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Seeing the forest from the trees: Uptake, archiving,
and cycling of Hg In vegetated ecosystems
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¥ Smoroden Gateway to terrestrial Hg research... UNIVERSITA
D SIENA
1240
AGU 10053‘5353:’.:.‘3“! Research Article (&) Free Access
Characterization and Quantification of Atmospheric Mercury
jGR Sources Using Passive Air Samplers
Atmospheres David S. McLagan, Fabrizio Monaci B Haiyong Huang, Ying Duan Lei, Carl P. J. Mitchell, Frank Wania 224

First published: 31 January 2019 | https://doi.org/10.1029/2018JD029373 | Citations: 36

27 February 2019 - Volume 124 - Issue 4

Abbadia S. Salvatore (m. 829) - Veduta del Mnic Amiata e I\inicm (m, 1734) ; i Grids of MerPAS deploymentS
Mt. Amiata Hg mine. Modern operations: 1874-1982 across mine site (1 km?) and
local region (50 km?)
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https://doi.org/10.1029/2018JD029373

Gateway to terrestrial Hg research...

Regional Monte Amiata deployments
' :._/“ T i "~ Legend

29, i

Passive Gaseous Hg
Mining buildings
Contour markers
Contour line
Town area
Gaseous Hg (ng m-3)

B & _Prediction Map
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ICMGP 2024 McLagan et al. JGR Atmos., 124, 2018

Demonstrated MerPAS’s
excellent capacity to
characterize sources

Top-down modelled emissions
What about terrestrial Hg?

GEM conc. higher within
forested areas In winter

Forests: oak, chestnut, beech

Could growing vegetation
decrease GEM within
canopy?

T

-

3~
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Where there is smoke there is Hg. Fire: 1° or 2° emissions?

« 2018 Boreal forest fire monitoring flight (Saskatchewan, CAN)

@Ua@zfﬂm Atmospheric Chemistry and Physics National Research Council (CAN) research aircraft

ACP, 21, 5635-5653, 2021 « Tekran 2537X (2-min sampling resolution)

Where there is smoke there is mercury: Assessing « Suite of other advanced gas/particulate instruments

boreal forest fire mercury emissions using aircraft * GEM enhanced by =2.5x background (=6x based on 2-sec CO data)

and highlighting uncertainties associated with * Emissions estimate: 21 (+ 10) kg of Hg released from fire

upscaling emissions estimates « Hg taken up from air, fire returns Hg to air: biogeochemical cycle

David S. McLagan, Geoff W. Stupple, Andrea Darlington, Katherine Hayden, and Alexandra Steffen &4 . Challenges: IOgiStiCS, SpeCiation data, emissions by biome?
I*I Environment and Environnement et

Climate Change Ganada  Changement dimatique Canada - Climate change + wildfire suppression = bigger, more intense fire

LEGEND: et
( b) 2-sec GEM conc. (ng m¥)

o 113-130
® 130-179
179-231
e — RS ® 231-327
T - ® 327-451
- : ® 451-676

- EARR ¥ R B h. . .-.

- .-'“____-_-,_._2‘ I Bumed area

LEGEND:
2-min GEM conc. (ng m?) |
0 113-130 =
1.30-1.65
1.65-2.00
® 200-288
Bumed area
= Active wildfires
O Sands acites g

ICMGP 2024 McLagan et al., Atmos. Chem. Phys., 21, 2021 Dastoor et al., Geosci. Model Develop. https://doi.org/10.5194/gmd-2024-65, 2024 WWW.MERCURYCAPETOWN.COM
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DOI: 10.1039/D1EMO0368B (Paper) Environ. Sci.: Processes Impacts, 2022, 24, 1406-1429

Demystifying mercury geochemistry in contaminated soil-
groundwater systems with complementary mercury stable
isotope, concentration, and speciation analyses*

D.S.McLagani © " L. Schwabt

¢, J. G, Wiederhold

in) “ L. Chen “, J. Pietrucha °, 5. M. Kraemer “ and H. Biester "~

Legend

A Soil cores

B Top soils

@® Groundwater wells
=== Roads
--=--=-- Contour lines
e Train track

[ | Wood drying area (former)

