, B pH i3 5.8 R1F6.12
ERFEOREES AL 2B (pH=5.6) LD 4 & L AT h VHCE > T3, Cald, SO
ERIUERIC RS> TED, REKFBRSZ2HRIL Tz, T, HWRTH, REH LY 7L
BERFSTVRRHID, EMET L ECERBORNESEHAT 3 L2 CaaniEgT
HTHLHEEZGIL, HORTFRIREOTLA VR TFELTOEBEE T2 TH 2,

HCBEL, HEEOTHIC 2 ) Lo LEEE NS ES L, HEAPO Ca B LR
naetEZONL, RIKFLLDE, RIRERICH2HMANCHER CERMHAESEOR)
ETHERE N FOMR &, TOROEKEY, THO pH RO v BaTH 5 (2 OREE
id, A XYy a YA OEE Y S > TED, £ IOROKEEKEEY CEBENTEY, &
Bl T 4AERVEMNLEE2BEER->TW3), BEQLD, BR2BH 7Y /s
NRIEEERBCR L7, KB L > TRESELT 2 LE2 502 BERO S0, OB
i3, 2O ROBELEHSETH -1, pH=6.88 THRLZHR2 ATV, Ca/SO, D
BIELIE 0.92 &2 DFicke, Ca SH5EXEICHEIINL Ty, Na*t, Cl, Mgt 18It T
B4, ZOWNsG LY, CaoBEarfiumicE{, SxdMLtwz0d CanThaler
TLTwe, TRICAZ DR, ERGOBEREIOL, pH i, 7.20 £ TLAE->T 5, 1988
FIABEY 7Y LibObBEAYRUEART L EflicswnTy, KERBEEA
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3 3 MEMHIHLCE -T2 ORORNAIK & QRS

Table 3 Comparison on chemical compenents in snow and river water .

Site No. 13 13 15 13 15 13 15
Place WS EER BJITHE| EHEE NITH EER BANTR
#=RH '88/2,723 '88/2,723 '88/2,/23| '88/3/13 °88/3/13 | '87/9/20 '87/9/20
pH 4,79 6.88 7.20 6.96 7.38 - -
Sample 5 fl |7 i 7k 2k FENE A HEIHTEiLe
ar- 11.05 2265 26.05 1966 2410 1862 2412
NO,- 0.67 0.89 1.30 0.6) 0.85 0.00 0.00
0,2 5,33 524 6.29 3.94 4.99 3.48 5.0
Na* 6.41 11.90 15.40 10.50 13.60 11.50 14.80
NH,* 0.91 0.82 1.00 0.31 1.69 0.11 0.40
K+ 0.55 1.96 2.37 1.63 2.18 2.79 2.56
Mg 0.83 1.70 1.98 1.38 1.68 1.54 1.67
Car* 0.7t 202 301 154 241 .98 168
Ca* /S0, 0.32 0.92 115 0.94 116 | 137 1.26

-

equiv./epuiv.
Site No. i3 B 21 i3Il Ty B,

FEb->TWinEdTho74%, Cart/SO. hiBETH WL 3 Th ol

PAE, EXANESPMOCERIOMHESTL 2, 7Y 7THBROBERNOMERSEROE
BLFErahTHERS, Ioval, BETOERNLF— 52, SEEREL2ERERL &
Bbis, '

3.4 AR LANBTEMBLLI S Fr308)E—2 3

HIET T e & S i, RIETHRAS WA UADFERSTHS SO 1, FHFL & FEML
SEDLILEE, DD, BEBIAMLLTHEELTHL I e EL5NhE, #2727, BAE
FHEEHETAWT, 2OBREAEHEL, BEEI A MAFEETIHE AL, 42 7) v 7
FERANTRA 80 Th o4, EMRULHORABRKICEHRT, 7Y » 75 iTo7,
bl, BEIAMHEETRE, 74002y va ka7 7 Uk, BEnY v 7k
OWEG T 74 PBE)ETT I e oTWEY, Thid, W A FREETHE LD,
DX INHAMOBELCHEORETT OO THE, bLERIA MNP rEoFIct o7l
ahtwdedse, REOERBEDR, BE7 £ A0BK: LTEEOZ 20T
Ri2ZEkR207T, ZOKFMRTE 2,

322, 23 1987 E 2 B 2T HicH 7)) w7 a R s OOR AR LIz, OB REILEO @I
FoTIENEIRTE R IDEED L INE{ORENY T 71 MBEEER - T,
1988 sE-DHE I, ALAEID EAAT i 2 B 25~27 B D 7, Tl 3 A FORFR2h o0

— 70—
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(B25) 18T FDREIIH 7 VB3N b Db, VT 74 MEEERF DR PR ERTE Y,
HLEOPFROBHTHAREPE, HEBEIAMEELTWA LI THE, IR, BEETIR
TyEZTAAQHEMES AL, SO OMHIATEETHL I LNERREEELONS,

BB s A PR WEENEEREMCVSOMBENEL TR, —FL/ Y —VvERWE
ETEOEL, SRR, YT VI ENEAY Y aOREC S - Th, 52 CRBSNEHE
IR ENABESHD, SERNAETIHTH S,

WTRILTYH, IOLILRE A MORTSREORAICEET 2B I0L>8H
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Fig. 23 Sulfate particles collected at Site 2 (Oki Islands, 27 Feb,,
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Photographs of Soil particles collected on the fourth
stage filter of cascade impactor

a) 8 Mar., 1988 (Kosa, Oki Islands)

b) 23~%28 Feb,, 1988 (non Kosa, Oki Islands)

) 20~21 Apr., 1988 {Kosa, Tsukuba}

d) 10~13 Feb., 1988 (non Kosa, Tsukuba}



FE'J#)\BE >}

28 EEEFEME CRIENET
a} 19884 3 F 8 7, £y
b) 198843 H 8 H, Bk

Fig.28 Photographs of Kosa particles by Scanning Electron
Microscope

a) 8 May., 1988 (Oki Islands)
b) same as a)
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cascade impactor
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Elemental Composition of the snow in Dogo of the Oki Islands

ZEEM - FH A « V)RS
Yoshinari AMBE!, Hitoshi MUKAI' and Masataka NISHIKAWA!
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[ DA ESZHARCHRETORMEEC DV THEL, BRAKBLTLERP SO
BRI S NIEEOPECEDRSL D EMELD SN, BE L AEL U AhOITREAL
OFE» S, BB LH5REH ALY ALZDBER SN,

Abstract

Concentrations of the elements in the snow samples collected from five sampling
points on the Oki Islands were determined to evaluate the effect of scavenging of
atmospheric particulate matter by winter monsoon snow-fall. A remarkable influence
of sea water spray on snow composition was found for the snow near the sea shore.
The elemental compositions of particles in the snow sample were nearly similar to that
of atmospheric particulate matter, showing that the particles in the snow were derived
from the atmospheric particulate matter.
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B EFEN L YERERS G LTEELFHETH I, 0L ORBELTOMERIELA
EiThh vk,

FEFFE TR, DEERCS T2 LXEZEMNEBRTZORFEFHE T 2FE85»00o—2L LT, kA
ZEED ARTIBAOA BT 2BEBCE VLT, 2FBOBSHOMERMEEZAEL,
AEBCADFRERKLT, FOMDIAHBEOBELSRST,

I ERTAEFEA SHEEHH T35 SRR Wm0 E 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Onogawa 16-2, Tsukuba,
Ibaraki 305 Japan.
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Fig. 1 Sampling points of the fresh snow in the Oki Islands
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HMBhORTFRYE S BEERE Lo T, FRFRUTO X S 0o T -7, Bk,
BEEE, Bbl=a—2VRT7 7408 —(EFEATmm, fLE4um) 2FuT3EHRFLD
RO L EFEEDE LB L, SWPOBEEEREIC W T, EE B (50~100 f8) %
Fu, BERREGEE 7S A ENRSFEY (ICP#:, Jarrell-ash #% Model 975 B % H) 1
&h, B, Na, Mg, Al, Si, P, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Cd,
Pb SHIE ST 272, BFHRWB I 2w Tit, HNO,+HCIO, +HF (5m/+1m/+0.5mi) 12X
ZEAERE, ICP LY, BENIEOBES LAROTRC DO THEET 272,

4 BRrE®
4.1 BEhO{LEHS OBIXANE
R B 3 1) B B OB E T OBRFRETHERE LR 1 TR T, Na,Mg,Ca,Sr & YOO
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FEE I L EZONBNHIE, BNERCAIET 2 8 5 1, BEGIWE 2.3 TR,
ELLB -2 Tw3, Jhid, BARZOSBECLID ZhosOilis (2.3) 2 TRARICRILE
NTERLOTHESLS, —H, Cu, ZnZ YOESBETRBER, HAHOBREESHID 2,
BHOBEGIC BN —ItaIhTWwa 2 s, CReOINFOSHHCHE»RIEFTHRAE
TEANE S IC > CEERBL TS,

4.2 AXSHMLATOTERE L OLR

A 1w B BBEhO 7 OILRERK & BT oRS ERFCHE L REH LA
DOILEREM A E 2 CRT, DD, AFRHRELE (X/AD R0, 41 TRLIEEIIE,
HARESOBRERHL L OB TEL B2, BAkPicE{ T35 Na, Mg &
E0O(X/AD Hi3, BELREBUABTAZ R TS, iFEo (X/AD i, Fe,
Tin EOLFBREERTEL T THL, InZXOBROFFETERLRECDVTE, L CEAML
Twd, ZhoQIEpoRERUAOBETADR N ALPERIN,

4.3 BFHOREREOLE
#3, BEE, BR (EY, 5 ) 0 3a TR LcBSPORRBEC DV TR
T, WFROMEICE T 5BTIckTH, Na, Mg, K, Ca, Zn, Srid, BEFENKEIEH

Eo) 1 BESIC B 3RS OEEEINERE (/)
Table 1 The concentration of soluble form of element in
the fresh show on the Oki Islands

Hiw | 2 3 4 5 ¥ o5 {X/Na) @ K(X/Na)
Na 18 270 46 7.5 1.2 69 1 1

Mg 1.8 3l 4.3 0.91 0.14 7.7 0.11 0.12

Al 0.025 0.020 0.024 0.048 0.015 0.026 38330 9.3% 10-*
Si 0.025 0.052 0.031 0.070 0.016 0.039 57% 107 2.9% 104
K 0.92 13 22 0.42 0.1 3.3 0.048 0.037

Ca 0.83 n 1.9 11 0.15 30 0.043 0.038

v 0.0017  0.018 00038 00015 00004 00050  7.2x10° 11X 1077
Mn 0.0038 0017 00052 0014 0.0025 00085  1.2X10°* 10X 107
Fe 0.022 0.012 00015 0036 0011 0.017 2.5% 107 3.6%10-°
Cu 0.0017 00038 00022 0007% 00013 00034 4.9x10° 1.2%10°3
Zn 0.030 0.0025 0011 0,029 0.010 0.017 2.5% 107 16x 1078
Sr 0.013 0.21 0.029 0.0082 00015 0052 7.5% 107 7.2%X107
Cd 0.0003 00009 00004 00006 00006 00006 & X10°® 6.6 10-°
Pb 0.011 0.017 - 0.030 0.011 0.017 2.5% 107 1.9% 10710
pH 46 54 47 46 4.6
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Table 2 Comparison of the concentration ratio (X/Al)
of the sample with that of atmospheric
particulate matters at No. 1 sampling point

kB & Keawm A #

e/ (X/AD) (ug/m) (X/Aly  (X/A)
Na 18000 49 1250 4.1 0.35
Mg 1900 5.1 260 0.86 0.26
Al 370 1 310 1 1
K 1000 2.8 180 0.59 0.32
Ca 840 23 330 11 0.45
Ti 17 0.047 19 0.062 0.054
Mn 59 0.016 54 0018 0.012
Fe 170 0.47 210 0.69 0.62
Zn 32 0.087 s 0.11 8.6x10~
Sr 14 0.0036 7 0.023 0.0046

