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Inspection on the Influence of Asian Dust
on the Distribution of Atmospheric Mercury Observed
for a Long Time
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Abstract

To evaluate the possibly potent role of Asian Dust (AD) on the long range transport of Hg, statistical analyses
were carried out using the hourly concentratipn data of gaseous elemental mercury (Hg) along with relevant envi-
ronmental parameters. For the purpose of this study, Hg data were collected from Yang-Jae monitoring station in
Seoul, Korea during Sept. 1997 to June 2002. During the study period, Hg concentrations in non-AD period ranged
from 0.03 to 32.70 ng m™> with a mean 5.27+43.06 ng m™>, while those in AD period from 1.79 to 32.60 ng m™®
with a mean 5.20%3.06 ng m™>. The air quality during AD were typically deteriorated by enhanced PM10 mass
concentration (by 2~ 5 times) compared to non-AD period, however comparison of the Hg concentration data indi-
cates that they are not critically distinguished between events of AD and non-AD, except for the high minimum
level of Hg during AD. The results of correlation and factor analysis also indicated somewhat complex patterns; in
the case of AD events, Hg and SO, were assorted concurrently into a same factor. Evidence collected from this
study thus suggests that long-range transport of Hg, if occurring, is unlikely to raise statistically Hg concentration
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levels such as seen during AD event. However, in nighttime of winter season, Hg concentrations are higher during

AD (along with PM10 levels) than non-AD period. Although such observations suggest the effect of long range

transport on the enhancement of Hg concentrations, more deliberate analysis may be required to track down the

effect of such mechanism in relation with various factors including the air mass transport route.
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Fig. 1. Comparison of the annual occurrence patterns for
the Asian Dust events (1997 to 2002).
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Table 1. Summary of Asian Dust Events during the whole
study period.

Year Event day

1997 3/30(0)

1998  3/28~30(0), 4/14~22(I), 4~28(D)

1999  1/25~28(x), 2/27(0), 4/5(0)

2000 3/7(x),3/23~24(, x),3/27~28(X), 4/7T~4/8(1),
4123 (0), 4/26~27(0)

2001 172(D), 3/3~7(1), 3/20~25(, x), 4/7~12(D),
4/24~26(1, X),5/16~19(0), 12/13~14(0)

2002 1/12~13(0), 3/17~19(1I), 3/21 ~23 (11),

4/8 ~10(11), 4/12(0), 4/16~17(0)

The Roman letters of 0, I, and II in the parentheses represent Asian
dust strength 0, | and 2, respectively. The symbol * X indicates the
period when Hg data were not measured.
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Fig. 2. The temporal variation of Hg concentrations using
the daily mean and SD during the entire study
period in Yang Jae district of Seoul, Korea (Sep-
tember 1997 to June 2002). Note that circles in the
plot represent data observed during the AD peri-
od.

Table 2. A statistical summary of Hg concentration (ng m
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%) data measured from Seoul (September 1998 ~ June 2002)*.

All data AD NAD
All Daytime Nighttime All Daytime Nighttime All Daytime Nighttime
Average 5.27 4.85 5.76 5.20 493 5.56 5.27 4.85 571
Sb 3.06 2.50 3.53 3.06 2.33 3.80 3.06 2.51 352
Median 4.46 4.27 4.77 4.63 4.49 4.95 4.46 4.25 4.75
Max 32.70 32.30 32,70 32.60 20.60 32.60 32.70 32.30 32.70
Min 0.03 0.03 0.40 1.79 1.79 1.93 0.03 0.03 0.40
N 27,143 14,648 12,495 758 434 324 26,385 14,214 12,171

*All measurements made at hourly intervals
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Table. 4. Results of correlation analysis between Hg and relevant environmental parameters are compared for both AD
and NAD periods; cases with correlations (P < 107?) are marked in bold phase.