Rivers

[ ] industrial buildings (former)
Wood/scrub

[Black Forest (GER)

« Industrial use of HgCl, to prevent

wood rot
e HgCl, highly soluble

 Hg pollution: =20T of Hg lost to local soil/groundwater

Methods:

Total Hg (THg) analyses:

e Thermal decomp., amalgam.,

5-10 mL

40% inverse aqua regia trap

\

AAS (USEPA Method 7473) e

« Hg stable isotope analyses:

* Multi-collector, inductively coupled
plasma mass spectrometer (MC-ICPMS)

* Digestion or
Combust-and-trap Hg __
pre-concentration step I

* Purge-and-trap used for
matrix purification

Dirying and
decomposition furnace

Built-in autosampler
Catalyst fumace

< Ar(g)

— - ®

Sample boat

Sample + SnCl,
THg AAS (Milestone SRL)

MC-ICPMS (Nu Plasma)

ICMGP 2024

McLagan et al., Environ. Sci. Process. Impact, 24, 2022

HGX-200 Cold-vapour
introduction system (CETAC)
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wery quics SUMMary of Mercury Stable Isotopes

e 7x Hg stable isotopes 5202Hg (%) - MDF

(6 with measurable abundances) -3 -2 -1 0 1 2
° Large Mass dependent il 0.6%o + MIF** == Hg*(aq). natural sunlight with fulvic acid’
fractlonation (MDF) and mass 1.:‘*%n+_\:llF**' E (‘Hng’(aq}.|1aluralfjun]ightw-ithfuh‘icaclzd'
. . . 1.7%. < Hg**(aq).dark organically mediated reduction’
Independent fraCthnatlon (M I F) kinetic I 0.5%0 <= Hg¥(aq), chemical reduction’ I
in the enVI ron ment e§pts with 0.6%0 == Hg>*(aq), UV photolysis with formic acid*
Hg (?::I::Ii: - 1.2%0 <@ Hg**(aq), ethylation®
« MDF - light isotopes move 3 ” SN T -
6.5%0 < - Y/ Hg'(liq), kinetic evaporation*
faster, react more, change +small MUFPS
phase more 1.6%0 <& Hg*"(aq), bacterial reduction®
L 0.4%c == CH,;Hg"(aq). bacterial reduction®
= -2.0 to -3.0 %o ¢ Hg° uptake by plants

MIF conserved

ICMGP 2024 Bergquist & Blum, Elements, 5, 2009 Blum et al., Annu Rev Earth Planet Sci., 42, 2014 WWW.MERCURYCAPETOWN.COM
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5292Hg (%o) /
-20 -1.5 -1.0 -05 0.0 0.5 1

e " Do current isotopes reflect historical Hg use?
* 3 e THg up to 100-150 mg kg* (ppm) in soil cores
’  Highly polluted samples:
x ] MDF §2%?Hg = -0.2 to -0.1 %o
" - = ¢ Original stock from Hg mines: Hg®
j , B e« MDF §292Hg = -0.7 * 0.6 %o
" . 3 e Hg stocks variable / potential change in sources
‘ : o e Groundwater THg remains high
: * s e up to 300 pg L (nearby well)
Fav i f » MDF 3%2Hg = -0.1 t0 0.4 %o

00000

10 100
THg concentration (mg/kg)

ICMGP 2024 McLagan et al., Environ. Sci. Process. Impact, 2022 Grigg et al., STOTEN, 636, 2018 W W W.MERCURYCAPETOWN.COM




Recreating contamination

Column experiments used to simulate original

contamination at HgCl, contaminated sites

“S-shaped” sorption; exponential decay desorption
= Heavy isotopes in liquid-phase

= light isotopes in solid-phase

European
Geosciences
Union

SOIL

{a} ARTICLES & PREPRINTS ~ SUBMISSION POLICIES ~ PEERREVIEW ~ EDITORIAL BOARD ABOUT ~ EGU PUBLICATIONS ]

Original research article | @@ Articles/Volume 10, Issue 1/ SOIL, 10, 77-92, 2024 https://doi.org/10.5194/bg-19-4415-2022 01 Feb 2024

