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Distribution Characteristics of Atmospheric Mercury from Two Monitoring
Stations: Inside and Qutside of Seoul Metropolitan City, Korea
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“Seoul Mefropolitan Institute of Public Health and Environment, Seoul 137-130, Korea

Abstract: The concentration of gaseous mercury (Hg) was measured at hourly intervals along with relevant
environmental parameters from two monitoring stations (Hannam and Kwachun) in Seoul metropolitan city during
September 1999 to July 2000. Irrespective of the environmental and areal differences in the two locations, the
concentrations of observed Hg levels were remarkably compatible each other. The results showed that the mean Hg level
in Hannam was measured to be 5.34+3.92 ngm'3 (N'=2576), while that of Kwachun was 5.25+2.53 ngm_3 (N =1992).
Using these measurement data, we inspected Hg distribution and behavior at various time scale. When the data were
analyzed at 24 hr scale, the distribution patterns for the two areas were distinguished by enrichment in either night
(Hannam) or day (Kwachun). The patterns for seasonal distributions were also opposing each other such as the
occurrences of peak during winter (Hannam) or summer (Kwachun). In order to analyze the factors affecting Hg
distributions between two sites over different time scale, we conducted both correlation and factor analysis on both all
data sets and on seasonally divided data groups. Whereas Hg exhibits strong correlations with such parameters as PM
(particulate matter), SO,, and NO,, its relationship with meteorological parameters was not significant enough in many
cases. The results of factor analysis also indicated that the Hg levels are tightly associated with most pollutants, explaining
the largest portions of statistical variance. According to our study, we conclude that pattems of Hg distributions can
exhibit variable patterns depending on local source processes which we expect to be diverse among different areas.
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Table 1. A timetable for intensive measurements of Hg
concentrations from Hannam and Kwachun stations during
1999 through 2000.

Hannam Station Kwachun Station

Experi-
ment No.  gypry End Start End
1 99-9-17  99-9-29  99-10-1  99-10-11
2 99-10-27 99-11-19  99-11-19  99-11-20
3 00-1-17  00-2-10  99-11-27  99-12-6
4 00-2-16  00-2-26  99-12-11 99-12-31
5 00-3-2  00-3-14  00-1-1  00-1-17
6 00-6-9  00-6-26  00-5-24 0067
7 00-7-10-  00-7-25  00-6-26  00-7-10
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Fig. 1. A plot of long-term distribution pattems of Hg in Hannam and Kwachun district of Seoul, Korea. The daily mean con-
centrations of Hg were derived using hourly concentration data obtained for the whole measurement periods between January
1999 through determined August 2000. Filled and empty circles represent the data for Hannam and Kwachun, respectively.
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Table 2. A statistical summary of elemental concentration data determined from Hannam and Kwachun during 1999 to 2000.

Annual Annual
All data All data
1999 1999 2000
Hannam Kwachun
5344392 5231312 5391426 525+253 5.18+3.00 5324203
Hg (ng m™) (N =2576) (N =850) (N=1726) (N=1992) (N=943) (N =1049)
R=056~80.1 R=056~183 R=104~801 R=172~441 R=172~441 R=193~172
Temp. CO) 84519.15 824+8.11 8.55:9.65 19.1+7.52 4862041 19.8+6.97
(N =6707) (N =2320) (N=4387) (N=3450) (N = 169) (N=3281)
N 182+323 124£19.1 2154374 - - .
UV Mim®) (N = 6895) (N=2517) (N=4378)
66.6+19.8 719+17.8 63.6:202 . . .
RH (%) (N =6899) (N=2512) (N =4387)
» 1.18+£0.84 0.97+0.74 1.30+0.87 141£1.33 0.56£0.37 179+ 1.43
Wspeed (m s™)
(N=6891) (N=2516) (N =4375) (N = 5545) (N=1725) (N =3820)
501 (op) 6.28+2.90 5374248 6.81+2.99 7.57+3.54 6.05£3.28 836+3.41
(N=6762) (N =2483) (N =4279) (N = 6094) (N =2079) (N =4015)
NO (opb) 433+48.4 64.4+60.4 313+347 4524712 62.1262.5 36.4%+73.7
(N=6734) (N =2436) (N=4298) (N = 6098) (N=2079) (N'=4019)
NO» (pob) 413£212 224172 40.7£23.1 329+160 350+1538 318+ 160
(N=6734) (N =2436) (N=4298) (N =6098) (N=2079) (N=4019)
NOX (opb) 84.5+62.1 107£732 72.0+508 78.1£77.7 97.1+74.1 68.3+77.8
(N =6734) (N =2436) (N = 4298) (N = 6098) (N=2079) (N =4019)
CH (opm) 2.31+0.39 2374033 2274042 - - R
(N =6077) (N=2379) (N = 3698)
061048 0.84+0.55 047+035 - -
NMHC (ppm) (N =6077) (N=2379) (N = 3698)
2924073 3214078 274063 - -
THC (ppm) (N = 6077) (N =2379) (N =3698)
0 orb) 158+ 148 8891921 19.8+16.0 20.6+20.4 125+11.1 254229
3 PP (N=6801) (N'=2503) (N=4298) (N=5110) (N=1883) (N=3227)
0 oom) 115£0.67 1294084 1.07+0.54 0.71+0.57 1.09£0.69 049+0.33
(N = 6589) (N =2291) (N = 4298) (N =5754) (N=2078) (N =3676)
5 65.6+£479 . 65.6+47.9 - - -
PMIO (g m™) 2402 (N =2492)
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Fig. 2. Seasonal variability of windrose pattern at Han Nam meonitoring site.
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Fig. 3. Plots of frequency distribution pattemns for Hg determined from Han Nam and Kwa Chun. (a) the upper figure shows
the Hg concentration in the whole range of measurements; and (b the lower figure focuses only on the Hg concentration in the
upper bound range such as above 10 ngn1”.

