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Goals of the study

* Determine the locations of Hg emission
hotspots.

* Quantify Hg uptake and/or release rates at /\
different locations. T \ﬂ : L

* Compare Hg uptake rates between lichens ]I S
. . . ) ichen
and commercially available passive /\
Samplers. i‘; \ ; Calcine J
. 11 1 : Q 4 PBM Hg?* o o ML C MeHg™
e Estimate dry deposition flux to lichens in \_/’://"'

the mining district.

* Discuss benefits and limitations of using
lichens as a bioindicator for this application.
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Study areas

* The New Almaden Mining
District (NAMD) was North
America’s largest and most
productive mine (1846-1977),
producing 38,000 metric tons
of mercury, or 5 percent of the
world’s total mercury.

* The Sulphur Bank Mercury
Mine (1865-1957) produced
~7000 metric tons of Hg and
caused mine waste to enter
Clear Lake. Since 1990 it is an
EPA Superfund site.

ICMGP 2024

Study Areas

Clearlake

74

_Stockton
c

Clear Lake 0, Tetgiity i
Sulphur Bank
... Mercury Mine

yyyyyyyyyyy

New Almaden Mining District
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Usnea sp.

Lichens commonly

found in the
California Coast
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Flavopunctelia sp.
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Sample processing and analysis methods

Lichen homogenization with Freeze-drying with a Total Hg quantification with a DMA-80
liquid N, and a mortar and pestle lyophilizer
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Sampling locations and spatial interpolation

of THg in lichens at the NAMD J

THg in Lichens Near Reservoirs vs. Background

500
2 400 -
(0]
o -
O
-
< 300
a
[oX
o
o 2004
T
l—
100 -
0 - T
& o
’AC\I(Q‘ a?@%
o
¥

Atmospheric deposition from local sources
impacting the area’s reservoirs
o= W

T )
(‘ 4 .

- __ [

o 1730.5-2615.2 305.8 - 362.6

e 26153 - 3967.6 362.7 - 472.8

® 3967.7 - 8526.0 472.9 - 686

®  8526.1-20083.7 686.1 - 1,098.2
.~ 1,0983-1,8953
1 1,895.4-3,4371
0 3,437.2- 6,418.9
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Sampling locations and spatial interpolation
of THg in lichens at the Sulphur Bank Hg Mine

ICMGP 2024

'THg mean (ng/g)
©  299-654

© 875-1093

© 1094 - 1445
© 1446 - 2168
©® 2169 - 3152

® 5312 -9152
® 9153 -17183
® 17184 - 45348

'THg Heat Map
341 - 1,568
1,569 - 2,359

2,869 - 3,659
55555555555

6,793 - 9,749
9,750 - 14,340

14,341 - 21,467
21,468 - 32,530

Clear Lake

W § Satellite Waste
b Rock Pile #
|
v, *
Sampling Locations - L L_

Sulfur Bank Mercury Mine
Heat Map of Total Mercury Concentrations

B)

NorthWestﬂcf ( =3

B e
Waste Rock Dam
[

West Waste
Rock Pile

Yf

. Ta|||ngs Pile

Nortlg Waste Rock Pileo
L]

B Green

/ Pond

* Lichens reveal emissions
hotspots.

e Resolve order-of-
magnitude Hg gradients
with a resolution of ~10’s
of m.
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Lichen transplantation and MerPAS experiment

Lichen transplant locations in the NAMD

5|'.r_||-l.l| Town

5 2
Mir:ealllill Hacienda Furna:e Yard
§ o
e Lichen picked at background location, sorted by species, washed with
spring water, patted dry, placed in nylon bags suspended under rain
shields from oak trees in the NAMD (Vanini et al., 2021).
* One bag was a control containing lichen picked at each transplant
location.
 Two MerPAS were deployed at each location.
* Transplant #1: Jan 18-Sep 13, 2023. Transplant #2: Aug 14, 2023 — Jun 12, Almaden Reservoir
2024. g
» Uptake rates constants given by g/q_0 (Lopez-Berdonces et al., 2017). 5 b
m
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N

Transplant #1 — Ramalina leptocarpha

2.0 u
u |
| |
1.5 4 [ ] .
[ | i
oI [ |
\g 1.0 5 I | I I
oo
051 slope = 0.00274 +/- 0.0005 d!
r=0.66
p = 8e-7
00 1 ! I ! | i I |
0 50 100 150 200
Feb 17 Transplant Day Aug 14
ICMGP 2024

THg uptake at the most contaminated location
the NAMD (Hacienda Furnace Yard)

Transplant #2 — Evernia prunastri

- -

Mine waste remediation work Remediation work complete

2.0

1.5 4

g/q_O

:
mom =
=

n
EE mE

i =0.5
1.0 I . . P
" slope = 0.00253 +/- 0.0004 d"
r=0.70
0.5
p=1e-5
00 I ' I ! | ' 1 i I ! I ! I
0 50 100 150 200 250 300
Aug 14 Jun 12

Transplant Day
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Comparison of THg uptake rates across sites

Lichen transplant locations in the NAMD

EI“;III’.II ann | | THg (ng g-l) Uptake Rate
) i Level in lichen Const g/q O (d
0

3

Mir:eglilill Hacienda Furnace Yard Background 76-203
: 7 Almaden Reservoir Low 188-241 0.0011 + 0.0004
B | °8 T Medium 335-372  0.0021 + 0.0004

High 647-1127  0.0027 + 0.0005
4 )
Yard

* Uptake rates generally scale with the
ambient lichen concentration.