£

3 BHIOBEFHEFR ORI

Table 3 Comparison of the concentrations of soluble and insoluble forms of
elements in the fresh snow at 3 sites in Japan

(Feb. '87) (Jan. *84) {Jan. "84)
Insoluble Soluble [nsoluble Soluble Insoluble Soluble
(pg/ly (X/AY)  (ug/D) (X/Na) (ug/l) (X/Al) (ug/ly (X/Na) (ug/1) (X/Al) (gg/D) (X/Na)
Na 30 0.088 18000 1 1% 013 170 i 6.6 0.13 54 1
Mg 41 0.12 1800 0.1 19 0.13 24 0.14 5.6 0.11 5.5 0.1
Al 340 1 25 0.0014 140 1 33 0019 51 1 10 0.19
K 85 0.25 920 0.051 43 0.3 21 0.12 11 0.21 41 0.78
Ca 17 Q050 830 {.046 9.6 0.067 150 0.86 6.1 0D.12 30 1.6
Ti 17 0.050 - 64 0045 - 33 0.065 -
Mn 21 0.0062 3.8 0.0002 0.86  0.0060 1.7 00098 050 0010 0.50 0.0093
Fe 150 0.44 22 0.0012 75 0.53 26 0015 3 0.61 2.5 0.046
Zn 1.5 0.0044 30 0.0017 025 00017 1.3 0.0075 0.40 0.0078 49 0.091
Sr 0.75  0.0022 13 0.0007 0.22  0.0015 0.6 00035 0088 00017 017 00031

#, Al, Ti, Feh Y HBEF L b ) OFVAEE, HTETEFETHAMNE Y, 02
ki, FEHIR THIE U RS OB S R FROBRTH 5, HTFRITROBE Y, Mgk
NERHDH, X/AVEREDTHRCOOTE L CABL, Ih5OITES, LyWHiEichi D
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2) Broecker, W. S. and T.-H. Peng (1982): Tracers in the sea. Eldigio Press, New York, 6p.

3y EREYE (1985) [ ERER A&, ER, T04p.

4) LEETAH-EIE (1986) | FEiA B I URLILERCBY 2BEFOFERIOFM, A F
oa—, 16, 9-17.

5 ﬁﬁﬂﬁﬁl 7l M (1984) | HE - B A MEhOFR M REO M, & 25 MRS R

THEWESH, 316

6) ﬁ%ﬂ%@-ﬁﬂlﬂﬁ%‘ (1985) : BEARhFILSY & AR R TR OLHRNE., AR FSREE
B, 195

7) REEM, WIS (1985) | FaMug B0 ARG O, o Foog—, 15 1-10.




E A EWATHEES  H1238 (R-123-89)
Res. Rep. Natl. Inst. Enviren, Stud., Jpn., No. 123, 1589.

I-4 BRIk S AT RON RIRFEYE O
Analysis of Gaseous Organics in the Atmosphere in Dogo
of the Oki Islands

BHMABT - A AL« ZEEM?
Yoko YOKOUCHI!, Hitoshi MUKAI* and Y oshinari AMBE?

g g
Bl EOARFRAANO—RE L TARET A AN EHWEOF+ P2 U —GC, v £ 5

) —GC/MS 71T - 2o TORR, BBREO AAETREEDE - BEOE 2 TLWE
BOTEERT A F e FagH s i,

Abstract

QOrganic compounds in the atmosphere in Oki Island were analyzed using
capillary gas chromatography and capillary gas chromatograph/mass spectrometry.
It was remarkable that aliphatic aldehydes with carbon number of 6-11 were detected

at ppb level. Anthropogenic organics were present at much lower concentration than
at Tsukuba.
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a) Gas chromatogram of an air sample collected in Oki
Island

1; n-pentane, 2; methyl ethyl ketene, 3; n-hexane, 4; methyl
cyclopentane, 5 trichorosthylene, 6; benzene, 7: carbon tetra-
chloride, 8; 2-methyl hexane+ 2 3-dimethyl pentane, 9; n-heptane,
10; teluene, 11; n-hexanal, 12; tetrachloroethylene, 13; n-octane,
14 ; ethyl benzene, 15; m,p-xylene, 16; n-heptanal, 17; n-nonane,
18 ; benzaldehyde, 19; a-pinene, 20 ; trimethyl benzene, 21 ; phenol,
22 1 n-octanal, 23; n-decane, 24 ; acetophenone, 25 n-nonanal, 26 ;
n-undecane, 27 ; n-decanal, 28 ; n-dodecane, 29 ; n-undecanal

b} Gas chromatogram of a blank sample.
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Table 1 Mixing ratios of major organic com-
pounds in the atmosphere in Oki Island

Compound Mar. Il | Mar. 12 | Tsukuba*
n-pentang 1.24 0.63 6.9
n-hexane 0.67 0.41 50
L,1,l-trichloroethane 0.34 0.23
benzene 2.41 2.18 6.6
n-heptang 0.25 0.22 1.3
toluene 1.93 0.54 204
n-hexanal 0.09 0.69
n-octane 0.22 (.50 1.2
n-heptanal 017 1.10
benzaldehyde 1.60 1.08
n-octanal 0.35 1.75
acetophenone 0.76 0.50
n-nonanal 7 0.83 7.95
n-decanal 0.59 4.61
n-undecanal 0.05 0.46
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Abstract

Background ozone data monitored at the clean remote sites (11 stations) in the
Japan Islands between latiludes 28" N and 44’N, longitudes 129°E and 143°E conti-
nuously for several years were analyzed and the ozone concentrations and variations
in the clean atmosphere nearly throughout the Japan Islands have been mede clear.

The results of long-term monitoring of ezone at Mt., Hakkohda, Mt. Norikura,
Mt. Happoone, Mt. Yamizo, Mt. Odaigahara, Mt. Tokusagamine, Mt. Sangun and
Amami Ishand have shown that the ozone concentration over the Japan Islands is
highest in April and May every year. In April and May, a monthly average value
exceeds 50 ppb, and particularly at Mt. Hakkohda and Mt. Norikura the values over
60 ppb have been reported. In this period, a one-hour value sometimes exceeds 100 ppb.
This is different very much from the behavior in air-polluted areas where the highest
concentration value is reported in summer.

It is assumed that recent decrease of the stratospheric ozone causes increase of
the tropospheric ozone, However, locking at annual change at Hakkohda during five
years, April 1983 to March 1988, and at Mt. Tokusagamine during three years, April
1985 to March 1988, for each month, no tendency regarded as increase or decrease is
found, while the variation is large.

As for the diurnal variation at Mt. Hakkohda, Mt. Norikura and Mt. Happpoone
its pattern shows low values in daytime and high values in nighttime .

On the other hand, in the areas such as Mt. Yamizo, Mt. Tsukuba, Mt.
Tokusagamine and Mt. Sangun where influence of anthropogenic pellution appears a
little, the diurnal variation during summer is such that values are slightly high in the
evening and low in the night .

With this study, behaviors of the background ozone over the Japan Islands have
mostly been made clear.
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Abstract

The behavior of the background ozone at the lower layer of troposphere at 40°N
was studied, using the data of ozone concentration continuously obtained since April
1983 at the altitude of 1,324 m at Mt. Hkkoda, the northmost mountainous region of
Honshu Island. As a reference, the oxidant concentration at Obuchi Primary School
of Rokkasho Village located about 55km northeast of the monitoring station was used
in the analysis. In addition, concentrations of oxidant and NO, were monitored for a
short period at Mt. Hakkoda. Meteorological factors {(wind direction, wind speed,
temperature and humidity) at Mt. Hakkoda and the aerclogical data of JMA were
used.

The results are summarized as follows:

{1} The seasonal variation of the ozone concentration at Mt. Hakkoda for the five
years showed a “one-peak” profile, i.e., its monthly mean becomes maximum in April
and May and minimum in June and August.

{2) The diurnal variation showed an almost flat pattern in autumn and winter, but
in spring and summer, it is high in the daytime and low at nighttime. In Rokkasho
Village, on the other hand, which is located almost at the sea level, the concentration
is higher in the davtime,

{3) The parallel measurement of oxidants by ozone meter and oxidant meter
vielded fairly good correspondence, the correlation coefficient being 0.980. It shows
that oxidants except ozone hardly exist at Mt. Hakkoda.

{(4) The very low concentrations of both NO and NQ; implies that Mt. Hakkoda is
very little influenced by the human-origin pollutants.

{5) The aerclogica) data shows that the dry air-mass in the upper layer is detected
when the concentration is high in spring, which implies a certain contribution of the
stratospheric ozone.
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Abstract

Ozone concentrations were measured at Mt. Norikura (altitude of 2,880 m) from
June 1983 to July 1985, concentration of ozone and suspended particles (SP) have been
measured at Happo Ridge (altitude of 1,840 m) since April 1985. Using these data, the
seasonal variation of background (BG) ozone concentrations, the relation between BG
ozone concentrations and oxidants {O,) concentrations in surrounding area, and the
reason of the increase of BG ozone concentrations in spring are investigated.

Monthly averages of all hourly values of the ozone concentrations at Mt
Norikura and Happo Ridge attained their maxima in May, and minima during July-
September. This seasonal variation of BG ozone was nearly opposite te that of
humidity over Wajima at an altitude of 2.0 km. There was remarkable difference in
temporal variation of BG ozone concentrations between spring-summer and autumn-
winter. In spring-summer the BG ozone concentrations showed large fluctuations with
a period of several days. On the other hand the fluctuations of BG ozone concentra-
tions were small in autumn-winter. In spring-summer BG ozone concentrations
decreased slightly in daytime, but in autumn-winter its diurnal variations were almost
negligible. The O, concentrations at Shiojiri and Omachi (observation sites in the
basins close to Mt. Norikura and Happo Ridge, respectively) increased in proportion
to the ozone concentrations at Mt. Norikura and Happo Ridge. It was assumed that
the Q, concentrations at Shiojiri and Omachi were affected considerably by BG ozone.
In Nagano, on the other hand, in which pollutants are exhausted more and which is
affected more by the transport of pollutants from the Kanto area, the anthropological
oxidants are assumed to be dominant. In the periods of “Kosa (Asian dust)”
phenomenon in spring, the increase of ozene and SP concentrations and decrease of ‘
humidity were observed. Simultaneous occurence of “Kosa (Asian dust)” phenemenon
and the increase of BG ozone may be brought by the blowing up of sand storm and
downward transport o1 ozone in the upper layer by the wake in the lee of Tibet
Plateau.
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Fig. 15 Surface wind fields at 1500 JST
a} 1 April, 1985, b) 10 May. 1987.
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Table 1 Observation data of the Kosa phenomenon
at meteorological observatories during 23
April~5 May, 1935
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Fig.16 Geographical distribution of the dates of the occurence of
the duststorms, sandstorms and Kosa during 6~9 May
1987
Numbers denote the dates.
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Fig.17 Upper wind maps at 700 mb at 2100 JST in the periods of
Kosa Winds with one pennant, one full barb and one half
barb are equal to 25, 5 and 2.5m/s, respectively
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Abstract

Using the data of the ozone concentration continuously obtained since 1984 at Mt.
Tokusagamine, located at the border between Yamaguchi and Shimane Prefectures,
the behaviour of the background ozone was studied.