(A) AD period

All Daytime Nighttime
r P N r P N r P N
Temp. 0.175 1.46E—05 609 0.338 T11E—-11 352 0.088 0.16254(0) 256
uv —0.215 8.32E—08 607 —0.343 43E~11 350 -0.074  0.237355(0) 256
WS —0.330 5.59E-17 611 -0.329 2.19E-10 354 —0.364 1.91E-09 256
RH 0.112 0.005602 610 0.149 0.004928 353 0.032  0.615823(0) 256
S0, 0.554 1.27E—-47 576 0.619 1.08E—-36 334 0.575 14E-22 241
NO 0.572 4.35E—48 539 0.332 2.28E-09 309 0.705 9.96E — 36 229
NO, 0.557 2.7TE—45 539 0.581 3.13E—-29 309 0.557 4.49E—-20 229
NO, 0.621 7.34E—59 539 0.449 9.46E—17 309 0.729 3.46E—-39 229
CH, 0.454 1.66E— 31 592 0.490 2.76E—-22 346 0.427 2.67E-12 245
NMHC 0.231 1.4E-08 592 0.299 1.45E—08 346 0.268 2.1E~-05 245
THC 0.480 2.05E-35 592 0.359 5.57E—12 346 0.613 1.1SE—26 245
O; —0.113 0.005863 590 0.066 0.227565 (0) 339 -0.272 1.31E-05 250
co 0.560 1.11E-50 599 0.668 1.25E—-45 342 0.499 LIE-17 256
PMI10 —0.070 0.105352(0) 530 —0.109 0.056164 (0) 309 —-0.066  0.330947(0) 220
(B) NAD period
All Daytime Nighttime
r P N r P N r P N

Temp. -0.114 8.38E-73 24882 —0.028 0.001104 13408 —0.144 3.96E—54 11474
uv —0.100 6.82E—55 24094 -0.070 7.32E—16 13114 0.000 0.979656 10980
WS —0.189 4.1E-204 25485 —0.120 1.05E—44 13683 —0.206 4E—113 11802
RH 0.013 0.045236 24781 0.016 0.068458 13327 —0.034 0.000267 11454
SO, 0.343 0 25308 0.347 0 13548 0.357 0 11760
NO 0.333 0 24264 0.267 22E-211 13064 0.368 0 11200
NO, 0.385 0 24264 0.392 0 13064 0.383 0 11200
NO, 0.377 0 24264 0.330 0 13064 0.403 0 11200
CH, 0.168 4.1E-148 23480 0.190 43E-103 12652 0.149 6.42E—-55 10828
NMHC 0.207 1.2E—225 23469 0.232 9E—155 12648 0.185 1.03E-83 10821
THC 0.185 7.0E—-180 23480 0.203 29E-118 12652 0.169 3.3E-70 10828
O3 ~0.148 14E~118 24285 —0.049 2.07E-08 13062 -0.229 2.6E—133 11223
cO 0.206 1.2E-226 23801 0.221 3.1E—141 12738 0.192 2.04E-92 11063
PM10 0.360 0 23096 0.400 0 12178 0.362 0 10918

r, P, and N denote correlation coefficient, the probability of no correlation, and the number of matching data pairs, respectively. The Roman letter of
0 in the parenthesis (of P column) is used to distinguish the strength of correlations such as: P> 1072,
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o
A3 E Aol = A st A HF D)2 M 280 wet e )
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Table. 5. Results of correlation analysis between Hg and relevant environmental parameters for seasonally and
diurnally divided data groups during AD/NAD events; cases with correlations (|r| >0.5 and P>1072) are
marked in bold phase.

