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Atmospheric transport of crustal and anthropogenic
elements in aerosols from the Asian continent to the
western North Pacific during the spring, 2001

Yasushi NARITA", Takeshi Ur” and Mitsuo UEMATSU"

U Ocean Research Institute, the University of Tokyo,
1-15-1 Minamidai, Nakano-ku, Tokyo 164-8639, Japan

In this study, we measured aerosol particles along the 140°E line at Rishiri, Hachijo, and
Chichi-jima simultaneously during the spring (March to May) in 2001 as a part of the collabora-
tive experiment, ACE-Asia. Duirng the Asian dust events, the concentrations of crustal ele-
ments, e.g. Al, Ca, were high and the enrichment factors of anthropogenic elements, e.g. Pb, Zn,
were low.

The source regions of crustal elements were estimated by a backward trajectory analysis.
The enrichment factor of non sea salt Ca in the coarse mode was a better indicator of source re-
gions of the dust than of crustal total particles. The Ca enrichment factors in the coarse mode
were about twice when the air masses originated in Gobi desert and to the north of it.

Lead mostly occurred in the fine mode. However, substantial fraction of Pb was transported
in the coarse mode during the Asian dust event, which indicates that anthropogenic metals can
significantly be transported by paticles of both sizes, during the dust season.

Key words: Asian dust, atmospheric transport, trace metals, enrichment factor, crustal ele-
ments
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Figlll Map showing the locations of VMAP sta-
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Tabled Mean aerosol compositions (ng m”®) of total, coarse and fine mode particles at

Rishiri, Hachijo, and Chichi-jima, Japan, from March to May 2001.

Element Coarse (>2.5 um)

Rishiri(45.12°N, 141.20°E)

Fine (<2.5 um)

Total

Coarse (>2.5 um)

Hachijo(33.15°N, 139.75°E)

Fine (<2.5 pm)

5424618 (n=54)
55463 (n=54)
5184472 (n=48)
0.2+0.1 (n=16)
0.3£0.3 (n=24)
45419 (n=47)
3624393 (n=54)
3774380 (n=53)
4414343 (n=54)
74483 (n=54)
24.3+16.6 (n=54)
8.843.0 (n=6)
12415 (n=22)
4.6+4.3 (n=44)
38.6+41.4 (n=51)
8.5¢4.8 (n=35)
24+17 (n=25)

1812183 (n=54)
27430 (n=51)
2114377 (n=41)
0.3£0.3 (n=24)
0.5£0.6 (n=8)
4.642.7 (n=47)
1324132 (n=54)
1574336 (n=54)
115134 (n=54)
43460 (n=54)
12.8+8.0 (n=33)
31.8436.2 (n=13)
0.840.4 (n=24)
29449 (n=13)
13.3+13.8 (n=54)
13.2£19.1 (n=52)
12412 (n=22)

Total

7224742 (n=54)
8.147.9  (n=54)
644+572  (n=52)
0.4+0.3  (n=27)
0.5+0.5 (n=25)
7.9+43.6 (n=54)

494489 (n=54)
5274524 (n=54)
556£381 (n=54)
11.7£11.4 (n=54)
32.1£20.8 (n=54)
35.8436.3 (n=13)
14£15  (n=32)
51453 (n=47)
49.7+50.8 (n=54)
18.9£19.7 (n=52)
26422 (n=34)

Al 952+1575 (n=51) 349+828 (n=46) 1266+233¢(n=51)
Ba 9.0£15.0 (n=46) 4.8+9.8 (n=42) 11.9+22.8 (n=52)
Ca 5214678 (n=48) 193+377 (n=42) 676+1009 (n=49)
Cd 0.3+0.2 (n=21) 0.4+0.2 (n=18) 0.5£04  (n=25)
Co 2.7£1.9 (n=Y) 1.241.0 (n=Y) 2.6£2.4  (n=12)
Cr 9.0+20.7 (n=30) 18.8451.0 (n=19) 17.4+41.5 (n=36)
Fe 639+1196 (n=49) 260+730 (n=48) 859+1876 (n=51)
K 493+851 (n=45) 2374484 (n=50) 654+1271 (n=52)
Mg 356+321 (n=51) 118+148 (n=50) 463+448 (n=52)
Mn 13.0424.2 (n=51) 6.1£15.7 (n=50) 19.0£39.5 (n=51)
P 62.1£52.2 (n=21) 30.0+40.1 (n=29) 58.7+74.6 (n=37)
Pb 5.943.8 (n=32) 9.249.8 (n=33) 12.3£12.4 (n=40)
Sn 0.6+0.2 (n=7) 1.6£1.1 (n=28) 1.6£1.1  (n=30)
Sr 5.346.6 (n=34) 4.5+5.3 (n=9) 6.5£9.6  (n=34)
Ti 75£141 (n=50) 100+149 (n=11) 97.4+220.< (n=50)
Zn 6.6£6.1 (n=40) 13.3+13.7 (n=39) 17.4+18.3 (n=45)
Zr 5.446.7 (n=25) 7.0£6.7 (n=14) 7.848.5  (n=30)
Chichi-jima(27.07°N, 142.22°E)

