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1 Sampling sites of airborne particles
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2 Correlation between the concentration and
mutagenicity of airborne particles collected at Dazaihu,
Yurihama, Osaka, Kyoto, Nagoya and Kanazawa in spring
2009
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#< 1 Sampling days
Spring Winter
2011 2012 2013
Sampling site ~ February March April May November December January  February
Beijing 11-16 7-11 11-15 24-28 5-9 10-14 7-11 4-8
Osaka 16,21,22 10, 14,22-24 11-14 23-26 5-8 10-13 7-10 4-7
Nagoya 14,15,17  7-10 11-15 23-26 5-8 10-13 7-10 4-8

Sampling periods were as follows: spring (late February 2011-May 2011) and winter (November 2012-early February 2013).
Sampling periods were each 20 days at Beijing and 16 days at Osaka and Nagoya.
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fluoranthene (FR) pyrene (PY)

benz[a]anthracene (BaA) ~ chrysene (CH)
Group 2B

Group 2B

coacliscaciiivecy

benzo[b]fluoranthene (BbF)  benzo[k]fluoranthene (BKF)
Group 2B

Group 2B

benzo[a]pyrene (BaP)
Group 1

5 o8 X

dibenz[a, h]anthracene (DahA) indeno[1,2,3-cd]pyrene (IcdP)  benzo[ghilperylene (BghiP)

3 Chemical structures and IARC category of PAHs
Group 1: Carcinogenic to human. Group 2A: Probably carcinogenic to human. Group 2B: Possibly carcinogenic to human.

NO,

NO, P
‘ | O‘C‘
(O (O o

1-nitropyrene (1-NPY)
Group 2A

2-nitropyrene (2-NPY)

4-nitropyrene (4-NPY)
Group 2B

00”5

6-nitrochrysene (6-NCH)  2-nitrofluoranthene (2-NFR)  3-nitrofluoranthene (3-NFR)

4 Chemical structures and IARC category of NPAHs
Group 2A: Probably carcinogenic to human. Group 2B: Possibly carcinogenic to human.
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2 2 Medians, minimums and maximums of the concentrations of TSP and their chemical constituents

Spring Winter
@ O © Ratio @ @ 0 Ratlo
Beijing Osaka Nagoya ,/b a/c  b/c Beijing Osaka Nagoya {je d/f e/f

TSP (ug/m’)

Median 308.7 53.9 41.6 6 7 1.3 286.9 37.7 32.7 8 9 12

Minimum 82.8 17.0 19.6 5 4 09 48.6 21.6 16.8 2 3 13

Maximum 13729 1212 1026 11 13 1.2 829.9 66.0 54.4 13 15 1.2
Fe (ng/m’)

Median 4713 1329 896 4 5 15 4855 1069 746 5 7 14

Minimum 810 431 238 2 3 18 1792 410 223 4 8 1.8

Maximum 15065 2511 2235 6 7 1.1 10618 1871 1397 6 8§ 13
Pb (ng/m”)

Median 142.4 23.7 12.4 6 12 19 150.9 14.3 11.0 11 14 13

Minimum 16.6 4.5 5.6 4 3 08 8.5 39 39 2 2 1.0

Maximum 680.5 53.6 641 13 11 08 683.3 88.1 21.0 8 33 42
SO, (ug/m’)

Median 11.9 4.5 3.0 3 4 15 17.5 3.7 35 5 5 11

Minimum 2.6 0.9 1.4 3 2 06 24 1.5 1.4 2 2 1.0

Maximum 78.9 10.8 8.3 7 10 1.3 96.3 6.7 6.0 14 16 1.1
NO; ™ (ug/m’)

Median 13.6 5.1 3.1 3 4 16 18.9 3.1 2.4 6 8§ 13

Minimum 1.0 0.7 1.1 1 1 07 1.0 1.2 1.0 1 1 12

Maximum 51.2 10.8 7.5 5 7 1.4 66.2 6.1 52 11 13 1.2
Total PAHs (ng/m”)

