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Thank you for signing In early

The webinar will begin promptly at
12:00 pm ET, 9:00 am PT
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SERDP and ESTCP Webinar Series

* The webinar will begin promptly at 12:00 pm ET,
9:00 am PT

= Two options for accessing the webinar audio
« Listen to the broadcast audio if your computer is
equipped with speakers

e (Call into the conference line
o (669) 900-6833 or (929) 205-6099
o Required webinar ID: 809-888-686

= For questions or technical issues, please emalill
serdp-estcp@noblis.org or call 571-372-6565
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Managing Contaminated Sediments:
Passive Sampling Methods
and In-Situ Treatment

April 11, 2019
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SERDP and ESTCP Webinar Series

Welcome and Introductions

Rula A. Deeb, Ph.D.
Webinar Coordinator
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Webinar Agenda

= Webinar Logistics (5 minutes)
Dr. Rula Deeb, Geosyntec Consultants

= QOverview of SERDP and ESTCP (5 minutes)
Dr. Andrea Leeson, SERDP and ESTCP

= Passive Multi-Sampling Method to Measure Contaminant
Bioavailability in Aquatic Sediments (25 minutes + Q&A)
Dr. Rainer Lohmann, University of Rhode Island

= Evaluating the Efficacy of Bioaugmentation for In-Situ Treatment of
PCB Impacted Sediments (25 minutes + Q&A)
Dr. Kevin Sowers, University of Maryland Baltimore County

=  Final Q&A session
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In Case of Technical Difficulties

= Use a compatible browser (Firefox, IE or Edge)

* |f material is not showing on your screen or |if
screen freezes
« Key in Ctrl + F5 to do a hard refresh of your browser

* |f connecting to computer audio
e Click the arrow next to the “Join Audio” button
o Select test “Speaker and Microphone”
* Follow prompts
* |f you continue to experience difficulties, call into
the conference line
e (669) 900-6833 or (929) 205-6099
 Required webinar ID: 809-888-686
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How to Ask Questions

* Find the Q&A button on e
your control bar and type in
your guestion(s)

= Make sure to add your
organization name at the
end of your question so that Welcome
we can identify you during
the Q&A sessions

Type your question here...
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SERDP and ESTCP Overview

Andrea Leeson, Ph.D. | #
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DoD’s Environmental Technology

Programs
SSERDP  ©ESTCP
DOD = EPA = DOE
Science and Technology Demonstration and Validation
 Statutory program « Demonstrate innovative
established 1991 cost-effective environmental
« DoD, DOE, EPA partnership and energy technologies
— Advanced technology — Transition technology out of
development to address the lab
near-term needs — Establish cost and
— Fundamental research to performance
impact real world — Partner with end user and
environmental management regulator

— Technology transfer

 Accelerate commercialization
or broader adoption

» Direct technology insertion
SERDP and ESTCP Webinar Series (#87) 9
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Environmental Drivers
Sustaining Ranges, Facilities and Operations

..r‘ﬂ‘l;';.
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Maritime Sustainability
Threatened and Endangered Species

# UXO and Munitions Noise
s Constituents

Change in Temperature ©C)
for (2040-2070) minus'(1960-1990)

90N
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Environmental Drivers
Reducing Current and Future Liability

Contamination from Past Pollution Prevention to Control
Practices Life Cycle Costs

= Groundwater, soils and = Elimination of pollutants and
sediments hazardous materials in
= Large UXO liability manufacturing, maintenance,

and operations

= Achieve compliance through
pollution prevention

= Emerging contaminants
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www.serdp-estcp.org
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Topic
AgsrAkieis Accelerated Corrosion and Ageing Studies

May 9, 2019 Roles of Soil Microbial Communities in Ecosystem
Restoration

(VR Treatment Options for the Emerging Contaminants
1,2,3-Trichloropropane and 1,2-Dibromoethane

SISk Developing and Demonstrating Non-Toxic and
Sustainable Coating Systems for Military Platforms

Ui Developing Adaptation Strategies to Address
Climate Change and Uncertainty

SERDP and ESTCP Webinar Series (#87)
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SERDP and ESTCP Webinar Series

For upcoming webinars, please visit

http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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Save the Date!

SERDP F ESTEP Athree-dgy symposium
showcasing the latest
technologies that enhance
DoD's mission through
improved environmental and
energy performance

December 3-5, 2019
Washington Marriott Wardman Park

Registration information available
soon

SERDP and ESTCP Webinar Series (#87) 16



SERDP and ESTCP Webinar Series

Passive Multi-Sampling Method to
Measure Contaminant Bioavailability
In Aguatic Sediments

Rainer Lohmann, Ph.D. 8
University of Rhode Island
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= Objective

= Test sampler in sediment
= Test sampler in water

* EX-situ versus In-situ sampling

= Active versus passive sampling

= Spatial and temporal contaminant trends
= On-going work

= Key points and conclusions

SERDP and ESTCP Webinar Series (#87)
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Technical Objectives

* Develop a passive sampling method with
polyethylene samplers to sample organic
contaminants in-situ

» Target a range of organic contaminants
e Polychlorinated dioxins/furans
 PAHSs, PCBs, OCPs and PBDEs

= Compare ex-situ and in-situ sampling results

= Deploy the passive samplers without divers

Notes: PAHs = polycyclic aromatic hydrocarbons; PCBs = polychlorinated biphenyls; OCPs = organochlorine
pesticides; PBDEs = polybrominated diphenyl ethers

SERDP and ESTCP Webinar Series (#87)
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I $S
Prior Work and Results

= Sediment porewater multi-

sampler

« Construct, deploy, and validate
* Dioxins/furans and other HOCs ,e

* From double-rimmed to single

tube

SERDP and ESTCP Webinar Series (#87)
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Analytical Detalls

= Laboratory analysis
 USEPA Method 1613B for dioxin/furans

= |nstrument

o Waters MICRO GC-MS/MS (gas
chromatography tandem mass spectrometer)

= Agilent 6890 GC
= 2 parent/daughter mass transitions

= Detection limit
* Approximately 10s pg on column (pg/L range)

Notes: pg = picogram
SERDP and ESTCP Webinar Series (#87) 21
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Sampling Rate Approach

= Using 7 PRCs
» 3 deuterated PAHS
e 3 brominated biphenyls
e Octachloronaphthalene

* Polychlorinated
dibenzodioxins (PCDD)

= R, In water
e Average = 10 L/day
 Range = 2-25 L/day

C — CLDPE
a(w) R xt
Kpew (or PE2) XM LDPE
KPEW (or PEa) X 1 €
100% =
90% 1 m B % eq - water
80% - model-WATER
©
D 70% -
)
© 0% -
Q0
= 50% -
-
O 40% -
4 30%
-
o
S

20% ~

10% ~

0%

L 0 g KP Ew

Notes: PRCs = performance reference compounds; Rs = sampling rate (L/day)

SERDP and ESTCP Webinar Series (#87)