Organic matters, but inorganic matters too: column examination
of elevated mercury sorption on low organic matter aquifer
material using concentrations and stable isotope ratios

David S. McLagan E4 #, Carina Esser #, Lorenz Schwab, Jan G. Wiederhold, Jan-Helge Richard, and Harald Biester

5;,_,;; Solid-phase

i

-----

S50 Quariz beads

ez aquifer material

R ———

50 C1.7,C1.8 C14-C16 C11-C13 150 C24,C25 c26-C28 c21-Cc23 Quariz wool
5 EXP1 . i j..__ _ -_-l-__ 4+ o EXP2 Peristaltic pump
. i 3 s . HgCl, Solution
L [HgCl,): 46 ppm I f{ﬁr + " [HgCl,]: 144 ppm Bt g L
40 - _-h__“ 120 + -]-f : EXP2: 1446 mg L'
MENNT L .. . p—
(=]
E BT {’,’ *ﬂ» 105 : A. Liquid-phase B. Solid-phase **
‘% i -l—‘,r \ I. 0.00 :50% Breakthrough Equilibrium Desorption |94 EXP1 EXP2
S .I., . % ;
% 5 \+ _,l_ 010 | . --- Stock Solution 060 E =
= ! \ 75 * 021
% :r A F 1{. -0.20 22 .80 ':;::] s
2 2 ¥ R=09% i} R2=0.999 80 R?=0.998 i R2=0.999 .23 Ii
g i \ . g 030 .00 E -
O 15 <]L 45 =]
£ ! -i-\ %I -0.40 -1.20
S o10f % 30 2
= ] % 0.50 140
5 ; +s 15 *3
f:}_ e T 060 460
0 o, 1 L i N i i 1 N 0 p I i i 1
2 4 6 8 10 12 0 2 4 6 8 10 070 : : ) 180 — _ — =
0 2 4 6 8 10 50% Break- Equilibrium Desorpion 50% Break- Equilibrium Desorption
[86]  [172]  [258]  [343]  [429]  [515]  [601] [89] [178] [267] [356] [444] 159 [178) 1267 (356] (444] through through
Volume of solution passad through columns (L) [5 nd pore VOJ'UITIES} Volume of solution passed through columns (L) [and pore volumes] Column removal point
ICMGP 2024

McLagan et al., Soil, 10, 2024 **solid-phase materials taken from aquifer outside Hg contamination plume WWW.MERCURYCAPETOWN.COM


https://doi.org/10.5194/bg-19-4415-2022

Do processes overprint source isotopes?

 Hg(ll) can readily be reduced to Hg°

e Photo-, biotic-, (dark) abiotic-reduction all possible
Gas phase Hg°

e Hg is highly volatile escapes Hg® fracti:hat?dggggner
: negative In
into the atmosphere & ©

e Hg MDF signatures in contaminated soils
and groundwater DO NOT represent
original Hg stock used at the site.

e Highlights challenges of Hg stable isotope

source tracing Residual (unreacted)

Hg(ll) shifted positive

* How could we find “the smoking gun”? in 52%2Hg

Original HgCl, industrial use (Kyanisation)

ICMGP 2024 W W W.MERCURYCAPETOWN.COM
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Technische
Universitat

Pl Growing archives: Hg Dendrochronology

Lateral translocation of Hg' to

Geoserences Biogeosciences .
(EGUu“,m | o & hydroactive xylem (sapwood)
Articles / Volume 19, issue 17 / https://doi.org/10.5194/bg-19-4415-2022 d H h Ioem transpo rt
uring p