Median 18.9 2.1 1.8 9 10 11 146.9 2.3 24 63 62 1.0

Minimum 52 0.3 0.7 19 7 04 25.0 0.9 1.3 29 19 0.7

Maximum 405.0 9.8 71 41 57 14 1407.3 16.0 5.1 88 278 32
Total NPAHs (pg/m’)

Median 117.6 27.9 45.0 4 3 06 719.6 333 28.1 22 26 1.2

Minimum 32.0 4.4 14.5 7 2 03 44.0 5.5 8.1 8 5 07

Maximum 1025.6 1889 141.6 5 7 13 1657.3 90.3 73.2 18 23 12

Sampling periods were as follows: spring (late February 2011-May 2011) and winter (November 2012-early February 2013).
Sampling periods were each 20 days at Beijing and 16 days at Osaka and Nagoya. Total PAHs means the sum of the
concentrations of 10 PAHs (BghiP, DahA, BaP, PY, FR, IcdP, BbE, BaA, BkF, and CH). Total NPAHs means the sum of the
concentrations of 6 NPAHs (1-NPY, 2-NPY, 4-NPY, 6-NCH, 2-NFR, and 3-NFR).

FREIGYE OVFE & 2T O B % B
ST B 7280, 3THICBIT A TSP K UL
B 53 DEEE & TSP o> %28 B 5 1 o0 [H] o> A BE B 1%
ATz (F4e). bR TiE, IR,
FZ=0 TSP H1 D Fe DAL DAL DIEEE L S9

mix JEFETE T R OFFAE N COERFIH DM T
AH Iz, HARO 2T, WERHIZBNT
Total PAHs J% U Total NPAHs D% & S9 mix JF
AT RO NS BT 2 ERBFEEOR TIE
OHBERA LN, b OERIE, bl T
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#¢ 3 Medians, minimums and maximums of the mutagenicities of organic extracts from TSP

Spring Winter

(@) (®) (© _ Rato () ) () Rato
Beijing Osaka Nagoya ,/b a/c  b/c Beijing Osaka Nagoya {je d/f e/f

Mutagenicity (revertant/m’)

Without S9 mix
Median 198.5 33.9 28.8 6 7 12 789.4 41.6 31.6 19 25 13
Minimum 43.4 10.8 10.6 4 4 1.0 56.8 24.6 21.3 2 3 12
Maximum 2176.8 140.6 76.6 15 28 1.8 2158.4 125.1 73.5 17 29 1.7
With S9 mix
Median 423.5 48.2 47.0 9 9 1.0 987.3 64.3 76.7 15 13 038
Minimum 130.7 9.4 27.0 14 5 03 58.5 15.0 33.8 4 2 04
Maximum 5214.9 171.1 191.3 30 27 09 3057.9 141.0 160.3 22 19 09

Sampling periods were as follows: spring (late February 2011-May 2011) and winter (November 2012-early February 2013).
Sampling periods were each 20 days at Beijing and 16 days at Osaka and Nagoya.

# 4 Correlation coefficients between the mutagenicity and the atmospheric concentrations of
TSP and the constituents

Spring Winter
Beijing Osaka Nagoya Beijing Osaka Nagoya
Without S9 mix
TSP 0.694 0.002 0.499 0.895 0.276 0.222
Fe 0.079 0.312 0.625 0.589 0.498 0.214
Pb 0.930 0.507 0.213 0.601 0.231 0.095
Nohs 0.914 0.127 0.080 0.836 0.137 0.375
NO, 0.762 0.220 0.520 0.878 0.417 0.378
Total PAHs 0.981 0.545 0.408 0.736 0.845 0.551
Total NPAHs 0.789 0.882 0.843 0.450 0.480 0.478
With S9 mix
TSP 0.585 0.185 0.556 0.898 0.241 0.508
Fe 0.088 0.610 0.716 0.636 0.315 0.372
Pb 0.906 0.618 0.498 0.627 0.164 0.316
S0,” 0.879 0.370 0.368 0.816 -0.035 0.383
NO;” 0.692 0.538 0.580 0.857 0.316 0.735
Total PAHs 0.923 0.656 0.848 0.745 0.839 0.510
Total NPAHs 0.723 0.802 0.599 0.481 0.550 0.501