(e.g., Kim et al, 1995; Kim and Kim, 1999). &
U B ArelAe Fig 39 WEREEAN Yt A
Y o8 AN ;Ewe] FA7 Aol Y3 &

AEsgel Held AMAQ] FEEEAFOZRE
3] A" ARE o)X (outlier: OL)Z 7HF3}
o ZAgslddA wiAlshs A¢E ZEA] 9t



228 20 - Aoy
6.5
(a)
- —O0—HN --X%--KC
T 0
6.0 —Q/S: o f
T (D “‘ e T
" ot
- &5 F N X AN
E O 10 Kol T o%x- : L
\g: X‘X~ e 5 SN G - b T, N -e"'
D 50 | I P X L -X
T Y g X
) W &
J_ D¢
45 + ]
40 | S . 1 1 1 L 1 1 L 1 I3 -l L (] ) I B 1 Il B S B N 1
1 2 3 45 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24
9
(b) -
—&— Spring
8T -- o --Summer
—a——Fall
7F X )
—~ X, %X -- % --Winter |Xx
(?
£
o 6
=
je)]
s
5
4 -
3 1, - j S | 1 L I 1 L 1 i 1 L L ) | S Lol 1 L L 1
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
9
© ;
—e— Spring
s |
-- @ --Summer
-—a— Fall
7 F )
a. - - % - -Winter
o
g 6 'B
2 “a-a’
D 5 by X-X-x x
T XXy
4 -
3 1 e 1. 1 1, 1 A 1 i 1. i 1 L eveclen I3 3 ] L 1 L 1 |
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hr)

Fig. 4. Comparison of diurnal distribution patterns at varying intervals. Cases are compared using all data (a) or seasonally
divided data groups (both b and c). Figures b and ¢ represent Hannam and Kwachun site, respectively.
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Fig. 5. Comparison of day-night distribution patterns of Hg
from both monitoring sites: (a) Harmam area and (b)
Kwachun area.
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Table 3. A statistical summary (mean) of elemental concentrations divided on annual and seasonal basis at Hannam and