Internal tree cycling and atmospheric archiving of mercury:

examination with concentration and stable isotope analyses
David S. McLagan ¥, Harald Biester, Tomas Navratil, Stephan M. Kraemer, and Lorenz Schwab #

h i

Laf Spruce
i AP 1 Spruce 1 ISO4,5,6
THg conc. in 1 Spruce’3 . u A

Bark bole wood 6 S
(g kg) Larch 23‘ cog e A o 2any
Primary [ N S e .
industrial Spruce BG
Heartwood — Secondary (= 5.5 km)
industrial /
B o Background : m ES;Eﬁ;LndUStria‘
SapWOOd = A v Former wood
100 1000 % . drying sites
: ' A Sampled trees L -
3 ® Passive sampler sites ‘ Phloem
Needle of Norway Spruce (Picea abies) ~ Cambium
3 -+ i Sapwood
'+ Stomata i
[ “Heartwood
' Hg'= O
Stomatal MDF of internal transport/
uptake MDF: translocation: minimal
i 202 ~ 0
Resin duct ——— T e ; HgO 6 Hg = —26 /)o
ICMGP 2024 McLagan et al., Biogeosci., 19, 2022; Ghimire et al. Acta Botan. Brasilica, 29, 2015; Demers et al., Global Biogeochem., 27, 2013; Enrico et al. ES&T, 50, 2016; WWW.MERCURYCAPETOWN.COM
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Does THg in tree rings correlate with historic Hg use?

e Three distinct periods of industrial activity: oo | Primary secondary sy
1.Site active - timber treated w/ HgCl, (1892-1961) 1 fered pertoc S EEFSOEE
- Primary industrial period 1 2:3:2:—_
2.Site active - no HgCl, treatment (1962-1992) %m I r f v o
- Secondary industrial period g / g\[ sprt::;i
3.Site closed (1992-present) - background period. % 1 i /ﬁ\ o
« Tree ring Hg reflects industrial activity 3y |
« THg conc. up to 521 pg kg* (Spruce 1) o A 3{‘;? l\
. Confirms there was substantial historic atmospheric s | X
Hg® emissions at HYCl, contaminated site 27
"Tle 100  wee  1ee0 2000 | 2020
P Jetegan et ., sogese. 16,202 e o con
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Plot of MIF (A1®°Hg) against MDF (62°?Hg)
10 : -
| < Background GEM/TGM *
« MDF (6292Hg): negative values in tree rings reflect og | ~Pacoround precpiiation®
fOliar U take _ Background foliage L a9 8 o,
p » Sapwood 0-5 yrs ' ~ o
_ _ _ ol o ;
« Add the mean foliar uptake fractionation to tree _ -Eackg;oung .
ring data to estimate historical GEM isotopes N g Bel b P
o ¢ Primary industrial 9, .
e Lighter Hg® in air from industrial periods £ S s
- - [=)] - - i
(vs background period) supports reduction . A5re EEN
& evaSiOn from Site ® Sapwood 0-5yrs @ Background (HGF) ::] ™ y 6 Hg +26 A)O . :1’7%0 B
A0 ; 0.0 8 ?..d........ ...................... ‘:E. ‘:..:1 .4000 )
a5 | A & r..."e!:‘l .................... 1 .: .............. 4:I:-; g;zzﬁw*wx
=1 E R R e v
;;* -2.5 i MR TRYTTETETPETERPEELERE LD h'x""‘x’iﬁi%}:/:'xw
2 30 | - 04 == +r -7, Foliar uptake Tyt o« Y
s . - Lot 3%2Hg: -2.6 % :
...‘ "| =
4.0 1 ::‘gi, :_g— ® 06 [ — S S e e f— T
Plot of MDF (62°2Hg) by =~ *% | ¢ %=+ -5.0 4.0 3.0 2.0 10 0.0 10 20
year of tree ring formation 0 e tea0 | 1een toso 2000 | 2020 52°2Hg (%)

Mid-point year of tree ring range for each sample

ICMGP 2024

*Szponar et al., ES&T, 54, 2020 ~Zhou et al., Nature, 597, 2021

McLagan et al., Biogeosci., 19, 2022
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Where to now?

« What are the key
processes controlling Hg
cycling in trees?

 What tree species are the
best at archiving Hg?

 How else can we apply
this method?

 (Can we calibrate tree ring
THg concentrations to give
proxy data for historical
GEM conc. In air?

=  Provide model evaluation?