{1) Although the altitude of the monitoring station in 530m, lower than the other
stations, the ozone concentration there was, as at other stations, at the maximum in the
spring time from April to June (monthly mean being about 50 ppb) and at the minimum
in July and August (about 20 ppb). The range of the diurnal variation is much smaller
than that in the urban regions, showing comparatively high concentration in the night
time.

{2} The ozone concentration rapidly decreased from June to July. Its histogram
shows that in July and August a larger portion is found on the higher side of the peak,
while the larger portion is on the lower side in June. In addition, the two-peak profile
of the histogram for June implies the alternation of the air mass from the continental
air mass with higher ozone to the marine air mass with lower concentration.

(3) The ozone concentration and the relative humidity showed a strong negative
correlation. Especialy at nighttime, there are many cases in which the ozone
concentration increases with the decrease of the humidity, or in which the low humidity
in the daytime continued when the ozone concentration was relatively high in the
nighttime. Judging from the weather condition in such cases, it is estimated that the
compensating flows of the mountain wind and the land breeze merged in the
environment of the descending flow in the drifting high atmospheric pressure brought
down the dry air mass containing rich ozone in the upper level.

{4) The daily change of the vertical profile of the specific humidity at Fukuoka
(160km southwest of Mt. Tokusagamine) in May to June 1986 shows evident downdraft
of the dry air mass in the upper layer when the ozone concentration was high at Mt.
Tokusagamine. It also shows a good correspondence between the specific humidity at
1000m above Fukuoka and the ozone concentration at Mt. Tokusagamine,

It is concluded from above results that the ozone concentration at Mt.
Tokusagamine is mainly controlled by the stratospheric ozone. It is estimated that the
meteorological situation in the upper layer and the change of the local weather
condition influence the behaviour of both long-term and shortterm ozone concentra-
tion.
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Table 2 Summary of ozone data at Mt. Tokusagamine
S - GREL pph)

=3 B 1 2 3 4 5 6 7 8 9 10 11 12
185EHED A BAfE a7 60 63 50 47 40
1FRED B R/ME 0 0 7 712 12

1984 tEERE it B 17 15 32 32 30 3
EER (%) 5§ 65 28 22 19 13
1H5EHE > 60ppb & B4 0 1 3 0 0 0
1851 > 60ppb e H £ 0 10y 1{® 0 0o 0
185REHE oD F B A 42 53 58 75 70 83 73 Y4 54 56 43 45
1BERAE D 2 ME 20 21 13 22 10 4 2 2 2 9 g8 13

985 \HERE O A FH{E 34 3 4 49 43 M 21 21 22 30 30 32
IE R SR 9 12 16 16 27 43 65 69 50 27 13 15
1EFRIME > 60ppb D BRI S 0 0 0 7 53 24 4 13 0 0 0 0
155 > 60ppb & H ¥k 0 0 0 1I0(2) (A 2 4 O O D O
185FsHE D AR A(E 47 54 64 70 Bl 82 55 59 85 55 51 44
1S 0D A Bt 29 32 13 14 177 3 5 6 16 19 20

1986 1ERHE D B Fi9E 39 43 47 31 49 41 23 27 35 36 35 35
EER %) 8 8 14 16 23 38 43 41 31 17 17 13
1EES R > 60ppb o B2 0 0 27 11 o127 6 0 ¢ 12 0 0
TEERAME > 60ppb oy B # 0 0 B{0)I6(3)14(4)11(1) O ¢ 3 0 0o 0
LESEE D A B K E 48 34 64 68 B& T4 67 50 S8 56 52 60
1EFREE O B B/l 0 23 029 019 15 3 2 9 117 21

1087 185MEE D A ¥E 37 40 45 50 50 48 21 20 35 37 3% 38
OB BU%) 012 12 14 24 20 51 4 226 21 16 13
10%R3HH > 60ppb > IR $ 0 0 5 55 143 72 4 0 0 0 0 2
1BEfAME > 60ppb ) H #1 0 0 2(0) 9(0) 18(4)16(0) 1(0) 0O 0 0 0 1(0)
VBFFHE o B A (e 53 50 60 75 79
1SR D H f M i 19 24 21 19 18

988 VB O K 401 37 40 45 49 49
EEHRE%) 2 1w 12 16 20
1B R > 60ppb D B 2 0 0 1 84 108
IEFRIE > 60ppbo> F 0 0 1(0) 9(3) 14(4)

IE) | EERE > 60 ppb D HEWEO( )POBTIE, AL 60 ppb BHEA L ARER T,
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Fig. 2 Daily valiation of ozone concentration at Mt. Tokusagamine
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Fig. 5 Example of diurnal variations of oxidant concentration in
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F7z, H 612 1986 FEDORERBIO AFIHEOZE A BRI R LS, 4/ 0 O@REL ~VidH
FH, HRURELZDHLO0, AL BEOELB LA Y& o1,

4.2 XRIREHBAEER
BHEBEROXRGEREME O TimE i, TG HE (80,) #2.6~2.0 ppb FER T
H (SPM) i 21.0~15.8 ug/m?, —E{L 2% (NO) & 0.7~0.3 ppb, “F{LEHR (NO,) ik 1.1~0.7
ppb, —E{LHEFE(CO)iE 0.28~0.14 ppm, FEA ¥ > H{EAE (NMHC) H 0.395~0. 162 ppmC,
A% ¥ (MHC) i21.83~1.70 ppmC TH 1, ek, SE, fl, F8HE, LNERox
FEMHEIC B A REBFRENEREEHRE? (R4) t AL THD L, FEAY A RIKE L A
FUBniERERELPLEVEL G, TEAMER1/3~1/4, SPM I 1/2, ~BILEFRI
1/30~1/70, ZE{bEFEE 1/20~1/30, —RbRFEE 1/10 OEVBETH > 1,

5 ¥ &

51 +REFBOLRFTERLRILIZH>VT

+HHE BRI BT ARG REREIZ, 4.2 TRLEBY, U TRESREROES b A X
WEEZHNBFEAT VRILARE, A7y, BERNTHRYE2ERVC, BEASEHEHO /30T
EVBETH D, B, — AR EROBESA S L—BEERIT 1/30~1/70 LEd TEVGIBET
Hoiz. Fl, IHhSOREVALGENAZWHENSEEOIEFLHE TT - nATEREY (
#y LYIFIEEABETHD, g ABSROBBD PNy 2 777 PR THESL
EMTED SR,

5.2 AV BEOETIZIOWT

F7y B L D ERKEHOGHBE CHE SN Tw 34 R, i, db¥
RTRERCER, REUR/DeR), LriBREFZCEECOBAEFRGRERER, 27
BREL AZ BB ISR T 2% B 7R, %, ERECE 24V 28 RS
FTRErIECET Y CBEOER(ERL LY, TR rBOA VY IBEORKER 4 BicBha
TEDN, BESHEMLOER LR -FHTH - 72,

Lisl, tErEcBT24 /v EER, 6, 7THCH»ITABIETL, 7,8 HOESIE
EEELTLTED, AVYyRBOBERER D> Tnd, IRREHOHRE Y Ty Ta X
54z, MRS, YV VBEOBWRERER» oV BEORGERESHICEbA TS
frtehrEZ HNLN, AV reRsREES S 2EShEEAETRLTVAIDCHL, 4 B
BEiih EL~ L OBEHERRTH B 20, [ROZAICL DAV BEOE SIS BN
borEZ LN,
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# 3 HEyBRCBTLZAAREFEER
Table 3 Summary of air pollutanis and meteorological elements at Mt. Tokusagamine
= o KoK FE B W OB & ®
O, SO, SPM NO NO, NO, cO NMHC | MHC | & m | & # | & & |8 & | BFE
{ppb) (ppb} | (we/m*}| (ppb} (ppb) (ppb) | (ppm) | {ppmC) | (ppmC) | (165 ()| (m/s) °C) (%) |(MI/m?h)
O OfE ] 238 25 21.0 0.6 0.7 1.3 0.4 0,395 1.827 - 09 17.2 86.0 0.467
1984 (§E # {{ = 6.2 1.2 13.2 0.6 1.0 1.5 0.06 0.075 0.035 - 0.6 24 15.0 0714
B oK E| 44 10 179 3 9 12 0.3 0.72 1.90 SW 18 245 99.0 3.00
93~ /A {H 7 1 0 0 0 0 0 0.20 1.66 C(32) C 8.2 350 0
9/28 | ¥ | 569 720 550 596 596 596 560 458 458 597 597 597 597 596
FEBEAE g | 07354 0563 0,188+ 0208*+| 0.186**| 0.207°+| 0.172**] —0045| —0.002 0.363**| 0356+ —0.336=+| 0.247*+
¥ OfE 53.3 2.0 15.8 0.7 0.8 1.5 0.28 0.162 1.716 - 1.1 5.0 71.6 0.440
1985 (#2 # R & 8.3 1.0 12.6 0.5 0.7 1.1 0.06 0.022 0.050 - 0.8 4.1 18.3 0.712
B A @] 14 8 81 2 4 6 0.4 0.24 1.84 NE 3.8 138 95.0 286
(g o | 27 1 0 0 0 0 0 0.12 1.64 C{33) C —3.1 24.0 0
~a/5\ # | 470 490 472 488 488 488 4%4 359 359 443 443 443 443 443
FHOBE {% £ | 0.781**| 0.336" 0.072| —0.130* | —0.253** | —0216**|  0.106*| —0.011| 0.477** 0.273**} 0.186**| —0.465**| 0.321**
oy | 482 2.6 16.3 0.3 1.1 1.4 0.19 0.207 1.701 - 004 | 181 72.1 0.535
1986 (13 #2 {{ = 19.8 1.6 150 0.5 1.2 15 0.08 0m7 0.042 - 0.9 11 18.0 0.811
B O~ fE| 98 12 77 4 9 10 0.4 0.32 1.80 WSW 5.3 26.8 92.0 319
of4~ & /I {H 3 1 0 0 0 0 0 0.15 1.60 C(12) C 7.1 250 0
6/29 | | 598 624 623 624 624 624 624 541 542 624 624 624 624 624
B (R 20 | 0.965**| 0.620%*| 0.449%*| —0.131%%| —0.288**| —0.271**| 0.625**| 0.106%| 0.825** ~0.041) —0.165" | —0.628**| 0.327°"
) fERAREE, SEE A Y CBE L oHBERERT, (Y CETATAERE B RUSR THEE)

MG AL EAAGE L4 6T QTN B
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4 REFRERERIESR
Table 4 Air pollution monitoring data at selected stations in
Yamaguchi Prefecture

% 5 0, 802 SPM NO NO, NO, CO | NMHC | MHC
{ppb) | {(ppb) |(ug/m®| (ppb) | (ppb} | (ppb) | (ppm) [ (ppmC} | (ppmC}
HFOS9LE 29 11 (3N 20 20 19 1.3 0.48 1.84
&
ﬁé 60 # 30 8 36 20 21 4] 1.3 041 178
f
Fr 61 » 25 7 kE: 21 21 42 1.3 0.38 1.82
fLEi FRFNSOERE 26 9 33 20 21 41 - 0.39 1.65
il 60 » 25 7 41 19 20 39 - 0.41 1.69
i
A 61 » 23 7 44 20 20 40 - 0.40 1.70
r?qg MBSO EE 22 11 37 15 19 34 1.0 0.28 1.76
# 60 v | 2 7 37 1 20 36 0.8 0.28 1.76
%
i 61 u 24 8 39 14 21 35 L] 0.31 1.76
H) 1) FFyS v MOxu, B (60F~208) O | BREOFHETH S,
2) SPM® { ) WOEER, SR P L2BEBETH S,
matm-cm ppb
508 100
)
’ y
7 5
& B
& i3
208 +——— e r————r—— "0
3 6 9 12 3 6 g 12 §
S61
7 F e (FL, ¥, BEE) RUA VU BE (TEs