Almaden Reservoir
4

5

500 m
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THg release and control transplants

A .. Mine Hill © Background
1.5 4
DI
S 1.0
[  F
0.5 4
0.0 T T T T T
0 50 100 150 200 250
Transplant Day
C 2.0 H
°1 Hacienda = Background (#2)
154
| |
Ol -
S 1.0- i
|
0.5 1
0.0 T T T T T 1
0 50 100 150 200 250
Transplant Day

ICMGP 2024

,,] Hacienda = Background (#1) e No significant trends
. . in Hg release.
£.) QSRR * No significant trends
' in any of the control
e — transplants.
D,

1 Background - Background

T T T T
0 50 100 150 200

250
Transplant Day
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Passive Hg® sampler (MerPAS) results

* Blank corrected

w
o
|

25.- * 60-d deployments,
3 2 winter/spring 2023.
9 T e Pattern matches
8 15 I
Ea expected
ER - contamination levels
I_ ° °

51 from prior lichen

o | N2 [FONSaT| [NGeT NSeTH survey.

<ngto? ReSeNO“ \made? ReSeNO“ Mine vl ien Furmac el
- § Location Hee
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Comparison of uptake rates between lichens
and passive samplers

* Lichen uptake rate =
|| Ramains eptocarns ([THg], ~ [THg]o) / days
1 Hacienda Furnace Yard Site * MerPAS more sensitive
than lichen at detecting
uptake.

* “Lichens provide
additional independent
data that increase the
confidence in the
MerPAS results (Gacnik

-
o

o o o
N D (0]
1 . 1 . 1

THg uptake rate (ng g d”)

o
N
I

o
o
I .

Feb 17-Apr21(63d)  Mar20-May 19 (60d)  Aug 14-Oct 18 (65 d)

Deployment dates in 2023 et al-; 2024)
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Estimates of total Hg deposition to lichen
In the NAMD for three regions

o, = santa®
W 7 Teresa |
_ Region Lichen Mass of Deposmon Area of Total
/ | N ’@-'a o1 g1 o M2 d 1 o)
' i3 1= CIN B _,}_ﬁ; Haaenda Furnace 05 1.00E+06
¥ ; - 59 ' = Yard
Park | 0.25 10 2.5 3.65E406 3.3

Almaden 10 1 2.54E+07 9.3

Reservoir

. I‘.‘ #
- \
—\\ _: U.S. Dry 8-63
‘L\T Deposition Est.*

&

*Zhang et al., 2016
ICMGP 2024
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Lichen Hg Stable Isotopes

* Large range of 0%%?Hg

020 values likely due to MDF
m N during uptake of Hg by
0,00 . . .
200 150 100 ?FD-@EO. 0.0 030 different species of lichen.
O N O 5 0,20 e Lichens with elevated
R concentrations show close
o\ OFP -0,40 A199
2 0,60 * Lichens at background
ORM .
- locations show more
| negative A19°Hg.
©2021 Samples This work . ..
® Mining Reference (Almaden, Spain)limenez-Moreno et al., 2016 o * Stl” awaltlng 2023 reSUItS
Background Reference (Canada) Carignan et al., 2009 o from tra nSpla nt.
6292Hg, %o |
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XANES-HERFD analysis on Hg in lichen

normalized xu(E)

ICMGP 2024

1.6

14

1.2

0.8

06

0.4

02

Example scan comparing a lichen
sample from Hacienda Furnace Yard
with a reference compound

12280

12290 12300 12310 12320 12330
Energy (eV)

~200 pum x 700 um beam area.

Hg concentrations were variable on
a scale of ~10-100 pum.

Spatial heterogeneity within lichen
samples.

Several lichen samples had spectra
nearly identical to mine waste.
Lichen had higher amounts of
organically associated Hg and minor
fractions of reduced Hg in addition
to a- or B-HgS.

Still awaiting results from 2023
samples.
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Conclusions AT LN DR SV

Hg in lichens are useful indicators for
identifying emissions hotspots on spatial
scales of 10’s of meters.

Lichen transplants are a cost-effective
complement to passive samplers for
measuring uptake (deposition).

Care must be taken in determining q_0
lichen Hg concentrations for calculating
uptake rate constants.

Hg in lichen is not released quickly,
although may be sensitive to decreasing
emissions resulting from remediation work.
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