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Introduction

€ Development of Porewater Remediation Goals
(PWRGs) for the Protection of Benthic Organisms

= EPA 600/R-15/289 October 2017

Developing Sediment

Remediation Goals at
Superfund Sites Based on Pore
Water for the Protection of
Benthic Organisms from Direct
Toxicity to Non-ionic Organic
Contaminants




Introduction

€ OLEM-OSRTI requested this guidance

= Numerous stakeholders

 Asking for the incorporation of bioavailability measures into
developing remedial goals

« Techniques are available for assessing bioavailability

€ Results (Potentially)

= Simpler/less aggressive remedial designs

- Remediate only the portion of the chemical causing the risk at
the site

= Lower remedial costs
= Quicker completion of remedial actions



PWRG Methodology

€ Methodology applicable to

= Protection of benthic organisms from direct toxicity from
sediment contaminants

= Applicable to nonpolar organic chemicals
* PAHSs, chlorinated benzenes, pesticides ...

€ Methodology not applicable to

= Effects resulting from bioaccumulation via the food chain
- PCBs & PCDD/PCDFs

= Higher trophic level benthic species
« Crab, lobster, catfish, carp

= Pelagic species

= Cationic metals (Cu, Cd, Zn, Pb, Ni, Ag) & polar organics
- Passive samplers in different stage of development



BACKGROUND



Background

® Need for thresholds for contaminants in sediments
= Unacceptable risks

@ Initial approaches - Empirical (pre-2000s)
= Ignore bioavailability considerations

€ Factors influencing sediment toxicity
= Metals - sulfide
= Qrganics - organic carbon

€ Development of Equilibrium Partitioning Sediment
Benchmarks (ESBs) (2000s)



Background

€ ESBs based upon EgP theory

= EQgP asserts:
* All phases in sediment are at equilibrium with each other
- Bioavailability directly proportional to the chemical’s activity
« Chemical activity is the same in all sediment phases
* Cso IN pore water: good estimate of chemical activity

= Bioavailable chemical = C;__ in pore water

€ ESBs developed in 2000s because

= Methods for measuring C;,.. in pore water
- Unavailable, many artifacts & biases



Background

€ Equilibrium Partitioning Sediment Benchmarks
(ESBs, pyg/g-oc)
= ESB is same for all sites

= Adjusted for site-specific sediment organic carbon
content — bulk concentrations (ug/kg-dw)

Final Chronic Value
ES «— | From EPA’s AWQC
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K logOKLOW
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Background
€ Theoretical underpinning of ESBs strong!

€ Not all “organic carbon” in sediments is the “same”

- Variety of diagenic, petrogenic, and pyrogenic forms
* Ko values vary across different carbon types
* Ky values vary within and across sites

¢ ESBs

= Diagenic organic carbon-water partitioning
= Kqc values lower — more chemical being bioavailable



Background

€ With development of passive sampling

= Cse In porewater can be measured

» Measure of chemical activity
» Measure of chemical bioavailability in sediments
— Bioavailable chemical = C;,_, in pore water



Background

€ Guidance approach

= Two basic elements

« Method of measuring/inferring freely dissolved chemical
concentrations in sediment pore water

« Threshold chemical concentrations that delineates acceptable
and unacceptable exposures

~ EPA/600/R-16/357
SER . @®SERDP QESTCP

Laboratory, Field, and Analytical
Procedures for Using Passive
Sampling in the Evaluation

of Contaminated Sediments:
User’s Manual

. - Guidelines for Using Passive Samplers
Developfigibetinent to Monitor Organic Contaminants

Remediation Goals at - .
Superfund Sites Based on Pore at Superfund Sediment Sites

Water for the Protection of
Benthic Organisms from Direct
Toxicity to Non-ionic Organic
Contaminants




Final Chronic Values
Thresholds for Acceptable/Unacceptable



€ EPA’s Equilibrium Sediment
Benchmarks

€ PWRG methodology uses

Acceptable and Unaccept

able

Exposure Thresholds

Final Chronic Value (FCV) from EPA’s
Ambient Water Quality Criterion (AWQC)
for aquatic life is exposure threshold

Secondary Chronic Values (SCV)

et Staes Offioscf FRasearch ard Develprrent. EPASIOROZ
onrertalPraacton Wastingan, DC 20460 ww2pa.gav

SEPA Procedures for the Derivation of
Equilibrium Partitioning
Sediment Benchmarks (ESBs)
for the Protection of Benthic
Organisms: Dieldrin

 Derived using Great Lakes Water Quality
Initiative methodology

* For chemicals without FCVs

Final Chronic Values (FCVs)
Secondary Chronic Values (SCVs)

e
Agency
SEPA

Procedures for the Derivation
of Equilibrium Partitioning
Sediment Benchmarks (ESBs)
for the Protection of Benthic
Organisms: PAH Mixtures




Acceptable and Unacceptable
Exposure Thresholds
€ FCVs and SCVs

= Derived using toxicity sensitivity distributions with
benthic and pelagic organisms

= 5% percentile from the Species Sensitivity Distribution

@ Logical question:

= Are benthic organisms consistently more or less
sensitive to chemical toxicants than are pelagic
organisms?



