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Background

* Lichens are useful indicators
of environmental impact.

/- Variables Of Interest\

O Stable isotopic
composition of carbon
and sulfur

O Species richness and
distribution

U0 Heavy metal

\ concentrations /

» Established methods for
assessing the sources and
effects of air pollution.

Lichen specimens divided by species during identification
procedure at Montana State University, July 2011.


Presenter Notes
Presentation Notes
Ability to go dormant under adverse conditions
Tendency to accumulate metals into their bodies
Grow in nearly every ecosystem on the planet on various substrates including rock, soil, and trees.
S and C are the main isotopes by N has also be studied
Species richness decreases with increasing proximity to a pollution source 
Different species are more tolerant of a given pollutant
Most widely studied for atmospheric SO2 pollution
Heavy metals associated with smelters in Canada 


Photograph of
lichen species
Hypogymnia
imshaugii.
Scale in inches.

Detailed
photograph of
lichen species
Pelliqua
caninia.

Abstract

» Sulfur concentration and isotopic
signature in lichen species

« Abandoned precious metal
mine in central Montana

* Specimens analyzed for heavy

metal concentrations:
» Lead (Pb)
* Chromium (Cr)
» Copper (Cu)
« Cadmium (Cd)
« Zinc (Zn)

» Evaluate the potential of lichens
to assess human disturbance in

remote mountainous areas.


Presenter Notes
Presentation Notes
Stable isotopes so 32 and 34 S
Mine is rich in metallic sulfides
First question we have to answer…What is a Lichen


[ Research Questions

Can lichens indicate impacts
of remote mining operations?

* Are heavy metals present In
detectable quantities?

* How can we best isolate
sulfur from lichens?

Do concentrations of sulfur
and metals vary spatially or
among species/genera?

 Does distance from mine
correlate with
concentrations?
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Presenter Notes
Presentation Notes
These are all lichens.
All lichens used in this study.


[Alichen IS ... J



Presenter Notes
Presentation Notes
Quacks like a duck?
Informally classified with mosses and liverworts as a cryptogam which means “Hidden marriage”
Photobiont= algae or cyanobacteria
Photobiont supplies the organism with food via photosynthesis and the fungus provides structure, protection from UV radiation and other environmental threats, allows the algae to exist in environments that it could not survive in as free living cells
As you saw on the previous slide
7 growths forms,  the most common of which are Curstose, Foliose, Fruiticose
Some of the most extreme environments on Earth
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Field Site:
Bullion Mine; Basin, MT

-

Y,

Basin Mining District; Jefferson
County, Montana.

Mined for gold and silver between
1897 and 1955.

Superfund National Priorities List

site in 1999.

Ore body contains metallic sulfides:
Pyrite (FeS,)

Galena (PbS)

Sphalerite ((Zn,Fe)S)
Tetrahedrite (Cu,Fe),Sb,S,;
Arsenopyrite (FeAsS)

Initial cleanup completed in 2002;
still actively monitored by the
EPA.
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Presentation Notes
As you can see from the map – between Butte and Helena
Intermittently, wasn’t always active
If you look at the chemical formulas of these minerals, many of the metals (Iron, Lead, Zn, and Cu) are involved in the analysis
Cleanup involved bulldozing the entrance to the mine shaft, removing two large tailings piles, and channelizing a stream of acid mine drainage that drains directly into a freshwater tributary
Not the most efficient/effective reclamation  effort


« Samples stored in paper envelopes

L Fleld Methods in a cool, dry, dark place.

« Water samples of acid mine
drainage, preserved with cadmium

o Twenty-six samples chloride, collected with basic field
consisting of six lichen chemistry
species.

* Eleven locations at
distances of 40-250 m.
from the center of
Bullion

« Sampling conducted in
a roughly radial
pattern, as allowed by
disturbance and
abundance.

Bullion Mine, Jefferson County. Basin, Montana


Presenter Notes
Presentation Notes
More than one species was collected from each location. This will allow for a comparison between species, with other variables including substrate and distance from the mine constant
Radial sampling pattern is an established method for sampling lichens. Use the pollution source as the center and see what variables change as you move outwards. 
This field site is heavily disturbed and lichens were not always available to sample
Acid mine drainage will be integrated into the final paper which will serve as an environmental assessment of the area
Compare to previous data collected by the MT bureau of Mining and the EPA


Lichen Sample Sites
Bullion Mine; Basin, MT

July 2011
Sample Site Dist. from Cntr (m)
LB 92.05
LC 111.25
LD 125.27
LE 42.37
LF 193.12
LG 146.91
LH 241.40
LI 193.12
U 193.12
LK 146.91
LO 137.90



Presenter Notes
Presentation Notes
A number of you who have actually been to Bullion before: road, tributary, etc. 
Highlighted distances refer to the sample sites that were analyzed for thus far.