%) oFEAZEL
Fig. 7 Monthly variation of total ozone (Sapporo, Tokus-
agamine}
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RL7z,

812, 1986 1E 3 ~ 6 By A ¥ VHIERERIC 20T, ERZIRI0 H A SRR 4 £ 7 L 72,
WhHERDA X5 b, SR LA L B0, — I 13~16 FHEIC ARAEE T T OwHL,
i s TR HEAMED HEBANIIEA Th 72, LS FHIC 60 ppb 2 B2 2 HEAEO B
HEEABWI LEFHMA TH oM, IndERT 24V BELEE L OBE,S L, BER
RO ERE0 BN n SR OB Z 13 7 IURmMo HE(LORBtE 2 515,

$ 7z, 12~18 830 Ah § AR AMEO BB LS <, B 6 1R L 28R A TFHiED
ZATY, 7, 8 AOATREL YV v BENETLERALTO 3, 2O L 3#H» o4 v 28T
HRME OB LIRS B 2R EERRT L A4V v OEROREERH LTS L Tw s, L
L, FVVBENEL - HORD (T~18F) oFEAR, EoTTesD, ZrALI
FORTHY, Tl BOEE» oEEICIET 2EHMTH, o CERIEOBROBER/NE <,
72 4.2 bRLAEBDORGHEREAR IR CEND, BMMEERTCLEL >0
EROBEPLVEZELSADY, ThSDI EIID0THE, S 5 KRMNTHERREE

20

Bl : O.=60 ppb
1 03 <60 ppby

B 8§ PRKEoEBEHEESA (QREFEI~6H)

Fig. 8 Frequency distributien of maximam 1-h ozone
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Fig. 9 Wine rose (4~29 June, 1986)
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Td Y  BES6, THrd TR TRLTUS L REND KIS, BRAD 25 L
LTAY OB EWEEO 2 00 A EZ - bOTHD,5.2mLiceBD, Y
YBEOBWABEERE, S, £/ vBECEVEEESHCEDLTE LD EE LGNS,

55 FVrBE:HoXFTFLMERURRER L 0FER

R3wsVVBELHMORR[E M ERE L FARERN £ OERREETL 2,

—RELEEE, HRBRUA * v 5  Md, BAERT > 198449 B, 19854 3 AR 1A 1986 £ 6
AO3IRSEI L b EOAHMMGR (EME1%TER) 270, BEGOIROBE L A04BERIE
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Fig. 10 Frequency distribution of ozone concentration (1986)
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61329 (BT L7200 & b7, 'Y VIR 2 211 29~60 ppb, 43~70 ppb i34 L 724
FREHEOFE LTE, 218~ 1R 0 BB R0 ppb LEDSBE R R L7 1874
5F9, 10 B, BELERE CEhLIEERL VORI 0% THo12,
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Fig.11 Example of diurnal variations of ozone concentration,
relative humidity, wind velocity and wind direction
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Fig.12 Daily variation of vertival dintribution of specific humidity

at Hukuoka (May~Jun, 1586)
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Fig.13 Daily varition of ozone concentration {Mt. Tokusagamine}
and specific humidity (Hukuoka, 990 mb) (May~]June,
1986)
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Fig.14 Relationship between specific humidity {Hukuoka, 900 mb)
and ozone concetration (Mt. Tokusagamine) (May~ June,
1986)
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ft & v r5 P REREHEAER
Table Summary of air pollution data in clean remote atmosphere
S0, SPM NO NO, 0, MHC NMHC
{rpb} (pg/m) {ppb) (ppb) {(ppb) (ppm) (ppm)
23 210 0.6 0.7 318 1.83 0.40
o s d| 1~10 0~ 179 0~3 0~9 7~63  166~190 020~0.72 |2 28 SEP. 1984
(AR 2.0 15.8 0.7 08 40.7 172 0.06 |11 MAR~S APR.
1~§ 0~8] 0~2 O~d 13~38  1.64~1384 0.12~0.24 {1585
= o iy 1.4 13.08 2.5 20 36 1.62 0.03 N
(HFR) 0~-9.9 0~275% 0~390  12.5~52  1.62~1.71 §~11 OCT. 1980
g N M a2 38.42 1.83 4.2 12.9 1.70 0.30 "
CRIRR) 026 09~70 05~126  2~33  166~188 0.18~0.55 |/ 21 NOV. 1980
BT LS 30 14.0 1.0 (0 20.4 1.64 0.11 "
(B g) 0~15 0~3 0~1 {348 160~1.75 0.07~0.18 | 721 AUG 1981
PRY LHA | 122 9.35 36 1.6 28 1.67 0.10 -
(BkES) | 36~288 0~T76 0~6 0~48  163~169 006~n 5 |0 OCT- 1981
ARRY A4 b 36 1.7 4.5 50 26.3 170 0.18 N
(@ 0.6~9.5 34106 2086  7.0~440 160~180 0.10~0a0 [2030 UL 1982
s % B 21 * 05 ) 26.9 174 012 :"]:JﬁLJE']"zligéG
(LBR) D~11 0~3 1~8 2~74 1.60~220 0.07~0241 o007 '
A #® W * 15.3 % * 314 * * TSSIJUN“’(’ JUL.
(B 1560 14~21 MAY. 1981
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ExAEFERRE# S $12358 (R-123-'89)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 123, 1989,

I1-5 EMUEF BN I 7T F AV OEE)
Behavior of Background Ozone at Mt. Sangun

FHEER - BAET - BORK?
Akira UTSUNOMIYA!, Shinji IWAMOTO! and Tsuguo MIZOGUCHI2

E 8

1986 47 4 A~1988 4 3 A & THEMTOHRERE 18 km W {E T 2 KO BHE 2B FHS
THLZERNITE (920m) TA Vv o282 UV FERERLUL, 7, NEESRICA
B 2/NBEOF Y e He THRALERRO I NG,

() ZEOLUTEe AV B EERRED S S 2 FHmLTED, Tz T
AT RS BB ENTES,

@) ZEMNUHO A/ i B RN AAOABBRSROBELrZTTEma sz
ERH B,

(3) ZEBMUNETHRES NI Ny 7 75 Y V3 L8R, EREEHD, FHC
EbHE D,

) "o 7779 Fa VT IBENERET TR, HoB-tEsMcEbhz &%
D|EFE 2,

Abstract
The ozone data collected at the top of Mt. Sangun located at a height of 920

meters and at Ogori existed ground level, non-urban area in the northern Kyvushu from
April, 1986 to march, 1988 were analyzed ;

(1) The ozone at Mt. Sangun shows the background level in the lower troposphere
in this lattitude evcept summer,

{2) In summer the ozone at Mt. Sangun is often affected by the anthropogenic
polluted air.

(3) It is found that the ozone monitored at Mt. Sangun exhibits seasonal variation
with a maximum in spring and with a minimun in summer.

(4} The ozone at Mt. Sangun is high in migratory anticyclone and low in humidly
air mass from southerly.

I KEfle2 fEE EOEDIF RAPAR (RBEBEHEAF L V5 — T 813-01 ERARAKENTREE
Visiting Fellow of the National lustitute for Environmeatal Studies, Present Address: the Fukuoka
Environmental Research Center, Mukaisano, Dazaifu, Fukuoka 818-01 Japan.

2. [EZAEREF O HHREATE 7305 EBE- SN 6E 2
Chemistry and Physics Division, the National Institute for Environmental Studies. Onogawa 16-2, Tsukuba,
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1 @dLai

B EREL V FEELTED, SELEML MR RE T 2 EELR L E-
Twad, g, + VY IFETBRARTOAF L7 VOERSTLHY, BEEAF 52+ (4
V) BRCEN» s B o d TLIRLITERES BRI LTS,

HE, ANMiEgh ok U707t oAy v B L 2REEA S VBBEOBRNWSESE 2R,
FVCEACEEEMNERRANT VWS, ROV VISR, SRt L0,
ABERRSGEEL Y, REDESR BT BT LR ) OBE D THEET S, Choty 7
TITYRA VOB O TRERSTHCEITS AT h L,

KEADWHEL Ny 2 757 PHETOA VYV BFCRBERRLELohTED, Ny 2 s
Foy P4V CBEORELE, REErSOA VOB TR T 2HE LGS LIk
FEHEOA F VIV VBECEZEN v 2 IS0 PR Y v OBESAEET A LBICEET
Hob,

AR ABEREOBEN L2 VINERS B WT, AV r0E=y Y v 7R2EREL, IO
F=F BNy I TV F A o OREES, RREOBE, Sy v AV
FAFVY L POEREOWTEELLLOTH S,

2 B/ERE

2.1 HEHH

25U M 1986 F 4 5 17 H~1988 &3 Al A ToOMT= LA TOHERRK
2667 ETHo N,

2.2 WEMARUER
RAOHEERRILEHDOA /> =5 ) > 7 RSB & TERATR 18 km AR
R T 2 ZERLIUTE (920 m) TH B, 27, EERMRAERS & L THEEBNE, SR HEE
T 28 km PIBEOFIREFEFAL A RUEHC (i ¥ & ERSTH  ERSARBETT (MR ©F
VR R BT e Tz,

BO 1 ICHIEME %% 1 i EL S OB ER UCWEEE £ R 7,

2.3 MEKE

A B AR R & B SRR SR (Dashibi tHE) RO THEL 22, AV Y HE
BERIVHY Y LABCLIHMIRELBE4FICERL T, £, ZBLLEOA v
BEIEHY OFKIC L VEERELR{T>T w5,

BAT IO KERE, RAEE0E57T — /i BHEREARERITO "REER RV TR
®, 2w,
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Fig. 1 Non-urban stations selected for this study

x 1 AZEH S OME

Table 1 Summary of monitoring stations

M oE & i & & BAEHHE
=E0LIE P By N 33 3% 920m 03, WD, WV
FAy e RESs E13(0° 35
EFEFE N (EiGhS N 3324 #oo# 03, WD, WV
REXTAERF E130° 34’

3 EZAVITRR

WERBA Y PR, HBR R CR/ME %3 2 R T, #lE BB =EILILTET 667 3,
NMRT 646 B Th -7z, AFHBBERERINITEOS VR L W SBETE -7, E1EA
B =LA, NER E & 5, 6 A& mliz 100 ppb 282 T, BMER/INERBTRIELA
E0ppb TH L0 L TZFRLINIETIEZ 10 ppb TH - 72,
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R 2 WERRA YV BE
Table 1 Monthly ozone between April, 1986 and

March, 1988
{7 ppb
Z By IE 2 B R
Mean  Max, Min. N Mean  Max. Min. N

1986. 4 49 75 11 14 32 S0 0 30
1986. 5 51 8% & 31 39 94 2 31
1986. 6 46 100 2 30 42 124 4 9
1986. 7 26 105 4 29 25 106 4 27
1986. 8 35 87 4 31 26 103 0 31
1986, 9 40 94 7 30 25 98 0 30
1986. 10 40 64 8 31 21 30 0 31
1986. 11 38 66 11 30 16 72 0 30
1986. 12 34 52 7 16 14 59 1] 31
1987. 1 7 48 20 10 20 51 [¢] 31
1987. 2 39 58 11 28 25 313} 0 23
1987. 3 44 66 20 31 28 60 0 31
1987. 4 50 88 28 22 32 95 4] [6
1987. 5 61 110 17 31 - - - -
1987. 6 61 110 18 30 38 101 0 30
1987. 7 26 111 6 31 17 70 0 3
1987. 8 24 74 4 29 12 48 0 26
1987. ¢ 47 Ho 7 30 25 33 0 20
1987. 10 48 85 10 31 23 73 0 31
1987. 11 44 94 1 30 16 7 0 30
1987. 12 47 70 18 31 15 59 0 3
1988. 1 42 66 19 31 18 58 [¢] 31
1988. 2 44 66 7 29 26 117 1 29
1688. 3 50 73 11 31 32 119 0 31
Mean, Max., Min. ; BRI MEESE, BRAE, BRB/ME
N ED

