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Program

November 18 Saturday

9:30 — 9:45 Opening Remark
Mitsuya Maeda Director-General of NIMD, Japan
Koki Takaki Director of Mercury Management Office of Ministry of the

Environment, Japan

9:45 — 9:50 Brief Introduction of NIMD Forum 2023
Kohji Marumoto NIMD, Japan

9:50 — 10:00 Coffee Break

Session 1 Mercury Monitoring in Biota 1
Chairs: Noriyuki Suzuki National Institute for Environmental Studies, Japan
Lynwill G. Martin South African Weather service, South Africa
10:00 — 10:50 Keynote Speech
Global Mercury Concentrations in Biota: Their Use as a Basis for a
Biomonitoring Framework in Asia
EVIRIC BT 2 RBOKEUREE : TYTICBF 24 A=Y v 7O
¢ L CofH
David C. Evers Biodiversity Research Institute, USA
10:50 — 11:20 Mercury Concentrations in Sediment, Water, and Fish in Freshwater
Ecosystems: Summary of the National Mercury Monitoring Network of South
Korea
PEKAERERIC BT 2 M, K. HEREW T O KERIREE - #REIC 3 1) 2 K€ = £
Vv 7y b7 — 2 O
Seunghee Han Gwangju Institute of Science and Technology, Korea
11:20 — 11:50 Indispensable Methylmercury (MeHg) Analysis for Reconstructing
Historical Bird Hg Burden Using Museum Specimens
P EEARAS & FH > 72 S5 HH D /KRB ER o JiE S 72 fH A DR ITIC AR KR A F- v
IKERIIHT

Akinori Takeuchi National Institute for Environmental Studies, Japan



11:50 — 13:30 Lunch

Session 2: Global and Regional Monitoring Network for Atmospheric Mercury
Chairs: David Schmeltz Environmental Protection Agency, USA

Kohji Marumoto NIMD, Japan

13:30 — 14:20 Keynote Speech
Mercury Observations in Africa: How Monitoring Can Fill in the Gaps to
Determine the Effectiveness of the Minamata Convention
77 Y I BT BKIROBIH - it = 2 Y v I HIRIRE DR
AW T 272007 =2 F v v 72D 5 H
Lynwill G. Martin, South African Weather service, South Africa

14:20 — 14:50 New Observations in the National Atmospheric Deposition Network
(NADP) in North America
ko RG[EA Y bV —2 77 F 4 (NADP) I X 251 L WERH
David A. Gay National Atmospheric Deposition Program, USA

14:50 — 15:20 Overview of the Asia Pacific Mercury Monitoring Network (APMMN)
TOT-KFEHKRE=2V v 7%y b7 — 27 OB
Guey-Rong Sheu National Central University, Taiwan

15:20 — 15:30 Coffee Break

Session 3: National Monitoring Network for Atmospheric Mercury
Chairs: David A. Gay National Atmospheric Deposition Project, USA

Takaaki Itai The University of Tokyo, Japan

15:30 — 16:00 Long-term Monitoring of Mercury in Air and Rainwater in Taiwan
BIEICET R - oK oKIBORME=2Y v 7
Guey-Rong Sheu National Central University, Taiwan

16:00 — 16:30 Long-term Trends of Mercury in Air and Wet Depositions in Japan
HAIC B 1F 2 KK K DIKERO KA Z E)
Kohji Marumoto NIMD, Japan

16:30 — 16:50 Mercury Contents in Rainwater in Matsue and Minamata, Japan during 2020
to 2023
2022 A 5 2023 FF O I X OKIRTTOREKF OKIREFRICDOWT
Masamichi Takebe National Institute of Technology, Matsue College, Japan
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16:50 — 17:10 Pathway of the Air Mass Causing Mercury Deposition in Matsue, Japan
PNTTHICKER %2 STk E b 72 b T RSO IC DWW T
Naoki Aoyama National Institute of Technology, Matsue College, Japan

18:00 — 19:30 Welcome Banquet

November 19 Sunday

Session 4 Monitoring in Atmospheric Mercury
Chairs: Guey-Rong Sheu National Central University, Taiwan
Akinori Takeuchi National Institute for Environmental Studies, Japan
10:00 — 10:10 Brief Introduction of This Session
[tsuki Kuroda Mercury Management Office of Ministry of the Environment,
Japan
10:10 — 10:40 Comparative Study of the Different Methods of Atmospheric Mercury
Monitoring - Manual and Automated Active Sampling
FET 274 7H TV EEHBT 27 4 7Y VT ) v Ik L OlifT
B
Tatsuya Hattori IDEA Consultants Inc., Japan
10:40 — 11:10 Analysis of the Variation in the Annual Mean Estimate Obtained from
Intermittent Measurements of Atmospheric Mercury
RR Y v 7Y v 7ic X 3 I EDOHEE ICBE 3 2 BRE A B) D Bk
Mitsuko Yasoshima IDEA Consultants Inc., Japan
11:10 - 11:30 How is a Concentration of Atmospheric Mercury in My High School?
D ERE DR KIRIRE L E D 5 ?
Momoka Nakamura Minamata High School, Japan
11:30 — 12:00 Observation in the Atmospheric Concentrations of Speciated Hg in Volcanic
Area
KR 12 35 1 5 KK SR RERRE D B
Yuichi Maruo NIMD, Japan