{Lab Methods } 1. Lichen identification

 chemical tests

2. Unpulverized specimens analyzed for * Investigate spore

preliminary C/S ratios sFructure undpr a
\ v dissecting microscope

e examine structure of
fruiting bodies.

Eltra CS-2000 Cammmnator

3. Lichens pulverized by freezing with
liquid nitrogen and grinding into a fine

powder. |
\ Y

Whole lichen prepared for pulverization
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Presentation Notes
First step: Identifying the lichens. Easier said than done. 
Although Dichotomous keys exist, they are often difficult to follow
Proper lichen identification involves applying chemicals to the thallus that cause the lichen to change color
Investigating spore structure under a dissecting scope
Presence, absence or structure of fruiting bodies
2 Sample sets: Unpulv. Samples from 2009 combusted on the Eltra for prelim. C/S Data
Provided a starting ratio for Parr Bombing
One set Pulverized with liquid N in a mortar and pestle over dry ice, ground into a fine powder


Lab Methods: continued

Begin with chemically-untreated lichen powder

1 2

30 (1 g) aliquots of
lichen powder

Aliquots (15 mg) of
lichen powder taken

randomly, when- PY
ever necessary BaSOy

® precipitated by
Continuous flow- Parr Bomb™

isotope ratio oxidation
mass spectrom- o
etry (CF-lichen) Continuous
flow- isotope
ratio mass
spectrometry
(CF-BaS0y)

Four methods for extracting S from the
lichen thallus. Methods 1-3 are described
in Yun (2004). Method 4 is modified from
Lefticariu (2006). Methods 1, 2, and 4 are
used in this study. Figure adapted from
Yun 2004.

-

3 4
4 (4 g) aliquots of 3 (19) aliquots of lichen powder
)

lichen powder
o
BaSO4 precipitated
by Parr Bomb™

Rinse sample with 400 ml Milli-Q

water to separate H,O-soluble SO4
o

Isolate elemental S fraction (soxhlet

oxigatian extraction, 24 hrs with CH,Cl)
® o
Mixed BaSO, Concentrate extracted CH,Cl, Parr
° Bomb™ for volatile organo-sulfur
°

SO, prepared from 5
aliquots of BaSOQy, by
SO, extraction line

Acid volatile S extraction (2 hrs
in 6 N HCI with N, headspace)

: P
techniques Isolate chrome reducible sulfur
® (0.2 M CrCly, 2 hrs in 12 N HCI

Dual-inlet isotope ratio with N, headspace)
mass spectrometry o)
(DI-IRMS) Parr Bomb™ residue for acid resis-

tant organic sulfur compounds
o
All fractions precipitated as BaSOy,
and analyzed by continuous flow-
isotope mass spectrometry
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Presentation Notes
4 methods
1-3 described a (2004) paper by Misuk Yun who argued that you could measure isotopic composition in lichens directly by continuous flow isotope ratio mass spectrometry. 
We are actually using the same instrument but are unable to replicate the results
Other two methods involve Parr Bombing, a technique of oxidative combustion to liberate S in the sample
4th method is a sequential extraction that will allow us not only to determine the S isotopes, but how that S is partitioned. Is it AVS? Is it tightly bound in the organic matter? 


Lab Methods: continued

O Ground specimens were
freeze dried before
extraction.

e \Water-soluble sulfur

e Elemental sulfur

e Acid-volatile sulfur

e Acid-soluble sulfate

e Chrome-reducible sulfides

e Solvent-soluble organosulfur

O Three samples selected
for sequential extraction.

Soxhlet extraction setup for elemental S Extraction line for acid volatile S
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Presentation Notes
Selected 3 1g samples for sequential: Size requirements




[Lab Methods: continued

L Sulfur collected as
silver sulfide or
barium sulfate

O Twenty-three

samples

oxidatively _

combusted to _ Vi

liberate sulfur .J"f,\ | | ,
 within the thallus. | < <] } — e

O Analyzed for
stable-isotopic
composition
using a Finnegan

N J
C myisaoas

MAT 252 isotope O Eight samples analyzed for

y ' ratio mass

heavy metals by atomic
Parr ® Oxygen Bomb spectrometer

/ absorption spectroscopy
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The remaining 23 samples were put through method two on the outline which involves parr bombing the lichens

Parr Bomb; load capsule with sample and excellent (in this case eicosane). Ratio is important because you want a complete combustion and minimize charring. Wire it. Pressurize it, send an electric shock through the electrodes. It can combust up to 8000 calories per charge. Rapid combustion, closed system, oxidizes S into more soluble forms that are easily recovered for analysis