4 % =

4.1 ZHULIFH V> BENEE

4.1.1 #eEEL

ZERLWLWTER BRI B 1 24V VBEORRELO—E (1986 4£5 5 17~24 H, 19874
7HG5~12H, 19864E 10 A 9~16 H, 1987E2 8 1~8 1) #H 27T, SEULTEDA V>
BRI A BERERED s, B, BhoBR=FIITEOA V@i, MY
BEDOHZEL T3 EHANE S,

ZHERLT, MR TRA YV rBEIBACHEEE LSS 5 h, XREYOH
BRI ZELNTEDCA V B L ZERACEE Vv RT,
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Fig. 2 Time series ozone variation at Mt, Sangun and Ogoori

SELILTRE NBRO AV L BEEROEGAEECELN TV 188TH 12 A2 0n Tt/
YEBEEE- R QOZRAY Z 72/ 3R T, MIROA YV v BEEEAPBEDORL 23,
WA Sy — R O L TEEINNED 2V BERE Lo wEBETRT, DL IR
SR N TA VYV BEORER (Y — > » R 5, ZENLEO A/ B —RE
FHICLBAVDEN, HEAS L, 2, BRMEMARED S ORISR I L, L
tehSaT, Ny 2V FUVELYV EEERRLT WA EEZ ARA,

4.1.2 BEft
B 4 i ZBRILILTRA /R DR O B 5448, RRRMRAER CR/MED T (1986 &
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#V #E (ppb)
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* Vo BEZEE) (1987 4212 H)
Three dimensional graphic feature of ozone variation
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Fig. 4 Diurnal ozone variation at Mt. Sangun
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SRR E e YIS L P A DR

5H, 1986488, 19874F1H) #%7,

IV BEOTHEEERCBELSRZD o nas, BB, 1 AhiEiER CBEL
Thd, g1, 7V BEORSE (ARAEEE/MEDE) FECR LS CHEW» S Tl
WA TIREICRE (D, JRREFHEIAREEORGR IS HRL, EHEANHEGLHT
Hrr#EIOND, iz, EWREOR >R £ 0 ARB/MEEI NS R bThD &
Ei1oihd,

BRAERERICRLE (D, ORI (10 B £ OBRE—FHEL LFE (15
B CIBEORKESHEET w49 -2 T, 204V Y BEEREIIEVTE, THO
EhOHBHEWA / ORBEY -7 BB L TwE, CNEZESEOREL L L RS
D—WERHCIDA VB RER SN LD TH L rEZ NG, 207D, THHEILS, 6,
Rz HdEBReR, 7, 8 I ACEEEHEECREDLNS,

O E2CEERNNIED AV B E I EROHIRENT < 0—RIFLE K & 5 BRED HEL—
MR o b, MBFREICL2BEN PRV ERbND AOHERO 7THO=ZERILWLTED A4
VI BEEASRAENO Ry 7Sy v Y VB EZ L EMT RS,

4.1.3 REZH

B 5 ZARLLTHC 813 3 7 A  BIEO A B, HAEEUR/MEERT,
AV BB 18T EOHFA 1B EL D&, oAV o EREREE 3~6 H) &y
50~60ppb LEbm <, EHF(7, 8§ H)id 25ppb E& LB o7, FKH(9~11 H) 13 40~50 ppb
T, Z8 (12~2H) £ 35~45ppb TH 7. 7, SHOBEHCEHBENKE ETT2FRAE
LT, e/ MERERICESRATL A I L RCEREXNSCHEET R0 THL LE LIRS,

3120
=
2
14
Q
. 60 |
4 710 1 1 7 10 1 H
1986 1987 1988
5 ZEMUA YV rBEOEILE
~—— i, BRI, Fe/ M
Fig. 5 Long-term ozone vatiation at Mt. Sangun
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gl A RAERNMEDES N oz,

SBULEA Y > OB OWTERET L0, BBV BESPREMLTwE HEL L0
ERTELZN Y LAY o 2RBEOEH L ZBMILINEOA VvV REEE & RHEL
720

[EFRTo 1 F Ay vakitic k24 YV v 2BOBHEERY (Aerological Data of Japan)
7 1862~1983 = TD ARIEEME % B 6 1, ZEBTAD A vV B EE, 7, 8 HOERI %%
CE, Mo ndBRESTOY Vv 2BOBEEHICEM LU LELERT,

1987 5 BB TCERLEY AV Y Y TRUS AV —in k2 EEA YV  OBIAE
BUFCEBEC L 2ZFLNEA VA HERERER TR T 4 Y EBERNRETE L km
B & AR 12 km % TROIZIER CH#E (19100 ppb) Th biEduc AV v O S ERER, (KRE
BEEL Ty, £ 15km FE» S ZOBEEN FRE LI U S, KEME 20 km iR ICRKE
HHERL T3,

AV DIEST T 4 =BT, S 1~12km O T4/ D&, BEsfBw o n
Bwlk, RUF7Y vatsticl a2V o282 Z800ITES Vv BEO SEESPEHER
WTHBLTWa Z e, ZERNIATHES 124 YV T ER LR TRBEGRD 4
ERMLTWAEEZLNS,

4.2 ZHUNNTES V/BE & AREY

=RLIES S CBEAEBEEROF Vv EE LN, REEO S Y v BETEETT L&
CREEESENROSEFHC LD ZOBEAER L TwE rELoNS 0, HERIKE=
ELILTEA VS OBERIC DB TERE L 1,

FAEHMMPOREAN 2 REHERSREORKBERICE T, 1TRHHL A, EREHBII DL

_, 100

B

£

& I

£ 300 —F\\\\ﬁkﬁﬁﬁaw///////
g

2200 |

® [ SO UR T .

8 56 78 9310111212 3A
M 6 A VrerdoZTE® (F7YED
BEREHE (N 3138, E 130367
Fig. & Seasonal variation of total ozone at Yoshino, Kagoshima
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Fig. 7 Ozone profiles by lider and ozonesonde
The triangle shows the value at Mt. Sangun.

T, Ny 27w AV VBEOREE, RAERVER/MEEZEI LT, £04 VYV BEIC
EEAEEORON L 6 REFE I DWW TRBNKSE#E 8 T,

w7 SR BB RN, BRERAR VTR TZORBERE 25,

i, BAEENERNEESESERO vy 7 759 v ¥ J BRI TR, 4t
ABREHLID S ZOREEIF 25, LACESEXRIIEAERET2ELS{ 452K
HMBEOBER, MORAOEELZG, MOKEFO AV EESEG R HEBEC L 2 LR
ENG, TRERBLAZELNES VO BERAZECE W, 7, 8O 2727 ¥
VUSMETTARRE-ELT:5, LAV reRiosnTiy, 7, SALT VYV OBEELE
TiRBEH AL, FAEACELSENGIRSMEET 28, e Ao RARBOES
3, LoSSFEORBOBELSZ L0 EORBRENE (D LEL NG, HRREOZED
FAEGWRSEE RS, BEFHEASRGIH/ Ny 7 757y FA ) v BEORKE & &IMEDE
BPB LR 2TWVS,

4.3 =WULTEA YV BRE)ERL /Y BE
RAOFHR L ZELED A Y @B EAMET 100 ppb 2@ 2, HHOTFIER 50~60 ppb
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* 3 REEM A 2757 A BE
Table 3 Background ozone concentration
every weather pattern

_ #V BE (ppb)

XEEA 13

=B R —EE Al B
LHEE AR 23 16 46 b
w7 AT AR 17 46 71 28
T T AU AR 15 20 25 54 &
RAAKRESY 11 36 67 10
i B2 AR PR 12 30 57 12
tHEEE 22 12 53 3
A EAE 19 43 62 26
B & (S 11 26 44 6
REAILTIE - 29 44 66 L1
MEERTE - 76 48 86 26
ESErhd 35 46 90 10
mEEE - 50 54 g5 20
& f & 81 38 72 11
= v - 19 34 75 6
HOE A E 28 35 72 6
Hom R R 112 a1 55 22
S[EDE, BE 53 43 66 8

BRAER A g C 65873
 DHIREAE, BEERERESSU,

TH 5, BRI EBREATH 2/ NBRCB VT H, 4V A 100 ppb 48 2 2518
EHHEL Twd, CORBZRINNIES Y ViBE LNBRA V- BEOHE 51T, HFEIRE
g o4 VU REEREC DLW TERE L,

4.3.1 RRe&FV - RBENER

9 HEBMFOET -5 2HGT, ZRULERSAEROBERZ £ BARA V  EBER
(I~24 %, TRERUTISK) £R7T.

SR A BELIEZLCBFR R (O, BERAFRETH L, JTHERL T, HEAEN ST
5%mﬁ%mﬂmlu7%@%%ﬁm7/15%%<i%§m£ﬂnr@am15%ux%ﬁ
Ik, AdbEDEEECE D, BEROEENELNL T LS,

EMULTEORAIHFRE EH s o R D, M, ERSERETH L, thEMLL YV ORD
BEGZEHLLHREL DQEMA L 2D, HEAOHEREL D OEME 2 2@a8RoNE, ¥
REBEXERED LBEABNERT, 900 mb ORI L D ORATHEHERIZIE LA SR ¥,
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SR BE RNy 2 F TV A v DEH

BEtSREPR
HIR% 33
S]] 50 pph
mAE 72 ppb
m/ME 22 ppb
ERE (8D
HITH ¥ 11
el 26 ppb
mAE 44 ppb
/Ml 6 ppb
EEppR et
HIRE 17
ErgE 46 ppb
mAE 71 ppb
m=/ME 28 ppb
B Wkt d:0t
HIH¥ 23
EgiE 18 ppb
mAE 48 ppb
5/ M# 6 ppb
MAERE -
HHIRE 19
FgiE 43 ppb
A 62 pph
e/ ME 26 ppb
L HIRTE Iy
HHIA 22 g:-.!"
41 32 ppb '.\54' ;
BAE 53 pph ‘ o
m/ME 3 ppb

8 NI FIrrd Yy R REHR
Fig. 8 The relation between background ozone and weather
pattern
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FHEH - EEH - BOKR

JEEE BB #E (ppb)

9a) MERFEEEDA Y BB (UERLLIE)
Fig. 9a) Wind rose and ozone concentration every wind direction
(Mt. Sangun)

ZElnEr 3P L EZ - EHAETRL T 5,

=R ITED BEE A o BE R BERL <, d, 3, ARTRFoBBCEELERE
»onY, BRATRESHALTWL, JAGBELYO—REMECERCZ30IED 4+ V>
BESHITLLHTHED LEZLONS, JHEHL, NEROBMEIA YV BER, TRTIEE
R HE VR s>G VR, 15 B TRERETSS 6 OBETH 208, LR TE DB
Bl h, SO EHS, NEBFREFRBAEY 2/BROL Y Y BREIE/ETESL >0

— 202 —



ZBUHER Dy 2 I B4 O

JRBECE AR A B (ppb)

9b) BECE R TR ERIA S BEE (NERED
Fig. 9b) Wind rose and ozone concentration every wind direction
(Ogoori)