22



Chart1

		3.1		3

		5.1		3.25

		6.6		3.5

				3.75

				4

				4.25

				4.5

				4.75

				5

				5.25

				5.5

				5.75

				6

				6.25

				6.5

				6.75

				7

				7.25

				7.5

				7.75

				8

				8.25

				8.5



% eq - water

model-WATER

1

1

0.8681128761

1

0.2931667701

1

1

1

1

0.999999958

0.9999289274

0.99535227

0.9512254635

0.8170565781

0.615257422

0.41558132

0.2607023681

0.1562152348

0.0910980712

0.052296665

0.0297538424

0.0168423383

0.0095063344

0.0053569763

0.0030159896

0.0016971366



Sheet1

				ONT-W-718		ONT-W-1120		SSM-W-1103		SSM-W-1104		SSM-W-1105		SSM-W-326,7,8		SSM-W-703		SSM-W-1103,4,5		SB-W-517		SB-W-1007		Stn113-W-4024		Stn113-W-627		Stn139-W-4004		Stn139-W-633		Stn169-W-4030		Stn169-W-634		Stn221-W-4005		Stn221-W-630		Stn23-W-4031		Stn23-W-628		TBWI-W-1003		TBWI-W-1029		WI-W-510		TBWI-W-1003,29		MAR-W-333		MAR-W-708,9,10		FI-W-508		FI-W-1031		MB-W-506		MB-W-526		MB-W-506,26		MB-W-1013		ASH-W-409		ASH-W-723		ASH-W-1125		PAP-W-1025		EH-W-730		EH-W-1114

		Naphthalene		126.98		7.18		15.68		12.28		13.30		1.56		1.51		13.75		0.83		14.78		61.28		11.51		24.06		10.91		57.08		32.84		20.80		6.48		60.33		35.79		14.25		14.74		132.07		14.50		0.37		0.30		187.41		17.89		100.19		0.25		50.22		26.52		0.18		0.00		7.88		13.34		0.51		0.19

		Biphenyl		0.03		0.06		0.10		0.09		0.11		1.51		6.59		0.10		0.83		0.01		0.29		0.39		0.17		0.05		2.32		0.33		0.05		0.02		1.35		0.17		0.05		0.14		1.06		0.09		0.75		0.52		1.26		0.45		1.06		0.95		1.00		0.27		0.65		0.00		0.04		0.11		0.32		0.53

		Acenaphthylene		2.05		0.26		1.10		0.97		1.02		2.10		12.97		1.03		1.28		0.03		0.12		0.06		0.34		0.15		0.15		0.19		0.46		0.17		0.40		0.02		0.16		0.11		1.21		0.13		1.54		0.96		0.71		0.03		1.68		1.47		1.57		0.16		1.93		0.01		3.07		0.11		0.55		0.32

		Acenaphthene		0.02		0.24		17.96		17.33		20.53		23.99		101.13		18.61		0.67		0.06		4.85		1.62		0.08		0.41		4.81		1.80		0.04		0.08		4.72		1.95		0.01		0.02		1.00		0.01		0.76		0.40		0.72		1.11		0.61		0.55		0.58		1.60		5.28		0.00		8.87		0.24		0.13		0.28

		Fluorene		0.40		0.05		8.44		9.68		9.56		10.57		97.99		9.23		1.09		0.12		1.11		0.12		0.49		0.96		1.16		0.41		0.03		0.41		1.81		0.37		0.18		0.14		0.66		0.16		1.06		0.81		0.53		0.21		0.29		0.74		0.52		0.21		1.25		0.00		0.81		0.15		0.24		0.35

		Phenanthrene		0.67		1.19		15.37		15.49		16.80		37.20		542.81		15.89		7.01		2.34		2.60		1.59		1.62		2.00		2.01		1.53		1.74		1.21		2.55		1.85		1.74		1.60		3.42		1.67		2.06		9.18		2.39		1.29		3.17		2.57		2.87		0.89		4.01		0.00		9.26		1.13		0.70		1.95

		Anthracene		0.12		0.30		2.20		2.11		2.70		3.35		44.30		2.34		0.18		0.29		0.17		0.24		0.72		0.51		0.20		0.10		0.42		0.48		0.02		0.15		0.34		0.29		0.35		0.32		0.22		0.48		0.01		0.07		0.02		0.09		0.06		0.06		0.84		0.00		2.42		0.07		0.03		0.04

		1-Methyl Phenanthrene		1.23		1.19		7.49		9.78		18.82		34.27		636.29		12.03		15.21		11.77		2.13		2.38		1.68		4.28		1.63		1.52		1.79		2.14		1.95		1.94		4.37		3.77		6.90		4.07		4.70		5.00		4.70		4.98		4.94		2.85		3.90		16.26		13.33		0.01		15.15		1.21		0.38		0.91

		Fluoranthene		0.34		1.16		9.31		10.19		29.39		69.16		2047.11		16.30		7.49		5.63		2.28		2.45		2.21		1.29		0.67		0.93		4.04		1.48		0.61		2.03		2.09		1.14		1.25		1.61		5.03		2.29		1.03		0.94		0.71		1.76		1.23		0.75		12.82		0.01		7.43		2.27		0.17		0.40

		Pyrene		3.48		1.42		12.13		12.92		23.41		46.93		1548.68		16.15		3.49		2.31		1.83		2.85		3.33		1.13		1.32		0.60		9.03		0.92		2.09		2.26		1.24		0.91		0.46		1.07		4.64		0.97		0.31		0.49		0.39		0.81		0.60		0.34		17.74		0.01		11.59		0.68		0.11		0.23

		Retene		2.08		3.10		0.49		0.64		1.66		1.22		134.54		0.93		8.92		45.89		0.25		24.70		1.51		14.44		0.07		2.74		2.47		1.16		0.03		7.20		5.59		3.07		0.76		4.33		0.80		0.29		2.05		5.74		0.39		1.55		0.97		1.25		26.62		0.03		12.24		11.09		0.07		0.40

		Benz(a)anthracene		0.39		0.32		1.59		2.10		3.84		4.18		409.17		2.51		0.38		0.46		0.00		0.01		0.01		0.25		0.00		0.00		0.14		0.12		0.00		0.00		0.14		0.09		0.02		0.11		0.51		0.04		0.00		0.06		0.00		0.20		0.10		0.02		2.53		0.00		1.66		0.02		0.01		0.00

		Chrysene		0.21		0.24		0.63		0.55		0.55		4.33		380.51		0.58		0.36		0.57		0.07		0.37		0.05		0.70		0.06		0.05		0.24		0.23		0.08		0.11		0.18		0.14		0.10		0.16		0.80		0.05		0.17		0.10		0.09		0.17		0.13		0.12		1.83		0.00		0.82		0.12		0.02		0.02

		Benzo(b)fluoranthene		0.07		0.06		0.22		0.23		0.21		1.26		161.87		0.22		0.22		0.07		0.00		0.20		0.01		0.10		0.01		0.01		0.06		0.08		0.01		0.19		0.02		0.02		0.03		0.02		0.20		0.04		0.01		0.01		0.01		0.05		0.03		0.03		0.51		0.00		0.19		0.04		0.01		0.00

		Benzo(j)fluoranthene		0.01		0.00		0.00		0.00		0.01		0.05		1.46		0.00		0.05		0.00		0.00		0.03		0.00		0.01		0.00		0.01		0.00		0.00		0.00		0.02		0.00		0.00		0.02		0.00		0.01		0.01		0.04		0.00		0.01		0.01		0.01		0.01		0.01		0.00		0.01		0.00		0.00		0.00

		Benzo(k)fluoranthene		0.05		0.05		0.21		0.22		0.22		0.91		122.38		0.22		0.17		0.04		0.01		0.07		0.01		0.06		0.01		0.01		0.06		0.07		0.01		0.18		0.02		0.01		0.01		0.01		0.15		0.04		0.02		0.01		0.00		0.04		0.02		0.02		0.39		0.00		0.16		0.02		0.01		0.00

		Benzo(a)pyrene		0.03		0.02		0.08		0.07		0.07		0.38		40.54		0.07		0.10		0.03		0.00		0.01		0.00		0.04		0.00		0.00		0.02		0.04		0.00		0.01		0.01		0.01		0.01		0.01		0.07		0.01		0.02		3.09		0.00		0.02		0.01		0.00		0.46		0.00		0.10		0.02		0.00		0.00