Acceptable and Unacceptable
Exposure Thresholds

Comparison of Most Sensitive Species
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€ Comparison of the minimum LC50 for infaunal and epibenthic
species (X-axis) and water column species (Y-axis). Data
from AWQC or draft AWQC documents (Di Toro et'al. 1991)



Acceptable and Unacceptable
Exposure Thresholds

€ Species sensitivity

distribution for Endrin

= Freshwater species
® Final Acute Value (FAV) i *

- 0.1803 ug/L P
& Final Acute to Chronic  é

Ratio (FACR)
= 3.106

€ Final Chronic Value (FCV)
= 0.05805 ug/L
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PWRG Methodology



PWRG Methodology

EXHIBIT I-2
Eight-step Ecological Risk Assessment Process for Superfund

STEP 1: SCREENING-LEVEL:

2 * Site Visit Risk Assessor
u g g e S e e O O O g y % S > ¢ Problem Formulation and Risk Manager
= 0 - .
55 * Toxicity Evaluation Agreement
. oE
Developing PWRGs i
S~ STEP 2: SCREENING-LEVEL: \
i * Exposure Estimate
« Risk Calculation - SMDP I

= Follows Superfund’s
elg ht-Step ERA gL”dance STEP 3: PROBLEM FORMULATION

L Toxicity Evaluation I

Y

L A t . o | Cor | Mode!
Endpoints Il “| Exposure Pathways

Y Y

I Questions/Hypotheses |

i

STEP 4: STUDY DESIGN AND DQO PROCESS
* Lines of Evidence
* Measurement Endpoints
Work Plan and Sampling and Analysis Plan >

Data Collection

SMDP

;

STEP 5: VERIFICATION OF FIELD
o SAMPLING DESIGN SMDP

i

STEP 6: SITE INVESTIGATION AND
DATAANALYSIS |- [SMDP]

Y

i

STEP 7: RISK CHARACTERIZATION

STEP 8: RISK MANAGEMENT SMDP

Y

19



PWRG Methodology

€ Screening Level Characterization of the

Step 1:
Screening Level

Step 2:
Screening Level

Nature and Extent of Contamination

Step 3:
Problem Formulation

1) Measure f5; and Cgq for all COCs (pg/kg-dw)
In surficial sediments across the site

2) Compute Cgqqc (Mg/kg-OC) for all COCs
3) Compute Toxic Units (TUs) for COCs

* For single toxicant case, TU = Cq,-/ESB

* For mixture of toxicants,
— For each COC: TU; = Cg /ESB;

— Total TUs =} TU,

Step 4:
Study Design
&

DQO Process

Step 5:
Field Ve ification

Step 6:
Site Investigation
&
Exposure Analysis

Step 7:
Risk Characterization

Step 8:
Risk Management




PWRG Methodology

Step 2:

€ Problem Formulation
= Develop CSM, exposure pathways, and —
assessment endpoints hhcaindes
¢ Study Design and DQO Process sty bosin
= Develop Work Plan (WP) and Sampling DQO Process
and Analysis Plan (SAP) in support of
CSM and data needs Step 5

Field Ve ification

Step 6:
Site Investigation
&
Exposure Analysis

Step 7:
Risk Characterization

Step 8:
Risk Management




Step 1:

PWRG Methodology

Step 2:
Screening Level

€ Site Investigation and Data Analysis

4) Passively sample surface sediments =
Where total TUS > 1.0 Problem Formulation
5) Derive Cs, and K, values for surface Stop 4
sediments with total TUs > 1.0 z‘;‘:ypﬁes'g"
€ Risk Characterization
Step 6:
Site Investigation
&
Exposure Analysis

Step 7:
Risk Characterization

Step 8:
Risk Management




PWRG Methodology

€ Baseline Ecological Risk Assessment

6) Compute Toxic Units (TUs) for COCs
* For single toxicant case, PWTU = C,_ /FCV

* For mixture of toxicants, for each COC in the
mixture:

— Compute pore water TU for each COC,
PWTU, = G /FCV,

— Compute total mixture pore water TUs,
PWTU, e = ZPWTU,

/) For locations where:
« Total PWTUs < 1.0, little potential for risk.
- Total PWTUs > 1.0, unacceptable risks indicated
— Proceed to Remedial Goal Development

Step 1:
Screening Level

Step 2:
Screening Level

Step 3:
Problem Formulation

Step 4:
Study Design
&

DQO Process

Step 5:
Field Ve ification

Step 6:
Site Investigation
&
Exposure Analysis

Step 7:
Risk Characterization

Step 8:
Risk Management




PWRG Methodology

€ Remedial Goal Development

PWRGs

‘ Cfree:PWRG (“g/l—)

 Bulk sediment basis (Cg.pywra M9/Kg dry weight)
* OC basis (Cgpc.pwrs M9/kg organic-carbon)

Step 1:
Screening Level

Step 2:
Screening Level

Step 3:
Problem Formulation

Step 4:
Study Design
&

DQO Process

Step 5:
Field Ve ification

Step 6:
Site Investigation
&
Exposure Analysis

Step 7:
Risk Characterization

Step 8:
Risk Management




PWRG Methodology

€ Remedial Goal Development
8b) PWRGs: bulk sediment basis

(Cs.pwre MO/kg dry weight)

= Derive site specific fy-.qq and Kqe.g5 Values
- KIOCSS=(CLS [ fL0CSS )] Clfree

a) PWRG for single toxicant:

Cspwre = Koc:ss X foc:ss X Cireepwra

where Cfree:PWRG =FCV

Step 1:
Screening Level

Step 2:
Screening Level

Step 3:
Problem Formulation

Step 4:
Study Design
&

DQO Process

Step 5:
Field Ve ification

Step 6:
Site Investigation
&
Exposure Analysis

Step 7:
Risk Characterization

Step 8:
Risk Management




PWRG Methodology

€ Remedial Goal Development
8b continued) PWRGs: bulk sediment basis ~_

Problem Formulation

(Cs.pwre MO/kg dry weight)

Step 4:
Study Design

b) For mixture of toxicants: poo rro
* Individual components: compute CS:PWRGJ

Cspwra, = Koc:ss,i X foc:ss,i X Cree:pwraii Step 5:
where Cqeopwrai = FCV, X PWTU, / PWTU e L1014 Ve Hication

*  Sum components Step 6:
Site Investigation
—_— &
‘ CS:PWRG,Mixture - Z(:SZF’WRG,i Exposure Analysis

Step 7:
Risk Characterization

Step 8:
Risk Management




PWRG Methodology

€ Step through illustrative example



PWRG Methodology

1 ) Measure fOC (define nature and variability)

Dieldrin
ESB freshwater 12 ug/goc

FCV 0.06589 ug/L
Log Kow 5.28

/

Source Area

fOC

6.0%

4.0%

2.0%

0.0%




PWRG Methodology

1 ) Measure Csediment (define nature and variability)

Dieldrin
ESB freshwater 12 ug/goc

FCV 0.06589 ug/L
Log Kow 5.28

/

Source Area

10000

1000

100

10

Cs (ug/kg dw)




PWRG Methodology

2) Determine Cgp¢

CSOC = Csediment/fOC

Dieldrin

ESB freshwater
FCV

Log Kow

——
/

Source Area

12 ug/goc
0.06589 ug/L
5.28

1000.0

100.0

10.0

1.0

Csoc (ug/goc)

0.1




PWRG Methodology

3) Compute Toxic Units (TUs) for Dieldrin

Dieldrin
ESB freshwater 12 ug/goc

FCV 0.06589 ug/L
Log Kow 5.28

/

Source Area

TU = Cgo/ESB

..............................................................................................................................................................

TUs




PWRG Methodology

4) Passively sample sediments with TUs > 1.0

Dieldrin
ESB freshwater 12 ug/goc
FCV 0.06589 ug/L

Log Kow 5.28

/

Source Area

TUs

100.0

10.0

1.0

0.1

0.0

Y
o — __——




PWRG Methodology

5) Measure C;, for sediments with TUs > 1.0

——

/

Source Area

Dieldrin

ESB freshwater 12 ug/goc
FCV 0.06589 ug/L
Log Kow 5.28

Ciree (ug/L)

1.000

0.100

0.010

0.001




PWRG Methodology

5) Measure K for sediments with TUs > 1.0

——

/

Source Area

Dieldrin

ESB freshwater 12 ug/goc
FCV 0.06589 ug/L
Log Kow 5.28

Koc (L/kg-OC)