FrE B (bdE, dbbFEmR) CEOB|ESE 2, FHRO—REREI L5 e
YOEESZL oML, ZELILEDA Y BE R ETRESHED L Tn a8, REOER
TAY VREOHNEES S L PIBEEREROBEO VR OISOy 2 ST v P A
BRLTWA EEL SN,
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THEE - HAHT - Wk

432 | HEEREHRNES

Wy ZFFTR A HMBELERIC S 2BE I DWTEET R, NEROT Vv
BRSE s =8I 7 8304 V - BE L 2K L 72,

FORRE, NEEOA Y HREEMES 60ppb 282 2458 (130 B) i, NEEA VY BES
BH Sy 7 750 A VBELOB R — AN 1260H D, BhOBHSFOREAYT
Hole, $1HDr—AEARTSH 27, IHEE 2 ICRTERELICE LTS, NERA VY
EIEEREELWLTEA VrBEL DS RS TWA AL S5, JIUIRLT, AERO
A/ BRSIES 0 pph MTOEBEOESS (8 AT, e 2 X I 0 P4V BEOHT /N
BREAVYERGEL DA A3y -2 1 H) THY, RERFXEEY THo1.
N RA Y rEREREOBE T, RS S BEN Wpph BTFiICA 2 BEXHELME
shiz, ToL 5, AEEAY yrARSEEROEBE R, BHIcA Y LV BEED W0ppb LT A
SPEELHEMNR NI, 2O LI, AERA YV OEEEEIE=ERLUEL v BE LD
WD e, RONBREANA SV REE B TEBET RS 5 OBEORE T E DIREH LA
FHIEtE, MR Y OEREBROFERD L OIE, TRERT VY oBS5 i oL TE
BTLNERDEEELBNS,

5 BbhnLC

1986 & 4 E~1988 £ 3 B & TIRMAT OHRE 18 km & fIE 1 2 ZEHLLTE (920m) T/3w 27
TIVRAV =) L TRERL, WERBRMNUET 2 ERAE/NEREREH
ERRO AV BE & TEAT U LEERRO 2 bt o7,

O =ZFNTERRVNENROA V  BEERLELE D, ZELTHOA Y Y REZXTOAD
Ny 2SSV EF S L EL B STED, '

(2) ZBNLEA VY Y RECEAEH - BEESEFC ST 2V 7/ vitic s 4V a8/
FEVEIHAROTHENL Twa ZEms, ZHMNIETEAS WL Ny 7 777 P4V R
BEEELRVT, RBlaRotr v eE1 515,

() Ny FIUrFA Yy ERGRB A LR, oty 27Ty R A i RE R
SHETTHE, HOB->2E5AcEbns L 2OBEEL 12,

5 A x @

1} Singh, H.B., F. L. Ludwing and W. B. Johnson (1978): Tropospheric ozone : Concentrations and
variabilities in clean remote atmosphere. Atmos. Environ., 12, 2185-2196.

7} AL UT - @mEER (1987 BBt ey 2 XS vt roir v
~DEE, KEERGEEE, 22, 323-333
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BLIACR - A)HERS » JEAUREE (1987) 1 8w 7 7 S0 v F AV Y QERIz OV T, HEAERE
B TP, BOEY RSy ABHAE, 176-181

BHFEE - TRE - NI S - AR - MR (1982) | SAEOZEES 0,, NO, NO, JlE
I RIF TR, ARERERSE 17, 243-251

FHRITHE (1985) : Aerclogical Data of Japan A& FBEER 4/ 20 4, HAGRES,
71-81.

Shibata. T. M. Maeda, A. Utsunomiiya and T. Mizoguchi {1987): Simultancous Mesurments of
Ozonce by UV Lider and Chemical Ozonesonde, J. Meteorol. Soc. Jpn., 65, 999-1003.
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Eur AHFWEAHAES B1238 (R-123-'89)
Res, Rep. Natl. Inst. Environ. Stud., Jpn., No. 123, 1989,

I1-6 XHHETEBOA Y S | HIRH THRE
Behavior of Lower Tropospherie Ozone:
Measurement of Ozone in Sapporo

HEEA « Bfg  #? - @Ok’
Naoto MURAQ!, Susumu HAYAKARI®
and Tsuguo MIZOGUCHI?

g B

FHicaoh s b4 Y OEBERSC LT, HEFERL GERS 1.000m) s v
THELT—F &b L CHlHL, ROBER2B.

(1} ALRATTid, HibA Y B0 —RMEY, HRICEKAE (80~100 ppb) % £ 9,
EHICEGE GOpph MUT) bRz, £V UHNERELrA20E, BEETFTTESH L
<, RBLFEEMELE LAS,

2) LR 507V v OMENA 60158, MBRMIERE TRES S < HE Y+ 2,
CDEDRERFEHFE, FARBCKHEERIGCIZ2EEAEL WA EETLH D, 585
HPE—OHERCHET IERELY, &/ OREAES» R4V OBEEBHOR
E=RHETE L, WEEEBT 27010 LIS, SEoBEPE0REniLE
THD,

Q) AW s e bd o5 V- IBOREHER, FRUwsE24 Y EBE L
bA RV EEEORE, SEOBRMEHONERRER CRMGENERL D, IR
HCBWLTHEHCA O IA VY ORBER, BEAEC L 2NGEBGE» & oBX k
HEIANKEC, HEERERBCLZERFFRICERTHI NI I E BT LA,

@) FH BT, AV BE L 850 mb KB OB IEQEMEEEN S S, oMk
i, BEICHESGERT A EEREC I A TANOSERUERE LS > TEL 2, EH
AV R Y 800 mb SURO BG4 5 iz,

6) flRicsd a3 Y FRERRIC LA, MEMEDL v OFEFEE L, o

L BRRD 62 &8 EUAEWRRF FRWAE (LEEASIFE 7060 AMTHLRI 13&%s TH)
Visiting Fellow of the National Institute for Environmeutal Studies. Present Address : Faculty of Engi-
neering, Hokkaido University, North 13 West 8, Sappore 060 Japan.

2 BRSO EERUIRAGL 62ME EULENRT SRS (HRBAET VY — TN FHEAFT
FFCAALE 1-131)

Visiting Fellow of the National Institute for Environmental Studies. Present Address: Environmental
Pollution Control Center of Aomori Rrefecture, Kitanuma 1-131, Kawaragi, Hachinohe, Aomori 031 Japan.

3 EnoHEUER FHEEE TI05 IR XA 16 & 2
Chemistry and Physics Divison, the National Institute for Enuironmental Studies. Onogawa 16-2, Tsukuba,
Ibaraki 305 Japan.
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S (400~600 mb) W24 YV OBEEE : 1L v, HRETBOT V>
OREEHCEL T, MHEREOA Vo BETED L Hie, SRERNTORSAREEE
THIENLECBbRA,

Abstract

Atmospheric ozone concentration was measured at Teine Mountain (1,000m
height) in Sapporo in spring, 1987, in order to investigate the 'spring maximum’
phenomona of surface ozone concentration,

The results of the analysis are as follows;

(1) In Sapporg, hourly maximum ozone concentration is high (80~-100 ppb) in spring
and low (<50 ppb} in summer. Elevated concentrations of ozone in spring occurs in fine
days with unseasonably warm temperature under anticyclonic condition.

{2)  When high surface ozone concentration occurs due to downward transport from
higher altitudes, it is fine, warm and not windy. The meteorological condition is also
favourable for air stagnation and local photochemical ozone formation. Therefore, we
can't specify the cause of elevated concentrations of ozone based on meteorological
condition or diurnal variation of ozone and nitrogen oxides. The distinction requires
trajectory analysis and measurements of some kinds of air potlutants,

(3) It is concluded that elevated ozone concentrations in Sapporo are mainly
controled by the downward transport of ozone in the middle troposphere rather than
by local photochemical ozone formation, on the basis of the analysis of ozone data at
Teine Mountain and surface oxidant data in Sapporo, the results of the measurements
of some kinds of air pollutants and the results of the trajectery analysis.

{4) Observed ozene concentration is highly correlated with temperature at 850mb
height in spring. The relationship is caused by the isentropic downward transport of
higher concentrated ozone through the upper trough system which successively passes
in gpring. In sunmuner, meanwhile, there is no correlation between ozone concentration
and temperature at 850mb height.

{5) The seasonal variation of surface ozone concentration is different from that in
the middle troposphere. In order to develop a better understanding of the seasonal
variation of lower tropospheric ozone, it is necessary to consider not only the ozone
concentration in the middle troposphere but also the transport processes in the
troposphere.

1 @irwic
HHBOLELRE, £, HPPEESE 15 LT, AV IBLESRARENALE LS,
HEETECHA WA Vi, KEBEPMEORCERIGC LD ERENS LO L KB
Brontick 30355 (M128), M1 coBELALE8HER, REEE, HRBEER
EE - OWER, 2o, NREEEOBRLY» S, ThEhOFHSLELRbR S,
AR PBER T, FHICBVLT, KEEH 2 WINHELE»>0WXC L2 E25
nNa4 Y BEQENNL SIS, AKICE LT AT, FLRTHBE 4, 5Hi2 80~100 ppb
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Fig. 1 Sources of lower tropospheric ozone

DAV BEFEHENG, HERD ONREBAO L S ORACEL Tid, Tropopause fold-
ing (BREOFHNALBER) &L 2HEBESHS » Ik > T 328, HHETEAOHSHEE
o ToOBEERTALRE A0, i, BRERTORBRRERRKTE, My & sy
Vo DERSEEY S OEEEOERNL I FREEE L Th 5,

FHE TR, BRETTOA VY OBBEHECELHL, EHcBdsr Vv BET—5 %
i, TOBEEHASHIICTIILEE -OHNE L £, LS04 Y Y OEKEED
fEECETE, BHIcASRLA VY ERBOTEOHBBGRC>WTERL, QX224
YOBEEBC O T EOERFH M TA I L 2E OB E L,

BE, MREL YV COBEC OWTHEKEHAZ IR TWE Y 0T, B1wid, HERehT
DAV VBEOCEHIOWT, FOBEEREPEELLXEE TR LI, 2055, REHshLA
BPLTE b,

(1) 1978 # 3 H 4 H Denver TEEI 172 200 ppb BLED AV i3 EE s & D8R 1,
@-1 i) &, ke (W1, @) ORFADHREILDZ LD THLY,

{2) 19754 7 B 22~31 H - Whiteface Mountain (1479.56 m) TH#lahi 4V BE L
850 mb B (Fif) OB EEo—BEhAsshs, BEETEZ LE 504V DERC LS
(E1, @, @ @EREAHIL L) ¥,

{3) Tropopause folding i & 3 RBED S HETRB~OA vV ofiE (M1, @-1) »5H
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2) EBVTAHLN, ERSHOTE~OERE OB TRATSH2Y,

(5) 19804 12 B 27 Hi~ Regina (# % %) TEB X 72 228 ppb o4 /w88, REEY
SOWE (M1, @1 KI3b0THD, IORKIBFHTHERDZ 1 ~IHUEETS
3,

{(6) 1975 9H 25 H s 1 HEIChic > T Texas TA S N NRED 4 vV o BE LI,
REES>O#X (K1, @-2) k3,

(7) AV OEPORBIER, XF0A V> OROESEEE T, Bomgnn T,
HALZEBIGC & 2 R THUTE 59,

(8) ZWITAMEERE 7L 2WEEE TR, LERTREEONKERECS Vv v BED
FHIZEE (TEAEMCRR, BRI L30T, BB TIRESCELX, L5/
EB) BHARETE LV, WHEBEFEOEENLBETESY,