		Benzo(e)pyrene		0.08		0.08		0.14		0.14		0.14		1.13		142.67		0.14		0.23		0.07		0.01		0.21		0.01		0.11		0.01		0.01		0.11		0.16		0.01		0.39		0.03		0.02		0.03		0.02		0.24		0.02		0.01		0.00		0.01		0.05		0.03		0.03		0.66		0.00		0.26		0.04		0.01		0.00

		Perylene		1.13		0.73		0.13		0.13		0.11		0.58		51.27		0.12		0.93		0.01		0.06		0.01		0.00		0.04		0.01		0.00		0.20		0.26		0.01		0.00		0.01		0.01		0.04		0.01		0.62		0.05		0.02		0.00		0.03		0.28		0.15		0.01		1.08		0.00		0.16		0.07		0.00		0.01

		Indeno(1,2,3-cd)pyrene		0.01		0.01		0.08		0.08		0.07		0.25		32.06		0.08		0.19		0.01		0.03		0.03		0.00		0.03		0.01		0.01		0.02		0.01		0.06		0.07		0.01		0.00		0.82		0.01		0.04		0.04		0.16		0.01		0.10		0.04		0.07		0.00		0.15		0.00		0.05		0.01		0.01		0.00

		Dibenzo(a,h)anthracene		0.00		0.00		0.01		0.01		0.01		0.03		4.87		0.01		0.15		0.00		0.01		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.01		0.00		0.00		0.00		0.00		0.02		0.01		0.00		0.03		0.00		0.01		0.00		0.00		0.00

		Benzo(g,h,i)perylene		0.02		0.01		0.04		0.04		0.04		0.21		22.14		0.04		0.26		0.01		0.01		0.02		0.00		0.03		0.01		0.01		0.03		0.02		0.06		0.18		0.01		0.00		0.01		0.01		0.04		0.03		0.00		0.01		0.00		0.04		0.02		0.00		0.13		0.00		0.04		0.01		0.01		0.00

				Deployment		Time span

				1		April-June 2011

				2		June-August 2011

				3		August-October 2011





Sheet1

		



ONT-W-1120

SSM-W-1103,4,5

SB-W-1007

TBWI-W-1003,29

FI-W-1031

MB-W-1013

EH-W-1114

ASH-W-1125

PAP-W-1025

~August-October



2nd deployment

		



ONT-W-1120

SSM-W-1103,4,5

SB-W-1007

Stn113-W-627

Stn139-W-633

Stn169-W-634

Stn221-W-630

Stn23-W-628

TBWI-W-1003,29

FI-W-1031

MB-W-1013

ASH-W-1125

PAP-W-1025

EH-W-1114



3rd deployment

		



Ontonagon

SaintSault-Marie

Sturgeon Bay

Station 113

Station 139

station 169

Station 221

Station 23

Thunderbay

Marquette

Foster Island

Ashland

Point-auxPias

Eagle Harbor



time trends

		



Station 221

Ashland

station 169

Ontonagon

Eagle Harbor

Marquette

Station 23

Point-auxPias

SaintSault-Marie

east to west

(ng/L)



reproducibility

		



Station 221

Thunderbay

Station 139

Foster Island

Sturgeon Bay

Station 113

Station 23



Sampling Rates

				ONT-W-718		SB-W-517		WI-W-510		MAR-W-708,9,10		FI-W-508		MB-W-506,26		EH-W-730				Stn113-W-4024		Stn139-W-4004		Stn169-W-4030		Stn221-W-4005		Stn23-W-4031						average		min		max

		Naphthalene		126.98		0.83		132.07		0.30		187.41		50.2190268276		0.51				61.28		24.06		57.08		20.80		60.33				Naphthalene		60.16		0.30		187.41

		Biphenyl				0.83		1.06		0.52		1.26		1.002222334		0.32				0.29		0.17		2.32		0.05		1.35				Biphenyl		0.84		0.05		2.32

		Acenaphthylene		2.05		1.28		1.21		0.96		0.71		1.5734912655		0.55				0.12		0.34		0.15		0.46		0.40				Acenaphthylene		0.82		0.12		2.05

		Acenaphthene				0.67		1.00		0.40		0.72		0.5804138046		0.13				4.85		0.08		4.81		0.04		4.72				Acenaphthene		1.64		0.04		4.85

		Fluorene				1.09		0.66		0.81		0.53		0.517975512		0.24				1.11		0.49		1.16		0.03		1.81				Fluorene		0.77		0.03		1.81

		Phenanthrene		0.67		7.01		3.42		9.18		2.39		2.8664949266		0.70				2.60		1.62		2.01		1.74		2.55				Phenanthrene		3.06		0.67		9.18

		Anthracene				0.18		0.35		0.48						0.03				0.17		0.72		0.20		0.42		0.02				Anthracene		0.29		0.02		0.72

		1-Methyl Phenanthrene		1.23		15.21		6.90		5.00		4.70		3.8966042034		0.38				2.13		1.68		1.63		1.79		1.95				1-Methyl Phenanthrene		3.88		0.38		15.21

		Fluoranthene		0.34		7.49		1.25		2.29		1.03		1.2344140373		0.17				2.28		2.21		0.67		4.04		0.61				Fluoranthene		1.97		0.17		7.49

		Pyrene		3.48		3.49		0.46		0.97		0.31		0.5999366564		0.11				1.83		3.33		1.32		9.03		2.09				Pyrene		2.25		0.11		9.03

		Retene		2.08		8.92		0.76		0.29		2.05		0.9706814242		0.07				0.25		1.51		0.07		2.47		0.03				Retene		1.62		0.03		8.92

		Benz(a)anthracene		0.39		0.38				0.04						0.01				0.00		0.01		0.00		0.14		0.00				Benz(a)anthracene		0.11		0.00		0.39

		Chrysene		0.21		0.36		0.10		0.05				0.127415621		0.02				0.07		0.05		0.06		0.24		0.08				Chrysene		0.13		0.02		0.36

		Benzo(b)fluoranthene		0.07		0.22		0.03		0.04		0.01		0.0321390569		0.01				0.00		0.01		0.01		0.06		0.01				Benzo(b)fluoranthene		0.04		0.00		0.22

		Benzo(j)fluoranthene								0.01						0.00				0.00		0.00		0.00		0.00		0.00				Benzo(j)fluoranthene		0.00		0.00		0.01

		Benzo(k)fluoranthene		0.05		0.17		0.01		0.04		0.02				0.01				0.01		0.01		0.01		0.06		0.01				Benzo(k)fluoranthene		0.04		0.01		0.17

		Benzo(a)pyrene		0.03				0.01		0.01						0.00				0.00		0.00		0.00		0.02		0.00				Benzo(a)pyrene		0.01		0.00		0.03

		Benzo(e)pyrene		0.08		0.23		0.03		0.02		0.01		0.0264587639		0.01				0.01		0.01		0.01		0.11		0.01				Benzo(e)pyrene		0.05		0.01		0.23

		Perylene		1.13		0.93				0.05						0.00				0.06		0.00		0.01		0.20		0.01				Perylene		0.27		0.00		1.13

		Indeno(1,2,3-cd)pyrene		0.01		0.19		0.82		0.04		0.16		0.0694503067		0.01				0.03		0.00		0.01		0.02		0.06				Indeno(1,2,3-cd)pyrene		0.12		0.00		0.82

		Dibenzo(a,h)anthracene				0.15				0.00						0.00				0.01		0.00		0.00		0.00		0.00				Dibenzo(a,h)anthracene		0.02		0.00		0.15