Kwachun.
Seasonal Seasonal
Spring Summer Fall Winter Spring Summer Fall Winter
Hannam Kwachun
5.07£2.67 537+2.36 5.23£3.12 551582 5.33+2.09 5.651+2.25 4.59+2.49 5.28+2.70
(g I%l-a) (N =239) IN=734) (N =850) (N =753) N=173) (N =487) (N =343) (N =989)
R=104~132 R=214~257 R=056~183 R=165~801 R=277~142 R=193~164 R=172~242 R=260~441
Temp. 10.9+5.82 22.0%331 12.0+6.54 -1.21+4.12 13.7+£5.16 24.5+3.85 486041
0 (N =2204) (N=744) (N=1576) IN=2183) (N=1418) (N=1863) N=169)
uv 23.1+36.5 374+576 14.0£20.8 10.1£152
MIm?) N=2202 (N=743 (N=1773) (N=2177)
RH 61.9x21.7 72.7+16.7 74.7£179 62.7+175
(%) (N=2204) (N=744) (N=1768) (N=2183)
Wspe?d 1.33+0.89 091£0.58 0.88+£0.69 1.37£0.88 221166 1.70%1.35 0.53+0.36 1.05+0.72
(ms") (N =2204) (N=744) (N=1772) (N=2171) (N=1343) (N=1739) (N =1365) (N =1098)
SO, 7.13+295 5.04%£3.01 4.83+227 7.05£2.62 7.84+2.53 9.831+345 5431268 6431347
(ppb) (N =2194) N=719) (N =1765) (N=2084) (N=1415) (N=1862) (N=1361) (N =1456)
NO 30.9+£340 25.0%33.6 59.8+55.8 4924533 19.9+259 47.5%100 61.31+59.2 51.9459.1
(ppb) (N=2195) (N=742) (N =1696) N =2101) (N=1418) (N =1863) (N =1361) (N = 1456)
NO, 430173 5244389 418+174 3521162 34.1+164 29.0+159 350163 3481146
(ppb) (N =2195) (N=742) (N =1696) (N=2101) (N=1418) (N =1863) (N=1361) (N =1456)
NOX 7391470 77.4£65.0 102+67.8 84.4167.0 54.0%£375 7651102 9631702 86.6170.8
(ppb) (N =2195) (N=742) (N =1696) (N=2101) (N=1418) (N=1863) (N=1361) (N =1456)
CH, 2.28+047 220+05 2.37+0.34 2.30+0.29
(ppm) (N=1828) N =550) (N=1737) (N =1962)
NMHC 0361021 0.371021 0.82+0.53 0.731£0.52
(ppm) (N=1828) (N =550) (N=1737) (N =1962)
THC 2.6510.62 2.57+0.61 3.19+0.79 3.0310.67
(ppm) (N =1828) (N =550) (N=1737) (N=1962)
O 229+152 25.6£220 9.11£9.94 105£817  27.6X219 2651252 127+11.8 12.61£9.29
(ppb) (N=2195) (IN=742) (N=1763) N=2101) (N=1326) (N =1506) (N=1361) (N=917)
CcO 0.99+045 0.94+044 1.27+0.87 1.2940.69 0.461+0.23 0411021 1.07x0.61 0931072
(ppm) (N=2192) (N=742) (N=1552) (N=2103) (N=1418) (N=1531) (N=1361) (N=1444)
PMIO  599+385  89.1£706
(gm’) ©N=2007)  (N=485)
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Fig. 6. Comparison of temporal distribution patterns of Hg
in (a) seasonal and (b) monthly scales.
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Table 4. Results of correlation analysis.

dlzg Spring Summer Fall Winter c{“;l}l, Spring Summer Fall Winter n‘?gl }ln Spring Summer Fall Winter
Hannam all data Hannam day Hannam night
Temp. 001 047 025 -037 0.08 005 044 038 -036 0.1 002 064 030 -036 0.11
v -003 -007 -012 -011 -005 -001 -008 -011 -009 -0.08 - - - - -
RH 0.10 040 009 001 015 008 040 001 -011 035 012 040 013 008 013
Wspeed -025 -042 005 030 -026 025 -045 006 -018 054 -~027 -045 015 -040 -024
SO, 039 076 065 070 021 062 075 083 070 054 032 078 046 073 020
NO 038 057 058 064 028 051 050 062 060 054 034 061 055 067 029
NO; 038 075 069 063 031 061 073 082 063 065 032 077 057 066 030
NOX 043 066 072 069 030 067 061 084 067 060 036 069 059 070 031
CH,4 024 037 -010 068 023 030 038 021 066 040 023 036 -006 070 025
NMHC 037 069 048 078 014 057 072 053 074 039 032 066 045 081 013
THC 037 061 006 079 023 053 064 000 076 051 033 060 006 082 022
0, 014 -038 016 -036 -021 -008 035 004 -026 049 -023 -048 036 -048 -0.18
Cco 039 076 073 056 033 057 076 084 058 064 034 076 061 059 036
PMI10 071 060 068 - - 074 065 075 - - 070 057 066 - -
Kwachun all data Kwachun day Kwachun night
Temp. 002 -015 011 - 0.37 003 o011 008 - 0.28 002 -026 034 - 044
uv - - - R - . - - - R - - - - -
RH - . - - - - - - - - - - - - -
Wspeed -0.04 -0.11 009 002 -010 006 004 -014 003 011 -~005 015 -009 007 017
SO, 040 0.17 044 034 045 040 040 050 038 04 039 006 027 036 046
NO 030 046 029 024 039 027 057 033 011 033 037 034 028 040 051
NO, 043 024 056 030 047 044 038 059 037 046 044 011 054 030 051
NOX 036 042 050 028 042 034 056 054 018 037 041 027 051 041 052
CH. - - - - - - - - - - - - - - -
THC - - - - - - - - - - - - - - -
0, 004 025 006 003 013 -002 011 -007 015 012 -025 -036 -030 -026 -024
cO 032 0353 048 032 043 029 055 053 020 036 038 048 055 051 053
PM10 - - - - - - - - - - - - - -
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Fig. 8. The effect of seasonal windrose patterns on observed Hg concentrations (Hannam site only).
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Table 5. Results of varimax rotated factor analysis of Hg and relevant parameters determined from Hannam and
Kwachun areas during 1999 to 2000. (a) The analysis was made using both all data sets and diurnally divided
data groups

