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Anthropogenic Hg Emissions in 2010
Emission (tonnes)

Mercury emission 2010, g/km?

Global distribution of anthropogenic mercury emissions fo air in 2010.
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Region*

Emission (range), tonnes**

Australia, New Zealand & Oceania
Central America and the Caribbean

CIS & other European countries

22.3(5.4-52.7)
47.2 (19.7 - 97.4)

115 (42.6 - 289)

East and Southeast Asia

777 (395 - 1690)

European Union (EU27)
Middle Eastern States
North Africa

MNorth America

South America

South Asia

Sub-Saharan Africa

Undefined (global total for emissions from
contaminated sites)

Grand Total

87.5 (445 - 226)
37.0 (16.1 - 106)
13.6 (4.8 - 41.2)
60.7 (34.3 - 139)
245 (128 - 465)
154 (78.2 - 358)
316 (168 - 514)

82.5 (70.0 - 95.0)

1960 (1010 - 4070)

Cambodia
China
Indonesia
Japan
Korea

Laos

Malaysia

Mongolia
Philippines
Singapore
Taiwan

Thailand

Vietnam

3.9
575.2
78.2
17.2
7.1
1.3
6.1
6.9
33.1
0.9
5.5
14.9
11.6

(UNEP, 2013)







Biomass Burning Hg Emissions in 2005

Hg emissions
Mg Hg/year

regions mean sp?
BONA 22 16
TENA 6 3
CEAM 22 25
NHSA 13 10
SHSA 95 39
EURO 2 1
MIDE 0 0
NHAF 83 13
SHAF 58 7
BOAS 99 83
CEAS 7 2
SEAS 57 35
EQAS 192 216
AUST 19 9
global 675 240
boreal® 121 85
temperate® 9 3
ROw? 545 224

SEAS + EQAS =249 Mg Hg/year Friedli et al., 2009




Distribution of Atmospheric Hg Concentrations

and Deposmon FluxeS' Modeling Results
1 e Net Mercury Deposition
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Mercury Speciation in the
Marine Boundary over the

North Pacific Ocean
(Laurier et al., 2003)
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® GEM and RGM were measured using
Tekran 2537A/1130 aboard a cruise from

M P
Osaka, Japan to Honolulu, Hawaii a5 1 @’Fﬁ/

between May 1 and June 4, 2002. E
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with an average of 2.5 ng m™.

RGM ranged between 0.15 and 92.4 pg
m™ with an average of 9.5 pg m™.

A distinct diurnal variation in RGM

concentrations with maxima at midday
suggests a photochemically driven
oxidation of GEM 1n the marine
boundary layer over the North Pacific
Ocean.

Enhanced RGM formation could be
related to halogen chemistry.
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Mercury Speciation at Cape
Hedo, Okinawa, Japan

(Chand et al., 2008)




® GEM, RGM and PHg were measured
using Tekran 2537A/1130/1135 at the

Cape Hedo Observatory between March
23 and May 2, 2004.

Mean values of GEM, RGM and PHg
were 2.04 ng m>, 4.5 pg m>, and 3.0 pg

Event GEM vs PHg vs BEGMvs R % PHg %RGM

m, respectively. F oW om0 v oot

Evl 0.0043 093 0.0067 0.1 0.0171 0.74 016 0.40
Ev2 0.0056 0.0183 065 00011 010 033 0.02

In Asian OutﬂOW, most mercury export Ev3 00073 00054 033 -00762 051 —-007 104

Evd4 0.0051 0.0031 3 0.0083 0.0 0.06 016
in the MBL 1s due to the GEM form, and Fmese 00025 052 _000BE 040 015 018
direct outflow of RGM and PHE 1S 1oW. [ Sy e Sy e

Min 0.0036 .14 0.0762 0.07 1.04
Max g 0.0480 0.65

RGM showed a diurnal cycle with a
peak near local noon, suggesting

photochemically driven oxidation of
GEM.

® Air from China has a higher GEM

concentration compared to the air Lo
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coming from southern Japan. Date (2004)
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On-going Hg Monitoring Sites in Japan

Organizations

Hg speciation (GEM, GOM, PHg)

In air

Hg in
precipitation

Cape Hedo
(Background)

Minamata
(City)

Fukuoka
(Urban)

MOEJ and
NIES

NIMD

NIMD

Continuous
( by Tekran )

Manual sampling
1 week a month

Continuous
( by Tekran )

Wet-only
Weekly

Continuous Wet-only

Weekly

Wet-only

Weekly
Since, Jun. 2013

Fukuoka station(Urban, NIMD)
S

Minamata station(City, NIMD)

— 30

25

Okinawa, Cape Hedo station

YBackground. MOEJ and NIES)

153

(Courtesy of Dr. Kohji Marumoto)




Mercury Speciation in
Seoul, Korea

(Kim et al., 2009)




® TGM was measured using Tekran 2537A,
whereas RGM and PHg were measured |

manually, in Seoul between Feb. 2005

and Feb. 2006.

Mean values of TGM, RGM and PHg

were 3.22 ng m=3, 27.2 pg m>, and 23.9
pg m3, respectively.

RGM and PHg were higher in daytime
than at because of high photochemical
activity.

Long-range transport episodes with air

from China has a higher TGM

concentration compared to that of local

episod

CS.