		Benzo(g,h,i)perylene		0.02		0.26				0.03						0.01				0.01		0.00		0.01		0.03		0.06				Benzo(g,h,i)perylene		0.05		0.00		0.26





air vs. water

				ONT-W-1120		SSM-W-1103,4,5		SB-W-1007		Stn113-W-627		Stn139-W-633		Stn169-W-634		Stn221-W-630		Stn23-W-628		TBWI-W-1003,29		FI-W-1031		MB-W-1013		ASH-W-1125		PAP-W-1025		EH-W-1114						average		min		max

		Naphthalene		7.18		13.75		14.78		11.51		10.91		32.84		6.48		35.79		14.50		17.89		26.52		7.88		13.34		0.19				Naphthalene		15.25		0.19		35.79

		Biphenyl										0.05		0.33		0.02						0.45		0.27						0.53				Biphenyl		0.28		0.02		0.53

		Acenaphthylene		0.26		1.03						0.15				0.17								0.16		3.07				0.32				Acenaphthylene		0.74		0.15		3.07

		Acenaphthene		0.24		18.61				1.62		0.41		1.80		0.08		1.95				1.11		1.60		8.87				0.28				Acenaphthene		3.32		0.08		18.61

		Fluorene				9.23								0.41		0.41		0.37				0.21				0.81				0.35				Fluorene		1.68		0.21		9.23

		Phenanthrene		1.19		15.89		2.34		1.59		2.00		1.53		1.21		1.85		1.67		1.29		0.89		9.26		1.13		1.95				Phenanthrene		3.13		0.89		15.89

		Anthracene		0.30		2.34		0.29				0.51		0.10		0.48		0.15		0.32		0.07				2.42								Anthracene		0.70		0.07		2.42

		1-Methyl Phenanthrene		1.19		12.03		11.77		2.38		4.28		1.52		2.14		1.94		4.07		4.98		16.26		15.15		1.21		0.91				1-Methyl Phenanthrene		5.70		0.91		16.26

		Fluoranthene		1.16		16.30		5.63		2.45		1.29		0.93		1.48		2.03		1.61		0.94		0.75		7.43		2.27		0.40				Fluoranthene		3.19		0.40		16.30

		Pyrene		1.42		16.15		2.31		2.85		1.13		0.60		0.92		2.26		1.07		0.49		0.34		11.59		0.68		0.23				Pyrene		3.00		0.23		16.15

		Retene		3.10		0.93		45.89		24.70		14.44		2.74		1.16		7.20		4.33		5.74		1.25		12.24		11.09		0.40				Retene		9.66		0.40		45.89

		Benz(a)anthracene		0.32		2.51		0.46		0.01		0.25				0.12				0.11		0.06		0.02		1.66				0.00				Benz(a)anthracene		0.50		0.00		2.51

		Chrysene		0.24		0.58		0.57		0.37		0.70		0.05		0.23		0.11		0.16		0.10		0.12		0.82		0.12		0.02				Chrysene		0.30		0.02		0.82

		Benzo(b)fluoranthene		0.06		0.22		0.07		0.20		0.10		0.01		0.08		0.19		0.02		0.01		0.03		0.19		0.04		0.00				Benzo(b)fluoranthene		0.09		0.00		0.22

		Benzo(j)fluoranthene														0.00																		Benzo(j)fluoranthene		0.00		0.00		0.00

		Benzo(k)fluoranthene		0.05		0.22		0.04		0.07		0.06		0.01		0.07				0.01		0.01		0.02		0.16		0.02		0.00				Benzo(k)fluoranthene		0.06		0.00		0.22

		Benzo(a)pyrene		0.02		0.07		0.03				0.04		0.00		0.04		0.01		0.01		3.09		0.00		0.10		0.02		0.00				Benzo(a)pyrene		0.26		0.00		3.09

		Benzo(e)pyrene		0.08		0.14		0.07		0.21		0.11		0.01		0.16		0.39		0.02		0.00		0.03		0.26		0.04		0.00				Benzo(e)pyrene		0.11		0.00		0.39

		Perylene		0.73		0.12		0.01				0.04				0.26				0.01				0.01		0.16		0.07		0.01				Perylene		0.14		0.01		0.73

		Indeno(1,2,3-cd)pyrene		0.01		0.08		0.01		0.03		0.03				0.01		0.07		0.01				0.00		0.05		0.01		0.00				Indeno(1,2,3-cd)pyrene		0.03		0.00		0.08

		Dibenzo(a,h)anthracene														0.00														0.00				Dibenzo(a,h)anthracene		0.00		0.00		0.00

		Benzo(g,h,i)perylene		0.01		0.04		0.01		0.02		0.03				0.02		0.18		0.01				0.00		0.04		0.01		0.00				Benzo(g,h,i)perylene		0.03		0.00		0.18





		

		Naphthalene

		Biphenyl

		Acenaphthylene

		Acenaphthene

		Fluorene

		Phenanthrene

		Anthracene

		1-Methyl Phenanthrene

		Fluoranthene

		Pyrene

		Retene

		Benz(a)anthracene

		Chrysene

		Benzo(b)fluoranthene

		Benzo(j)fluoranthene

		Benzo(k)fluoranthene

		Benzo(a)pyrene

		Benzo(e)pyrene

		Perylene

		Indeno(1,2,3-cd)pyrene

		Dibenzo(a,h)anthracene

		Benzo(g,h,i)perylene





				SSM-W-1103		SSM-W-1104		SSM-W-1105		average		RSD%						TBWI-W-1003		TBWI-W-1029		average		RSD%						MB-W-506		MB-W-526		average		RSD%				MAR-W-708		MAR-W-709		MAR-W-710		average		RSD%

		Naphthalene		15.68		12.28		13.30		13.75		12.67%						14.25		14.74		14.50		2.38%						100.19		0.25		50.22		140.72%				0.55		0.32		0.03		0.30		87.47%

		Biphenyl		0.10		0.09		0.11		0.10		11.67%						0.05		0.14		0.09		64.47%						1.06		0.95		1.00		7.70%				0.54		0.52		0.51		0.52		2.83%

		Acenaphthylene		1.10		0.97		1.02		1.03		6.62%						0.16		0.11		0.13		27.33%						1.68		1.47		1.57		9.67%				1.14		0.93		0.80		0.96		18.26%

		Acenaphthene		17.96		17.33		20.53		18.61		9.13%						0.01		0.02		0.01		57.77%						0.61		0.55		0.58		8.19%				0.41		0.45		0.33		0.40		16.27%

		Fluorene		8.44		9.68		9.56		9.23		7.40%						0.18		0.14		0.16		18.07%						0.29		0.74		0.52		61.14%				0.87		0.84		0.73		0.81		9.10%

		Phenanthrene		15.37		15.49		16.80		15.89		5.00%						1.74		1.60		1.67		5.75%						3.17		2.57		2.87		14.87%				9.89		9.18		8.48		9.18		7.65%

		Anthracene		2.20		2.11		2.70		2.34		13.61%						0.34		0.29		0.32		11.95%						0.02		0.09		0.06		83.40%				0.50		0.42		0.52		0.48		10.52%

		1-Methyl Phenanthrene		7.49		9.78		18.82		12.03		49.84%						4.37		3.77		4.07		10.39%						4.94		2.85		3.90		37.97%				4.54		5.47		4.97		5.00		9.33%

		Fluoranthene		9.31		10.19		29.39		16.30		69.61%						2.09		1.14		1.61		41.57%						0.71		1.76		1.23		59.68%				1.86		2.42		2.59		2.29		16.71%

		Pyrene		12.13		12.92		23.41		16.15		38.98%						1.24		0.91		1.07		21.83%						0.39		0.81		0.60		50.47%				0.73		1.07		1.12		0.97		21.65%