ICMGP 2024

Potential Hg transformation /

A. Stomatal assimilation/loss
B.
C.
D

13

Hg(0)

A. Tree slices or “cookies”

fractionation processes

Foliar oxidation to Hg(II)

Transport in phloem

Phloem-to-xylem
translocation

Phloem-to-periderm

translocation Periderm (outer bark)

Xylem transition Phloem (inner bark)

(sapwood to heartwood) Vascular Cambium

(Hydro)active xylem (sapwood)
Release from roots
Inactive xylem (heartwood)

© Annual growth ring

(role of soil microbiome?)

rs\«)' }4' y

WWW.MERCURYCAPETOWN.COM
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) Characterizing Geogenic Emissions of Hg

GNS

SCIENCE
Y -]

(a) Karapiti (Craters of the Moon) fumaroles (b) Whakaari (White Island) volcano

ACSPublications ACS Earth and Space
v Most Trusted. Most Cited. Most Read. Chemistry

Measurement of Atmospheric Mercury over Volcanic and Fumarolic
Regions on the North Island of New Zealand Using Passive Air
Samplers

Meng Si, David S. McLagan®, Agnes Mazot, Natalie Szponar, Bridget Bergquist, Ying Duan Lei, Carl P J. Mitchell, and
Frank Wania*

@ Cite this: ACS Earth Space Chem. 2020, 4,12, 2435- Article Views Altmetric Citations
2443

Publication Date: December 4, 2020 ~ 42 5 2 1 5
http://doi.org/10.1021/acsearthspacechem.0c00274 LEARN ABOUT THESE METRICS

Copyright © 2020 American Chemical Society

' __'_

~ Legend * Measured GEM conc. (ng m*)
Predicted GEM conc. (ng m'3) - Bayesian Kriging model

S <MoL 0.84 - 1.1 4= 14 14-2¢

26-6.7 67-13 M 12.7-46 [ 46 - 110

» Active and passive air measurements provide some information on current emissions
« What about past emissions?

14
ICMGP 2024 Si, McLagan, et al., ACS Earth & Space Chem, 4, 2020. WWW.MERCURYCAPETOWN.COM



http://doi.org/10.1021/acsearthspacechem.0c00274

Dendrochronologies of volcanic Hg emissions

Use Araucaria araucana (monkey puzzle trees) to characterize historic
volcanic Hg emissions in south-central Chile (& Argentina)
* 4 sites on leeward side of active volcanoes

Old (can be >1000 y.o0.), high altitude (=1000-2000m a.s.l.) trees

Assess Southern Hemisphere atmospheric Hg pre- and post-colonization
and industrialisation using A. araucana at control site (coastal range)

Study the impacts of eruptions and earthquakes on A. Araucana growth
rates using ring width data

Seismic activity can impact tree growth
« Collaboration: @U““’EFS‘“E‘“

Andrés Bello- (Eruptions: 1887, 1933, 1988)

enzuela (poster: 94)

Volcan Loquimay «-;

South
% America

Area of r
Interest P

© Regisn del Bio-Bio

o Regién de la Araucania

ICMGP 2024

Dr Gisela Stotz; Dr. Gustavo Chiang,

Legend

ma.s. Cored Trees
- Active
—

Volcanoes

) Rivers

Regidn de |ps Rips

*CDLC: Cordillera de la Costa
*CDLA: Cordillera de los Andes

M1: Nahuelbuta

M2: Caviahue (Provincia Arg.)
M3: Logquimay

M4: La Fusta

M5: Pino Hachado

A. araucana (monkey puzzle trees)

WWW.MERCURYCAPETOWN.COM
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Dendrochronologies of volcanic Hg emissions

Volcan A. araucana

Copahue NP (ARG)

« Early focus on (non-destructive) ring widths: =35/46 cores measured (uncorrected) Copahue sampling site

(outgassing)

* Groupings of =2-10 annual rings analysed for THg (depending on period activity)
o Site averaging for ring widths and [THg] (10 tree cores per site)
o 3/46 cores analysed for THg

o La Fusta and Lonquimay sites - little correlation with eruption records
= Trees on mid-to-lower slopes may miss Hg signal from large, convective eruptions

= (Non-eruptive) outgassing will be considered
« Sampling at Argentinian site (Copahue NP; high altitude, leeward) in Oct. 2024