12:00 — 13:30 Lunch
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Session 5 Mercury Monitoring in Biota 2
Chairs: David C. Evers Biodiversity Research Institute, USA
Seunghee Han Gwangju Institute of Science and Technology, Korea
13:30 — 14:00 Spatial Distribution of Total Mercury and Its Stable Isotope Ratio in Skipjack
Tuna from Northwest Pacific Ocean
PRI BT 2 7 A h O fOKERIRE 35 X OV/KERZE RN HL o i
25
Takaaki Itai The University of Tokyo, Japan
14:00 — 14:30 Spatial Variation in Methylmercury Accumulation within Plankton
Communities across the Western North Pacific
APARFRICE T 277 v 7 b VRN O X F A KRER D 22 A B
Yuya Tada NIMD, Japan
14:30 — 15:00 Global-scale Prediction of Medium-term Variation of Methylmercury in
Seafood
EERIFREEDITh D A F N KRR D 2 B T

Toru Kawai National Institute for Environmental Studies, Japan

15:00 — 15:10 Coffee Break

15:10 — 15:40 General Comments and Discussion
David Schmeltz Environmental Protection Agency, USA

Noriyuki Suzuki National Institute for Environmental Studies, Japan

15:40 — 15:45 Notification of Next NIMD Forum
Koichi Haraguchi NIMD, Japan

15:45 — 15:50 Closing Remark
Masanori Saito Associate Director-General of NIMD, Japan
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Global Mercury Concentrations in Biota: Their Use as a Basis for a

Biomonitoring Framework in Asia

David C. Evers
Biodiversity Research Institute, 276 Canco Road, Portland, Maine 04103, USA
(david.evers@briwildlife.org)

An important provision of the Minamata Convention on Mercury is to monitor and
evaluate the effectiveness of the adopted measures and its implementation. Biotic mercury
(Hg) data are now available on a global scale, which improves the understanding of global
efforts to reduce the impact of Hg pollution on people and the environment. Data from the
primary, peer-reviewed literature are now compiled in the Global Biotic Mercury Synthesis
(GBMS) database. These data provide a foundation for establishing regional biomonitoring
frameworks that are needed to track Hg concentrations in biota at various levels of spatial
and temporal scales for all continents and oceanic basins. Biotic Hg data from the GBMS
database will be presented for fish, birds and marine mammals in Asia and compared with
other regions of the world. Ecosystem sensitivity and important biodiversity areas will be
modeled and mapped. Bioindicators of interest by biome will be recommended within areas

of greatest interest for Asia.
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David C. Evers
Biodiversity Research Institute, 276 Canco Road, Portland, Maine 04103, USA
(david.evers@briwildlite.org)
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Mercury Concentrations in Sediment, Water, and Fish in Freshwater
Ecosystems: Summary of the National Mercury Monitoring Network of South

Korea

Seunghee Han

School of Earth Sciences and Environmental Engineering
Gwangju Institute of Science and Technology (GIST)
Gwangju, Republic of Korea

The Minamata Convention was adopted in 2013 to protect human health and the global
environment from the anthropogenic release of mercury and mercury compounds, and came
into force on August 2017. South Korea signed the agreement on September 2014, and after
the revision of the ‘Residual Pollutants Control Act” and ratification of the National Assembly
in 2020, the agreement took effect in South Korea to manage mercury and mercury
compounds. Under Articles 19 and 22 of the Minamata Convention, the pilot project of the
national mercury monitoring network was conducted from 2016 to 2020. Through the five-
year pilot project, monitoring parameters and sites, and frequency and matrix of
investigation, to identify the temporal and spatial trends of mercury levels in domestic lakes
and rivers, were determined, and analytical techniques were systematized. The main project
has been in progress since 2021 according to the monitoring methodology determined by
the pilot project to verify the effectiveness of the Minamata Convention. Total mercury and
methylmercury in water and sediment, and total mercury in fish have been investigated two
times a year from the five lakes (Lake Chungju, Lake Buan, Lake Okjeong, Lake Paldang,
and Lake Paro) and four rivers (Nakdong River, Han River, Geumgang River, and Yeongsan
River). In this presentation, I would like to summarize the investigation results and also the
statistical processing results of mercury, methylmercury, and conventional parameters. To
identify the major sources of methylmercury in water, preliminary mass budget was
constricted, and the correlation and factor analysis were performed to elucidate the main
environmental parameters affecting mercury methylation in sediment and fish accumulation.
Furthermore, attempts were made to find the physical factors that control the temporal

changes of methylmercury in the surface water of lakes and rivers surveyed.
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Seunghee Han

School of Earth Sciences and Environmental Engineering
Gwangju Institute of Science and Technology (GIST)
Gwangju, Republic of Korea
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Indispensable Methylmercury (MeHg) Analysis for Reconstructing Historical
Bird Hg Burden Using Museum Specimens

