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@ Australian mercury monitoring update

* Wet deposition sampling in the Asia Pacific Mercury Monitoring

network

Gaseous elemental sampling with the MOEJ Kit

Long term active GEM measurements at two Australian sites
Participation in the global passive network

Submission of data and participation in the Minamata Effectiveness
Evaluation Process

Future goals
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@ Global, hemispheric, regional emissions

Australia: 72% of emissions from vegetation and
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Levels in the atmosphere are currently
450% above natural levels.

SH natural: larger ocean source,
greater uptake by vegetation
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@ What impact can Australian observations have?

* Long term monitoring
sites in Southern

A : Hemisphere are scarce;
4400 (450%) Net evasio i
—_— e needed for effectiveness
= evaluation
4 N\ . .
i i otin | (( bt e ) « Mercury cycling in SH
i (wetor dry) (250%) tropics:
(wet ordry)
0 .
omass Gunn Kennaook/Cape Grim (KCG) e \Wet season
Southern Ocean . . . ..
interhemispheric mixing
with SE Asian region —

fate and deposition

* Dry season savanna

Organic solls: 150 000 (15%) - Surface ocean: 2600 (230%) emissions

Mineral soil: 800 000 * Mercury cycling in

Southern Ocean:

Intermediate waters:
120 000 (25%)

Best estimates of mercury stored and cycling through the global environment
Anthropogenic mercury emissions and releases (tonnes per year)

Netvertical transport
PAOWAI AP IR

* Net source or sink?
(evasion vs deposition)

Natural mercury emissions and releases (tonnes per year) mm%

n Re-emission/re-mobilization (natural and legacy mercury, tonnes per year)
100  Amount of mercury stored, tonnes

(%) Percentage increase in mass due to human activities



@ Northern Australia mercury monltormg

Submission of ' . T e
2014-2023 GEM ‘ b~ 2

for Effectiveness

Evaluation

APMMN Darwin site,
wet deposition
sampling, 2022 to
present; visit our blog
about the APMMN
site www.mercury-

3-month Pq;M
GEM sarmplers~._
australia.com.au/ deposition.samples -

1-week wet




@ APMMN sampling update

* 92% successful samples taken from 2022-2025

» Sample weighing matches nearby rain gauges (closest gauges

most accurate)

* No measurements for CDU BOM rain gauge available after

May 2024

* Bias of 25% with co-located tipping bucket- too close to
sampler or intensity too high for tipping bucket?

* Reasonable correlation in rain at Gunn Point
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@ Challenges: increase in blanks

» A 4 Uncorrected Sample concentration
Eﬁ 20 . » Blank concentrafion
g A . A 4 :
glo . “A‘ . A " . . L - ‘--'.‘M‘A s N “‘ .
; :A ™ bday X I - .““A . Ja e e LA 4 A At ‘AA CYSCLEIE 2
27-Aug-22 23-Feb-23 22-Aug-23 18-Feb-24 16-Aug-24 12-Feb-25 11-Aug-25
, Why have blanks increased?
- * Bench air drying?
§Z° * Difficulty cleaning airlocks?
£ ' * Laboratory DI water issues? (some reported)
T Solutions:
§m . * New HCI soaking solution
Ts . #é « Drying in containers; not benchtop
L= 15 * Wet season laboratory and field every four weeks
02022-2023 blank ~ 02022-2023 sample * DI water directly into sample bottle

02023-2024 blank ©2023-2024 sample

02024-2025 blank B 2024-2025 sample i Dirwater via cleaned Samp|8'train



@ Mercury water concentrations, 2022-2025
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@ Wet deposition fluxes, 2022-2025

Mercury deposition El Rain depth — Air concentration
1200 1.4 . .
» For comparison Cape Grim
1 bulk deposition fluxes in
1000 2014-2015 were 3.1-3.8
N\« W 1.0 ug/mz2/yr (Sprovieri et al
800 2017)
0.8