- LQ-AA-3

61 —o— LF-AA1
—o— LF-AA-3
Copahue
I Lonquimay
Llaima
=4t Villarrica |
8 o
o oo J
F3f iU [
Ll 0 20 40Km
2t A\ ] ?"-4, ' Regin d
! i e los Rios
: / \ E I» Legend ;
1t [ . o 4 2o o and} i ' | m.a.s.l @ Cored Trees M1: Nahuelbuta
. . -t - * — g i i - 4698 A M2: Caviahue (Provincia Arg.)
i i1 I : i b R i ! Vol M3: Loquimay
Velmex TA tree ring width o i e - i - oo | Mt Lot
measurement SyStem Year o e MS: Pino Hachado

ICMGP 2024 W W W.MERCURYCAPETOWN.COM
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Hg uptake by crops at Nigerian ASGM site

« Artisanal Small-scale Gold Mining (ASGM) now the largest emitter of Hg
to the environment globally

- Human health studies focus on fish consumption & inhalation exposures [k

mercury

poisoning in

«  Some studies on rice: Hg methylation potential in rice paddies Nigeria.
« What about the atmospheric pathway for other staple crops?

« Study of ASGM-derived Hg uptake in cassava, peanuts (groundnuts),
and maize (corn) in Nassarawa, Nigeria

TIVE FEAE THLE TAYE earE
i H I

FARM 2 ¢ Ly

.é N S R
(control) L

MSc. Student: Excellent Eboigbe (poster: 47)

= Q‘N'aw
£ oy
P ¥ ‘\. H -
e, 8 . . NIGERIA Collaboration:
t Wwj, BENIN ek
"nds L T ABUIA
z TOGO L
~ AP Mo g
court.  CH i i # *"1". ‘:_-' ey IF: \
» DoUA yoo f; FaY B =) bk Bk ==
4 = 2R T b | =S &=
p ot : . Ca rg e
[ 4, 2
FARM 1 1 2 “rs we
(contaminated) X : Q i / Y E
0 063 125 2.5 Kilameters ;?%CESSING L ! R . - MINISTRY COF MINES OEE"-""»ﬁlrs.ID e
S A . % Mr. Nnamdi Anene; Dr. Mary A. Odukoya I

ICMGP 202

Munthe et al., UNEP Technical background Report to the Global Hg Assessment 2018, 2024 WWW.MERCURYCAPETOWN.COM




Hg uptake by crops at Nigerian ASGM site

1. Assess Hg pollution at ASGM & farms

- THg conc. in soil

10000

1000

100

“° - _
1

Farm 1

Log THg conc. (ug kgt

Processing Site Farm 2

) conc. in air (GEM; MerPAS)

1000
100
1 ' ]

Farm 1

Log GEM conc. (ng m?3)

Processing Site Farm 2

ICMGP 2024

2. Assess [THg] in plant tissues

M Farm1 [ Farm 2 (control)

400

Groundnut (Peanut)
300
200
100
o m Em -_
100 Maize

C4 plant: alt. Hg uptake mechanlsm’?

200
100
0

400 Cassava

300

THg conc. in plant tissues (ug kg")

200

100
o ﬁ_ﬂ_h

Stems  Tubers/
grains

Leaves Roots

3. Assess Hg uptake & processing with stable isotopes

MIF: A¥°Hg (%)

0.50+

0.25+

0.004

-0.25+

-0.50

A lecaves M Roots

Groundnut (peanut) Maize Cassava

+ - Elevated GEM
. (€ _5
s SN qi© -
i -|-_\|_ PN e
Leaves i W Wi Lo e
Roots N o
00 &_Sails ™
Background ' ™. 1)
GEM ™

*Plant tissues only from Farm 1
**Roots include epidermis
***Cassava tubers and peanuts only flesh (not peel)

< Stem 4 Tubers/grains

-4 -2 0

MDF: 52%2Hg (%)

18
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Altitude (m)
& 8 8 8 B

g

Wildfire and Hg

Emissions ratios (ERs) used to make emissions estimates (Q):