		Retene		0.49		0.64		1.66		0.93		68.40%						5.59		3.07		4.33		41.06%						0.39		1.55		0.97		83.93%				0.19		0.32		0.35		0.29		28.73%

		Benz(a)anthracene		1.59		2.10		3.84		2.51		46.99%						0.14		0.09		0.11		29.18%						0.00		0.20		0.10		140.67%				0.02		0.04		0.06		0.04		43.66%

		Chrysene		0.63		0.55		0.55		0.58		7.29%						0.18		0.14		0.16		15.42%						0.09		0.17		0.13		45.07%				0.04		0.04		0.07		0.05		30.16%

		Benzo(b)fluoranthene		0.22		0.23		0.21		0.22		5.17%						0.02		0.02		0.02		19.51%						0.01		0.05		0.03		89.54%				0.04		0.03		0.05		0.04		25.84%

		Benzo(j)fluoranthene		0.00		0.00		0.01		0.00		9.54%						0.00		0.00		0.00		74.34%						0.01		0.01		0.01		37.98%				0.01		0.01		0.01		0.01		7.58%

		Benzo(k)fluoranthene		0.21		0.22		0.22		0.22		2.70%						0.02		0.01		0.01		15.58%						0.00		0.04		0.02		119.89%				0.03		0.05		0.05		0.04		16.17%

		Benzo(a)pyrene		0.08		0.07		0.07		0.07		6.69%						0.01		0.01		0.01		21.97%						0.00		0.02		0.01		107.05%				0.01		0.01		0.02		0.01		31.93%

		Benzo(e)pyrene		0.14		0.14		0.14		0.14		1.11%						0.03		0.02		0.02		23.60%						0.01		0.05		0.03		102.80%				0.02		0.02		0.03		0.02		35.15%

		Perylene		0.13		0.13		0.11		0.12		10.37%						0.01		0.01		0.01		36.35%						0.03		0.28		0.15		115.16%				0.04		0.04		0.08		0.05		36.27%

		Indeno(1,2,3-cd)pyrene		0.08		0.08		0.07		0.08		10.34%						0.01		0.00		0.01		28.94%						0.10		0.04		0.07		57.44%				0.03		0.04		0.05		0.04		19.77%

		Dibenzo(a,h)anthracene		0.01		0.01		0.01		0.01		18.89%						0.00		0.00		0.00		16.38%						0.00		0.02		0.01		139.57%				0.00		0.00		0.01		0.00		55.50%

		Benzo(g,h,i)perylene		0.04		0.04		0.04		0.04		3.87%						0.01		0.00		0.01		37.19%						0.00		0.04		0.02		140.31%				0.02		0.03		0.05		0.03		39.37%





		Sample		L/day

		ONT-W-718		10

		ONT-W-1120		20

		SSM-W-1105		15

		SSM-W-1103c		15

		SSM-W-1104c		15

		SSM-W-1125c		15

		Stn139-W-4004		5

		Stn139-W-633c		9.5

		Stn221-W-4005		4.5

		Stn221-W-630		7.5

		Stn113-W-4024		7

		Stn113-W-627		7.5

		Stn169-W-4030		5

		Stn169-W-634		12

		Stn23-W-4031		6

		Stn23-W-628		6.5

		FI-W-1031		7

		MB-W-1013		13

		PAP-W-1025		2.5

		SB-W-1007c		4.5

		TBWI-W-1003		6

		TBWI-W-1029		7.5

		EH-W-730		25

		EH-W-1114		20

		MAR dups %		14

		SSM dups %		4

		MAR-W-333		7

		ASH-W-723		10				average		stdev

		ASH-W-409		4				9.8275862069		5.6129249156

		MB-W-526		3.5

		SB-W-517		0.3

		FI-W-508		1.5

		MB-W-506		6

		WI-W-510		4





				SSM-A-323		SSM-A-324				SSM-W-326		SSM-W-327		SSM-W-328						SSM-A-701		SSM-W-703				SSM-A-1101		SSM-A-1102				SSM-W-1103		SSM-W-1104		SSM-W-1105						EH-A-335		EH-A-711		EH-W-730				EH-W-1114		ASH-A-407		ASH-W-409				ASH-A-721		ASH-W-723		SUSPECT		ASH-A-1123		ASH-W-1125				DUL-A-412		DUL-A-727		DUL-A-1129		ONT-A-716		ONT-W-718				ONT-A-1118		ONT-W-1120				MAR-A-706		MAR-A-707				MAR-W-708		MAR-W-709		MAR-W-710						MAR-A-329		MAR-W-333				FI-A-507		FI-W-508				FI-A-1030		FI-W-1031				MB-A-504		MB-A-505				MB-W-506		MB-A-526						MB-A-1010		MB-W-1013				WI-A-516		WI-W-510				TBWI-A-1004		TBWI-A-1028a				TBWI-W-1003		TBWI-W-1029						PAP-A-524		PAP-A-1023		PAP-W-1025				SB-A-511		SB-W-517				SB-A-1008		SB-W-1007				ODAS45001-A-4022		ODAS45001-A-629		ODAS45004-A-4025		ODAS45004-A-624		ODAS45006-A-4026		ODAS45006-A-625		Stn139-W-633		Stn139-W-4004		Stn221-W-630		Stn221-W-4005		Stn113-W-627		Stn169-W-4030		Stn169-W-634		Stn23-W-4031		Stn23-W-628
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		Naphthalene		4.59E+02		7.28E+02		5.94E+02		1.99E+03		6.13E+02		7.77E+02		1.13E+03		0.53		2.16E+05		1.09E+03		197.79		9.57E+01		6.00E+01		7.78E+01		1.14E+04		8.91E+03		9.64E+03		9.98E+03		0.01		1.84E+02		3.20E+03		3.73E+02		8.58		137.79		1.10E+02		1.29E+02		0.85		2.06E+03		6.65E-01		3101.45		9.41E+01		5.71E+03		0.02		2.97E+02		1.42E+03		4.78E+01		2.22E+03		9.21E+04		0.02		1.68E+02		5.21E+03		0.03		6.92E+04		3.19E+02		3.48E+04		3.97E+02		2.32E+02		1.96E+01		2.16E+02		160.70		2.40E+02		2.69E+02		0.89		1.23E+05		1.36E+05		0.91		29615.78		12973.18		2.28		1.18E+05		8.18E+04		1.00E+05		7.27E+04		1.81E+02		3.64E+04		2.75		16927.66		19238.66		0.88		1.61E+05		9.58E+04		1.69		2.91E+04		4.25E+04		3.58E+04		1.03E+04		1.07E+04		1.05E+04		3.41		2.08E+02		1.18E+04		9.68E+03		1.22		6.72E+04		6.04E+02		111.24		1.17E+04		1.07E+04		1.09		4.98E+04		2.39E+04		3.71E+04		3.63E+04		3.93E+04		2.68E+04		7.91E+03		1.74E+04		4.70E+03		1.51E+04		8.35E+03		4.14E+04		2.38E+04		4.38E+04		2.60E+04