Element Coarse (>2.5 um) Fine (<2.5 pm) Total

Al 2154344 (n=54) 134+215 (n=39) 3124518 (n=54)
Ba 22423 (n=30) 1.843.8 (n=40) 32443  (n=43)
Ca 340£113 (n=12) 58+48 (n=42) 155+186 (n=42)
Cd 0.6+0.3 (n=4) 1.0£0.1 (n=3) 0.8+0.3  (n=7)
Co 0.6+0.4 (n=7) 0.5+0.7 (n=9) 0.5+£0.6 (n=16)
Cr 0.9£0.5 (n=15) 25.4+38.5 (n=6) 8.8424.4 (n=19)
Fe 116+232 (n=52) 1334244 (n=9) 1364326 (n=53)
K 108+112 (n=33) 54+44  (n=36) 134£136 (n=41)
Mg 265+153 (n=31) 60+36  (n=16) 286+161 (n=32)
Mn 23434 (n=52) 1.542.0 (n=50) 3.6£5.1  (n=54)
P 88.8+31.9 (n=7) 43+3.2 (n=36) 20.4+37.0 (n=38)
Pb 29.0+4.0 (n=2) 11.0£10.5 (n=10) 14.0+11.8 (n=12)
Sn 159  (n=1) 8.0£52 (n=14) 9.146.3  (n=14)
Sr 2.2+1.0 (n=14) 1.840.5 (n=7) 2.3+1.2  (n=19)
Ti 13.4+£19.4 (n=40) 7.249.1 (n=21) 16.3+£24.6 (n=42)
Zn 15.3£2.6 (n=2) 17.2+11.4 (n=5) 19.4£12.8 (n=6)
Zr 52422 (n=3) 5.0£0.7 (n=3) 5.1£1.7  (n=6)

* all data sets mean + one standard deviation (values without SD are for single samples since others were below detection limits).
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Figlll Concentration variations of total Al and to-
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(d) was determined by peaks in concentra-
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Table] Statistical summary of mean concentrations of some elements in
aerosols (ng m"?) at Rishiri and Hachijo, Japan during the study.
Al Ca*
Coarse Fine Total Coarse Fine Total
[R1] 4/3 - 4/5 95423 131+£18 226437 191£19 80+44 272446
[R2] 4/8 - 4/11 4,852+2.917 2,483+1,639 7,335+4,540 2,049+£1,137  1,076£736  3,126+1,850
[R3] 4/16-4/19 894+83 229493 1,123+£56 691+69 153+70 8444126
[R4] 4/25 -4/30 8161477 108+34 9244505 419+257 61+£25 470+£278
5/1-5/4 160+59 52+13 211+66 105+30 60+49 124+88
[R5] 5/7-5/9 1,442+585 255484 1,697+£668 513£211 100+£55 613+263
[R6] 5/12-5/17 1,849+1,061 325+258 2,174+1,306 1,027£529 227+134 1,255+647
[H1] 4/1 - 4/9 358498 102453 460+139 474+115 97+108 571£171
[H2-1] 4/12-4/14 2,2254+921 604247 2,829+1,068 1,678+492 294+105 1,972+548
[H2-2] 4/15-4/19 1,251+£695 263+107 1,514+737 863+657 224+159 1,087+£629
[H3] 4/22-4/27 451+271 100+26 5514285 326+172 61+9 387+167
4/28 - 4/30 181+6 71431 252436 232484 59 25170
Pb Zn
Coarse Fine Total Coarse Fine Total
[R1] 4/3 - 4/5 2.542.3 5.5+2.1 8.0+4.4 3.0£1.6 7.7£0.0 6.9+5.4
[R2] 4/8 - 4/11 10.6+4.2 19.248.1 29.8+11.3 16.2+3.0 25.8+5.3 42.0+£7.8
[R3] 4/16-4/19 7.0+£2.5 21.6£17.7 28.6£19.9 14.5+£9.2 29.3+18.0 43.84+27.0
[R4]  4/25-4/30 6.5+1.7 8.3+2.4 14.8+4.0 5.14£3.6 9.9+6.4 15.1£9.4
5/1-5/4 - 2.3£1.1 2.3+1.1 2.1£1.7 6.7£8.5 7.8+£8.2
[R5] 5/7-5/9 4.8 - 4.8 4.7+1.2 2.2+0.4 5.3+£2.2
[R6]  5/12-5/17 5.842.6 8.8+4.5 14.6£5.5 8.6+3.1 13.1£8.3 21.7+£9.9
[H1] 4/1 - 4/9 7.2 11.4 18.5 8.7£3.4 6.8+3.2 12.6£8.2
[H2-1] 4/12-4/14 - - - 14.9+5.8 15.5£3.0 30.5+8.8
[H2-2] 4/15-4/19 6.6 11.9 18.5 10.9£6.0 15.94£3.5 26.8+8.0
[H3] 4/22-4/27 - - - - - -
4/28 - 4/30 - 8.2 8.2 - 4.1+3.1 4.1£3.1