» Blank levels can really
affect deposition
estimates: a 1 ng/L
correction reduces fluxes
by 30%
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Wetseason | Wetseason onst| Monsaon arrval | Duraion | SiteBanfall | et deposiion ius
2022/2023 27-Sep-2022 22-Dec-2022 217 days 1568 mm 4.07 ug/m?/yr
2023/2024 30-Nov-2023 10-Jan-2024 161 days 1763 mm 3.49 pg/m?/yr
2024/2025 17-Sep-2024 07-Feb-2025 245 days 1980 mm 5.89 pug/m?/yr

0.2

Rain depth (mm) and deposition flux (ng/m?)
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Weekly mercury concentrations in air (ng/m?)



OFFICIAL

@ Northern Australia wet anc
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@ Measured biomass burning emission factors

Savanna Emission Factors

n 6.E-07 250
§4 Savanna grass/gamba grass fire, o SE07 o Z g0, Fisheretal 2023 Australian savanna
- . 2 4.6 : a
53 11- hour duration = :: v . 2% lower EFs
U] - o
g Sae07 o 210 ¢ vegetation type?
2 ¥ iror | 23 ea MCE091 2 :
E1 [ty wﬁwmwwwmww L Y 2 S T T . gamba grass?
@0 0 0 w2 Yoo ® ® ¢+
19Ma-2022 182022 10402022 19Auw202  19%en2022 2002022 19-Nov-20. dela 00 ppe K18 DS15a FOO DS15b Ni2 P08 D17
? —Mercury *
ge =} g‘z' Hg Emission factor pg kg ! dry fuel 102 6.2-9.8 13.3 13.0
e wg O b . -
2, 103 2| Combustion efficiency 0.86-0.93 091-095 097 0.98
0 . M T 10 20 3 40 *Desservettaz et al 2017

10-Jun 0:00 10-Jun 6:00 10-Jun 12:00 10-Jun 18:00 11-Jun 0:00
CO (ppm)

Emission ratios converted to emission factors using 65 + 20 g CO kg™ Dry Mass burned (Andreae and Merlet 2001)

Photos courtesy of James Harnwell and Jason Ward



15.0 —— Desservettaz et al. (2017, high)

@ Modelled emissions i — — e oo

2 10.0- Each model lies above Desservettaz et al. (2017).

)

) 3 75 Higher emissions for broader region?
Using the unused data: £ -
. w
Top-down constraints on mercury s 0] T
exchange from diffuse processes R 25- — L === I i
— 1 1 1
Eric Roy o GEOS-Ch GEOS-C STIT-MERRA2 STILT-MERRA2 STIIT-GDAS  STILT-GDAS
. . . EOS-Chem EOS-Chem STILT-MERRA TILT-MERRA TILT-GDA TILT-GDA!
Aryeh Feinberg, Jenny A. Fisher, Jennifer Powell, Jason Ward,
James Harnwell, Thandolwethu Dlamini, Noelle E. Selin G;fz?gs O%FXEOPS_:, gi—,i%? f;”;%g ggﬁ%“; E";':f&g

* Inverse modelling using 2014 -15 Gunn Point concentrations

Annual Bomass burning Hg® emissions * Various models and met schemes run to determine the optimal
1°'h" (& 2 fluxes that explain the concentrations
_q_,_; e

c,;ai - » e Higher optimal emissions than GFED4s and FINN biomass
R X b burning inventories
R

Optimal emissions much higher than measured emission
factors— are Gunn Point emission factors representative of grass
rather than savanna emissions?

..
v

Hg? emissions (pg m~2)
°

» Grass (7) + grassland soil (9) = 17 pg kgt

T T ) T T
100 110 120 130 140 150 160
Longitude

------------------------------------------------------------------------------------------ * Tree litter (21)-+ forest canopy soil (26) = 47 ug kg™

*Fdwards & Howard 2013
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@ Active sampling with the MOEJ kit

,, ;‘W‘- / \;V ’ ‘ ‘ -.