Akinori Takeuchi

National Institute for Environmental Studies, Japan

Reconstructing a historical trend of biota mercury (Hg) levels is an important aspect to
evaluate impacts of anthropogenic Hg emission on Hg bioaccumulation over time. There are
extensive museum collections in Japan comprising avian resources to perform retrospective
Hg biomonitoring because of their inertness and the bound Hg within the feather that is
stable for a long period of time. It is known that most Hg in feathers is methylated Hg
(MeHg) so that total Hg concentrations are often measured to estimate MeHg. However, it
was documented that preservatives that contain inorganic Hg had been traditionally applied
to the museum collections in Europe and the U.S. This contamination has made total Hg
concentrations of archived specimens questionable, and existence of it in Japan has remained
unknown. Whether the presence of the contamination or not in osprey (Pandion haliaetus)
body feathers archived in Japanese museums, therefore, was investigated. We optimized and
validated a MeHg analytical method for feathers using a gas chromatography coupled to
atomic fluorescence spectroscopy and human hair certified reference materials (CRMs).
Both nitric acid and potassium hydroxide alkaline extraction techniques for MeHg
quantification of the CRMs were evaluated. Both techniques provided satisfactory results,
and the acid extraction method was chosen in this study because previous studies suggested
that acid extraction provided the better recoveries for feather samples. Most Hg in the
measured osprey’s feathers collected in 2019 were MeHg. Their MeHg concentrations
ranged from 1.4 to 5.3 ppm. The proportion of MeHg in the museum samples collected
between 1950s and 70s, on the other hand, ranges from 8 to 97 %. Also, their MeHg
concentrations were between 0.1 and 3.6 ppm whereas their total concentrations ranged
from 1.3 to 3.6 ppm. These results suggest that any museum feather samples before 1970s
may be contaminated with the Hg preservatives in Japan, and the historical avian Hg burdens
can be overestimated without MeHg analysis. Analyses of Hg speciation in feathers are

essential for the retrospective Hg biomonitoring.
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Mercury Observations in Africa: How Monitoring Can Fill in the Gaps to

Determine the Effectiveness of the Minamata Convention

Lynwill G Martin, Casper Labuschagne, Thumeka Mkololo, Peter Cloete, Marumo
Setlhare, Erenst Mbambalala and Pieter Labuschagne
Cape Point Global Atmosphere Watch Station, South African Weather Service.

The African continent has been identified as a data scares region for atmospheric mercury
measurement evident from the limited amount of available peer reviewed articles published.
The Cape Point Global Atmosphere Watch (GAW) Station operated by the SA Weather
Service has been conducting continuous mercury measurements on the continent since
September 1995 making Cape Point the station with the longest data record in the Southern
Hemisphere. The Cape Point GAW Station unique location is however not a true reflection
of the current status of mercury in the atmosphere within South Africa as it serves more as a
background site. With the need to have a better understanding of the Fate and Transport of
mercury within the country, the SA Mercury Network was established to investigate this.

The SAMNet started in April 2020 and its aim was to expand the ground-based mercury
observation stations in the country. The project is funded by the Department of Science and
Innovation, in support of the Global Observation System for Mercury (GOS4M), a GEO
flagship program (www.gos4m.org).

The presentation will focus on the data collected at the new established SAMNet stations
as well as the Passive Sampling Network that was started in 2021 in collaboration with
Environment and Climate Change Canada which also covers sites in Namibia, Ghana,
Botswana and Tanzania. Three SAMNet sites also perform monthly sampling using the Gold
Amalgamation Manual Method developed by the Ministry Environment of Japan (MOE]) as
part of the MOYAI Initiative that supports developing countries in strengthening their
monitoring capabilities as well as implementation of the Minamata Convention. The

results of the automated instruments against the Manual Method will also be presented.
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Lynwill G Martin, Casper Labuschagne, Thumeka Mkololo, Peter Cloete, Marumo
Setlhare, Erenst Mbambalala and Pieter Labuschagne
Cape Point Global Atmosphere Watch Station, South African Weather Service.
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New Observations in the National Atmospheric Deposition Network (NADP)

in North America

David A. Gay
National Atmospheric Deposition Program

University of Wisconsin Madison

The National Atmospheric Deposition Program (NADP) currently monitors for mercury
in precipitation for wet deposition, and atmospheric measurements for dry deposition
estimates of mercury. However, as science and policy needs evolve, so must routine
measurements evolve to provide long-term and consistent measurements that best meet new
needs. Over the past 30 years, the NADP’s mercury program has evolved from wet only
measurements, to gaseous measurements of speciated mercury, and now includes mercury
measurements of litterfall at its newest network. The NADP effort also now includes the
Mercury in the Environment and Links to Deposition subcommittee (MELD) which focuses
specifically on mercury issues relevant to NADP. We also now collaborate with our partners
in the Asia Pacific Mercury Monitoring Network.

During this talk, first I will provide some background information about NADP that is
relevant to this mercury workshop discussion, focused on the development of networks and
the NADP goals for its mercury networks. Second, I will detail a few new initiatives that are
being developed for potential use within the NADP mercury networks and the Asia Pacific
Mercury Monitoring Network (APMNN), a partner of the NADP. These include a new bag
system for monitoring wet deposition, which should significantly reduce costs and likely
improve quality. Further, I will discuss the ongoing development of a passive atmospheric
mercury network, following the MerPAS system of Tekran Instruments. I will also briefly
discuss an idea for a trans pacific network that will be a collaboration of NADP, the APMNN,
and hopefully with Japan MOE. Along with these major topics, I will introduce a few more

new ideas coming out of the NADP membership.
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David A. Gay

National Atmospheric Deposition Program

University of Wisconsin Madison
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Overview of the Asia Pacific Mercury Monitoring Network (APMMN)