Qcem = Qco * ERgem:co

Emissions estimates can also be calculated from emissions

factors (EFs)
[mass of contaminant released per mass biomass burned (g kg')]

AGEM x MWGEM
[(ACO + ACO, + ACH, + ACyiper) * MW]

EFgem = * Cpiomass * 1000

Emissions estimates then calculated as such:

Qgem = A*B *F * EFgpy

ECCC’s TERRA model

(Top-down emissions Rate Retrieval Algorithm)

2 min measured GEM (ng m™)

kil
Distance (km)

kg of Hg

TERRA estimate: 20

7 T T T T T T T T =
il (a) (b) |
| — Estimated 0.5 Hz GEM conc. GEM =-2.47 In(d) + 12.9
— 5 —— Measured 2 min GEM conc. R? = 0.998 7
% .
> 44 y i
=
o 34 4 ; |
O 8.,
2 a 4 Rl A .
i - -
0 1 N 1 N 1 N I N I I N 1 ' I T T
15:00 16:00 17:00 18:00 19:00 O 20 40 60 80 100
GMT Estimated distance (d) from fires (km)
CO, (ppm) CH, (ppm)
405 410 415 420 5
. 1 . l 3 T T T T T © e
GEM = 1.07E-8 CO, - 4.20E-6 =
RZ=0.801 . .
3.0x1074 L - o |
= _ : . Fiig 24 LS | N
GEM=892E8CO+121ET .* L L
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Tree physiology: Sapwood enrichment
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Isotopes in tree rings: source vs process tracing
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Introduction = Big Thanks. Humbling award.
Farm-Australia; early memory of freshly
emerged snakes. Humour: Bob Dylan (literally
some Australian mountain range) (1min)

ECCC = Where there is smoke, there is
mercury. This made me really start to
think about correctly attributing sources
(these are fluxes; not emissions)

Where too now as a PI?

Maybe a quick snapshot of FEWA Lab.
NZ study had me interested in geogenic
sources =2 | lived in Chile, | have an
amigo de mercurio in Chile, Gustavo
Chiang. Why don’t we see if we can
detect volcanic mercury signals in high
altitude trees growing in the Andes.

ICMGP 2024

Background > maybe skim through slide
automation... humour (1min)

A lot to thank for MerPAS

...maybe just skip...

TUBS - Contaminated site soil-groundwater
geochemistry, really deep dive into the
capacity of stable Hg isotopes.

Show slide of source attribution not explaining
the in-situ measured isotopes

Nico’s project: Araucaria Araucana (Monkey
Puzzle) dendrochronology.

Preliminary data show some indication of THg
increases around periods of elevated volcanic
activity. QUESTION for audience: should THg
signal in tree rings only correlate with
eruptions? Changes in background
(population/industry), Outgassing... (show
image of Copahue) — we believe this site is our
best chance. Also SH background; ring widths
and eruptions/earthquakes.

How did | start researching mercury in terrestrial systems?
Mt Amiata, characterizing sources — but distinct concentration
drop during the growing season for samples within the
forested canopy...same time as work by Daniel Obrist and
others that used stable isotopes to show the importance of
dry deposition uptake of GEM by vegetations. Hmmm, maybe
uptake by trees is actually impacting GEM concentrations
below canopy

Hg in trees — ICMGP 14 Krakow, Lorenz and | talking to
good friend Tomas Navratil. Helping us identify Larch
and Norway Spruce at our site. Harald finding tree
slices/cookies = isotope analysis; Low concentrations
- lots of trapping. Tree physiological process
information we derived inductively from this study.

What about Hg uptake by agricultural crops. Little
study (a bit on rice). ASGM — unregulated, often
illegal. Show image of agricultural area impacted by
AGSM. Observe Hg biogeochem from source to air to
crops through crops to edible parts using conc. &
isotopes.

Crops near ASGM highly contaminated (control not)
Isotopes: BG air heavy, ASGM air moderate; soils
moderate, crops light = roots moderate-light

Fits story of veg. uptake favours light; lighter
industrial signals; soils potential mix of air and soil

WWW.MERCURYCAPETOWN.COM
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