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Traditional Management Approaches UseTraditional Management Approaches Use 
NOAA Sediment Screening CriteriaNOAA Sediment Screening Criteria

TEC – Threshold Effect Concentration 1.6
PEC – Probable Effect Concentration 22.8

MacDonald et. al. (2000) - Freshwater
Total PAH16

(mg/kg)

Long et. al. (1998) - Marine
ERL  – Effects Range Low 4.0
ERM – Effects Range Median 44.8
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Total [PAHTotal [PAH1616 ] Sediment Screening Approach] Sediment Screening Approach

Toxicity Not 
Expected

Toxicity 
Uncertain

Toxicity 
Expected

(MacDonald et. al. 2000)
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Pore Water [PAHPore Water [PAH3434 ] Provides True Bioavailability] Provides True Bioavailability

– Porewater is “the most accurate 
indicator of bioavailable exposure 
concentration” (USEPA 2007)

– Solid-Phase Microextraction 
(SPME)

Applied to >240 sediment samples 
(precise)
Rapid – 60 minute cycle time
Small sample size:

~ 20 ml of sediment
~ 1.5 ml of pore water

Low detection limit: ~ pg/mL (ppt) 
(sensitive)

(Hawthorne et. al. 2005)
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SCBA Approach Builds Upon Existing EPA FrameworkSCBA Approach Builds Upon Existing EPA Framework

Convert Bioavailable PAH Concentrations to 
Toxic Units 

Measure 34 PAHs in Sediment (NOAA PAH34 )

Use Equilibrium Partitioning to Estimate 
Bioavailable PAH Concentrations

Sum PAH Toxic Units (TU34 )

If TU34 > 1, Toxicity is Expected

SPME pore water 
PAH34 concentration

U.S. EPA (2007 Draft) Evaluating ecological risk to invertebrate receptors from PAHs 
in sediments at hazardous waste sites
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KKococ Values Vary 1,000Values Vary 1,000--fold in Sedimentsfold in Sediments
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Urban River Sediments ContainUrban River Sediments Contain
NaturalNatural and and AnthropogenicAnthropogenic CarbonCarbon

oxidized coal

charcoal coke coal tar pitch cenosphere

bituminous 
coal

soot carbon

anthracite coallignitewood

PAH binding (Koc ) is very different for different types of carbon.

Quantity and type of carbon are important!

(U. Ghosh et al. 2003)
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Alkylated PAHsAlkylated PAHs Account for ~75% ofAccount for ~75% of 
Pore Water TUsPore Water TUs
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Alcoa

ESTCP

NiSource

NGA

(Marine)

Sediment Contaminant Sediment Contaminant 
Bioavailability AllianceBioavailability Alliance 

(SCBA)(SCBA)

To date:
18 sites

>250 samples
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Toxic

Nontoxic

National Grid – Hudson, NY
27 samples

H. azteca 28-day toxicity
SPME Pore Water PAHs

27 samples
H. azteca 28-day toxicity
SPME Pore Water PAHs
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Hudson SiteHudson Site--Specific DoseSpecific Dose--ResponseResponse 
Provides an Accurate Characterization ToolProvides an Accurate Characterization Tool
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PAH16
>1.6 mg/kg

PAH16
>22.8 mg/kg >35 TU34

<20 TU34

SPECIFICITY – Focused on Measured Toxicity

Provides accurate 
characterization tool
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Total [PAHTotal [PAH1616 ] ] DOES NOTDOES NOT Predict ToxicityPredict Toxicity
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SCBA [PAHSCBA [PAH3434 ] Method Allows Better Decisions] Method Allows Better Decisions

< 5 TU > 40 TU
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SPME Pore Water Prediction Efficiency is BetterSPME Pore Water Prediction Efficiency is Better

Screening Criteria
% of Total No. 

of Samples 
Above Criteria*

Chance of 
Correctly 
Predicting 
Toxicity†

Chance of 
Correctly 
Predicting 

Nontoxicity‡

> 1.6 mg/kg PAH16 86% 23% 93%
> 22.8 mg/kg PAH16 55% 32% 95%

> 1 EPA-modeled TU34 87% 25% 96%
> 1 SPME TU34 44% 45% 98%
> 5 SPME TU34 29% 67% 97%

> 40 SPME TU34 11% 100% 89%

*Total N = 178
†Positive predictive value - the likelihood that a sample exceeding the threshold criteria is truly toxic
‡Negative predictive value - the likelihood that a sample below the threshold criteria is truly nontoxic

17



No

Equilibrium Partitioning Equilibrium Partitioning 
ModelModel

Hydrocarbon Narcosis ModelHydrocarbon Narcosis Model
(NOAA PAH(NOAA PAH3434 ))

SPME TUSPME TU3434 > 5 ?> 5 ?

Biota Exposure Biota Exposure 

Sediment  ConcentrationSediment  Concentration

Improved SiteImproved Site--Specific Specific 
InformationInformation

Bioavailable PAHs 
(SPME Pore Water)

Procedures for the Procedures for the 
Derivation of Derivation of 

Sediment Sediment 
Benchmarks: Benchmarks: 
PAH Mixtures PAH Mixtures 

(U.S. EPA 2003)(U.S. EPA 2003)

Yes

No Further No Further 
ActionAction

Significantly Toxic toSignificantly Toxic to
Benthic Test Organisms?Benthic Test Organisms?