(A) AD period

Spring Winter
Daytime Nighttime Daytime Nighttime
r P N r P N r P N r P N
Temp. 0.200 946E-08 327 0.152  0.020622 233 0910 [.I3E-10 26 0.963 1.7E-13 23
uv -0.379 131E-12 327 -0.296 432E-06 233 -0.161 0.4518 24 0967 S52E-14 23
WS —-0.288 1.21E-07 327 -0318 7.23E-07 233 —0.794 451E-07 28 -—0.828 1.11E~06 23
RH 0.154  0.005172 327 0.042  0.519074 233 0.064  0.751326 27 0.448 0.032142 23
SO, 0.591 2.08E—30 308 0.584 2.64E-21 218 0906 798E~-11 27 0942 2.18E-11 23
NO 0315 S5.69E—-08 285 0.290 2.33E-05 206 0933 1.14E-11 25 0923 3.73E-10 23
NO, 0.543 2.74E-23 285 0.625 9.96E—-24 206 0935 72E-12 25 0.913 1.2E-09 23
NO, 0441 566E—15 285 0447 197E~15 206 0940 334E-12 25 0934 77E-11 23
CH, 0285 6.03E—18 325 0.451 435E—13 233 0.915 26E-09 22 0.871 0.000223 12
NMHC  0.298 4.56E—08 325 0397 3.25E-10 233 0.857 3.63E-07 22 0.838 0.000672 12
THC 0299 3.72E-08 325 0.444 1.16E—12 233 0944 417E-11 22 0.872  0.000219 12
O, 0.068 0229758 315 —0.265 S.I8E-05 227 —0.753 139E-05 25 —0.727 8.65E-05 23
(6¢] 0.672 3.06E—43 319 0.702 649E-36 233 0.622 0001184 24 0.832 84I1E-07 23
PMI10 -0.115 0.052711 285 -0.094 0.188101 197 -0.174 0.406518 25 0.428  0.041421 23
(B) NAD period
Spring Winter
Daytime Nighttime Daytime Nighttime
r P N r P N T p N T p N
Temp. —0.084 24E-06 3116 -—0.117 122E-09 2671 0253 8.85E—46 3054 0341 7.4E-99 3613
uv -0.112 425E-10 3114 0.000 0.986194 2641 —0.147 1.59E—15 2900 0.051 0.00244 3468
WS —0.145 446E—-16 3124 -0219 1.72E-30 2682 -0.241 346E-43 3180 -0.339 8.7E—103 3794
RH 0.129 S.57E-13 3121 0.001  0.961238 2682 0245 834E-43 3036 0.166 6.85E-24 3624
SO, 0294 1.16E-62 3090 0.252  4.6E—40 2670 0.381 SE—107 3088 0.325 2.15E-92 3728
NO 0.245 7.68E—43 3052 0307 1.5E—-58 2633 0.355 1.03E-82 2754 0459 3.4E-172 3310
NO, 0.285 3.61E-58 3052 0.299 147E-55 2633 0423 59E-120 2754 0484 24E-194 3310
NO, 0.284 1.61E-57 3052 0.343 1.37E-73 2633 0387 27E-99 2754 0484 1.5E-193 3310
CH, 0.268 2.88E—50 2984 0.213 1.68E—27 2555 0240 292E-36 2659 0.170 2.17E-22 3217
NMHC 0.103 1.98E-08 2980 0.106 8.58E—-08 2548 0340 9.6E-73 2659 0295 931E-66 3217
THC 0.293 351E-60 2984 0.264 59E-42 2555 0258 147E-41 2659 0202 737E-31 3217
O, -0.174 18E~-21 2963 —0.302 32E-55 2557 -0244 138E-39 2834 -0.331 525E-88 3404
Cco 0.231 1.88E—37 2988 0304 1.92E-56 2595 0292 721E-56 2790 0.235 2.58E—43 3365
PMI10 0.297 6.11E-58 2781 0.330 2.38E—63 2443 0.355 192E-93 3122 0424 47E-165 3781

r, P, and N denote correlation coefficient, the probability of no correlation, and the number of matching data pairs, respectively.

(Kim et al., 2002a; Kim and Kim, 2001a). 3-A}7| 7
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Table. 6. Varimax rotated factor loading matrix for Hg and relevant data determined for seasons and AD/NAD events.
(A) AD period

Variables Factor | Factor2 Factor3 Factor4 Factor 5 Factor 1 Factor 2 Factor3 Factor4 Factor 5
Spring Winter