Long-range transport episode

Total

China

Japan

Yellow Sea

Russia

Local episode

Episode (N) 34 25 4 3 2 36

AAAAAAA duration (h) 1 18 15 14 2] 20

[TGM cone(ng m~3) 442 +2.40 454 + 250 3.67 + 1.43 437 £ 245 442 + 240 433 + 197 I
CO conc. (ppbv) 780 = 315 800 + 306 603 + 186 712 + 222 988 + 567 886 + 422
ATGM/ACO (ng m~2 ppbv~1) 0.0063 0.0055 0.0051 0.0078 0.0070 0.0011

r 0.64 0.60 056 0.62 077 013

Mixing height (m) 376 + 164 383 + 175 367 + 139 350 + 129 316 + 38 406 + 197

AO; 212 +£259 20.0 + 229 286 + 359 39.3 +39.0 —5.04 + 22.12 13.9+ 16.8
ANO, 223 £ 84 221+ 734 243 £ 942 243 £238 18.0 + 266 305+ 14.5
Pressure (hPa)® 1014.7 (+1.23) 1015.1(+1.7) 1013.45 (+0.1) 10137 (+03) 1016.6 (+3.2) 10125 (-0.9)

TGM conc. (ng m*?)

W7\ S shandong

Hunan

. TGM
RGM
Bz He,

P S S S S R S R S
I3 [
=

Daytime

Nighttime

e
=

,_.
=

(;w gd) Huod B w o

P




.rk of Korea

@ Objective

- To monitor the atmospheric mercury
concentration levels in Korea

[

A

< Sites of Hg monitoring network>

R i
¥ e

- To evaluate the long-range transports of Ay |
J‘/ \\\
mercury between nations \,
@ Status Ce & { \
RV [V [
-Deok'eok i T M N
- Started from 2009 and currently operated at 12 I WY -‘!
S o) \
1 1 1 1 I/'i n-g \I
sites to monitor TGM. Tacan™ Dagean {
o R b f {
- Operated by KECO (Korean Environmental b Q o (
Cooperation) and data are reported to NIER _ R /
A Background (3 sites) ol
- Extended to the monitoring of wet mercury W Industrial @ sites) .

>

@ Urban (5sites) .| Gwangju |, - ;

deposition at all sites and the monitoring of
speciated mercury at 4 sites until 2015. © Rural @sites) ) (@

@ TGM monitoring methods

- Instrument : Teckran 2537

- Sampling frequency : Every 5 mins.

(Courtesy of Dr. Young-Hee Kim)

- Frequency of data report : Every 2 hours



Mercury Speciation at the
Lulin Atmospheric
Background Station in Taiwan

(Sheu et al., 2010)




Lulin Atmospheric Background Station (LABS)

AT g el £
P g LR

® [LABS i1s located atop M.
Front Lulin in central
Taiwan, with an elevation
of 2862 m above sea level.

® GEM, RGM and PHg have
been measured using
Tekran 2537A/1130/11335
at the LABS since April 13,
2006.




Summary of Atmospheric Hg
in 2006/04-2013/11

Mean 1.6 18.2
0.4 14.8

® GEM 1s the dominant atmospheric Hg species measured at LABS,
constituting on average 98.7% of the total atmospheric Hg.

® Average GEM (1.6 ng m>) is within the Northern Hemisphere
background value of 1.5-1.7 ng m at sea level.

® However, about 30% of the GEM is greater than 2 ng m,
suggesting sources other than the background atmosphere are
influencing the background station.




Diurnal Distribution of Hg and Other Chemicals

A

,A‘A'

WV mixing ratio (g kg™)
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® Concentrations of CO, PM,, and WV
mixing ratio all exhibited diurnal
patterns similar to that of GEM.

® On the other hand, O, concentrations
showed diurnal pattern similar to that

of RGM.

® Upslope movement of boundary, layer

air in daytime and subsidence of free
tropospheric air at night resulted in
these diurnal patterns.
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RGM and Humidity
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Seasonal Pattern of Nighttime GEM
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® [ ABS is the only site to observe Hg from anthropogenic emissions from China

and biomass burning from Indochina Peninsula.



Correlation between GEM and CO

Apn] Jos7am ® Good GEM/CO correlations

y = 0.005x + 0.6045
R? = 0.6247

50 100 150 200 250 300 350 400
CO (ppb)

July 2007

y = 0.008x + 0.6232
R?=0.2619

60 80 100 120
CO (ppb)

~ Oct. 2007

y = 0.0114x + 0.6787
R?=0.8828

100 150 200 250 300 350
CO (ppb)

were observed in non-summer
months, indicating influence of
anthropogenic emission sources.

® GEM seasonal pattern, backward

trajectory analysis andh\GEM/CO
correlations indicated that air
mass origins plays an‘important
role 1n determining the GEM
levels.

® These results also demonstrate

the significance of East Asian Hg
emissions and their long-range
transport to downwind regions.
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Wet and Dry Deposition Fluxes in 2010

Dry Deposition Flux
[ HyP (0.1 pg/m*
B RGM (10.6 ng/m?)
GEM (58.8 ng/m?)
[ ]Wet Deposition Flux (33.7 ng/m?)
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Location Site Type GEM RGM PHg Wet
LABS, Taiwan Mountain 58.8 10.6 0.1 33.7

Reference
This study

AMNet, USA  Rural/urban 13-35 0.3-7.8 0.1-0.8 6-12.6 Zhang et al. 2012

Unit: pg m-2



Summary

Location Site Type @ GEM RGM PHg
(ng m~) (pgm>) (pgm>)
Cruise over NPO Ocean 2.5 9.5
Cape Hedo, Japan Ocean 2.0 4.5 3.0
Seoul, Korea Urban 3.2 27.2 23.9

LABS, Taiwan Mountain 1.6 18.2 2.6

® Higher atmospheric mercury concentrations at urban sites
than 1n the marine boundary layer and free troposphere.

® RGM levels peak at noon at surface sites;likely due to in
situ photochemical production. However, RGM. peaks at
night or in the early morning at high-elevation sitesias a
result of transport from higher altitudes.

® [ack of atmospheric mercury measurements in SE Asia.
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