All data Daytime Nighttime
Comm. Comm. Comm.
1 2 3 1 2 3 1 2 3
1. Hannam
Hg 0.76 042 -0.18 0.79 0.82 -0.26 0.30 0.83 071 045 0.26 0.77
Temp. 022 0.92 0.11 0.90 0.26 .89 025 0.93 0.19 0.90 0.18 0.88
uv 0.04 0.30 0.72 0.61 -0.54 -040 045 - - - -
RH 0.25 047 -0.64 0.69 0.25 -0.17 0.80 0.74 023 0.59 045 0.60
WS -0.21 -0.30 0.75 0.69 -0.24 -0.80 0.70 -0.15 -0.28 -0.85 0.81
SO, 0.74 -0.21 0.14 061 0.73 0.24 -022 0.64 0.77 -0.16 -0.11 0.64
NO 0.75 -0.32 -0.29 0.75 0.59 0.58 0.28 0.76 0.81 -0.20 0.31 0.78
NO, 0.82 032 -0.11 0.78 0.85 -0.22 022 0.82 0.84 0.26 0.18 0.81
NOX 091 -0.02 -0.24 0.89 0.87 0.21 0.30 0.90 0.90 028 0.89
CH;4 0.12 -0.96 0.00 093 091 -0.32 0.94 0.15 -0.94 091
NMHC 0.78 -0.30 —0.01 0.70 0.68 048 0.70 0.83 -0.14 0.71
THC 0.37 -0.90 -0.01 094 025 0.90 -0.28 0.95 043 -0.86 092
05 -0.19 047 0.68 0.72 —0.69 -042 0.66 —045 045 -0.57 0.73
CO 092 -0.01 -0.27 092 0.87 0.27 0.29 091 0.89 0.10 035 093
PM10 0.69 0.55 -0.03 0.77 0.76 -037 0.24 0.78 0.64 0.66 0.85
Eigenvalues 547 4.00 222 5.09 423 2.37 5.68 3.86 1.69
CV (%)* 36.5 63.1 719 34.0 62.2 719 40.6 68.2 80.3
2. Kwachun
Hg 0.13 0.74 0.57 0.79 0.63 0.65 0.29 0.12 053
Temp. -0.75 0.36 0.69 -0.75 025 0.63 -0.26 0.86 0.81
uv - R . - - - . . - -
RH - - - - - - . R - -
WS -0.63 040 -0.56 031 0.13 0.89 0.82
SO, -0.28 0.81 0.73 -0.20 0.80 0.67 0.20 0.90 0.86
NO 0.83 022 0.74 0.78 035 0.74 072 -0.46 -0.33 0.83
NO, 0.57 0.62 0.71 0.49 0.67 0.69 0.72 0.26 -0.40 0.75
NOX 0.86 045 0.94 0.77 0.59 0.95 0.84 -0.24 -041 094
CH, - - - - - - - - - -
NMHC - - - - - - - - - -
THC - - - - - - - - - -
0O -0.74 0.15 0.58 ~0.77 0.59 -0.35 0.76 0.70
Cco 0.84 032 0.82 0.75 047 0.79 0.80 -0.36 -0.31 0.87
PM10 - - - - - - - - - -
Eigenvalues 4.07 2.11 3.53 248 3.06 2.12 1.92
CV (%)* 452 68.6 39.2 66.7 340 57.6 78.9
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