2 MWW BYAF VY BE

B2 iz, (RO ERERRE TR O BEBHG S AOWED/NS WERE (K30 1-8) To4
FUIL I RECFEHEB YT, BEBOSERLCBEIOTFEETE L% 0ppb TH
200, BEREOH¥HE, BREABED ATYEE, 4ACGAESZEY, TACBRNEX S,
ZOERE, RETB AR HAD PN Z2HES I H 5. &2 1 BRBEORAMEI v T,
1984, "85 F TRV A A SN A S, AATHETHBESEH SRS 7, 8 B, M THLTFNRS
S50ppb BBET4~6 ARENEVEBEER-TWE, COI LR, ABEHBzALRLS L5 %
EERIGC 24V OER 1@, @) »h8nZ L2BRL TV,

2.1 #BRHFFRU- s8R
19874 4 H20B~5 B 10 HiZ, FR EH1,000m, E3, T) 74V rOHEET-o,
HIE W42 Dasibi 4/ »EH &R, BERIERECEEBIEGRE 1.126 2T U TR 720,

2.2 AERR

B4 IR ETT, 7V BB 40~100 ppb T, 850 mb SR L EBEO WM A LN D,
COEEOLTRERT A, TV NERBEE oL 4A30A, 58 1H, 0HEWEFRALEE
HREEREOHEEIC S > T b, HEHE, FRFCHERT >0 EFERIC T 2458 (00—
FFYTEFNFA P — b, BEBRTASSHEEA F o~ DEMES (gas to particle conver-
sion factor, f5) 2 &) £ AV - OBEO—FAAas I L, RUKEBBEZEZOEETH S Be
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Fig. 2 Variations of oxidant concentration observed at Shinoro
station in 1984, 1985 and 1986
1 : maximum 1-h concentration
2 : the average of the daily 1-h oxidant maxima
3 : the average of the daytime L-h oxidant concentrations
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Fig. 3 Map of Sapporo indicating sampling sites and oxidant
monitoring stations
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Fig. 4 Variations of concentrations of ozone at Teine mountain
(thick line) and temperature at 850mb level from 20 April
to 10 May, 1987
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Fig. 5 Variations of concentrations of ozone at Teine mountain
{(thick line) and oxidant at Higashi-Tsukisamu station
{thin line} from 20 April to 10 May, 1987
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Fig. 6 Variations of concentrations of ozone at Teine mountain
(thick line} and oxidant at Teine station (thin line) from 20
April to 10 May, 1987

21% TRy CREO LR HE L BEOETHAONRE, —F, FEELAEED,
AV BE R SS0mb KR L OBHFHO—HMAELSNDL, TOFHO IR, 210 S VBEER
&, HAEEOHBAGERZNFN, 0.9]1, 0.66 T, BEL D HBEICIDSVEEHO—BNSH
Bhd,

TR, AFHLUTOAIERR 2/, AV BE-RBLOMRICOWT, BREErS
DR %2RAD, 55, 850mb ERF -7 i, ZROMEEH W, B8, 198744, 58, 7,
BADA YV BELSEOREFRETRT. 7, BleA VYV BRELJERCEEOAR (4~38
B £1) HEFEERT, LT, S84V ryORWEDOHBERA S, FHACH
ST EA Y BEOEBREHIIEA S HE N,

BLEWR LA Y P RE SR 0 EOMEEBGRE, fid L 2 FICRR0EmARIc L T
£USrEbRE, TabE, LESHIHEMECH > TEERSH, AV BEOLERE L
54, FEBORNEOTRE, Hildsrsarn@dBEOLRCEN RV LTHE, BN
2503 5 FAPN S SESEOEEL, M8iIsois LI nd VY Bl LRE L OEBO—SF
ELagTwi EFEZLN, LT, BHELEOEASHEBFCASH S 4 Bg~5 A L
AT, FORBR:LTRAPED > 28 illfEfndons iz s, ¥/, 1»AEMH
ORI, [ROAROERM BT L VBN nEER D (AR, 13 1BRE%

— 214 —




HEBETFEOA - O%E  RTTOME

1887 4727 209 PTEHWP=304K 1987 4430 Z21 PICHPz304K

B 7 19874 4 H 27~30 A D HEE
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4727 9% 218 , 4/30 9H% 21 B%

Fig. 7 Trajectory on 304K isentropic surface arriving over
Hakkoda mountain at 21 : 00 JST, 30 April for the period
9:00JST 27-21:00 JST 30 April with pressure chart at (a)
9:00 JST 27 April and (b) 21:00 JST 30 April
Pressures are given at each of the twelve hourly trajectory end
points.
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# 1 AR BT 2 4 8AF £850mb&iE, Fixf
A : OB RS

Table 1 The correlation coefficient between ozone
concentration at Mt. Hakkoda and temper-
ature, relative humidity at 850mb

HOMoE R OB R
iF H £ A
- R 13 PO S R
1984 5 0.59 —0.56 1987 4 0.82 —0.60
1984 6 —0.00 —(r16 1987 5 0.58 —0.30
1984 7 —0.,35 —-0.19 1987 & (.40 —0.45
1984 § —0.07 —0.47 1987 4 — {44 — 046
1987 4 0.59 —.14 1987 5 0.17 —0.21
1986 5 0.79 —0).37 1987 4/20~5/10
FREIL 0.91 —0.66
57, B9, AR B A4V vy FEE (1969~1980 ) 2 ok - TB s, WEE

BEEOL YV RECFYE OFHMER LR T, FAD T — 703 13~23 B L D v, FIE (850
mb) Tl 4, 5 BUBARELASND, —F, NHEEFE (400~600mb) T, 6 A4/
BEREERICL), MEBESE 22 TR, ALERECBE LD, 2Ok, X
EhETotEoBERE 2 RT i, KBETE, > NHE LB, SHELEE» S HEA,
EEHWNFETEADS V2 BANREROBED A S = X AL EET L LB 2R L T 3,

5 38
#wzaenézfy@ﬁﬁﬁﬁ%wvmt,ﬂ@ﬁuﬁw(ﬂﬁutfuygakgﬁﬁu
Fzo ALBETH T, #1 b4V BED | RREAS, HEICEKE (80~100ppb) # X 0, FHzIE
Bl G0ppb LATF) &% 5, Hfo4 YV SBEIBSIETCEVTA SN, MBMITEER
TRENECIEREL S, Z0LIERERE, AR ERECE2ERNELI o2 F
HTHLHb, i, BFRLY, 7V COREEEHLHEEROEE LRI, V08
BEEHOFREFHFETE 20, BT, Mba+s 5 b BEOSHLECARTEERLT
DA EEFEEMEAF 7 P BEORE, 25 RS R EREE S HSeR s
R EEOBEMEOREER» S, IETCBLIE N AL A Y Y OSBER, SESTE
KEaHHBEDE» S OERIC L 2 & IAMKEL, MMEERGICL2ER T ZICHE~ATHS
NEWZ ERTRLI, 72, BCA LGNS AV VB L 850 mb KR ORI IEDMEBBE D
f,ifywmﬁwﬁﬁ@%,%ﬂﬂ%ﬁﬁ%ﬁﬁ%ﬂﬁﬁféﬁﬁﬁiwi6?%«@%@&
TEEc L - TEL S EMRL L, B A v BE L 850 mb SR IZEHRIE A & iy,
—H, AV TR LA ERRC LN, BI04V OFEET -, SHEBEREcs
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Abstract

At any point chosen for monitoring the background ozone over the Japan Islands
started in 1983, some influence of anthropogenic pollution is inevitable. It is clear that
Mt. Yamizo, Mt. Ohdaigahara Mt. Tokusagamine and Mt Sangun are particularly
affected by polluted areas according to the wind directions in summer.

Mt. Yamizo is located about 150km northnortheast from Tokyo. By means of the
trajectory analysis utilizing the ozone and meteorological data at Mt. Tsukuba and Mt.
Yamizo it has been made clear that under the weather conditions in late July to
August, when the rainy season is over and Qgasawara anticyclore is prominent, the
ozone produced by photochemical reaction appeared in the southern part of the kanto
plain reaches Mt Yamizo being accompanied by southerly.

The data obtained on 30 July, 1986, indicate that the peak of ozone concentration
as recorded at Mt. Tsukuba also appears at Mt. Yamizo four hours later. Calculating
the arriving time of air current to Mt. Yamizo using the wind speed of free atmosphere
in 900mb and the wind direction at Mt. Tsukuba at that time, a lapse of just four hours
is obtained, which is well coincident with the case mentioned above.

A correlation coefficient between the ozone concentration at Mt. Tsukuba and
that at Mt. Yamizo in the southerly in July and August 1986 was 0.71.

Mt. Ohdaigahara is located about 860km southeast from an air-polluted area of
the Osaka Plains. Analyzing the oxidant data of the observation stations in Osaka City
and Nara Prefecture as well as the data of winds over the Osaka District
Meteorological Observatory, it has been made clear that the ozone concentration was
also high on Mt Ohdaigahara on a day, when the photochemical somg caution was
officially announced in the Osaka plain, with the delay of several hours.
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Fig. 1 Locations of monitoring stations in the Kanto area
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Part II. Taxonomical and morphclogical studies on the chironomid species
collected from lakes in the Nikko Nattonal Park.
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-—-®1Y AXEs \Elfaz&ﬂcf)::.x VA DEREFN R
- -2 HEIAREOMIBICERT 522U HhHOSHEN, SEENTR
wEIH ue—rtzxzfu;aﬁﬁﬁo EHEA D3RR, (1984)
WIS RKBR-FRELY-BERCMBECFERCOWME - ~-BERASP I BIT 2 {LEZ
gfﬂg?ﬁ(ﬂlﬁ%ﬁk‘#&f&@ﬁﬁﬁ(? =N FEFE2) - —IRFOSS~ ST 4RI (H4
. (1985
HEIE giléﬂii:-é;#ﬁftm-ﬁiﬁﬁft%%%{tﬁ&rﬂ@EH%—v—HEfU55~57££F;f BRI RE S
1985
HENE BHERUVTORIOHARRCEARBIEECHRICHT YR, REKIE- 0% L
HE ek i — RS VERE %Eﬂﬁﬁniﬁﬁ’* {1984}
EIE lenologlc?l and environmental studies of elements in the sediment of Lake
Biwa. (1985
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#7165 A study on the behavior of monoterpens in the atmosphere. {1985)
(KRR E/ 7~y QBB T SHA)
FNS RREROERMIN-FEFEOMB M T SR — - IRASSER HIIFREE. (1985)
FE EERERRXCRATEFEEORIIOEH. (1985)
#1795  Studies on the method for long term environmental monitoring— —Research report
in 1980-1982. (1945)
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Studies on chironomid midges of some lakes in Japan. (1985}
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Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters. (1985)
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Report of Special Research Projeet the National Institute for Environmental Studies

No.

No.

1% Man activity and aquatic environment—with special references to Lake
Kasumigaura— Progress report in 1976. {1977)

2# Studies on evaluation and amelioration of air pollution by planis—Progress
report in 1976-1977. (1978)

(Starting with Report No.3, the new title for NIES Reports was changed to:)
Research report from the National Institute for Environmental Studies

#No.
No.

No.

No.
# No.
#No.

No.

No.
#No.

No.

No.

No.
#iNo.
No.
#No.
No.
¥ VNo.
¥ No.

No.
No.
No.

No.

No.

No.

3 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Diptera, Chironomidae}. (1978}

4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in [977. (1978}

5% Studies on the photooxidation products of the alkylbenzene-nitrogen oxides
syste?. and on their effeets on cultured cells—Research report in 1976-1977
{1978

6% Man activity and aquatic environment— with special references to Lake
Kasumigaura—Progress teport in 1977-1978. {1979)

T A morphological study of adults and immature stages of 20 Japanese species of
the family Chironomidae{Diptera). (1979}

8% Studies on the biological effects of single and combined exposure of air
pollutants— Research report in 1977-1978. {1979)

9% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1978.(1979)

10% Studies on evaluation and amelioration of air pellution by plants—Progress
report in 1976-1978. {1979)

11 Studies on the effects of air pollutants on plants and mechanisms of
phytotoxicity. (1980)

12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter—controlled instrumentation. {1380}

13 Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage water,
Part 2. Description of 20 species of Chironominae recovered from a tributary.