ALL fractions analysed

Aanylist 800: Uses cathode ray lamps, each element produces light at a specific wavelength, light shot across brightest part of flame, sample runs into a nebulizer and is converted to an aeresol which is incorporated into the flame, ref. beam absorbs different amounts based on the concentration of a given element which registers as an intensity that is converted to a digital signal and interpreted as a concentration 


Results

Table 1 Table 2
Percent Sulfur by C/S Determinator Percent Sulfur by Gravimetric Methods
Lichen %S Lichen Dist. (m) %S
Hypogymnia sp. 0.130 Hypogymnia imshaugii = 92.05 0.107
Letharia sp. 0.204 Hypogymnia imshaugii | 125.27 0.017
Letharia sp. 0.251 Letharia vulpina 111.25 0.055
Letharia sp. 0.215 Letharia vulpina 125.27 0.063
Letharia sp. 0.158 Letharia vulpina 42.37 0.610
Letharia columbiana 0.138 Letharia columbiana 92.05 0.059
0.70
0.60
_ y = -0.0066x + 0.8026
g 0.50 R2 =0.8302 I——
é 0.40
u=) 0.30 L. Vulpina or L. columbiana
€ N §
8 0.20 H. imshaugii
o
& o.10 |
0.00 : : : : - .
30 50 70 90 110 130 150
Distance from Center (m)
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Presentation Notes
Table 1: Eltra C/S Determinator Table 2: Parr Bomb, residue collected, precipitated as BaSO4 and measured
More variability in Table 2. Why? In order to get a complete combustion on my samples I had to combust very small amounts of sample at a time. Repeated combustions = more opportunity to loose a little S along the way. Also, these samples exhibit a wider range of spatial varriation 
So…Eltra may be more efficient for calculating total wt %S, but if you want isotopes you have to go to the Parr Bomb
Use these preliminary results to adjust my parr bombing ratios and work towards a more complete combustion.
Graph below – trend of dec. S concentration away from center of the mining area. More combustions will serve to see if this trend is reliable. 


Results: continued
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L. vulpina H. imshaugii L. vulpina H. imshaugii L. columbiana | L.columbiana H. imshaugii L. columbiana
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Species, Distance from Center (m), and Sample ID of Lichen

Figure 1: Concentration of copper, cadmium, and chromium (mg/kg or ppm) in eight lichen specimens from five

different sample locations.

» No apparent trend between Cu, Cd, or Cr concentrations and radial

distance from field site




Results: continued

Concentration (mg/kg)

16
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6 T —
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H. imshaugii H. imshaugii H. imshaugii L. vulpina L. vulpina L. columbiana | L. columbiana | L. columbiana
92.05 42.37 193.12 92.05 42.37 241.4 193.12 137.9
LBO1 LEO3 LI02 LB11 LEO1 LHO3 LI0O1 LOO1

Species, Distance from Center (m), and Sample ID of Lichen

Figure 2: Concentration of copper, and chromium (mg/kg or ppm) in eight lichen specimens from five different
sample locations.

« Cu and Cr concentrations appear to vary between lichen species

« H. imshaugii exhibits higher concentrations of Cu than both species of Letharia,
regardless of distance from the center of the mine.

» Inversion of Cr and Cu as the dominant metal between genera




\Results: continued
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Figure 3: Concentration of zinc and lead (mg/kg or ppm) in eight lichen specimens from five different sample

locations.

« Trend of decreasing Zn concentration with increasing radial distance
from the center of the mine



Conclusions — . \

0 Concentrations of sulfur S
and heavy metals vary -
« Spatially across an e B W B8
. MR B NN T
area of disturbance T R TR

» Between species , e
occurring in the same ' «
location.

O It will be possible to use lichens to assess
environmental impact of mining activities in remote
mountainous areas, despite the small scale of
operation.

O Preliminary data does not
confirm the extent to which the
lichens growing near the
Bullion Mine were affected by
anthropogenic disturbance.

O Further research:
Examine a control specimen

« Conduct a geospatial analysis

» Continuing stable-isotope research
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Lichen Sample Sites
Bullion Mine; Basin, MT

July 2011
Sample Site Dist. from Ctr (m)
LB 92.05
LC 111.25
LD 125.27
LE 42.37
LF 193.12
LG 146.91
LH 241.40
LI 193.12
LJ 193.12
LK 146.91
LO 137.90
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A number of you who have actually been to Bullion before: road, tributary, etc. 
Highlighted distances refer to the sample sites that were analyzed for thus far.
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