* all data sets mean + one standard deviation (values without SD are for single samples since others were

below detection limits).
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Figlll Comparison of enrichment factors of chemical compo-
nents between (a) coarse mode (0 2.5y m) and (b) fine
mode (0 2.5y m). Elements with asterisk mark were
presented only in non sea salt concentrations.
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1,000 m on the 0:00 UTC. Backward trajec-
tories of isentropic model were calculated
from the Hysplit model 4 (NOAA Air Re-
sources Laboratory; http:/www.arl.noaa.
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Figlll Variations of total non sea salt Ca enrichment factors at
Rishiri and Hachijo. Horizontal bars are mean values
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Tablel Mean Ca enrichment factors of total, fine and coarse modes at two
stations (Rishiri and Hachijo) and East Asia.

Total Coarse Fine Event References
(>2.5um) (<2.5um)
Rishiri* March-May, 2001
3.23+£0.23  5.63%1.07  1.57+0.66 [R1] (4/3-4/5) This work
1.28+0.29  1.37+£0.43  1.04+0.24 [R2] (4/8 -4/11)
2.01£0.24  2.10+£0.36  1.79+0.31 [R3] (4/16 - 4/19)
1.35+0.11  1.37+0.17  1.36+0.30 [R4] (4/25 -4/30)
0.96+£0.03  0.96+0.07 1.01+0.35 [R5] (5/7-5/9)
1.64+0.19  1.55+0.11  2.25+0.82 [R6] (5/12-5/17)
1.54+£0.01 2.73+1.86  1.38+0.72 (5/1 -5/4)
Hachijo* March-May, 2001
3.39+0.50  3.62+0.54 2.26+1.41 [H1] (4/1-4/9) This work
1.97£0.27  2.15+£0.30  1.36+0.17 [H2-1] (4/12-4/14)
1.88+0.27  1.66+0.57  2.16+0.70  [H2-2] (4/15-4/19)
1.98+0.27  2.08+0.33  1.69+0.30 [H3] (4/22-4/28)
2.73+0.86  3.47+1.36 1.42 (4/28 - 4/30)
China
Northwest to Beijing 0.92 March, 2001 Mori et al., 2003
Beijing 1.23 March, 2001
4.60 July, 1999 - September, 2000 He et al., 2001
Shanghai 3.11 March, 1999 - March, 2000 Ye etal., 2003
Xian 2.56 (PM10) July, 1998 Zhang et al., 2002
10.00 (PM10) Spring, 1997
Takla makan 8.24 1994 Makra et al., 2002
2.46 (Soil)
Jiaxian red clay 2.29 (Soil) Ding et al., 2001
Korea
Seoul 1.98 March-May, 2001 Kim et al., 2003
2.19 (PM10)
Japan*
Iki, Oki 1.99 March, 2001 Mori et al., 2003
Yamaguchi 1.73 March, 2001
Asian mineral dust certified 241 (Soil) Nishikawa et al., 2000

reference material (CJ-2)

* the sea salt contribution was subtracted only for sample from the asterisk marked regions
** all data sets mean + one standard deviation (values without SD are for single samples since others were below detection limits).

9



10 o 0O

H ——
0.6 F
04

0.2

0.8 F
0.6

0.4
02 F

Ratio of coarse mode to total concentration

[R1] [R2] [R3] [R4] [R5] [R6] [H1] [H2] [H3]

Ratio of coarse mode concentrations to total
concentrations of (a) Al and (b) Ca”. Ca”
represents nss- component only. R1-R6
and H 1-H 3 correspond to the episodes of R
1-R 6 at Rishiri and H 1-H 3 Hachijo, re-
spectively. The average value is repre-
sented together with error bar (25 ) for each
episode.

