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Site Assessment: Source attribution using stable isotopes

What are stable isotopes?

Forms of the same element that contain equal numbers of

protons but different numbers of neutrons and as a result
have different atomic masses

Mercury Isotopes:

/ stable isotopes with range in mass from 196 to 204 amu

Mass dependent fractionation:

Lighter isotopes react faster and become enriched in
the products




Site Assessment: Source aftribution using stable isotopes

* Hg stable isotope analysis has provided insights into different sources of Hg—requires unique
end-members (and minimal post-source transformation)

* Mines significant source downstream

Black Butte Hg Mine, OR Wanshan Hg Mine, China San Francisco Bay, CA
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Source control has been effective, but enough?

Uncertainties may
be significant,
different:

Types of sites (3

mines) (0.2 mg.kg in SF Bay fur human health)

Remediation
strateqies




Site Assessment: Source/Site characterization

Delineate extent of contamination

High measurement density resolves soil
heterogeneity, limited sampling $

Reduce cost/effort
Recommendations for quality data:

Site /Source-specific reference
materials, analysis times

X-Ray Fluorescence Aggregate measurements (ISM)
Spectrometer Reliable limit 2xmdl (~15mg/kg)

Lab comparison with HF digestion
near action levels (or minimal false
negatives)

Images: Golder Associates & Eckley et al, 2020



raw data
—— linear fit
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Target EA-Hg Target Remedial Method

Enhanced Containment

kS . SSE Common Mine Source Primary Transformation
Vd por Mlhgaho n Fraction Exposure Routes Exposure Routes
FO Hg® (elemental, volatile) * Equipment, waste, & spil's -Se}ggta;fnm
from ore processing * Vapor Nt ’II

* Overburden (typically low inhalation Enoefhnyllaat;bleform
F1 water soluble (~DI WET) GriEsiEly F-1 through F-3

* Calcines (tailings)
F2 weak acid soluble (~TCLP) 'E;cg;’:fa'zl}wmw * Methylated or can

be (mobilizationto
* Dust inhalation aquatic

* Dust ingestion environment,
bioaccumulation,
fish consumption)

F-1 * Overburden (typically low
through percentage)
F-3 * Equipment, waste, & spills
from ore processing
* Native soil contaminated
by atmospheric fallout

F3 organically complexed

F4 strongly complexed

= Ore * Not considered
F5 mineral phase 960 * Overburden bio-or  Recalcitrant
O * Surrounding geology environmentally

(deposit halo) available




Site Assessment: Pathways of release—flux to water

Releases are a concern due to the potential for downstream methylation & bioaccumulation
e Stormflow flux >>> baseflow flux

* Annual loads dominated by a few large events
* Mobilization from erosion of particles/sediment entrainment

Example: Cinnabar Mine, ID



Site Assessment: Pathways of release—flux to water

* Positive relationship between
THg and total suspended solids
(TSS).

* Most regression slopes not
significantly different.

* Most intercepts were significantly
different and were correlated
with the distance downstream
from the contaminated source
area.

Source: Eckley et al, 2020



To sieve or not to sieve?

HEN




[Hg],, necessary to exceed SF Bay
Basin Plan Fish Criteria

WILDLIFE PROTECTION FISH CRITERIA

0.00006 to 0.015ug/L

" Small fish criteria= 0.03 mg/kg

Assumptions:

HUMAN HEALTH FISH CRITERIA

0.000004 to 0.0005ug/L

"Lqrge fish criteria= 0.2 mg/kg

Assumptions:




Site Assessment: Pathways of release—flux to air

* Relative magnitude of surface-air versus water flux
depends on hydrological /meteorological conditions.

e Annual fluxes to the air can be 50-100 kg/year from
some contaminated sites.

* Soil Hg speciation (along with several environmental
parameters) affect surface-air fluxes.

Source: Eckley et al, 2020 Source: Kocman & Horvat, 2011






Site Remediation: Sequester environmentally available Hg

Other options:

e Soil-washing * Bioremediation/biotreatment
* Solidification/stabilization ¢ Phytoremediation/stabilization
* Thermal treatment * Chelating agents

 Electrochemical/kinetic

recovery Permeable Reactive Barrier

Soil Amendments



Conclusions:

We need to and can optimize Hg source control by:
e Using stable isotope fractionation to identify sources of contamination

* Improving site assessment:

e Resolve spatial heterogeneity with increased sample density, XRF

e |dentify EA-Hg forms/speciation that are mobile, labile, &/or toxic with speciation/SSE
 |mproving site remediation:

e Prioritize/Target environmentally available-Hg

e Implement enhanced remedial methods

Next Steps:

* Novel approaches to addressing contaminated sites have been identified at the laboratory
and test plot scale;

* However, more examples of large-scale applications are needed to encourage broader
adoption of these methods — SF Bay Water Board is implementing several currently
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