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Study on the Behavior of Gaseous Mercury and its Influencing
Factors in Urban Ambient Air

Seoul Metropolitan Government Institute of Health and Environment
Min-Young Kim, Sang-Hyun Park, Sung-Bae Park

—Abstract—=

Atmospheric gaseous mercury was automatically measured by a mercury air monitor (Mer-
cury monitor AM-1) The sample air was led to a scrubber and washed with buffer solution,
and mercury was trapped with gold coated chromosorb P(AW) was successively eluted by
heating the chromosorb and then detected by the cold vapor atomie absorption spectrophot-
ometry. SO, TSP, NOx, CO, THC. and some of meteorological factors were also measured
simultaneously with mercury.

A significant correlation between the concentration of mercury and those of S0, TSP,
NOx, CO, THC. and some of meteorological factors was found. As the results of 2,513 meas-
urements, gaseous mercury concentration ranged from 4.73 to 112.8ng/m® with an annual
mean of 14.7ng/m® in urban area. At this place there was a clear seasonal variation with a
maximum in December-January and a minimum in March-June. A secondary maximum existed
in August to September. The seasonal variation was found that the gaseous mercury .in
ambient air has a tendency to become low in spring and high in winter. Namely, the average
of concentration in winter was about two times, 19.2ng/m® higher than that in spring.

In Seoul mercury levels on some months mainly September-October inerease with increasing
relative humidity of the atmosphere. In Olympic park air levels were 8.2 (range 4.4~23.7)
ng/m* with an coefficients of variation of 0.34 and in Seoul sports complex those were 7.7
(range 4.4~35.5)ng/m® with an coefficients of variation of 0.38 within the Seoul olympiad
holding period of time. A significant diurnal mercury variation occurs both at the measuring
sites and in the period of observation.
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Fig. 1. Schematic diagram of the Au amalgamation gas flow system for the determination of Hg in

the vapour phase,

Table 1. Measurement period

Measurement period

Month Site
Date Time Date Time
Aug 87 8,12 18 : 00~ 8.17 09: 30 SIHE*®
(Hannam)

Sep 9.18 191 30~ 9.28 08 : 00

Oct 10,13 12 : 30~10.28 08 : 00 "
Nov 11.23 18 : 30~12.1 09:00

Dec 12.21 15 30~12.28 17 - 00 "
Jan 88 1.25 16 :30~ 2.1 17:00

Feb 2.13 14 :30~ 2,22 10: 00 ”
Mar 3.12 12:00~ 3.21 10 .00

Apr 4.11 16 1 30~ 4.18 18 : 00 ”
May 5.21 14100~ 5.28 12 : 00

Jun 6.8 13:30~ 6.27 10: 00 1"
Jul 7.16 12:30~ 7.25 08 :30

8.6 13:00~ 3.14 17 : 00 OP**(Bang I}
. . apn DSCH**
Aug 8.16 17 1 30~ 8.24 10: 30 (Jamsil)
8.26 16 : 00~ 9.2 14:00 Kuro¥***
Sep 9.20 13130~ 9.28 15:00 OP
9.28 17 : 30~~10.6 1500 SSC
Oct 10.6 18 :00~10.14 16 : 00 Kuro

*Seoul Metropolitan Government Institute of

Health & Environment,
*#QOlympic Park
*##*Sagul Sports Complex
*404Y uro Industrial Complex
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Fig. 2. Diurpal variations of mercury and vari-
ous air pollutants concentration (Winter
average in Hannam)
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Fig. 3. Diurnal variations of mercury concentration
in different seasons {1987~1988).
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Fig. 4. Monthly variation of Hg concentration
in Ambient air in 1987-~~1988.
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Table 2. Monthly variation of mercury concentration in ambient air in Seoul

month no. of Hg min max c.v median
samples (ng/m%) (ng/m*}  (ng/m% (ng/m?)
Aug 111 21.1 16.8 5.1 91.0 0.80 16.4
Sep 224 17.2 11.8 4,7 112.8 0.69 12.4
Oct 233 13.3 6.4 5.1 45.5 0.48 11.6
Nov 182 12.7 7.5 5.1 63.7 (.59 11.3
Dec 170 18.7 13.1 5.8 83.4 0.70 12.7
Jan 169 27.6 19.8 5.8 108.8 0.72 18.7
Feb 212 13.2 5.7 6.2 36.4 0.43 11.2
Mar 213 12.2 4.6 5.8 42.2 0.37 8.8
Apr 170 10.8 2.8 7.3 20.4 0.25 10.2
May 167 12.2 5.3 7.3 38.9 0.43 10.6
Jun 449 12.0 6.5 5.1 46.9 0.55 10.6
Jul 213 13.2 5.1 7.3 51.0 0.38 12.4
Annual 2,513 14.7 10.3 4.7 112.8 0.70 11.3