Sampling periods were as follows: spring (late February 2011-May 2011) and winter (November
2012-early February 2013). Sampling periods were each 20 days at Beijing and 16 days at Osaka
and Nagoya. Total PAHs means the sum of the concentrations of 10 PAHs (BghiP, DahA, BaP, PY,
FR, IcdP, BbE, BaA, BKE, and CH). Total NPAHs means the sum of the concentrations of 6 NPAHs
(I-NPY, 2-NPY, 4-NPY, 6-NCH, 2-NFR, and 3-NFR).
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Xl 5 Ratio of the atmospheric concentration of IcdP to
that of IcdP and BghiP ([IcdP]/[IcdP] + [BghiP]). The
ratios were analyzed by Dunnett’s test

The intervals for collecting TSP were as follows: spring (late
February 2011-May 2011) and winter (November 2012-
early February 2013).
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6 Concentrations of TSP and chemical constituents in TSP collected at Yurihama

Atmospheric concentrations of a TSP, b Fe, ¢ Pb, d SO,”, e NO;, and f total PAHs were analyzed. The intervals for collecting
TSP were as follows: summer (June-August), autumn (September-November), winter (December-February), and spring
(March-May). Arrows show dates of Asian dust events registered by the JMA (March 8, 9, 19, and 20) or indicated by LIDAR
(March 7, 8, 9, and 19, April 30, and May 30). Horizontal lines show the 90th percentile of TSP (61.0 pg/m’), Fe (1061 ng/m’),
Pb (32.4 ng/m’), SO, (11.8 pug/m’), NO, (3.10 pg/m’), and total PAHs (1.81 ng/m’). Total PAHs means the sum of the

concentrations of 10 PAHs (FR, PY, CHR, BaA, BaP, BbE, BKF, DahA, IcdP, and BghiP).

8 | HURRHERLREHE 5% (2024)
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7 Mutagenicities of TSP collected at Yurihama

Mutagenicity was examined using Salmonella typhimurium YG1024 with and without S9 mix. a and b show mutagenicities of
TSP without and with S9 mix, respectively. The intervals for collecting TSP were as follows: summer (June-August), autumn
(September-November), winter (December-February), and spring (March-May). Arrows show dates of Asian dust events
registered by the JMA (March 8, 9, 19, and 20) or indicated by LIDAR (March 7, 8, 9, and 19, April 30, and May 30). Horizontal
lines show the 90th percentile of mutagenicity of organic extracts of TSP in YG1024 without S9 mix (29.9 revertants (rev.)/m’)

and with $9 mix (32.3 rev./m’).
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8 Backward trajectories of air masses from Yurihama

Backward trajectories of air masses for 72 h were calculated using the HYSPLIT model provided by the NOAA of the USA.
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11 Concentration of protein in Sasebo (A) and Kyoto (B)
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12 Scatter plots comparing endotoxin level with Ca”" level in Sasebo (A) and Kyoto (B)

Protein (pg/m?)

y=0.002x + 1.590
7=0.594, p <0.01

y=0.002x + 1.737
r=0.541, p <0.01

Protein (pg/m?)
B

1400 2100

Ca?" (ng/m?)

700

800 1200 1600

Ca?" (ng/m?)