Guey-Rong Sheu
Department of Atmospheric Sciences, National Central University

Taoyuan, Taiwan

The Asia Pacific Mercury Monitoring Network (APMMN) cooperatively measures
mercury in precipitation in a network of sites operating in Asia and the Western Pacific
region. The network addresses significant data gaps in a region where mercury emission
estimates are the highest globally, but available measurement data are limited. The reduction
of mercury emissions under the Minamata Convention on Mercury also justifies the need for
continent-wide and consistent observations that can help determine the magnitude of the
problem and assess the efficacy of reductions over time. The APMMN'’s primary objectives
are to monitor wet deposition and atmospheric concentrations of mercury and assist partners
in developing their own monitoring capabilities. Network planning began in 2012 with pilot
wet deposition sampling starting in 2014. The APMMN started operation in 2016. Currently,
15 sites in Australia, Fiji, India. Indonesia, Korea, Mongolia, Nepal, Palau, Philippines,
Sri Lanka, Taiwan, Thailand and Vietnam measure mercury in precipitation following
standardized procedures adapted from the National Atmospheric Deposition Program
(NADP). The network also has a common regional analytical laboratory in Taiwan, and
quality assurance and data flagging procedures, which ensure the network makes
scientifically valid and consistent measurements. Results from our ongoing analytical quality
assurance measurements show accurate analytical analyses. We have partnered with the
National Institute for Minamata Disease (NIMD) to concurrently conduct an inter-
comparison study at National Central University (NCU) and NIMD to assess the variability
of wet Hg deposition measurements using various types of wet deposition samplers (KASC-
02, MIC-B and N-CON). Future APMMN plans are to (1) foster new network partnerships,
(2) continue to collect, quality assure, and distribute results on the APMMN website, (3)
provide training and share best monitoring practices, and (4) establish a gaseous

concentration network for estimating dry deposition.
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Guey-Rong Sheu
Department of Atmospheric Sciences, National Central University

Taoyuan, Taiwan
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Long-term Monitoring of Mercury in Air and Rainwater in Taiwan

Guey-Rong Sheu
Department of Atmospheric Sciences, National Central University

Taoyuan, Taiwan

Taiwan is located downwind of the East Asian continent, which is the largest
anthropogenic mercury (Hg) emission source region globally. Although many studies have
been conducted in East Asia to study the concentration, distribution, transport and
transformation of Hg in air and rainwater, long-term monitoring studies are rare in this
region. Ongoing systematic long-term monitoring of Hg in air and rainwater has been
conducted in Taiwan since 2006. Speciated atmospheric Hg concentrations have been
monitored since 2006 and weekly wet deposition samples have been collected for total Hg
analyses since 2009 at the Lulin Atmospheric Background Station (LABS; 120.87° E,
23.47° N, 2862 m a.s.l.) in central Taiwan to collect baseline information of Hg in the free
troposphere and to study the trans-boundary transport of Hg from regional and global
sources. Additionally, a nation-wide wet Hg deposition monitoring network, consisting of 11
sites in Taiwan and a remote islet site in subtropical Northwest Pacific Ocean, has been in
operation since late 2008 to collect weekly wet deposition samples for total Hg analyses. The
purpose of this wet deposition network is to establish a national database of Hg
concentrations in precipitation and the associated wet deposition fluxes. During this
presentation, some background information about the atmospheric Hg monitoring at LABS
and the wet Hg deposition monitoring network will be provided firstly. Then the
concentration, distribution, deposition, source-receptor relationship, temporal trend of

atmospheric and rainwater Hg will be reported and discussed.
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Long-term Trends of Mercury in Air and Wet Depositions in Japan

Kohji Marumoto
NIMD, Japan

Currently, there are continuous monitoring sites for atmospheric mercury (Hg) in Japan
at Cape Hedo on the northern tip of Okinawa Island, Minamata, Fukuoka, and Oga. At sites
other than Minamata, the concentrations of the three types of atmospheric Hg, gaseous
elemental Hg (GEM), gaseous oxidized Hg (GOM), and fine particulate bound Hg (PBMz5),
are monitored separately. In Minamata, the concentration of gaseous total Hg (TGM), which
is a combination of GEM and GOM, is also monitored. In addition, the continuous
monitoring for wet Hg deposition at 8 sites, including the above four sites and Hirado,
Matsue, Omaezaki, and Tsukuba, have been conducted. The observations in Matsue and
Tsukuba sites have been conducted jointly with Matsue National College of Technology and
the National Institute for Environmental Studies, respectively. Minamata and Hirado sites
began the observations in March 2011, Fukuoka in June 2013, and Omaezaki in December
2013, accumulating data for about 10 years. During the presentation, the results of the
analysis of those long-term observation data are reported.