Table 3. Seasconal variation of mercury concentration (ng/m?® in ambient air in Seoul

season* no. of Hg s.d min max v median
samples  (ng/m®) {ng/m?*) (ng/m®) (ng/m?)
Spring 550 11.8 4.4 5.82 42.21 0.37 10.55
Summer 773 13.6 9.0 5.09 90.98 0.66 11.64
Autumn 630 14.5 9.1 4.73 112.81 0.63 12.0
Winter 630 19.2 14.8 5.82 108.81 0.76 12.37
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Table 4. Average concentration of mercury, other air pollutants and meteorological factors in wurban

ambient air

Spring Summer
item no.of m-ts.d range c.v* no. of m-+ts.d range c.v*¥
samples samples
Hg(ng/m*) 550 11.8+ 4.4 5.8~ 42.2 0.37 773 13.6%9.0 5.0~90.9 0.66
SO0:(ppb) 234 95.0+36.8 13.0~19.8 0.38 433 16.626.6 5.0~59.0 (.40
DUST (pg/m®  4B8 113.5:463.8 12.0~403.0 0.56 461 132.0+90.7 18.0~415.0 0.68
NO(pph) 392 43.0£34.0 1.0~202.0 0.79 565 54.4+53.0 2.0~287.0 0.97
NO»(ppb) 392 33.1£15.5 4,0~78.0 0.46 565 31.5+16.1 3.0~97.0 0.51
NO; (pph) 392 76.1443.0 10.0~234.0 0.56 565 86.0+59.5 8.0~327.0 0.69
NOz/NO. 392 0.4940.19 0.09~0.91 0.39 565 0.47:£0.22  0.08~ (.90 0.46
CO{ppm) 496 2.2+ 2.0 0.00~12.1 0.91 563 0.99:+0.57 0.10~ 3,80 0.57
O;(ppb) 481 17.7420.2  0.00~102.0 113 565 8.8x12.8 0.0~148.0 1.45
#-CH.(ppm) 263 0.34% ¢.29 0.00~2.3 0.86 82 0.35+0.21 0.02~1.0 0.59
THC (ppm) 263 2.040.52 1.43~4.3 0.25 82 3.0+0.%4 0.56~4.9 0.31
WS (m/sec) 496 0.64=0.54 0.00~3.9 0.84 660 0.681+0.49 0.0~2.7 0.72
UV(mW/cm® 166 0.45+0.64 0.00~2.6 140 483 0.5631-0.64 0.0~2.8 1.48
TEMP(°C) 496 11.74+ 6.7 —0.8~30.2 0.57 660 24.1+3.56 17.4~34.2 0.14
HUM(%) 496 36.8+17.8 13.0~97.0 0.48 660 65.2+18.4 22.0~99.0 0.28
Autumn Winter

