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PM, s-bound mercury (PBM) was monitored at weekly intervals for three years (from 2014 to 2016) at an
urban (Seoul) and rural site (Baengnyeong) in South Korea. The average PBM concentrations in PM, 5 samples
over the entire sampling period were 12+11 pg/m® and 36+34 pg/m® for Baengnyeong and Seoul, respectively.
Seasonal differences were pronounced, with concentrations being highest in winter due to local meteorological
conditions (high gas-particle coefficient due to low temperature and low mixing layer height in winter) as well
as seasonal factors, such as coal combustion for heating purposes in China. In Baengnyeong, the significant
positive correlation of PBM with PM, s, air pollutants, and heavy metals suggested that coal combustion in
China might be the most important source of ambient mercury in Korea. In winter, no correlation of PBM with
PM, s, air pollutants, and heavy metals was seen in Seoul. Furthermore, Seoul showed higher PBM/PM, 5 and
Pb/PM, ; ratios in winter due to the strong atmospheric oxidation-reduction reaction conditions as well as local
and regional PBM sources. We conclude that immediate attention must be given to addressing PBM levels in
Korea, including considering it as a key component of future air quality monitoring activities and mitigation
measures.

Key words: Mercury, PM, 5, Atmospheric particulate-bound mercury, Urban site, Rural site, Temporal vari-
ation, Air pollution
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Fig. 1. Locations

of the Baengnyeong (rural) and Seoul (urban) sampling sites in South Korea.
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Table 1. Statistical summary of seasonal PBM concentrations (average+standard deviation) in PM, 5 samples

Baengnyeong Seoul
a PM, 5 PBM Pb n PM, 5 PBM Pb
(ug/m’) (pg/m®) (ng/m®) (ug/m’) (pg/m®) (ng/m®)
All 111 33120 12411 31+21 76 44424 36+34 26118
(5.8-113) (0.074-65) (4.6-103) (12-149) (1.7-147) (3.0-94)
Spring 21 35+14 1349.0 34+24 6 64422 38+18 46122
(22-74) (1.9-31) (17-103) (45-104) (14-60) (25-68)
Summer 21 30+18 2.0£1.6 27+14 97 39+18 14413 24+15
(8.1-76) (0.074-5.6) (4.6-56) (12-91) (1.7-70) (4.0-59)
Fall % 29+21 8.315.2 24+15 29 44431 32+28 23+19
(5.8-113) (0.24-17) (5.9-68) (15-149) (5.3-105) (3.0-94)
Winter 43 37122 19+13 38+25 14 45+16 85+33 3615.5
(7.2-99) (3.3-65) (7.9-94) (20-76) (43-147) (27-42)
Table 2. Comparison of PBM concentrations in PM, 5 at various locations worldwide
Site Site type Period PBM (pg/m°) Reference
Beijing, China Urban 2006 263+246 21)
Shanghai, China Urban 2014-2015 320+130 18)
Detroit, MI, USA Urban 2003 21+30 26)
Toronto, Canada Urban 2003-2004 21+16 27)
Rochester, NY, USA Suburban 2007-2009 8.7+12.8 28)
Huntington, NY, USA Rural 2007-2009 4.1+7.8 28)
Ontario, USA Rural 2005-2006 4.4+3.7 18)
Seoul, South Korea Urban 2005-2006 24420 29)
Chuncheon, South Korea* Rural 2009-2010 5.4+2.5 9)
Seoul, South Korea Urban 2014-2016 36+34 This study
Seoul, South Korea Rural 2014-2016 12+11 This study

Note: * indicates
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Fig. 2. Seasonal variations of PM, 5 (a) and PBM (b) at Baengnyeong and Seoul in South Korea. Symbol * and different
letters within each panel are significantly different across sites and seasons, respectively (f-test and one-way

ANOVA, p<0.01).
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3.2. PBMe| AEX 2=

W0 %ol PMyo PM ) PBM 2 WP logy(K, )= a+2 @
T AEERE fog xol7t YA 248k (one-
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2}o]E B thone-way ANOVA, p<0.01, Fig. 2). Al 74%94 B 27} 7y o] PM, ol FHERE A
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& 7Fs4o] Q. PBM £EZEA] i 944 £5
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m*ugye 2 el et
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g’y vekieh, EuiAls K= 2ol thato] tﬂﬁ}
ol Z7] wieel 4 @) 2ol 21 FH5 Fskd

wo] ¥AE
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3.3. PBM2 PM,; ¥ CIE SFHS0te] AEEHA|

WH o} Mg AMER A2 T2 PBM} PM,;
o] FHAAE HAFUHTable 3). WEH % 717
T r=063, p<0.01)2 ALCFAAST r=052, p<0.01)
o PBMz} PM, 7t BAZ SR f2l3t o] AaatA
£ HoFloh A&e 79 A5#=0.70, p<0.01)z}
7F&(r=0.61, p<0.01)°] PBM3} PM, .7t A2 o=

frofst o] JAAAE HAFAARE Aole felst
AARA S JERNA] tk(Table 3, Fig. 3).

PBM PM,; W 54 &% 7+e] AEY AaaA
ZAL A3K(Table 3), WH == AA5(As Al2)S ALl
=a= Woﬂ*ﬂ Pb 59 FF5 o3 k] A

& Blon, 53] Aol =& AE JeRit vt
H AE 04% | PBM3} PM,; W Sa&3 &2 4
A B oY, ALe BE A 28t 4
AAAE HolA] ottt

94 2412 Bl S1E e} o] Age] F2 7]

Table 3. Seasonal variations of spearman’s coefficients () between PBM and air pollutants in PM, 5 from Baengnyeong

and Seoul in South Korea

PBM Baengnyeong Seoul
spring summer fall winter spring summer fall winter
PM, 5 0.63%* 0.52%* 0.70%* 0.61%*
SO, 0.59%* 0.41%* 0.93%* 0.72%%*
NO, 0.53%* 0.41%*
CO 0.627%* 0.43** 0.69%*
Al 0.65%* 0.48* 0.93%* 0.58**
As 0.51% 0.61** 0.37* 0.78%*
Cr 0.60%* 0.54* 0.53%*
Fe 0.39* 0.57%* 0.92%* 0.57%*
Mn 0.56%* 0.93%* 0.60%*
Ni 0.38%* 0.68%* 0.39%
Pb 0.47% 0.40* 0.58%* 0.83%*
Zn 0.59%* 0.60%* 0.85%* 0.45*

Note: ** correlation is significant at the 0.01 confidence level;

blank is the p>0.01.

* correlation is significant at the 0.05 confidence level;
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Fig. 3. Seasonal comparison of the linear regression relationship between PBM and PM, 5 at Baengnyeong (a) and Seoul
(b) in South Korea (linear regression line, red - spring, orange - summer, yellow - fall, green - winter).
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