The average concentrations of TGM in Minamata and GEM in Fukuoka during the all
period were 1.78 * 0.40 ng m™®and 2.05 = 0.72 ng m™, respectively, slightly higher in
Fukuoka site, which is an urban area. The concentrations at both sites have been gradually
decreasing since the start of observations. This downward trend was also observed at Cape
Hedo and Mt. Lulin in Taiwan, indicating that atmospheric Hg concentrations in the Asian
region are on a downward trend over a wide area. PBM25 concentrations in Fukuoka also
showed a decreasing trend over time. On the other hand, no such declining phenomenon has
been observed in GOM concentrations in Fukuoka. No decrease in Hg concentrations in wet
depositions was also observed in Minamata, Hirado, and Fukuoka sites. This is consistent
with past studies showing that wet Hg deposition in Japan is mainly due to the uptake of
atmospheric GOM into rainwater. However, the concentration of Hg in wet depositions in
Omaezaki has been decreasing over time, and the reasons for this decrease are unknown.
Since Hg deposition from the atmosphere is an important process for supplying Hg to
terrestrial ecosystems, it is necessary to continue long-term monitoring to clarify the long-

term trends and factors behind such changes.
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Mercury Contents in Rainwater in Matsue and Minamata, Japan during 2020 to

2023

Masamichi Takebe!, Naoki Aoyama', Nozomu Hirose! and Kohji Marumoto?

! Matsue National College of Technology, ° National Institute for Minamata Disease

This study analyzed concentration in wet deposition in Matsue and Minamata Japan from
Sep. 2020 to May 2023. Wet deposition as a precipitation is one of the main transportation
routes of mercury (Hg) from atmosphere to ground. Annual rainfall volume weighted mean
(VWM) concentrations of Hg in Matsue and Minamata are 6.9 and 6.1 ng/L, respectively.
Matsue and Minamata showed different seasonal tendency, the VWM concentration of Hg
in Matsue and Minamata in winter was the highest and lowest in the seasons, respectively.
This difference infers that air mass with Hg from Asia continent differently supplied to
Matsue and Minamata during winter. While Hg concentration in wet deposition tend to
decrease with precipitation due to dilution effect by rainwater, degree of Hg deposition
(ng/m?) was positively correlated to precipitation. As a result, the highest Hg deposition
(ng/m?) in the year were found in summer, which was the season there were some heavy
rainfall events. The maximum weekly Hg deposition was up to a few ng/m?.

Hg concentration in wet deposition is positively correlated with non-sea-salt-SO4* (nss-
SO.*) concentration. The correlation coefficient is relatively high during spring and winter
in Matsue. Nss-SO4? is known to originates mainly from anthropogenic sources such as fossil
fuel combustion. Therefore, the positive correlation infers the contribution of fossil fuel
combustion to the Hg supply to Matsue. As major dissolved ions, wet deposition contained
Nat and Cl. concentration of Na™ and CI" in wet deposition is remarkably correlated,
suggesting both of ions originated from NaCl of seawater as a natural source. Hg
concentration in wet deposition is weakly correlated with Na* concentration during winter
in Matsue. However, the correlation does not mean that Hg in wet deposition originated
from natural source, but that Hg and Na* in wet deposition in Matsue were supplied from
the direction of Sea of Japan. Dilution effect of rainwater probably causes decreasing both of
nss-SO4? and Na* contents in wet deposition, and possibly causes positive correlation among
contents of each ion. So, it is unclear which contribution of fossil fuel combustion or dilution
effect by rain water mainly caused the positive correlation between Hg and nss-SO4* in wet
deposition. To explore the relation between Hg and nss-SO4*, this study examined
correlations between Hg/Na* ratio and nss-SO,%/Na* ratio. Since this correlation plot is not
affected by the dilution effect of rainwater, the plot is considered to depict more reliable
information about relationship between Hg and nss-SO4?* in wet deposition. During winter,
nss-SO4*/Na+ ratio and Hg/Na™ ratio in wet deposition of Matsue and Minamata shows
positive correlation, suggesting that anthropogenic pollution such as a fossil fuel combustion
mainly contributed to the Hg supply to Matsue and Minamata. Compared to the case of
winter, there are some weeks showing high Hg/Na* ratio relative to nss-SO4*/Na* ratio in
the other seasons. In such weeks, there is possibility that Hg was supplied to Matsue and
Minamata by processes or origins different from those in the case of winter.
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Pathway of the Air Mass Causing Mercury Deposition in Matsue, Japan

Naoki Aoyama!, Masamichi Takebe!, Nozomu Hirose!, and Kohji Marumoto?

! Matsue National College of Technology, ° National Institute for Minamata Disease

Mercury (Hg) in atmosphere originates from natural sources such as volcanic activity and
volatilization from sea and soil surfaces, and anthropogenic sources such as fossil fuel
combustion and waste incineration. Atmospheric circulation transports Hg to various region,
and precipitation transports Hg in atmosphere to the ground.

From September 2020 to May 2023, this study measured total Hg concentration in wet
deposition at Matsue, which faces to the Sea of Japan. The Hg concentration in wet
deposition during the winter is high, compared to the other season. In order to clarify the
weather conditions that led to the high Hg concentration in wet deposition, the backward
trajectory analysis for one week prior to the precipitation events in the winter. For the
analysis, this study used the HYSPLIT model of the National Oceanic and Atmospheric
Administration (NOAA) and focused air masses at 1000, 2000, and 3000m, considering the
altitude of the atmospheric boundary layer. During winter, a high and low pressure generally
develops over the Asia continent and over the Sea of Okhotsk, respectively. In such typical
condition, the northwest monsoon blows strongly. The backward trajectory analysis showed
that air masses over Matsue commonly came from west to northwest with 30 to 60 degrees
north latitude. When the concentration of Hg in wet deposition was especially high in the
winter, air masses arrived Matsue by way of area around Eastern and Northern China.
Continental air masses going through Chinese coastal area with 30 to 45 degrees north
latitude probably contains pollutants and increased Hg concentrations of wet deposition in
Matsue. However, there are also some cases that Hg concentrations in wet deposition in
Matsue were low even when air masses arrived from the northwest, indicating that the arrival
of air masses from the northwest does not always result in high Hg concentrations of wet

deposition in Matsue
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Comparative Study of the Different Methods of Atmospheric Mercury