Fig(Dl

000000 cC0i00onoooooooooon
O000DU0000oO0o0oOoooOcCaOnooooo
coooooooocoobooooooooooooo
coooooooocoobooooooooooooo
cooboooooooooobocOoOooboOoooon
U ooOoOooooocooon
uobooooooOooooboooboooooooo
coooooooOoocoobooooooooooooo
coooooooOoocoobooooooooooooo
00000000000 000000000O0 Total
PoO0O0OO0O0OCOOOOOOOOODOOOOOOVar
et ol, 2000000 000000000000O00O0O0OO
coooooooocoOobooooooooooooo
O0O0FigmOOPOZnOCdOODOOODOOOO
coooooooOoocoobooooooooooooo
oo0o0opoooooooooooppOOOoOoOO
coooooooOoocoobooooooooooooo
cooooooooooooon
O000oooAOPPOOOOOOOOOOOO
0000000000000 FiglmaObOOOO
FiglhOODODOOOOOOOOOOOo0OooOooOoo

ooooooOoOoOOO0OPPOOODODOOOO Ta-

bleD O OOO
PbO Al0D Ca0O0O0O0O0O0O0O0ODODOODODOODO

coooooooOoocooboooobooooooooo

Al conceniration, ng m”

Pb ratio of fine to

Fig™

goo 0 0 ooo o o o

9000
? —— Al (fine)

(a) =
L °—Ph(fine) 4 40

. 3
ngm

o
=
=3
=]

")
=3
=
S

Al concentration, ng m™

0
9000

ngm”

—— Al (coarse)

(b)
6000 | °—Ph(coarse) 7 40

3000 ¢ 420
. °
a P L}
g 3
a2alP aoe® b, - 90 apoﬂ

06

Pb

=
=

= b2 ]

T total, ng m™ /ng m
S = o
o =

“

2 400 f() —
g 300 Pb (fine)
£ 200 F pb(total)
100 | Pbi(coarse)
0
322 471 411 421 511 5/11 5121 5/31
date in 2001

Enrich

Concentration variations of Al and Pb at
Rishiri in (a) fine mode and (b) coarse mode
particles. Shown also are (c) ratio of fine
mode concentration to total concentration
of Pb and (d) mean Pb enrichment factors
for fine mode and coarse mode and total
mode particles. Each mean value was cal-
culated from the Pb enrichment factors
during the episode corresponding to R 1-R 6
(see Fig.2d).

gooooooOoOoOODOODOOOPPOOODOOO
OooOoOoOODOOO0OO0O0O00O00Kim et al., 1997
Moriet al.,200200 00 0000000000000
O000OChanget al, 200000 0000000000
0000000000000 PbOOOOODOOOO
cooboocoobooooooooooOobocOoOooboOon
OO0Fig@c@OOO0O0O0O0O0O0O0OOOOODOO
cooboocoobooooooooooOobocOoOoobooOon
cooooooooog
poOOOOOOCOOOOODOOOOOOODO
O00oO0oOoOOPDSOODODOO ROODOOROOCOO
oooooooOooO0ooOoooOooOoODO00D PbO
0000000FigmddOoo0oooooo0o0 ROO
Total PbO O OOMOOODOOOOOOOOOM
O Mori et al., 20030 0 O O OOMO Ding et al., 20010
cooooooooocooobooono
00000000000 Al0PPOOOOOOOO
PbODOODOOOOOOOOOIDOOOng m>000T



mooobooooooooootcoooooobooooooOooOoOooOoboOoOoboboOoOobooOoo 11

Tablel Mean Pb enrichment factors of Total, fine and coarse
modes at Rishiri and East Asia.
Total Coarse Fine Event References
(>2.5um) (<2.5 um)
Rishiri March-May, 2001
165+67 121108 19144  [R1] (4/3 -4/5) This work
39+35 2425 79+69 [R2] (4/8 -4/11)
119+79 39+17  387+150 [R3] (4/16-4/19)
64+17 32+11 324455  [R4] (4/25 -4/30)
9 10 [R5] (5/7-5/9)
51448 24+26 194£155 [R6]  (5/12-5/17)
67+56 275+194 (5/1-5/4)
China
Northwest to Beijing 1.7 March, 2001 Mori et al., 2003
Beijing 2.3 March, 2001
1909 July, 1999 - September, 2000 He et al., 2001
Shanghai 2762  March, 1999 - March, 2000  Ye et al., 2003
Xian 551  (PM10) July, 1998 Zhang et al., 2002
574  (PM10) Spring, 1997
Jiaxian red clay 1.2 (Soil) Ding et al., 2001
Korea
Seoul March-May, 2001 Kim et al., 2003
111 (PM10)
Japan
Iki, Oki 27.6 March, 2001 Mori et al., 2003
Yamaguchi 51.1 March, 2001

* all data sets mean + one standard deviation (values without SD are for single samples since others were below detection limits).
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