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INTRODUCTION

Trace Metal Bioaccumulation in Planted Vegetation of a Mine Drainage Passive
Treatment System and Potential Ecological Risk




Tri-State Mining District
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Tri-State Mining District

Mid-19th Century

Lead (Pb) and
Zinc (Zn) Production;
Underground Workings




Tri-State Mining District

Mid-19th Century Mid-20th Century

Lead (Pb) and Mine Water Discharges, Waste

Zinc (Zn) Production;
Underground Workings

Pile Runoff, Leachate with
Ecotoxic Contamination




Is It True?
After Over 40 Years of Unabated Mine Water Flows?
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Passive
Treatment
System
(PTS)

Effluent

2008

Natural Biogeochemical,
Microbiological Processes



Passive
Treatment
System
(PTS)

Mayer Ranch Passive Treatment System
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Surface Flow
Wetlands

Oxidize, Hydrolyze, and
Precipitate of lron (Fe)
(Nairn et. al. 2020)

Sorption of Pb and
Cadmium (Cd)
(Nairn et. al. 2020)

Phytoextraction of
Aquatic Plants
(Klink 2017)
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Muskrat
(Ondatra zibethica

Elevated Concentrations of
Metals Found in Liver/Kidneys
(Parker 2004)

Cattail Stands may be
a Principal Source
(Parker 2004)

Chronic Exposure
Associated with Organ Disease
and Development Issues
(Ganoe et. al. 2020)
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HYPOTHESES

Trace Metal Bioaccumulation in Planted Vegetation of a Mine Drainage Passive
Treatment System and Potential Ecological Risk
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HYPOTHESIS 1

Surface Flow Wetlands Planted with Common
Cattail will Contribute to Greater Trace Metal
Removal Through Phytoextraction

OBJECTIVE 1

Compare Effluent Water Quality of
Replanted and Unplanted Wetlands
From 2021 - 2023 and Assess Trace

Metal Accumulation in Plant Tissue
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HYPOTHESIS 2

Greatest Concentration of Targeted Metals
will be in the Cattail Roots Due to High
Uptake From Soil and Water and Low

Translocation to Aboveground Plant Tissue

OBJECTIVE 2

Characterize Uptake Pathways of
Selected Trace Metals Using
Enrichment Factors (EF) and

Translocation Factors (TF)
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Enrichment
Factors (EF)

— Water EF=Rt = Cw

— Soil EF=Rt = Cs

Rt = root concentration
Cw = water concentration
Cs = soll concentration

of selected trace metals

Translocation
Factors (

— Rhizome:Root TF=Rh = Rt
— Shoot:rhizome TF=S =+ Rh
Rh = rhizome concentration
Rt = root concentration

S = shoot concentration

of selected trace metals
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HYPOTHESIS 3

Muskrat Consumption of Cattails
Containing Elevated Metal Concentrations
will Result in a Hazard Quotients (HQSs)
Greater than One Due to Bioaccumulation

OBJECTIVE 3

Using Conservative Assumptions,
Calculate Ingested Average Daily Dose
(ADD) and Reference Dose (RfD) to
Determine HQs
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Hazard Average Dally
Quotient (HQ) Dose

Adult Ondatra zibethica HQs ADD=(C-CF'IR-EDEF)
(BW-AT)

C = metal concentration

— HQ=ADD = RfD
ADD = Average Daily Dose * CF = unit conversion factor
RfD = Reference Dose IR = Iingestion rate

 ED = exposure duration
EF = exposure frequency

« BW = muskrat body weight
AT = averaging time
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METHODS

Trace Metal Bioaccumulation in Planted Vegetation of a Mine Drainage Passive

Treatment System and Potential Ecological Risk
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Field
Methods
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Methods
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Water Analysis

 Physiochemical Parameters: pH,
Temperature, Dissolved Oxygen,
Specific Conductivity, Total Dissolved
Solids, Oxidation-reduction Potential.

« Alkalinity and Turbidity

* Anions: CI, NO,, NO,, P, and SO,

» Total / Dissolved Trace Metals and
Major Cations: Ag, Al, As, Ba, Ca, Cd,
Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, NI,
Pb, S, Se, Si, and Zn
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Soll Analysis

* Moisture Content

* Organic Matter Content

« Trace Metals and Major Cations: Ag, Al,
As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, LI, Mg,
Mn, Na, Ni, Pb, S, Se, Si, and Zn
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Plant Analysis

e Bilomass

« Moisture Content

Organic Matter Content

Trace Metals and Major Cations:
Ag, Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Lli,
Mg, Mn, Na, NI, Pb, S, Se, Si, and Zn.
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RESULTS

Trace Metal Bioaccumulation in Planted Vegetation of a Mine Drainage Passive

Treatment System and Potential Ecological Risk
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LUSIONS

Trace Metal Bioaccumulation in Planted Vegetation of a Mine Drainage Passive

Treatment System and Potential Ecological Risk
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FIndings

H1: REJECTED

Surface Flow Wetlands
Planted with Common Cattall
will Contribute to Greater
Trace Metal Removal Through
Phytoextraction.
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FIndings

H1: REJECTED

Surface Flow Wetlands
Planted with Common Cattall
will Contribute to Greater
Trace Metal Removal Through
Phytoextraction.

H2: ACCEPTED

Greatest Concentration of
Targeted Metals will be In
Cattail Roots Due to High
Uptake From Soil and Water
and Low Translocation to
Aboveground Plant Tissue
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FIndings

H1: REJECTED

Surface Flow Wetlands
Planted with Common Cattall
will Contribute to Greater
Trace Metal Removal Through
Phytoextraction.

H2: ACCEPTED

Greatest Concentration of
Targeted Metals will be In
Cattail Roots Due to High
Uptake From Soil and Water
and Low Translocation to
Aboveground Plant Tissue

H3: ACCEPTED

Muskrat Consumption of
Cattails Containing Elevated
Metal Concentrations will
Result in a Hazard Quotient
Greater Than One
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Future Work

* Potential Ecological Risks Posed
by Other Stages of PTS
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Future Work

* Potential Ecological Risks Posed
by Other Stages of PTS

 Elemental Concentrations in
Wildlife Known to Live in and
Near the PTS
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