Monitoring - Manual and Automated Active Sampling

Tatsuya Hattori', Kohji Marumoto?, Noriyuki Suziki®, Yasuyuki Shibata®, Akinori Takami 3,
Akinori Takeuchi3, Akane Yamakawa?®, Toru Kawai?, Norio Fukuzaki?, Akira Mizohata3,
Yoshinobu Watanabe!, Hiromitsu Nagasaka!, Itsuki Kuroda®, and Koki Takaki®

1 IDEA Consultants Inc., 2 NIMD, Japan, ° National Institute for Environmental Studies,
Japan ? Niigata Institute for Technology, ° Osaka Prefecture University, ¢ Ministry of the

Environment, Japan

Mercury is a unique heavy metal that is liquid at room temperature, easily volatilized, and
travels and disperses on a global scale. To obtain the detailed information and future
prediction of the pollution, various data of emission, release and environmental monitoring
are necessary to analyze the global situation. In atmospheric mercury monitoring, three main
methods are used, which are described in the “Guidance on monitoring mercury and mercury
compounds to support the effectiveness evaluation of the Minamata Convention”. The three
types of methods are manual active sampling method, automated active sampling method,
and passive sampling method. These three methods have their own advantages, so they are
used for different objectives and situations of monitoring. The data obtained from all three
methods are valuable, so it is important to evaluate the comparability between the data from
different methods.

To evaluate the comparability of data between manual and automated active sampling
methods, side-by-side monitoring of atmospheric mercury was conducted in one month in
each season during the period from May 2021 to February 2022 at urban (Fukuoka city,
Fukuoka pref.) and rural (Oga city, Akita pref.) sites in Japan. The monitoring by automated
active sampling method was conducted by the dedicated mercury monitoring system (model
1135-1130-2537, Tekran Inc.), and the manual active sampling method was conducted
based on the "Manual of Measurement Method of Hazardous Air Pollutants", which is the
official method for atmospheric monitoring in Japan.

The data were compared with each sampling period of the manual active sampling method
(24 hours). The daily mean concentrations of atmospheric mercury obtained by the two
methods were compared and their agreement was evaluated using statistical methods
including t-test, correlation analysis, and Bland-Altman analysis. The measurements
obtained by the two methods agreed with each other with a correlation coefficient of 0.99 or
higher, and no significant difference was found in the t-test. In the Bland-Altman analysis,
more than 96% of all data were found to be within the 95% limits of agreement (LOA). From
this study, it was found that the two main methods used for atmospheric mercury monitoring
are in good agreement with each other. It can be very useful information to use the data
obtained from different projects and institutions for analyzing the status of global mercury
pollution and for evaluating the effectiveness of activities under the Minamata Convention
on Mercury.
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Analysis of the Variation in the Annual Mean Estimate Obtained from

Intermittent Measurements of Atmospheric Mercury

Mitsuko Yasoshima!’ Takashi Yamamoto!, Akane Yamakawa?, Noriyuki Suzuki?, Jingyang
Chen!, Itsuki Kuroda?®, and Koki Takaki?
! IDEA Consultants, Inc, ? National Institute for Environmental Studies, Japan, > Ministry

of the Environment, Japan

To accurately assess the average concentration of atmospheric mercury, it is the best to
continuously monitor atmospheric mercury. However, continuous monitoring is often
difficult for a variety of reasons, such as cost and the conditions surrounding the monitoring
site. Monitoring may be facilitated by intermittent sampling, such as one day each month,
but the representativeness of the sampling period relative to the annual average should be
considered.

To examine the representativeness of intermittent sampling data on annual mean values,
random sampling (Monte Carlo) simulations were performed using 32 reported continuous
monitoring sites data obtained by automatic measuring devices under different climatic and
environmental conditions. Also, continuous monitoring data conducted in Japan urban, rural
and background area were used for this study. From the daily mean values calculated from
continuous observations, data were randomly selected twice (equivalent to six months), four
times (seasonal), six times (bimonthly), and twelve times (monthly), and these were used as
the annual mean values estimated from intermittent sampling. The number of simulation
was determined by conducting actual tests to confirm the number of times required for
convergence (convergence condition: the difference is less than 0.0001 ng/m?) for all sites.
Based on the above convergence condition, the random sampling simulations were repeated
10,000,000 times (2 days/year sampling), 5,000,000 times (3 days/year), 1,000,000 times (6
days/year) and 500,000 times (12 days/year) respectively.