Hg{ng/m®) 630 14,4+ 9.2 4,7~112.8 0.63 560 19.2+14.8 5.8~108.8 0.79
S0, (ppb) 551 54.8144.5 5.0~198.0 0.81 341 105.1+49.2 8.0~199.0 0.46
DUST (pg/m® 568 120.7+£79.9  12.0~409.0 0.66 420  119.5164.6 31.0~436.0 0.54
NO(ppb) 574 77.9456.2  12.0~346.0 0.70 432 76.0+49.1 13.0~291.0 0.64
NO:(ppb) 574 18.5+156.2 2.0~105.0 0.82 433 16.6+6.9 5.0~40.0 0.41
NO. (ppb) 574 96.4+61.4 17.0~391.0 0.63 432 92.5+50.2 25.0~311.0 0.54
NOy/NO. 574 0.22+ 0.11  0.01~0.60 0.52 432 0.2+0.1 0.02~ 0.58 0.47
CO(ppm) 472 2.2+ 1.8 0.20~10.7 0.83 431 4,243.9 0.4r~22.0  0.92
Os(ppb) 576 8.71+16.5 0.0~107.8 1.89 432 8.4+13.2 0.0~66.0 1.55
n-CH,(ppm) 570 0.73:+ 0.69 0.0~3.5 0.93 138 1.44:0.6  0.27~2.5 (.41
THC(ppm) 570 2.5+ 0.98 1.2~6.6 0.37 138 3.2+1.0 1.42~11.5 0.31
‘WS{m/sec) 576 0.75% 0.80 0.0~4.5 1.06 448 0.8x0.7 0.0~4.3 0.87
UV(mW/em®) 499 0.15+ 0.26 0.0~1.3 1.72 130 0.0640.10 0.0~0.43 L.71
TEMP(*C) 575 13.8+ 6.7 —6.0~20.3 0.48 429 —0.21%5.4 -9.4~11.1 25.21
HUM (%) 576 52.3+17.6 18.0~97.0 0.33 429 48.24+21.3 15.0~97.0 0.44

* c.v: coefficients of variation
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Table 5. Repression analysis between the atmospheric mercury concentration and the concentrations of

air pollutants and meteorological factor.

S0, DUST NO NO. NO. CO
Spring r 0. 302%* 0.196%* 0.181%+ — 0. 174%* 0.354%*
slope 0.028 0.014 0.022 — 0.017 0.763
Summer r 0.284%* 0.371** 0.161%* ~{}, 119%* 0.111+* 0.154%*
slope 0.457 0.043 0.030 —0.073 0.018 2.663
Autumn r — 0.309%* 0.302%% 0.163%* 0.393%* 0.328%*
slope — 0.036 0.066 0.099 0.059 1.732
Winter 1 0, 208** 0. 309%* 0.348%* — 0.338%* 0. 396%*
slope 0.065 0.035 0.071 — (.066 3.165
#-CH, THC WL uva TEMP* HUM*
Spring r 0.244%* 0.342%* —0.210%* 0. 354%* 0.145%* —0.119%*
slope 4,447 3.549 —1.718 2.924 0.099 —0.030
Summer r — 0.221% -0, 273%* — 0.176%* —
slope - 1.856 —5.117 — 0.461 —
Autumn r 0.126%* 0.180** —{.28]1%* — 0.121*+* 0.226%+
slope 1.726 1.729 —3.322 — 0.150 0.121
Winter r 0. 525%* 0.310% ~0.,118* —0.357%* 0.137%+ -
slope 2.218 1.769 —3.669 --1.968 —0.449 —
*p<0.05  ** p<0.01

1) wind velocity
3) temperature

2) ultra violet intensity

4) humidity
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Table §. Average concentration of mercury, other air pollutants and meteorological facters in ambient

air in Olympic Park.

September

. August

item s:;-pﬁ; m+ts.d range cv S:I?:l.pﬁai m=ts.d range ev
Hg{ng/m®) 196 13.4+ 5.9 6.5~ 36.7 0.44 194 8.2+ 2.9 4.4~ 237 0.3
50,(ppb) 192 12.04- 6.6 3.0~ 30.0 0.55 192 12.7x 7.1 3.0~ 4L0 0.5
DUST(ug/m®) 190 §3.0+44.5 11.0~198.0 0.70 191 34.0%28.4 5.0~135.0 0.86
NO(ppb) 190 15.8+19.3 0.0~ 80.0 1.21 193 20.4=27.¢ 1.0~122.0 1.34
NOy(ppb) 190 24.14+17.3 4.0~ 840 0.71 193 21.7F13.6 2.0~ 69.0 0.62
NO:(ppb) 190 20.9+32.7  4.0~150.0 0.81 1893 42,1436.2 4.0~172.0 0.86
NO./NO: 184 0.7+ 0.2 0.3~ L0 0.27 193 8.6 0.2 0.2~ 09 031
CO{ppm) 194 0.6+ 0.4 0.0~ 16 072 194 0.8* 0.4 01~ 2.2 0.60
Qs (ppb) 179 17.9+19.7 0.0~ 88.0 1.08 193 15.5+15.6 0.0~ 69.0 101
n-CH, (ppm) 194 0.4+ 0.1 0.2~ 07 0.20 191 0.3£0.2 0.1~ 1.0 0.82
THC (ppm) 194 2.4+ 0.4 1.9~ 3.6 0.17 191 22+0.5 1.8~ 3.8 020
WS(m/sec) 197 0.0+ 1.0 0.0~ 40 1.04 194 0.9+ 1.2 0.0~ 6.0 LZ3
UV(mW/cm?) 197 0.4+ 0.5 0.0~ 1.7 1.23 19 0.3x 0.4 0.0~ 1.4 L35
Temp(°C) 197 30.4+ 4.0 23.1~ 38.6 0.13 194 19,84+ 52 9.6~ 290.9 0.26
Hum(%) 197 65.4+16.3 38.0~ 98.0 0.25 194 67.6420.0 29.0~99.0 0.29
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Table 7. Average concentration of mercury, other air
air in Seoul Sports Complex.