		Biphenyl		7.63E+03		1.01E+04		8.86E+03		5.27E+03		6.61E+03		4.92E+03		5.60E+03		1.58		6.31E+03		4.78E+03		1.32		8.03E+03		1.07E+04		9.36E+03		3.62E+02		3.16E+02		4.00E+02		3.59E+02		26.03		1.96E+03		1.36E+03		1.19E+03		1.14		1945.83		3.41E+03		2.41E+03		1.42		4.57E+02		4.63E+00		98.67		9.06E+03		1.48E+02		61.33		4.02E+03		1.75E+03		2.25E+03		2.45E+03		1.03E+02		23.76		4.53E+03		2.27E+02		19.94		2.04E+03		2.19E+03		2.11E+03		1.99E+03		1.92E+03		1.89E+03		1.93E+03		1.09		2.84E+03		2.78E+03		1.02		8.40E+02		4.66E+03		0.18		4407.91		1677.88		2.63		4.98E+03		2.63E+03		3.81E+03		3.91E+03		3.50E+03		3.70E+03		1.03		2180.42		1012.87		2.15		2.65E+03		3.91E+03		0.68		1.54E+03		1.92E+03		1.73E+03		1.89E+02		5.04E+02		3.46E+02		5.00		4.94E+03		3.65E+03		4.17E+02		8.75		1.44E+02		3.08E+03		0.05		1.75E+03		4.39E+01		39.77		1.92E+04		3.64E+03		9.22E+03		1.88E+03		1.37E+04		5.82E+03		1.71E+02		6.40E+02		8.59E+01		1.94E+02		1.44E+03		8.58E+03		1.23E+03		5.00E+03		6.16E+02

		Acenaphthylene		4.22E+03		4.45E+03		4.33E+03		6.23E+03		7.06E+03		7.23E+03		6.84E+03		0.63		8.65E+03		9.41E+03		0.92		4.72E+03		2.35E+03		3.53E+03		3.59E+03		3.15E+03		3.32E+03		3.35E+03		1.05		1.92E+03		8.66E+02		1.79E+03		0.48		1036.58		2.47E+03		6.28E+03		0.39		3.01E+03		2.84E+01		105.85		1.47E+03		1.00E+04		0.15		2.21E+03		2.39E+03		8.48E+02		2.19E+03		6.68E+03		0.33		1.17E+03		8.48E+02		1.38		1.51E+03		2.17E+03		1.84E+03		3.73E+03		3.03E+03		2.60E+03		3.12E+03		0.59		1.96E+03		5.03E+03		0.39		1.87E+03		2.32E+03		0.81		438.64		107.84		4.07		2.93E+03		2.82E+03		2.88E+03		5.48E+03		4.78E+03		5.13E+03		0.56		625.72		510.80		1.22		4.29E+03		3.93E+03		1.09		6.08E+02		6.65E+02		6.36E+02		5.16E+02		3.49E+02		4.32E+02		1.47		5.07E+03		2.68E+02		3.73E+02		0.72		3.15E+03		4.19E+03		0.75		5.91E+02		8.59E+01		6.88		4.33E+02		4.09E+02		2.38E+02		9.69E+02		6.79E+02		9.26E+02		4.78E+02		1.10E+03		5.61E+02		1.51E+03		2.03E+02		4.95E+02		6.24E+02		1.29E+03		5.56E+01

		Acenaphthene		5.64E+04		5.65E+04		5.64E+04		8.59E+04		8.22E+04		9.79E+04		8.87E+04		0.64		7.50E+04		7.34E+04		1.02		3.34E+04		4.14E+04		3.74E+04		6.64E+04		6.40E+04		7.59E+04		6.88E+04		0.54		1.34E+03		5.76E+02		4.67E+02		1.23		1016.73		1.02E+04		1.95E+04		0.52		6.36E+03		1.00E+01		634.69		6.84E+04		3.28E+04		2.09		4.03E+03		4.71E+03		8.49E+03		6.74E+03		9.03E+01		74.63		4.54E+03		8.85E+02		5.13		1.75E+03		2.39E+03		2.07E+03		1.52E+03		1.68E+03		1.21E+03		1.47E+03		1.41		2.98E+03		2.79E+03		1.07		1.09E+04		2.67E+03		4.07		1268.31		4096.72		0.31		1.37E+04		9.07E+03		1.14E+04		2.27E+03		2.02E+03		2.15E+03		5.31		1496.15		5904.74		0.25		9.54E+03		3.70E+03		2.57		2.24E+03		7.66E+02		1.50E+03		2.77E+01		6.60E+01		4.68E+01		32.06		2.65E+03		1.59E+03		8.95E+02		1.78		5.75E+03		2.49E+03		2.31		4.05E+03		2.11E+02		19.19		1.21E+04		3.76E+03		4.46E+03		1.97E+03		1.51E+04		8.85E+02		1.51E+03		2.78E+02		2.80E+02		1.40E+02		6.00E+03		1.78E+04		6.64E+03		1.74E+04		7.22E+03

		Fluorene		1.42E+05		1.34E+05		1.38E+05		7.99E+04		7.81E+04		9.04E+04		8.28E+04		1.67		1.73E+05		7.11E+04		2.43		7.22E+04		9.52E+04		8.37E+04		6.62E+04		7.59E+04		7.49E+04		7.23E+04		1.16		2.42E+03		3.35E+03		1.92E+03		1.74		2727.70		3.61E+04		9.83E+03		3.67		1.23E+04		1.35E+01		913.79		6.24E+04		6.32E+03		9.88		2.32E+04		1.21E+04		1.22E+04		8.73E+03		3.13E+03		2.79		7.52E+03		3.65E+02		20.60		5.76E+03		7.44E+03		6.60E+03		6.80E+03		6.55E+03		5.70E+03		6.35E+03		1.04		4.18E+03		8.28E+03		0.50		8.62E+03		4.13E+03		2.09		3457.07		1607.68		2.15		3.29E+03		2.15E+03		2.72E+03		2.30E+03		5.81E+03		4.06E+03		0.67		1510.08		1680.34		0.90		6.64E+03		5.19E+03		1.28		3.94E+03		3.53E+03		3.74E+03		1.43E+03		1.10E+03		1.27E+03		2.95		7.58E+03		4.64E+03		1.14E+03		4.07		4.39E+03		8.53E+03		0.51		1.28E+03		9.06E+02		1.41		8.29E+03		2.84E+03		6.57E+03		4.36E+03		4.98E+03		4.95E+03		7.51E+03		3.85E+03		3.19E+03		2.40E+02		9.66E+02		9.07E+03		3.21E+03		1.42E+04		2.87E+03

		Phenanthrene		1.45E+06		1.52E+06		1.49E+06		5.85E+05		5.68E+05		7.01E+05		6.18E+05		2.41		1.90E+06		3.94E+05		4.82		9.74E+05		9.82E+05		9.78E+05		2.55E+05		2.57E+05		2.79E+05		2.64E+05		3.70		1.51E+04		2.34E+04		1.16E+04		2.02		32399.95		2.49E+06		6.67E+04		37.32		1.22E+05		7.26E+01		1679.33		2.30E+05		1.54E+05		1.50		1.36E+06		1.48E+05		1.38E+05		5.02E+04		1.11E+04		4.51		7.55E+04		1.98E+04		3.81		1.93E+05		2.07E+05		2.00E+05		1.64E+05		1.52E+05		1.41E+05		1.53E+05		1.31		2.24E+05		3.43E+04		6.54		6.10E+04		3.97E+04		1.53		34804.25		21444.87		1.62		4.69E+04		3.33E+04		4.01E+04		5.26E+04		4.26E+04		4.76E+04		0.84		16726.52		14854.22		1.13		1.04E+05		5.68E+04		1.84		6.15E+04		8.93E+04		7.54E+04		2.89E+04		2.67E+04		2.78E+04		2.71		8.00E+04		6.55E+04		1.89E+04		3.47		5.22E+04		1.17E+05		0.45		2.19E+04		3.89E+04		0.56		3.88E+04		2.29E+04		4.26E+04		3.11E+04		3.78E+04		3.48E+04		3.32E+04		2.69E+04		2.01E+04		2.90E+04		2.65E+04		3.33E+04		2.54E+04		4.25E+04		3.08E+04