Coefficient of Variation (CV) of the estimated annual mean obtained from the random
sampling was calculated by each monitoring site and sampling frequencies. The CV
evaluated from random sampling were 3.2~30.8 % (2 days/year sampling), 2.1~18.6 % (4
days/year), 1.8~14.2 % (6 days/year), and 1.2~9.7 % (12 days/year), respectively. The
ranges between 5% and 95% percentiles of the estimated annual mean were 10.4~98.2 % (2
days/year sampling), 7.0~60.8 % (4 days/year), 6.0~45.3 % (6 days/year), and 3.9~34.2%
(12 days/year), respectively. The results show that CV was low at observation sites where
atmospheric mercury concentrations are relatively constant throughout the year. On the
other hand, CV was higher at observation sites with relatively large fluctuations in
atmospheric mercury concentrations, such as urban areas and Antarctica. Therefore, it is
necessary to consider the sampling frequency according to the atmospheric environment of
the observation site. This study evaluates the uncertainty in annual mean values estimated
from intermittent sampling, which is useful for assessing atmospheric mercury on a global
scale.
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How is a Concentration of Atmospheric Mercury in My High School?

Momoka Nakamura
Minamata High School

In Japan, environmental standards and emission standards have been established for
mercury emissions into the air, water, and soil, and measures have been taken for each media.
Among these, the guideline value for mercury in the atmosphere is set at an annual average
of 40 ng Hg/m? or less. In Japan, mercury in the air is continuously monitored at about 300
sites, and the average concentration is approximately 2 ng Hg/m? and there are no
observation sites which have ever exceeded the guideline value.

I have lived in Minamata City since birth and have studied environmental issues such as
Minamata disease and mercury. In this study, two atmospheric mercury monitoring devices
were installed on the premises of Minamata High School, and mercury in the air was
collected by the gold amalgamation method and then measured by the thermal-desorption
gold amalgamation CVAFS or CVAAS methods. In this presentation, I will present the
results of the measurement of mercury concentration in the air at the two locations in
Minamata High School and also report the comparison with the mercury concentration in
the air along the coast of Minamata Bay, which has been continuously conducted by the
NIMD.
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Observation in the Atmospheric Concentrations of Speciated Hg in Volcanic

Area

Yuichi Maruo and Kohji Marumoto
NIMD, Japan

Volcanos are the major natural mercury (Hg) sources, emitting 500 t/year to the
atmosphere. Hg is released from the volcanos in three atmospheric speciations: gaseous
elemental mercury (GEM), gaseous oxidized mercury (GOM), and Particle-bound mercury
(PBM). Therefore, these speciated Hg emissions should be continuously monitored.
Continuous degassing of GEM from the volcanos was 10 % of the total volcanic GEM flux,
while 90 % of volcanic Hg was released during sporadic eruptions. These facts imply that the
speciated mercury concentration could be used as the reference index of the volcano’s
activity. Our objectives of this study were (1) to monitor the speciated Hg concentrations at
the volcano and (2) to evaluate whether the speciated Hg concentration can be used to
predict the volcano’s activity. We observed speciated Hg concentration at Sensuikyo station,
which is located 2.5 km northeast of Nakadake No. 1 Crater of Mt. Aso. The speciated Hg
was collected from December 2021 to August 2023 by an automated monitoring system
(Tekran 2537X, TEKRAN instruments; Tekran 1130, TEKRAN instruments; Tekran 1135,
TEKRAN instruments). The observed mean concentration from April 2022 to March 2023
was 1.71 ng/m?, 15.4 pg/m?, and 53.9 pg/m? for GEM, GOM, and PBM, respectively. The
maximum Hg concentrations were 8.98 ng/m?, 1550 pg/m?, and 2852 pg/m? for GEM,
GOM, and PBM. The concentrations were sporadically high when the volcano activity was
intense, and the wind was blown from the crater. The average concentrations when the
volcano was active were 1.2, 4.2, and 16.7 times larger than when the activity was settled
down; the GOM and PBM concentration was significantly greater. When the volcano’s
activity was peaceful, 2-hour average concentrations were constantly smaller than 4 ng/m3
for the GEM and 100 pg/m?® for the GOM and PBM. The volcanic tremor was officially used
as one of the reference indexes of the volcano’s activity by the Japan Meteorological Agency;
however, the GOM and PBM concentration took a higher value than 100 pg/m? before the
volcanic tremor became larger. These results implied that the GOM and PBM

concentrations can be used to predict the activity of Mt. Aso.
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Spatial Distribution of Total Mercury and Its Stable Isotope Ratio in Skipjack