8.00

7.00

6.00

5.00

4.00




PWRG Methodology

6) Compute TUs for Dieldrin TU = C;../FCV

Dieldrin
ESB freshwater 12 ug/goc
FCV 0.06589 ug/L

Log Kow 5.28

/

Source Area




PWRG Methodology

/) Total PWTUs < 1.0: Little potential risk

l

Dieldrin
ESB freshwater (12 ug/goc

FCV .06589 ug/L
Log Kow 5.28

/

Source Area
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PWRG Methodology

/) Total PWTUs > 1.0: Unacceptable risks

12 ug/goc
0.06589 ug/L
g Kow 5.28

/

Source Area
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PWRG Methodology

8) Remedial Goal Development 3 options
= Concentration in:

- Pore water Creorwre  (MG/L)

«  Bulk sediment Cs.pwRG (ug/kg-dw)

- Sediment organic carbon basis Csocpwrs  (Hg/kg-oc)
Dieldrin Project team will need to

ESB freshwater 12 ug/goc .
Fov 0.06589 ug/L select an Opt|0n!
Log Kow 5.28
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PWRG Methodology

8) Remedial Goal Development

= Focus on bulk sediment option:  Cgq.pwre (M9/Kg dw)
" CISIPWRG=KI0CSSXfLOCSS XClfree.PWRG

7.00
coo1—® @ o e ¢ e

5.00

Koc (L/kg-OC)

4.00




PWRG Methodology

Remedial Goal Development

= Focus on bulk sediment option:  Cq.ppwre (M9/Kg dw)
" CISPWRG=KI0CSSXfLOCSS XClfree.PWRG

g

';E zi: 619 624 617 613 606 614 ® e FCV = 0.06589 pg/L

Q von 5.44 543

TR Sample by sample PWRGs

O35 s i ® 693

245




PWRG Methodology

8) Remedial Goal Development
= Bulk sediment option:  Cg.ppwra (MG/Kg dw)
= CISPWRG=KIOCSSXfLOCSSXClfree.PWRG

=  Sample by sample PWRG development
Not realistic
Not enough data

= Foryour site: Develop site Kyc.q5 and foe.ss
Central tendency value for Kyc.g5 and foe.gs
— mean or median

—  Use 95% UCL as RME
—  Define by OUs, sub-areas ... of the site?



PWRG Methodology

8) Remedial Goal Development
" Koe.gs @nd foe.q5 development

= |f low variability
— Selecting a single value should be straight forwards
= |f high variability
— Will require some work to determine appropriate values
» Spatial patterns

» Site history and knowledge may allow parsing of the
variability

» Distribution of the values

» Subdividing the site



PWRG Methodology

8) Remedial Goal Development
" Koe.gs @nd foe.q5 development

= How many passive sampling measurements are
enough for a site?

- Site specific decision
— 1 or 2 samples clearly not enough

— Measure bulk and C;, concentrations on all sediments too
expensive

— Depends upon expect variance
» Use power analysis to estimate sample numbers

= What samples should be done?
+ Surface sediments



Mixtures: PWRG Methodology
@ Must use Toxic Units (TUs)

* Individual components

PWTULI=Clfreei /FCVIi

= Mixture



Mixtures: PWRG Methodology

Table 4-3. Example calculation of pore water toxicity and PWRGs for a sediment with a PAH Mixture as the known

toxicants.
_ c % ) 1.704% = 1/58.68
Pore Site-
- Sodiment  waier | Adueous Neross Waler o o Speciio gognen
(Crree) Units Units Kog PRWGs
B e o o e gl o0 HIg W)
333 289 30995 1935 0015 0049 00003 4.154  0.057
107 213 8169 0026 0036 00004 3794 0018
257 268 3024 0886 0457 00151 3074  0.044
194 355 1110 3198 0605 00545 2830  0.033
101 185 4048 4570 0315 00779 2830 0017
569 0387 4012 09008 0430 0007 00073 5260  0.097
639 0124 02750 0436 0002 00074 5819  0.109
182  0055J 06012 02825 0195 0001 00033 5612  0.031
640  0.173J 02600 04391 0394 0003 00067 5661  0.109
8.08%
19127 - : . 58681 - 1.0 - 3260



Mixtures: PWRG Methodology

8) Remedial Goal Development for Mixtures
= Beyond Kyc.55 and fyc.g5 development just discussed

=  Composition of mixture will vary across the site

= |f low variability

— Selecting a single composition should be straight forwards
= |f high variability