polletants and meteorological factors in ambient

item no. of samples m+s.d range v cc

Hg 190 7.7t 2.9 4.4~ 25.5 0.38 —

50, - 171 14,9+ 6.7 6.0~ 37.0 0.44 0. 4728**

DUST 187 142, 8+95,2 17.6~392.0 0.66 0. 5029%*

NO 187 41.3+46.1 0.0~219.0 1.11 0. 5094*¥

NO; 187 12,94 5.5 4.0~ 3L.0 0.42 0.1144

NO, 187 54.21+48.9 6.0~237.0 0.90 0, 4930**

NO,/NO, 183 0.4+ 0.2 .1~ 0.9 0.56 —0. 3972%*

CO 187 1.24 0.8 0.2~ 3.4 0.67 0.5738**

0 187 4,84 6.9 0.0~ 29.0 1.44 —0, 2222%*

n-CH, 187 0.34 0.3 0.0~ 3.0 0.99 0.4275%*

THC 187 2.5+ 0.6 1.9~ 6.1 0.24 0, 4028**

Temp 186 20.4+ 2,0 16.3~ 23.9 10.0 -—0.1197

Hum 186 59.7+t11.1 33._0~ 82.0 0.18 0. 3287%*
Table §. Average concentration of mercury, other air pollutants and meteorological factors in ambient

air in Guro.
] August October
item S:gpﬁfs mzs.d range ev s’;ﬂipfgs mtsd range C.v
Hg{ng/m?®) 165 6.3% 1.5 2.9~ 13.8 0.23 190 140+ 6.8 6.2~ 43.7 0.48
S0 (ppb) 9N 8.2+ 8.1 0.0~ 37.0 0.98 191 63.7% 47.2 10.0~201.0 ©.74
DUST (pg/m*) 115 84.3:+49.1 5.0~262.0 0.58 166 178,11139.0 4.0~657.0 0.78
NO(ppb) 165  15.7x14.4 2.0~ 99.0 (.91 191 43.8%+ 45.2 4.0~203.0 1.03
NO(pph) 165 21.9x 6.8 7.0~ 47.0 0.31 191 27.0%£ 12.0 6,0~ 65.0 0.44
NO. (ppb) 166 37.6x18.5 10.0~125.0 0.49 191 70.7X 52.9 10.0~2440 0.74
NG2/NO, 165 0.6+ 0.1 0.2~ 0.9 22 191 0.5+ 0.2 0.2~ 0.8 0,37
CO(ppm) 165 0.7+ 0.3 0.2~ 1.9 0.42 191 3.0+ 2.4 0.5~ 9.7 0.8
Oy (ppb) 165 3.1+ 3.0 0.0~ 14,0 0.95 191 1.1+ 1.8 0.0~ 10.0 1.71
n~CH,(ppm) 165 0.3 0.2 0.0~ 0.8 0.74 187 0.52 0.5 0.0~ 2.4 0.93
THC(ppta) 165 1.9+ 0.4 1.3~ 4.4 0.20 187 1.7 0.8 0.6~ 4.2 0.45
WS(m/sec) 165 0.7 0.4 0.0~ 1.6 0.62 191 0.4+ 0.4 0.0~ 2.0 0.99
UV{mW/cm?) 141 0.1+ 0.2 ¢.0~ 0.8 1.38 181 0.1+ 0.1 0.0~ 0.5 1.36
Temp{°C) 165 24.5%+ 2.5 20.4~31.6 0.10 191 17.4+ 4.5 6.4~ 27.7 0.25
Hum(%) 165 58,1+1L.0 36.0~88.0 0.18 191 56.7% 17.8 26.0~92.0 9.3l
Pof EF v HERE 3E Feoeg vegygey 2 13.8ng/m%] YHeolx FFA 6.3ng/md, HEAS