No

Yes

Further Action RequiredFurther Action Required
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Summary: Possible Approach for Using SPME DataSummary: Possible Approach for Using SPME Data

SPME TU34 < 5
Sediment non-toxic

Biological testing not required

SPME TU34 > 40
Sediment toxic

Biological testing
not required

5 < SPME TU34 < 40
Biological testing required
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Relationship between sediment contaminants 
and potential for exposure and risk
Contaminants- Hydrophobic organics

PAHs and PCBs
Metric – Accumulation in benthic organisms

Benthic organisms often control contaminant 
exposure to higher organisms through food chain 
transfer and direct release (via bioturbation)
Accumulation provides a dose proportionate 
response 
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Bulk sediment concentration
Relatively easily measured 
If equilibrium partioning to porewater bulk 
sediment is also indicates porewater/mobile phase 
concentrations 
In the absence of direct partitioning information 

Reality – porewater concentration typically much 
less than predicted by this equation due to 
desorption resistant phenomena

s
d oc oc

pw

WK K f
C

= =
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Test organism
Deposit-feeding freshwater tubificide oligochaete
Ilyodrilus templetoni

Ease to culture
High tolerance to contaminants and handling stress
Intense sediment processing environment (overcome mass transfer resistances?)

Measure of bioavailability
steady state biota-sediment accumulation factor, BSAF

Where
Ct is contaminant concentration accumulated in organisms’ tissue (μg/g ) 
flip is organisms’ lipid content (g lipid/g dry worm) 
Cs is the sediment concentration (μg/g dry sediment) 
foc is total organic carbon content of the sediment (g TOC/g dry sediment).

/
/

t lip lip

s oc oc

C f K
BSAF

C f K
= =
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y = 1.81x
R2 = 0.81
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y = 1.071x
R² = 0.845
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Strongly sorptive phases cause desorption 
resistance and decreased porewater 
concentration
Slow transport processes in porewater results in 
achievement of apparent equilibrium

Rapid transport processes would yield kinetic limited 
desorption and ultimately complete release of sorbed 
contaminants
No unavailable fraction – assumed to be strictly a 
kinetic phenomena

Deposit feeding benthic organisms rapidly 
equilibrate with local solid phases

Route of exposure controls dynamics of uptake
Extent of uptake controlled by apparent equilibrium 29



Solid Phase MicroExtraction
Sorbent Polymer PDMS (poly-
dimethylsiloxane)

Thickness of glass core: 114-108 µm
Thickness of PDMS coating: 30-31 µm
Volume of coating: 13.55 (±0.02) µL PDMS per meter of fiber
Easily capable of measuring ng/L concentrations

Field deployable system under development
ng/L detection with 1 cm  resolution
May require 10-30 days to equilibrate
Recent work with thin coating

10 µm on 230 µm core
9 times faster dynamics
~ 7 µL PDMS per meter of fiber

x
30
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PAH Kinetics in Sampling Rod
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Phenanthrene
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Deployment for ~10-30 days (or shorter for 
nonequilibrium deployment or for light PAHs)
In-situ 

when sediment cannot be removed without compromising 
porewater integrity
when porewater chemical gradients must be retained  or to 
assess field migration processes

Ex-situ 
Box cores can be collected and maintained 
Field deployment is hazardous (e.g. divers in chemically or 
physically hazardous environments)

Retrieval and sectioning for desired resolution
Extraction 
Analysis 35



(ng/L)

Bulk sediment concentration does not reflect high gradient near surface
36



Lumbriculus –
freshwater deposit 
feeder
Preliminary Data

Variety of 
uncontrolled factors

Still promising 
correlation
Additional field 
demonstration 
planned Summer 
2008

R² = 0.4714
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Thin layer sand capping (10-15 cm) often used 
to provide clean surface over dredging residuals
Assessed via bioaccumulation experiments with 
deposit feeding organism with layers of varying 
thickness

Thin (0.5 cm) of fine grained sediment above thin layer 
sand cap to simulate deposition of new sediment 
(allowing recolonization by deposit feeders)
Porewater and bioaccumulation testing after 28/ 56 
days
No porewater advection 

Objectives
Can a thin layer sand cap reduce bioaccumulation?
Can porewater concentrations indicate 
bioaccumulation?
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B[a]A Pore Water Concentrations
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Thin Layer Capping to Manage Thin Layer Capping to Manage 
ResidualsResiduals

Overlying Water

Pyrene Concentrations in Worm Tissue
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Interstitial water concentration indicative of available and 
mobile contaminants

Typically much lower than predicted by Ws/ (Koc foc) due 
to desorption resistance

Interstitial water concentration indicative of 
bioaccumulation in deposit feeding organisms

Not  indicative of route of exposure but of ss accumulation
PAHs and PCBs (although less data for PCBs)
BCF useful in-situ for deposit feeders as well as for passive 
uptake in organisms in overlying water

SPME a useful tool for measuring interstitial water 
concentration

Field deployable tool useful for indicating interstitial water 
concentration and gradients to understand chemical 
migration 43



Register now for the third presentations of the Bioavailability 
series: 

“Use of Bioavailability Information at Hazardous Waste Sites” 
– June 18th

by following the registration link on the Risk e Learning web 
page. 

For more information and archives of this and other Risk e 
Learning web seminars please refer to the Superfund Basic 
Research Program Risk e Learning web page:

http://tools.niehs.nih.gov/sbrp/risk_elearning/
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After viewing the links to additional resources, 
please complete our online feedback form.

Thank You

Links to Additional Resources

Feedback Form
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