Tuna from Northwest Pacific Ocean

Takaaki Itai
Department of Earth and Planetary Science, The University of Tokyo

Mercury in various tuna species has been collected attention because this is a big source
of human methylmercury (MeHg) exposure. The total Hg level (>90% as MeHg) in tuna
could also be a valuable bioindicator of marine MeHg. The development of Hg stable isotope
geochemistry indicates the availability of this tool not only as a geochemical tracer but also
ecological tracer although the interpretation of stable isotope ratio in migratory species is
still a matter of debate. The skipjack tuna (Katsuwonus Pelami) is a common tuna species in
tropical to temperate oceans. Migration patterns in the western North Pacific follow a north—
south seasonal cycle where the poleward movement occurs in the fall-summer season.
Therefore, this species is suitable to see the latitudinal variation of elements behavior. We
have collected skipjack tuna from North Western Pacific covering (i) Oyashio (belongs to
the North Pacific Subpolar Gyre), (ii) Kuroshio (belongs to the North Pacific Gyre), (iii)
Equatorial Counter Current, to measure the stable isotope ratios of C, N, and total Hg. The
THg concentration of skipjack tuna varied from 0.01 to 1.05 pg/g (wet wt.) depending on
region and body size. Overall, samples from the marginal ocean showed high THg, while
those from the open ocean were lower. The J 1*C showed an increasing trend from north to
south. It was consistent with the global latitudinal gradient of particulate organic carbon.
The 02Hg and A'”Hg also showed significant geographical variation among three
different ocean currents. According to experimental studies using bluefin tuna, the turnover
rate of C and MeHg is around year. The rate of skipjack tuna might be shorter considering
its life span, but likely in order of several months. Nevertheless, C and Hg stable isotope
variation suggests it reflects, at least partly, recent isotope signal before catching. Foraging
depth estimated from MIF values are consistent with the biologging studies. A decrease in
the estimated foraging depth was observed from south to north, probably due to the change
in water temperature. An increase in THg levels in skipjack tuna was observed with
increasing foraging depth except for the samples near the equator. THg in samples from
depths >200 m generally exceeded the Japanese Ministry of Health, Labour and Welfare
guideline (0.4 ng/g). In the presentation, we will discuss factors controlling variation of Hg
isotope signature by comparing oceanographic, ecolgical data available with mentioning
more global THg dataset by Anais et al. (2022).
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Spatial Variation in Methylmercury Accumulation within Plankton

Communities across the Western North Pacific

Yuya Tada!, Kohji Marumoto!, Akinori Takeuchi?, and Hajime Obata®
I NIMD, Japan, * National Institute for Environmental Studies, Japan
I Atmosphere and Ocean Research Institute, The University of Tokyo

Methylmercury (MeHg), an exceedingly toxic and bioaccumulative heavy metal,
undergoes biomagnification within the food chain, accumulating at elevated levels in fish
and shellfish residing at higher trophic levels within the ecosystem. Previous research has
revealed regional differences in MeHg concentration among Pacific Ocean fish. One
plausible factor influencing MeHg levels in fish is the MeHg content within plankton, their
primary dietary source. However, limited data is presently available concerning the MeHg
distribution within plankton. This study aims to elucidate the process of MeHg
concentration within plankton communities through the analysis of MeHg levels in plankton
and seawater in the western North Pacific. Plankton samples were collected from the western
North Pacific during the GEOTRACES ocean expedition aboard the R. V. Hakuho Maru
(KH-22-7 cruise). Plankton samples were collected by vertical towing from depths of 80-175
meters to the surface, using a NORPAC net with a 100 pm mesh size, at ten stations spanning
from the equator along the 155°E longitude line to 44°N. These samples were subsequently
size fractionated using Teflon mesh with varying mesh sizes (100-500 pum, 500-1,700 um,
and >1,700 um). These samples were lyophilized, weighed, and analyzed for MeHg content.
The concentrations per unit of wet weight exhibited an increasing trend with larger plankton
sizes at all stations. These findings suggest that MeHg biomagnification unequivocal occurs
within plankton communities in the western North Pacific, dependent on predator-prey
relationships in plankton ecosystems. The MeHg biomagnification factor showed an order
of magnitude variation from north to south, notably increasing in the northern part of the
western North Pacific. Remarkably, MeHg levels within the >1,700 pm fractions at the
northern station were up to 15 times greater compared to those at the southern station. A
previous study has reported that mercury concentrations in skipjack tuna were elevated in
the northern part of the Pacific Ocean, particularly on the western side, where they were 1.5
to 2 times higher than in the central North Pacific and 4 to 5 times higher than in the western
South Pacific (Médieu et al., 2022 Proc Natl Acad Sci USA). This result is consistent with
the north-south distribution of MeHg concentrations in the plankton community obtained
in this study, suggesting that the changes in mercury biomagnification in these fish may be

closely related to MeHg levels in the plankton comprising their diet.
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Global-scale Prediction of Medium-term Variation of Methylmercury in

Seafood

Toru Kawai

National Institute for Environmental Studies, Japan

The Minamata Convention on Mercury has been enforced for six years now. Discussions
are underway domestically and internationally for its first effectiveness evaluation. While we
anticipate a certain degree of reduction in anthropogenic emissions with the current
measures, it is crucial to consider future predictions using modeling. This approach will allow
quantitative assessment of the impact of these reductions on mercury concentrations in the
environment and organisms, as well as the potential risk of human exposure. Thus, we
developed a global model for mercury called the Finely-Advanced Transboundary
Environmental Model for Mercury (FATE-Hg). We used FATE-Hg and developed an
integrated model that enables us to predict, both retrospectively and prospectively, the
methylmercury concentration in seafood, human exposure from consuming seafood, and the
subsequent economic repercussions in projects, particularly those supported by the
Environment Research and Technology Development Fund of the Ministry of the
Environment. In this presentation, we highlight this suite of models and share our findings
to date.

We require input data on the future climate, carbon cycle, and reactive substance
concentrations to make future predictions using FATE-Hg. To this end, we used prediction
results from Earth system models and performed simulations across multiple climate and
emission scenarios. In the future, methylmercury concentration in seafood will be influenced
by a combination of environmental factors, such as climate change, and emissions. Upon
analyzing the impact of climate change, we found no substantial difference between the
sustainable scenario and the fossil fuel-dependent scenario up until 2050. The
methylmercury concentration in seafood and its exposure to humans decreases in all
emission scenarios, typically reacting to emission reductions with a time lag of approximately
5-10 years. Our findings highlight the importance of implementing control measures at an

early stage.
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