2800 0 400

13 Scatter plots comparing protein level with Ca™ level in Sasebo (A) and Kyoto (B)
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<5 Periods of sample collection

Year Month

Week

2014 December Ist
2015 January Ist
February Ist

March Ist
April Ist
May st
June 1st
July 1st
August Ist

September  Ist
October Ist

~ o~ N~ ~ ~ ~ ~ ~ ~ ~ ~ ~

November 1st

December 1-7), 2nd (8-14), 3rd (15-21)

January 6-12), 2nd (13-19), 3rd (20-26)

February 2-8), 2nd (9-15), 3rd (16-22), 4th (February 23-March 1)
March 2-8), 2nd (9-15), 3rd (16-22), 4th (23-29)

April 2-8), 2nd (9-15), 3rd (16-22), 4th (23-29)

May 7-13), 2nd (14-20), 3rd (21-27)

June 1-7), 2nd (15-21), 3rd (22-28)

July 3-9), 2nd (10-16), 3rd (17-23), 4th (24-30)

August 3-9), 2nd (10-16), 3rd (17-23)

September 4-10), 2nd (11-17), 3rd (September 25-October 1)
October 2-8), 2nd (9-15), 3rd (16-22), 4th (23-29)

November 4-10), 2nd (11-17), 3rd (18-24), 4th (November 25-December 1)
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16 Concentrations of protein (A) and endotoxin (B)
in fine and coarse particles in outdoor air
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17 Number of emergency department visits by
children and adults for asthma
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76 Poisson regressions of protein and endotoxin with meteorological factors on emergency department

visits for asthma

Variables Children Adults
Coef S.E. p-Value Coef S.E. p-Value
Protein (fine particles) (ug/m”) -0.034 0.047 0.476 0.021 0.054 0.700
Intercept 2.484 0.862 0.004 0.389 0.901 0.666
Temperature (°C) 0.040 0.014 0.003 0.023 0.016 0.143
Relative humidity (%) -0.009 0.009 0.301 -0.003 0.011 0.760
Wind speed (m/s) -0.339 0.157 0.031 0.202 0.149 0.175
Endotoxin (fine particles) (EU/m?) 71.96 30.46 0.018 -30.25 42.14 0.473
Intercept 1.309 0.838 0.118 0.887 0.843 0.293
Temperature (°C) 0.051 0.015 <0.001 0.019 0.017 0.268
Relative humidity (%) -0.002 0.009 0.862 -0.006 0.010 0.531
Wind speed (m/s) -0.308 0.154 0.045 0.187 0.144 0.195
Protein (coarse particles) (pg/mS) 0.010 0.388 0.979 0.495 0.456 0.277
Intercept 2.145 0.731 0.003 0.480 0.747 0.521
Temperature (°C) 0.039 0.016 0.016 0.011 0.019 0.556
Relative humidity (%) -0.007 0.090 0.420 -0.007 0.011 0.475
Wind speed (m/s) -0.313 0.165 0.058 0.258 0.158 0.101
Endotoxin (coarse particles) (EU/m’)  38.90 14.48 0.007 14.26 19.05 0.454
Intercept 1.448 0.784 0.065 0.354 0.811 0.662
Temperature (°C) 0.033 0.014 0.020 0.020 0.016 0.207
Relative humidity (%) -0.003 0.009 0.750 -0.003 0.103 0.774
Wind speed (m/s) -0.230 0.155 0.140 0.214 0.148 0.149

Coef: regression coefficient, S.E.: standard error of the regression. Statistically significant: p < 0.05.
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Transboundary transport of anthropogenic and biogenic
substances in the atmosphere and their health effects

Tetsushi Watanabe

Department of Public Health, Kyoto Pharmaceutical University

In Japan, Yokkaichi asthma, which is one of the four major pollutants, occurred during the period of

rapid economic growth, and Air Pollution Control Law and other laws against air pollution were

subsequently enacted and various measures were implemented. As the results, all air quality standards

other than photochemical oxidants are now below the standard values at almost all measuring stations

in these days. However, the World Health Organization (WHO) announces air pollution to be one of

the greatest environmental risks to health worldwide, and biologically active substances for which no

environmental standards have been established can move across national borders and affect people’s

health. This paper describes the situation and impact of anthropogenic pollutants generated by human

production activities and biogenic pollutants generated in the natural environment in Japan.

Keywords: Air pollution, transboundary transport, mutagenicity, endotoxin, asthma
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