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Research Drivers

SETAC Technical Workshop
“Guidance on Passive Sampling Methods to Improve Management of Contaminated Sediments”
November 2012

Routine use in the field as an in-situ technology for
evaluating remedial performance




THE BIG PICTURE

Can we accurately quantify C. J f 7éee€ using PSMs?

And use the information to make assessments concerning remediation
goals?

Water Column

Modified Henry
L Sampler containing
== < PDMS Rod
| Sediment Cap




The Importance of ¢ f7ee

Aqueous concentration of chemicals not bound to particulate matter, colloids, or
dissolved organic carbon

Proportional to chemical activity (Reichenberg and Mayer, 2009)
Better indicator of potential risk
Direct assessor of:

— fate & transport of contaminants between sediment porewater and surface
water

— bioavailability & toxicity of contaminants to benthic organisms (Lu et al.,
2011)

Sediment Quality Guidelines (SQGs) derived using Equilibrium Partitioning
(EqP) Theory estimate Cl f ree tom Cltotal (bulk solids) and

assumed partitioning to water (A/ \ld ) (Mayer et al., 2014)

— Misrepresentation of risk

— Passive sampling methods accurately determine Clfree



Passive Sampling Methods

Ex-situ In-situ
«  Best to understand £ f ree *  Best to understand £ f ree
equilibrium condition field condition
— Partitioning — Groundwater intrusion
— Toxicity — Currents
— Bioaccumulation — Gradients & flux
Bioturbation

* Reproducibility & typical -
exneriment control
‘ coated glass jar sampler

Baltic Sea
sediment

Sources:

Jahnke et al., 2012
Huckins et al., 2002
Reible and Lotufo, 2012
Gschwend et al., 2012
Oen et al,, 2011




Common Passive Sampling Materials for HOCs

Polyethylene (PE)

* Thin rectangular sheets- High volume, good surface area to
volume ratio, moderate internal diffusion rates, marginal in situ
feasibility

Polyethylene

* Polyoxymethylene (POM)
* Molded thermoplastic- High volume, fair surface area to
volume ratio, slow internal diffusion rates, marginal in situ
feasibility

Soid Fhase Micro-Extraction

Polydimethylsiloxane (PDMS)

* Thin coating on glass fibers- Moderate volume, good surface
area to volume ratio, high internal diffusion rates, good in situ
feasibility

* Hydrophobic surface after crosslinked and polymerized

* Potential to absorb hydrophobic contaminants

4‘

Images from USEPA, 2012




At equilibrium: Clfree = Clpolymer /Klpw

Non—equilibrium: Clfree = Clpolymer /flss
Klpw




Modeling Contaminant Uptake: Governing Equations
Transport within the PSM (DRM & IRM)

ICLPSD /3t = DIPSD 312 CLPSD /dxT12

Transport to the PSM from the sediment (DRM & ERM)

RAC/3t=DaT2 C/dxT2

Internal Resistance Model (Huckins et al., 2006)

— transport to PSM from sediment is ignored: C' \lP SD (x': l): K \lP SD C

— Exact solution from analogous heat transport problem (Carslaw and Jaeger, 1959)

_ rort>Lbinternal ~0.848/L 712 / DIPSD , transport resistance externally

dominated

PSM sorhe knesses have decreased causing mass transport resistances to be controlled
Dual Res1s ance ?L gs andez et al., 50‘3@ 8 P
external f0”
— Diffusion-based internal & external transport
— Semi-exact solution using numerical inversion of the LaPlace transform

— Bulky & often can be simplified

External Resistance Model (Lampert et al., in review)
— Exact solution from analogous heat transport problem (Carslaw and Jaeger, 1959)

— Single unknown parameter RD which is a function of the transport and sorption-related
retardation in the surrounding porous media



Steady State Fraction

Relative Importance of Internal & External Transport
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tlexternal /tlinternal = 36.1KT2 LPSDT DIPSD /RD

Steady State Fraction

=36.10
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-log
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% error when neglecting internal mass

resistance
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Modeling Contaminant Uptake

41060 ,/1000 pm VC'JZBO/ZlOpﬂg
Clt=7 days v Clt=30 days
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Internal Resistance Model

o > RD = A low jfa< Dual Resistance Model

External Resistance Model

\.