— Will require some work to determine appropriate values

» Spatial patterns

» Site history and knowledge may allow parsing of the
variability

» Distribution of the values

» Subdividing the site



Consistency of Sediment

Toxicity Testing Results and
PWRGs



Consistency of Sediment Toxicity
Testing Results and PWRGs

¢ Why?
= In RI, sediment toxicity tests are often done
- Benthic organisms

= PWRG methodology for protection of benthic
organisms

€ When consistency exist
= Reasonably assured the causes of toxicity are
identified
= Developed PWRGs will be protective of benthic
organisms at the site



Toxicity Testing Results

PAH mixture species sensitivity distribution genus

mean acute values for marine and freshwater toxicity
testing species

_ Genus Mean Acute Value  Percentage Rank
(umole/ g octanol) of Genera



Toxicity Testing Results

H. azteca less
- - - sensitive than the

Q 1 2O AN A D :
& 1007 7 AN 5t percentile
s 807 species for PAHSs.
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c |
§ 20 ':
0 _-_I_I_LLU.LLI_I_I_I_LU.LLI_I_I_I_LUJ.LI_.I_I_LLUJ.%_I_AI_LUJJ]
0.01 0.1 1.0 10 100 1000

Toxic Units in sediment pore water
EPA's ESB FCV

Measured sediment toxicity survival data for Hyalella azteca in 28-day test
with sediments contaminated with PAHs (Kreitinger et al 2007). ----and
eee¢ lines are the mean and 95% confidence levels for the EC50 derived
from the water-only toxicity testing data for H. azteca.



Toxicity Testing Results

Results follow dose-
response curve and

$ 100] ALON AN AL breakpoint aligns with
= 801 toxicity data for H.
= - azteca.
S 601
= F
(2 40 E 2 100 ¢
é 20 { ‘g 801
- S 60
0 F — IIIIIII — IIIIIII — IIIIIII — II‘-‘{X\\"-{I A E— LICJ w0l |
0.001  0.01 0.1 1 10 100 S 2 i
R o |
Toxic Units in sediment pore water 00_01 01 1’ 10 10)0
using H. azteca toxicity value for PAHs Toxic Units

Measured sediment toxicity survival data for Hyalella azteca in 28-day test
with sediments contaminated with PAHs (Kreitinger et al 2007). ----and
eee¢ lines are the mean and 95% confidence levels for the EC50 derived
from the water-only toxicity testing data for H. azteca.



Toxicity Testing Results

$ 100{ AL AN AL
= ; | A
S 80 1 I
- — : I
E 60 -E |
(7] I3 |
N4t , j
& 201 |
E 0 : ! IIIIIIII ! IIIIIIII ! II‘-/l—Y\\".-\I AIII“"
0.001 0.01 0.1 1 10 100
Toxic Units in sediment pore water
using H. azteca toxicity value for PAHs

Measured sediment toxicity survival data for Hyalella
azteca in 28-day test with sediments contaminated with
PAHs (Kreitinger et al 2007). The - - - - and *+** lines are
the mean and 95% confidence levels for the EC50 derived
from the water-only toxicity testing data.

If data exists in the
data set illustrated

by

A - Suggests:
Presence of other
unidentified
toxicants

A - Suggests:
Wrong toxicants
have been
identified

Consistency not
demonstrated!




Toxicity Testing Results

€ 28-day survival data for 97 samples from six MPG and
two Al-smelter sites (Hawthorne et al. 2007)

= Results:
« Form dose-response shape ©
 Breakpoint between toxic and non-toxic samples &
- Breakpoint centered around 1.0 TU &

120
100 - O@@@ o®
X 80 1 ﬁi %
.g 60 -
:E; 40 - O Non-Toxic
(7)) 20 - A Toxic
- Probit Regression
0 -
0.0G001 0.0001 0.001 0.01 0.1 100

Predicted Toxic Units using H. azteca toxicity for PAHs






PWRG Methodology

€ Methodology applicable to

= Protection of benthic organisms from direct toxicity from
sediment contaminants

= Applicable to nonpolar organic chemicals
* PAHSs, chlorinated benzenes, pesticides ...

€ Methodology not applicable to

= Effects resulting from bioaccumulation via the food chain
- PCBs & PCDD/PCDFs

= Higher trophic level benthic species
« Crab, lobster, catfish, carp

= Pelagic species

= Cationic metals (Cu, Cd, Zn, Pb, Ni, Ag) & polar organics
- Passive samplers in different stage of development



€ Guidance available
= EPA 600/R-15/289

€ Looking for case
study sites

= Develop examples

Developing Sediment
Remediation Goals at
Superfund Sites Based on Pore
Water for the Protection of

Benthic Organisms from Direct
Toxicity to Non-ionic Organic
Contaminants

Office of Research and Development
National Human and Environmental Effects Research Laboratory