		Anthracene		6.08E+04		6.61E+04		6.34E+04		5.24E+04		4.19E+04		7.27E+04		5.57E+04		1.14		1.12E+05		3.21E+04		3.48		2.15E+04		1.98E+04		2.07E+04		3.66E+04		3.51E+04		4.49E+04		3.89E+04		0.53		1.02E+03		2.49E+03		5.39E+02		4.62		661.27		2.38E+05		1.40E+04		16.97		1.42E+04		1.51E+01		937.54		5.06E+03		4.02E+04		0.13		1.30E+06		1.04E+04		1.74E+03		3.98E+03		1.93E+03		2.06		2.27E+03		4.92E+03		0.46		1.09E+04		1.26E+04		1.17E+04		8.23E+03		7.01E+03		8.61E+03		7.95E+03		1.47		2.39E+04		3.58E+03		6.67		1.37E+04		1.91E+02		71.80		2395.15		1227.31		1.95		1.66E+03		1.19E+04		6.77E+03		3.87E+02		1.50E+03		9.43E+02		7.18		453.19		928.23		0.49		1.12E+04		5.83E+03		1.91		3.24E+03		3.58E+03		3.41E+03		5.69E+03		4.80E+03		5.25E+03		0.65		1.77E+03		2.20E+03		1.20E+03		1.83		5.23E+03		3.07E+03		1.70		1.27E+03		4.77E+03		0.27		9.87E+02		5.19E+01		1.11E+03		1.90E+03		1.92E+03		3.32E+03		8.47E+03		1.20E+04		8.01E+03		6.94E+03		3.93E+03		3.40E+03		1.70E+03		3.66E+02		2.43E+03

		1-Methyl pehanathrene		1.80E+06		1.88E+06		1.84E+06		1.37E+06		1.24E+06		1.52E+06		1.38E+06		1.33		1.57E+06		4.62E+05		3.41		1.22E+06		1.10E+06		1.16E+06		3.01E+05		3.93E+05		7.56E+05		4.83E+05		2.41		6.39E+04		7.10E+04		1.53E+04		4.65		36736.25		7.86E+06		5.36E+05		14.66		1.64E+05		2.40E+02		683.66		1.61E+05		6.09E+05		0.26		5.17E+06		1.78E+05		2.33E+05		6.22E+04		4.94E+04		1.26		9.63E+04		4.80E+04		2.01		2.02E+05		2.34E+05		2.18E+05		1.83E+05		2.20E+05		2.00E+05		2.01E+05		1.09		7.80E+05		1.89E+05		4.13		3.12E+04		1.89E+05		0.17		97913.23		199962.43		0.49		2.42E+04		1.62E+04		2.02E+04		1.99E+05		1.15E+05		1.57E+05		0.13		128568.26		653334.30		0.20		1.23E+05		2.77E+05		0.44		3.61E+05		2.57E+05		3.09E+05		1.75E+05		1.51E+05		1.63E+05		1.89		9.07E+04		9.31E+04		4.84E+04		1.92		8.44E+04		6.11E+05		0.14		1.73E+05		4.73E+05		0.37		5.60E+04		2.77E+04		6.67E+04		1.33E+05		9.22E+04		5.37E+04		1.72E+05		6.75E+04		8.61E+04		7.19E+04		9.58E+04		6.56E+04		6.10E+04		7.85E+04		7.78E+04

		Fluoranthene		4.75E+06		4.96E+06		4.85E+06		4.76E+06		4.41E+06		6.44E+06		5.20E+06		0.93		5.47E+06		1.48E+06		3.68		7.44E+06		5.42E+06		6.43E+06		7.00E+05		7.66E+05		2.21E+06		1.23E+06		5.25		6.92E+04		7.19E+04		1.27E+04		5.68		30382.07		2.56E+07		9.64E+05		26.59		5.58E+05		5.35E+02		1041.53		5.99E+05		5.58E+05		1.07		1.72E+07		8.79E+05		2.05E+06		1.06E+05		2.59E+04		4.09		2.31E+05		8.74E+04		2.64		9.34E+05		9.17E+05		9.26E+05		1.40E+05		1.82E+05		1.95E+05		1.72E+05		5.38		2.84E+06		3.78E+05		7.50		7.03E+04		7.74E+04		0.91		66640.65		70671.28		0.94		3.62E+04		4.15E+04		3.89E+04		5.36E+04		1.32E+05		9.28E+04		0.42		111627.64		56484.92		1.98		2.47E+05		9.40E+04		2.63		4.91E+05		3.15E+05		4.03E+05		1.57E+05		8.56E+04		1.21E+05		3.32		5.81E+05		1.80E+05		1.70E+05		1.06		8.12E+04		5.63E+05		0.14		1.35E+05		4.23E+05		0.32		7.20E+04		7.22E+04		3.74E+04		4.17E+05		9.12E+04		6.65E+04		9.69E+04		1.66E+05		1.11E+05		3.04E+05		1.84E+05		5.02E+04		7.00E+04		4.58E+04		1.53E+05

		Pyrene		2.78E+06		2.68E+06		2.73E+06		3.31E+06		3.07E+06		4.21E+06		3.53E+06		0.77		3.14E+06		1.12E+06		2.80		3.66E+06		2.45E+06		3.05E+06		9.12E+05		9.71E+05		1.76E+06		1.21E+06		2.51		4.16E+04		5.41E+04		8.53E+03		6.34		16960.42		1.31E+07		1.33E+06		9.84		2.63E+05		8.24E+02		319.27		2.48E+05		8.71E+05		0.28		8.50E+06		4.12E+05		8.67E+05		5.73E+04		2.62E+05		0.22		1.25E+05		1.06E+05		1.17		4.99E+05		4.90E+05		4.94E+05		5.51E+04		8.04E+04		8.44E+04		7.33E+04		6.75		1.45E+06		3.49E+05		4.16		3.02E+04		2.31E+04		1.31		39269.31		36759.44		1.07		2.05E+04		2.07E+04		2.06E+04		2.90E+04		6.12E+04		4.51E+04		0.46		54839.42		25926.50		2.12		1.30E+05		3.48E+04		3.74		2.26E+05		1.03E+05		1.64E+05		9.33E+04		6.83E+04		8.08E+04		2.03		2.89E+05		9.45E+04		5.09E+04		1.86		3.57E+04		2.62E+05		0.14		5.23E+04		1.73E+05		0.30		4.31E+04		3.33E+04		4.21E+04		2.55E+05		6.18E+04		4.03E+04		8.52E+04		2.50E+05		6.95E+04		6.79E+05		2.14E+05		9.94E+04		4.51E+04		1.57E+05		1.70E+05

		Retene		2.65E+06		2.98E+06		2.82E+06		6.10E+05		5.86E+05		8.41E+05		6.79E+05		4.15		8.37E+06		9.76E+04		85.73		7.24E+06		2.31E+06		4.78E+06		2.74E+05		3.55E+05		9.24E+05		5.18E+05		9.23		7.88E+05		2.92E+06		3.82E+04		76.30		223475.78		4.55E+08		1.49E+07		30.66		1.61E+07		1.93E+04		833.20		1.71E+07		6.83E+06		2.51		7.64E+07		1.69E+06		1.28E+07		1.38E+06		1.16E+06		1.19		1.42E+07		1.73E+06		8.20		2.50E+06		2.90E+06		2.70E+06		1.08E+05		1.79E+05		1.93E+05		1.60E+05		16.87		1.17E+07		4.48E+05		26.14		2.36E+06		1.15E+06		2.06		10009326.57		3200585.85		3.13		6.36E+05		9.34E+05		7.85E+05		2.20E+05		8.63E+05		5.41E+05		1.45		8879865.52		695762.06		12.76		1.13E+07		4.21E+05		26.78		3.93E+07		2.07E+07		3.00E+07		3.12E+06		1.71E+06		2.42E+06		12.42		9.37E+06		1.96E+06		6.18E+06		0.32		1.13E+07		4.98E+06		2.27		2.70E+07		2.56E+07		1.05		1.42E+05		8.73E+06		9.03E+04		5.71E+07		3.74E+05		9.69E+06		8.05E+06		8.41E+05		6.49E+05		1.38E+06		1.38E+07		3.93E+04		1.53E+06		1.70E+04		4.02E+06