Absolute Porewater Concentrations
Clfree = CIPSM /Kifw flss
Comparable to Environmental Criteria

Magnitude of Diffusive Flux

ROCIpw /0t -DIT2
Clpw /0zT2

J/=—RD/plb floc
Kloc dC/dz

Or for highly hydrophobic contaminants,

' 4 nnNn /- 11. £l - _




At equilibrium: Clfree = Clpolymer /Klpw

Non—equilibrium: Clfree = Clpolymer /flss

Remediation Evaluation
Vertical Profiles, Comparison with
WQC, Comparison with Surface Water

Fate & Transport
Chemical Activity
Migration Potential, Flux

Toxicity & Bioaccumulation




Passive Sampling for
Performance Assessment

Provides measure of the reduction of availability and
transport in 1n-situ treatments and sediment caps

Potentially provides indication of migration deep within
cap

Moves away from typical performance evaluations based
upon implementation metrics and physical characteristics
not focused on exposure and risk

Overcomes problems of bulk solid measurement

— Conventional sand caps do not sorb contaminants

— Caps (or in-situ treatments) work by sorbing contaminants and reducing
availability
— In either case, bulk solids largely irrelevant




Demonstration of in sifru SPME PDMS methods for
monitoring remediation efforts

Materials & Methods

* Modified Henry Sampler

Water Column

« PDMS sorbent fiber | Cap Layer
Selective for non-polar compounds |

Contaminated

<ng/L detection with 1 cm resolution N ediment

10 pm PDMS
210 um core




West Branch Grand Calumet River &
Roxana Marsh

COCs: PAHs, PCBs, pesticides & metals

Remediation Activities: Sediment removal (~235,000 cu. yds
in WBGCR and ~150,000 cu. yds in Roxana Marsh) &
capping with sand/gravel

Monitoring Activities: SPME porewater/surface water
sampling & sediment cores (EPA)

1
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“...appears picturesque, but the river sediment is highly
contaminated.” (USEPA, 2009)



Expected Profiles

Clean cap layer (low concentrations), sharp increase in
concentration below the cap layer
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Loc 9: Defined Cap Layer
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Cap Boundary Measurements provided by USEPA
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Loc 13: Highest Observed

Concentration Levels (NAPL Present)
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Wyckoft/Eagle Harbor

 (COCs: PAHs, PCP, organics, creosote, and heavy metals
* Remediation Activities: Capping and source control

* Monitoring Activities (2011): SPME porewater sampling and grab samples/
cores (USACE)

Creosote pool Wood treatment facility off of
Bainbridge Island



The effective organic carbon partition

Kloc=(Wls /Clpw coefficient
Jloc )

» “Measured” Koc ~ 2x estimated ¢ Primary advantages of directly

Koc using literature values measuring porewater
(Baker et. al, 2007) concentrations with SPME

e Deviation between measuted and — No assumption of 100% availability

bulk-solid predictions of
porewater concentrations are
consistent with aged
contaminants and strongly solid-
associated contaminants.

— No dependence of theoretical
estimate of Koc

Thomas et al., 2014



Lampert, 2010

Assessing PAH Bioavailability

21-day bioaccumulation experiment using bivalve mytilida Musculista senhousia and
210/230 um PDMS fiber
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Bulk solids (even carbon normalized)- a weaker indicator of
bioaccumulation potential than porewater concentrations




Key Points about SPME PDMS Profiling

« Porewater concentration

= More sensitive indicator of migration in caps than bulk sediment
concentration

» Sensitive indicator of in-situ mixing processes
= Can also indicate performance of in-situ treatment
= Correlates with contaminant availability and bioaccumulation

» Polymer sorbents
= Effective measures of in-situ porewater concentrations
« No assumptions of Alocor 100% availability
= Note- detection limits and time to equilibrium strong function of
hydrophobicity
» Tracks bioaccumulation
* dominated by more highly hydrophobic compounds
 May not track narcosis
+ dominated by lower hydrophobicity compounds



Thank you, USACE & USEPA

Especially, Paul Schroeder, Karl Gustavson,
Marc Mills, Amy Mucha, and Heather Williams
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