L4% Studies on the effects of organic wastes on the soil ecosystem— Progress
report in 1978-1979. (1980)

15% Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1979. (1380)

16% Remote measurement of air pollution by a mobile laser radar. (1980}

17% Influence of buoyancy on fluid motions and transport processes— Meteorological
characteristics and atmospherie diffusion phenomena in the coastal region—
Progress report in 1978-1979. {1980}

18 Preparation., analysis and certification of PEPPERBUSH standard reference mate-
rial. (1980}

19%# Comprehensive studies on the eutrophication of fresh-water areas— Lake current
of Kasumigaura(Nishiura)—1878-1878. (1981)

20% Comprehensive studies on the eutrophication of fresh-water areas— Geomorpho-
fogical and hydrometeorclogical characteristics of Kasumigaura watershed as
related to the lake environment—1978-1479. (1981}

21*% Gompretiensive studies on the eutrophication of fresh-water areas— Variation
of pellutant load by influent rivers to Lake Xasumigaura— 1978-1979. {1981)

22% Comprehensive studies on the eutrophication of fresh-water areas— Structure of
ecosystem and standing crops in Lake Kasumigaura--1978-1879. (1981)

23% Comprehensive studies on the eutrophication of fresh-water areas— Applica~
bility of trophic state indices for lakes—1978-1979. (1981}

24% Comprehensive studies on the eutrophication of fresh-water areas— Quantitative
analysis of eutrophication effects on main utilization of lake water resources
—1978-1979. (1981)

25% Comprehensive studies on the eutrophication of fresh-water areas—Growth
characteristics of Blue-Green Algae, Mycroeystis-—1978-1979. (1981}

26% Comprehensive studies on the eutrophication of fresh-water areas—
Determination of argal growth potential by algal assay procedure— 1$78-1979,
(1981}
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2T

29

3%
I6%

A7%

48+
49%

Comprehensive studies on the eutrophication of fresh-water areas— Summary of
researches— 1978-1979. (1981}

Studies on effects of air pollutant mixtures on plants—Progress report in
1979-1980. (1981}

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress
report in 1979-1980, (1982)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1880, (1981}

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen

oxides system—Progress report in 1979 —Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere

(Part 1}.(1982)

Meteorological characteristics and atmospheric diffusion phenomena in the
coastal region—Simulation of atmospheric motions and diffusion processes —
Progress report in 1980, {1582)

The development and evaluation of remote measurement methods for envirormental
pollution— Research report in 1980, (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)
Studies on the method for long term environmental monitoring—Progress report
in 1980-1981. (1982)

Study on supporting technology for systems analysis of environmental policy
—The Evaluation Labolatory of Man-Environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference
material. (1982)

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1981, (1983)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1981. (1983)

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. (1983)
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. (1983)

Studies on chironomid midges of the Tama River. (1083)

Part 5. An observation on the distribution of Chironominae along the main
stream in June, with deseription of 15 new species.

Part 6. Deseription of species of the subfamily Orthcladiinae recovered from
the main stream in the June survey.

Part T. Additional species collected in winter from the main siream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1979—Research on the photochemical secondary
pollutants formation mechanism ir the environmental atomosphere{Part 2).(1983)
Studies on the effect of organic wastes on the soil ecosystem— Outlines of
special research project —1978-1980. (1883)

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1980, Part 1.(1983)

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1980, Part 2.(1983)

Study on optimal allocation of water quality monitoring points. (1983}

The development and evaluation of remote measurement method for environmental
pollution—Research report in 1982, {1984)

Comprehensive studies on the eutrophication control of freshwaters—Estimation
of input loading of Lake Kasumigaura—1980-1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters—The func-
tion of the ecosystem and significance of sediment in nutrient cycie in Lake
Kasumigaura— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters—Enclosure
experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1980-
1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Seasonal
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57%

68k
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T
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changes of the biomass of fishes and crustacia in Lake Kasumigaura— [980-1982.
(1984)

Comprehensive studies on the eutrophication control of freshwaters— Modeling
the eutrophication of Lake Kasumigaura— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Measures

for eutrophication control— 1980-1982. (1984}

Comprehensive studies on the eutrophication control of freshwaters— Eutrophic-

ation in Lake Yunoko—1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Summary

of researches—1980-1982. (1984}

Studies on the method for long term environmental monitoring — Outlines of

special research project in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Photochemical ozone formation studied by the evacuable smog

chamber —Atmospheric photooxidation mechanisms of selected organic compounds
—Research report in 1980-1982, Part t. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—formation mechanisms of photochemical aerozol —Research report
in 1980-1982, Part 2. (1934)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere(Part 1) — Research report in 1980-
1982, Part 3.(1984)

Effects of toxic substances on aguatic ecosystems — Progress report in 1980-

1983. (1984)

Eutrophication and red tides in the coastal marine environment — Progress
report in 1981. (1884)

Studies on effects of air pollutant mixtures on plants~Final report in 1979-
1981. (1984)

Studies on effects of air pollutant mixtures on plants—Part 1. (1984)

Studies on effects of air pollutant mixtures on plants—Part 2. (1984)

Studies on unfavourable effects on human body regarding to several toxic

materials in the envircnment, using epidemiclogical and analytieal techniques—

Project research report jn 1970-1981. {1984)

Studies on the environmental effects of the application of sewage sludge to

soil—Research report in 1%81-1983. {(1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research

report, {1984)

Studies on chironomid midges in lakes of the Kikko National Park

Part 1.Ecological studies on chironomids in lakes of the Nikko Naticnal Park

Part II.Taxonomical and morphological studies on the chironomid species

collected from lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by

remote sensing. {1984}

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Research on the photochemical secondary poilutants formation

mechanism in the environmental atmosphere — Research report in 1950-1982

Part 4. {1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Final report in 1980-1982. (1945)

A comprehensive study on the development of indices system for urban and

suburban environmental quality —Environmental indices—Basic¢ notion and forma-
tion. {1984)

Limnological and environmental studies of elements in the sediment of Lake

Biwa. (1985)

A study on the behavior of monoterpens in the atmosphere. {1985)

The development and evaluation of remote measurement methods for environmental

pollution—Research report in 1963. {1985)

Study on residents’ role in conserving the living environment. {1985)

Studies on the method for long term environmental monitoring—Research report

in 1980-1982. (1985) '

Model;ng of red tide bloonms in the coastal sea—Research report in 1982-1983.
(1985
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A studies on effects of implementing environmental impact assessment procedure
—With particular reference to implementation by local governments. (1985)
Studies on the role of vegetation as a sink of air pollutants—Research report
in 1982-1983. (1985)

Studies on chironomid midges of some lakes in Japan. (1985}

4 comprehensive study on the development of assessment techniques for health
effects due to environmental heavy metal exposure—Final report in 1%82-1984.
{1985}

Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters. {1985)

& novel retrieval system for identifications of unknown mass spectra. {1388)
Analysis of the photochemical secondary pollutants and their toxicity on
caltured cells—Research report in 1978-1983. (1986)

A comprehensive study cn the development of indices systems for urban and
suburban environmental quality O —Environmental indices—Applications and
systems. (1986)

Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing
{1986)

Nationa]l trust movement in Japanese nature conservation — Trustworthy or
illusion?{1986)

Economic analysis of man’s utilization of environmental resources in aquatic
environments and national park regions. (1986)

Studies on the growth and decomposition of water-bloom of Microcyetis. {(1986)

Studies on the environmental effects of the application of sewage sludge to

's0il( 1) —Research report and papers{Part 1)in 1983-1984. {1986}

Studies on the environmental effects of the application of sewage sludge to
soil( 1) —Research report and papers{Part 2)in 1982-1984. (1986}

Comprehensive studies on effective use of natural ecosystems for water quality
management{ 1) —Drainage and flowing down of pollutant load— Research report
in 1983-1984. (1985)

Comprehensive studies on effective use of natural ecosysiems for water guality
management (I ) —Structure and function of the ecosystems of litteral zone —
Research report in 1983-1984. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality
management (0 ) —Self-purification in stream and soil —Research report in 1983-
1984. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality
management {IV} —Development and application of wastewater treatment technolo-
gies utilizing self-purification ability— Research report in 1983-1984. (19886)
Effects of toxie substances on aquatic ecosystems—Final report in 1981-1984.
(1986)

Studies on the methods for long-term monitoring of environmental pollutants in
the background regions— Development of highly sensitive and selective analyt-
ical methods for measurement of pollutants in the background regions—Progress
report in 1983-1985. {1986)

Experimental studies on the effects of gasecus air pollutants in combination
on animals, (1986)

A review on studies of the global scale air quality perturbation. {1986)
Technological assessment of electrie vehicle from the environmental protection
viewpoint. (1987)

Studies on chironomid midges in lakes of the Akan National Park. (1987)

Part I.Distribution of chiroromid larvae in Lake Akan. Lake Panke and Lake
Kussyaro.

Part 0O.Chironomid midges collected on the shore of lakes in the Akan National
Park, Hekkaido{(Diptera, Chironomidae)

Formulation of the dynamic behavior of water and solites leaching through the
field soil, (1987}

Appraised landscape and thier environmental value in Tsukuba Science City.
(1987)

Studies on remote sensing for spatial and temporal analysis of environment —
Research report in 1984-1985. (1887}

Studies on the role of vegetation as a sink of air pollutants—Final report in
1982-1985. {1987)
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Studies on environmental information system for regional environmental
evaluation. (1987)

Modeling of Red Tide Blooms in the Coastal Sea — Final report in 1984-]1985
{198T)

Application of X-Ray Photoelectron Spectroscopy to the Study of Silicate

Minerals. (1987)

Study on the Organic Aerosols in the Photochemically Polluted Air — Studies
?n Fo;mation and Behavior of Organic Aerosols — Rescarch report in 1983-1986.
1988

Studies on the Organic Aerosols in the Photochemically Pollited Air — Final

Report in 1983-1986, (1988)

Studies on the Assessment of the Hazard of Chemical Substances to Aquatic

Ecosystems — Progress Report in 1085-1986. (1988)

Experimental Studies on the Effects of Gaseous Air Pollutants in Combination

or Animals — Final Report in 1982-1986. (1938)

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management(V ) —Drainage and Flowing Down of Pollutant Load— Research Report
in 1983-1986. (1988)

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Manag$ment(Vﬂ)—-Lake Restoration and Ecosystems— Research Report in 1983-1988.
{1988

Comprehensive Studies on Effective Use of Natural Fecosystems for Water Quality

Management (VL) — Use of Self-purification in Soil and Stream, and Development

of Bi?logiCa! ¥aste Water Treatment Technology— Research Report in 1985-1986
(1988

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management (Vl) —Evaluation methods of Self-purification Water Treatment System
— Research Report in 1985-1986. (1988}

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management (TX) —Final Report in 1983-1986. {1938)

Studies on the Chronomid midges of Lakes in Southren Hokkaido. (1988)

Development of Pseudo-Random Modulation CW Lidar and its Application to Field

Measurements, {1989}.

Studies on the Methods for Long-Term Monitoring of Environmental Pollutants in

the Background Regions (I} — Atmospheric Pollutants on the Remote Island and

Mount?ins: Concentrations and Yariations— Hesearch Report for FY 1983-1987
{1989
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