Tubes baked for 1 hour @
700 °C
Soda lime baked for 1 hour
@ 110 °C
Flow calibrated under load
w soap bubble meter

Kit can withstand 50 kph
winds and rain!
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% Ministry Of Environment Japan monitoring

crumeng o Jubun
\v wmlzu.)s 01 [P6 EUAILOULUGIL

SK-1000
Manual Active Sampling Kit

e Sampling is done by NIC’s Mercury
Collector Tube.

e NIC Mercury Collector Tube uses
Active Gold Amalgamation Sampling
Technique

* One SK-1000 Kit Includes All Items
Required for Field Sampling

Sampling Pump

MOEJ Nippon sampling kit: pumps, gold traps for
integrated sampling; logger for .

Participation of 1 day in month sampling across
Asia Pacific; 8 samples so far

Plan to across a range of Australian locations to
build a spatial map (including near/far sources)

Use for real-world biomass burning emission
factors

1.4
a
1.2 O Melbourne MOEJ trap
g 8 a g 2
10 % 8 . a B E o Cape Grim tekran
’g A Gunn Point Tekran
~
8o 0.8 * Trap blank
S 06
Ll
©o04
0.2 .
0 0 L ] L ] L] L L] L] L
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@ Kennaook/Cape Grim monitoring

* 2013 - 2023 GEM data submitted for @
Minamata Effectiveness Evaluation 5""".0

* Quantifying wet deposition for the
Southern Ocean is important to
understand whether it is a source or sink:
NCON wet deposition sampler installed;
sampling to beginning in January 2026

* How representative is Cape Grim of
concentrations over the Southern Ocean?

* GEM CoastK intercomparison voyage
(IN2025_V03) 28 April to 17 May 2025.




@ Coast K voyage intercomparison
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RV Investigatorand KCG tekran comparison, within 2% during baseline sector, 2.3% other wind sectors

o »r N W kA 0

Baseline 1 minutes

38°S

* Duplicate analysers on RVI

and at Cape Grim 408
* During baseline conditions . t

agreement between RVI g

and Cape Grim of 2% ases
* Intercomparison of 4

analysers at Cape Grim o

after voyage with 2% .

130°E 135°E 140°E 145°E

150°E



@ Air data submitted for Minamata EE

* Focus 2010 onwards
* Temporal variation
e Spatial variation
* Trend analysis
| Statistics
121 active TGM - : Regional analysis
136 active TGM
Near/far source

198 wet deposition
Model validation

Slides from presentation of draft report by OESG Air Lead Sandy Steffen to
COP6 in November www.youtube.com/watch?v=CtAefuETgCo

O Active Air Site
O Passive Air Site




@

1 hour GEM (ng/m?) Th GEM (ng/m?)
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Trends at Australian sites not significant

Cape Grim baseline 1 sector (190°—280°, <600 pt/cc)

Cape Grim Baseline 1 Sector
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@ Preliminary MCHgMAP modelling

The Multi-Compartment Hg Modelling and Analysis Project (MCHgMAP) Dastoor et al 2025

4 different emission scenarios to evaluate contributions to
trends by natural sources, asgm sources and non asgm sources.

* 40 Northern Hemisphere and 5 Southern Hemisphere sites with
sufficient data from 2010 to 2020 for trend analysis

* Modelling helps to understand how well we understand mercury
cycling at Cape Grim and Gunn Point.

§.Australia (/8] CapeGrim N.Australia (1/3)
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@ Going forward

* Understanding deposition and evasion of mercury in the Southern Ocean:
* Begin wet deposition sampling at Cape Grim
* New analyser able to be deployed on voyages to characterise air-sea exchange
* Understanding mercury cycling in Tropical Australia
* More work to understand biomass burning emissions;
e Changes in SOPs to reduce rainwater blanks

* Increased mercury capability — a new Tekran analyser for campaigns and
voyages and a Nippon DMA to enable analysis of passive samplers and
gold traps and possibly Cape Grim filter archive
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