HHEAEE i FAEE G 5 gl
FAFTHEEAde 9¢9F $2FEE 4.4~25.5ng/

m?, HFF 7.7ng/m® HFAF+ 0.3824 £99F

e 9€F F=9 A9 AAFE ¢ F AU+
FdAYe T It Y 8YE £L2%2k 2.0~
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218 (10.7%). 94 13 (0.51%)°l A AFFLF3R
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g LA E d$ 2za 322 2 ig Fd
ol B9 2.8 meoko] AzsE wE AFAT FE
gz 93 THAELA ¢utd %Y = Qo
Anderson,® Williston,? Rogers,*® Kozuchowski,*”
Johnson,® Hogstrom™ %2 o9 £x, $223%
(mercury species), pH, redox conditions, ¥4 &%
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AP E db, S499 Ao Ana AnsE 89 Fd

Aol 2 R
R

A28 Add wet HAF FEFE
2 oz § 4oy E2EFLREE £
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E9r 9939, AUFELEEY 282 TRIEH
5 AadA $L3 A4 RLEeed HARHE G
ARE el RAolel F&5) SO olelE el
B o= FaEd 842 AYsln: 2T $4%
434 e St

FFAG s LkFo] FUAAlgz Frie
4y L AAd v F&5 g EAL #4E
Azte]l vehd 2 32 gE v g2 ¢ F A
goit ol AF TE ZAAANNE Hl¥ F
2Lt
89 Foll &, ¢AYFHEY AL AAF FL£558 TSP
NO, NO,, NOy/NO, Aol A Azde] ge Wd F
&, AAAT, 2z 7L Aol A AP E 1%
B4 fold 4de dehgles FRIHAdAE 2

Table 9. Regression analysis between the atmospheric mercury concentration and the concentrations of

air pollutants and meteorological factor.

S0, DUST NO NO, NO, N/ NO, CcO
Olympic(Aug) T 0. 361%* 0.129 ~—0.010 0.197%* 0.008 0.138 0. 220%*
park slope 0.319 — - 0.068 — - 3.286
Olympic(Sep) r —0.000 0. 400%* 0.392*%* (.201%* 0.372%%  —(.235%* 0.281**
park slope — 0.039 0.041 0.042 0,029 —3.355 1.639
Seoul sports r 0.473%* 0.503** 0.509% 0.114 0.493%* —0.397** 0.574**
complex(Sep) slope  0.212 0.015 0.032 - 0.029 —5.429 2.092
Guro(Aug) r 0.018 0.096 —0.009 0.014 —(.002 (.027 0.080
slope — — — — — — —
Guro{Oct) r 0.736%* 0. 506%* 0.765%* 0.545%* 0.777%% —0.613%* 0.778**
slope 0.106 0.025 0.114 0.309 0.099 —22.79 2.157
(88 n-CH, THC WS uv Temp Hum
Olympic(Aug) r 0. 492%* 0.163* 0.148% —0.192%* 0.217%  0.263% —0.124
park slope 0.150 8.570 2.096 —1.183 2.395 0.389 —
Olympic(Sep) r 0.100 0.523%F 0,447 —0.279%%¢ —0,011 0.151% 0. 056
park slope — 7.288 2.859 —0.691 — 0.083 ——
Seoul sports t —0,220%F 0.428%*  0.493%* — = ==0,119 0.329**
complex(Sep) slope —0.004 4.05 2.349 - — — 0.087
Guro(Aug) r 0.164* 0.032 —0.040 —0.005 0.382** 0.136 0.011
slope 0.081 — — — 2.625 — -
Guro{Oect) r —0,409%*  0,666**  0.504%F  —0.564%* ~0.416"* 0.003 0.633%*
slope —1.521 9.264 5.169 -9.231 —20.524 — 0.240
* p<0.05 ** p<0.01
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Fig. 5. Day-to-day variation of the concentrations
of gaseous mercury, air pollutants, and
meteorological facter at Gure Indusirial
Complex(1988).
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