NO, 0919 0.223 0.246 —0.085 0.099 THC 0.972 0.096 0.139

NO, 0.894 0.190 0.121 0.016 0.125 CH, 0.943 0.277 0.162

NO 0.712 0.221 0394 -0.236 0.029 NO 0.941 0.199  —0.009

0O, —0.649 0.065 0.353 0.354 0.459 NO, 0.932 0.283 0.161

(6] 0.608 0.324 0570 —-0.249 —-0.083 O, 0918 0.312 0.188

THC 0.315 0910 0.134 —0.110 —0.082 NO, 0915 0.233 0.151

NMHC 0.004 0.872 0.098 0.136 0.168 Uv 0914 0321 -0.015

CH, 0.438 0.745 0276 —0.167 0.010 PMI0 0914 0.098 0.085

Hg 0.187 0.291 0.778 —0.315 -0.108 RH ~0.888 -0.249 -0.213

Temp. 0.104 —-0.077 0.711 0.263 0.367 CO -0.823 —-0.345 -0.302

SO, 0.280 0.356 0.683 —0.099 0.263 NMHC 0.796 0.505 0.224

uv -0.063 -0.015 —-0.022 0.815 0.230 Temp. 0.708 0.318 0372

WS —0.332 -0.039 -0.092 0.787 —0.089 Hg 0.195 0.897 0.181

RH —0.009 0.016 0.045 —-0.777 0.096 SO, -0.278 —0.806 0.179

PM10 —-0.095 -0.077 -0.132 0036 —-0914 WS —-0.188 0.015 —0.958

Eigenvalue 3.481 2.613 2.388 2.375 1.399 9.687 2.461 1.444

% variance 23205 17421 15920 15.835 9.330 64.582  16.405 9.629

%accumulated 53505 40606 56546 72381 81711 64582 80.988  90.617

variance

(B) NAD period

Variables Factor 1 Factor2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Spring Winter

NMHC 0.873 0.027 -0.040 0.043 —-0.020 -0.007 SO, 0.824  0.143 0.021 -0.024 0.137
NO, 0.834 0.343 -0.252 -0.074 0.185 —0.005 NMHC 0.771 0.293 0.083 0.000 -0.161
CO 0.804 0.301 -0.128 -0.171 0.160 0.010 PM10 0.599 0017 0.175 —0.086 0.317
NO, 0.804 0386 -0.096 —0.148 0.150 0.070 CH, 0.100 0978 0.040 —0.018 0.082
NO 0.601 0.102 —-0.570 0.148 0.207 -0.200 THC 0.147 0.975 0.052 -0.016 0.075
SO, 0.600 0.043 —=0.112 —-0.046 0.338  —-0.391 CO 0.299 0.886 0.149 0.008 0.027
CH, 0.213 0934 -0.177 -0.035 0.141 0.000 0, —-0.053 —-0.048 -0816 0.362 0.080
THC 0472 0817 -0.191 -0.037 0.173 -0.003 WS -0.047 —0.009 -0811 0.235 -0.138
WS —-0.121 -0.150 0.779 —-0.012 —-0.167 —0.188 NO, 0.643 0.180 0.667 0.025 0.080
05 —-0.305 ~0.265 0.653 0397 —0.093 -0.084 NO 0.604 0.152 0.663 —0.014  0.160
Temp. -0.107 -0.010 —-0.031 0931 -0.065 -0.027 NO, 0.620 0.178 0.635 0.033 0.058
uv 0.024 —-0.071 0548 0.637 0.080 -0.065 uv 0.140 —-0.132 -0.195 0.762  0.388
Hg 0.042 0078 -0.125 -0.107 0.835 0.047 RH 0.057 —-0.219 0.215 -0.662 0.339
PMI10 0.297 0.183 -0.073  0.090 0.670 -0.036 Hg 0.413 0.144 0.184 —0.507 0.221
RH —-0.029 0.008 ~0.176 —0.068 0.040 0.934 Temp. 0.144  0.169 0.093 —-0.038 0877
Eigenvalue 3949  2.047 1.884 1.540 1.485 1.121 3.138 3.001 2.801 1.474 1.303
% variance 26.330 13.645 12.562 10.269 9.900 7.473 20920 20.009 18.673 9.827 8.687
%i/:fi;‘r’l‘&“'a‘ed 26330 39974 52536 62.806 72.705 80.178 20920 40929 59.602 69.429 78.116

A Fol|l A Budt v} gle}(Fang ef al, 2004; Han 728y} 2o dAllox Meloz ALy )
et al., 2004b; Kim and Kim, 2001a, 2000). FT2 1980 & §A3}7] W, SO,7} ko s wasi= Ao
qo o) 3, A-gXxg2] SO, viEse 3 d89 A+ = oA gloh(Wang et al., 2006; Liu et al., 2002;
£ 742 A3 Yolxt}(Kim and Kim, 2002). Tan ef al., 2000). 53] #AL717F A2H vkx) 7o)
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