		Benz(a)anthracene		2.56E+06		2.79E+06		2.67E+06		1.71E+06		1.71E+06		1.39E+06		1.60E+06		1.67		3.21E+06		2.97E+05		10.83		7.03E+05		5.64E+05		6.34E+05		6.11E+05		8.03E+05		1.47E+06		9.62E+05		0.66		4.36E+04		1.38E+05		2.91E+03		47.40		1591.80		2.95E+07		9.67E+05		30.48		3.56E+04		7.32E+02		48.70		5.76E+04		6.34E+05		0.09		1.45E+07		1.85E+05		1.81E+05		3.27E+04		1.48E+05		0.22		6.98E+04		1.22E+05		0.57		1.11E+05		2.25E+05		1.68E+05		9.40E+03		1.37E+04		2.24E+04		1.51E+04		11.09		1.43E+06		1.96E+05		7.28		8.85E+02		1.95E+02		4.54		6307.22		24677.73		0.26		8.49E+03		4.36E+03		6.43E+03		2.08E+02		7.79E+04		3.91E+04		0.16		4082.80		6235.81		0.65		7.40E+04		6.51E+03		11.36		4.15E+04		2.84E+03		2.22E+04		5.23E+04		3.44E+04		4.34E+04		0.51		1.78E+06		1.10E+05		7.55E+03		14.60		1.68E+03		1.47E+05		0.01		4.62E+03		1.77E+05		0.03		3.13E+03		8.10E+03		2.56E+03		1.34E+04		8.49E+03		4.86E+03		9.45E+04		4.41E+03		4.78E+04		5.50E+04		5.57E+03		1.22E+03		4.13E+02		8.31E+02		6.65E+00

		Chrysene		3.52E+06		3.61E+06		3.57E+06		1.53E+06		1.60E+06		1.84E+06		1.66E+06		2.15		3.93E+06		2.76E+05		14.23		3.71E+06		6.65E+06		5.18E+06		2.40E+05		2.12E+05		2.13E+05		2.22E+05		23.37		9.87E+04		1.69E+05		6.75E+03		25.09		6991.20		2.63E+07		7.01E+05		37.53		4.96E+05		7.39E+02		671.67		1.62E+05		3.15E+05		0.52		1.99E+07		4.88E+05		8.61E+05		7.49E+03		8.23E+04		0.09		1.69E+05		9.19E+04		1.84		4.37E+05		3.34E+05		3.85E+05		1.53E+04		1.66E+04		2.60E+04		1.93E+04		19.98		2.22E+06		3.07E+05		7.22		1.86E+03		6.51E+04		0.03		26686.33		38879.90		0.69		2.53E+04		3.73E+04		3.13E+04		3.33E+04		6.44E+04		4.88E+04		0.64		57754.26		44630.66		1.29		5.59E+04		3.91E+04		1.43		1.38E+05		1.20E+05		1.29E+05		6.88E+04		5.52E+04		6.20E+04		2.08		1.92E+06		2.19E+05		4.51E+04		4.87		2.60E+04		1.38E+05		0.19		4.55E+04		2.18E+05		0.21		5.63E+03		7.35E+04		6.40E+03		2.10E+05		2.92E+04		2.78E+04		2.69E+05		2.03E+04		8.93E+04		9.20E+04		1.43E+05		2.44E+04		1.97E+04		3.24E+04		4.34E+04

		Benzo(b)fluoranthene		1.18E+07		1.22E+07		1.20E+07		2.15E+06		2.29E+06		2.09E+06		2.18E+06		5.51		7.11E+06		1.17E+05		60.60		1.64E+07		1.70E+07		1.67E+07		3.80E+05		3.94E+05		3.56E+05		3.77E+05		44.38		5.92E+05		1.62E+06		1.24E+04		130.68		6666.58		1.63E+08		8.73E+05		186.26		2.41E+06		1.17E+03		2063.50		1.20E+06		3.29E+05		3.66		1.38E+08		1.88E+06		7.32E+06		2.13E+05		1.14E+05		1.87		1.65E+06		1.08E+05		15.32		1.82E+06		1.61E+06		1.71E+06		6.13E+04		5.37E+04		8.69E+04		6.73E+04		25.43		3.32E+06		3.50E+05		9.47		9.28E+03		2.45E+04		0.38		44293.25		24399.23		1.82		1.02E+05		9.00E+04		9.62E+04		2.03E+04		9.04E+04		5.53E+04		1.74		140014.10		43288.85		3.23		5.24E+04		4.64E+04		1.13		4.06E+05		1.82E+05		2.94E+05		4.20E+04		3.18E+04		3.69E+04		7.97		2.52E+06		5.48E+05		6.59E+04		8.31		9.27E+04		3.78E+05		0.25		6.69E+04		1.16E+05		0.58		2.16E+04		2.05E+05		1.67E+04		3.22E+05		5.54E+04		3.88E+04		1.66E+05		1.01E+04		1.36E+05		9.69E+04		3.53E+05		1.95E+04		1.91E+04		1.36E+04		3.35E+05

		Benzo(j)fluoranthene		2.43E+06		2.11E+06		2.27E+06		1.01E+05		6.13E+04		9.10E+04		8.44E+04		26.91		6.17E+05		1.06E+03		580.21		1.85E+06		2.53E+05		1.05E+06		7.73E+03		7.45E+03		8.90E+03		8.03E+03		131.08		5.82E+05		5.88E+05		2.28E+03		257.72		946.70		1.18E+07		1.89E+04		626.63		2.09E+06		1.50E+01		139418.23		4.77E+05		1.17E+04		40.81		7.27E+07		2.57E+05		1.02E+06		4.73E+05		1.14E+04		41.35		6.30E+05		4.17E+03		151.32		4.01E+05		9.88E+05		6.95E+05		1.50E+04		1.52E+04		1.72E+04		1.58E+04		43.97		5.30E+05		1.65E+04		32.16		1.90E+05		6.08E+04		3.13		29328.15		4712.11		6.22		8.54E+03		1.20E+05		6.41E+04		1.04E+04		1.81E+04		1.43E+04		4.49		25868.68		14539.89		1.78		1.10E+05		4.04E+04		2.73		3.34E+04		3.89E+04		3.61E+04		3.31E+03		1.03E+03		2.17E+03		16.64		6.38E+04		7.07E+04		2.30E+03		30.76		1.29E+05		9.06E+04		1.42		2.49E+04		1.82E+03		13.68		1.29E+04		1.18E+05		3.38E+04		9.63E+05		2.05E+04		6.32E+04		1.05E+04		1.91E+03		7.45E+03		3.87E+03		4.69E+04		5.32E+03		8.88E+03		3.33E+03		3.17E+04

		Benzo(k)fluoranthene		9.60E+06		1.01E+07		9.85E+06		1.50E+06		1.45E+06		1.78E+06		1.57E+06		6.25		8.05E+06		8.88E+04		90.66		1.27E+07		1.04E+07		1.15E+07		3.68E+05		3.85E+05		3.87E+05		3.80E+05		30.27		3.11E+05		2.10E+06		1.56E+04		135.22		3920.43		1.26E+08		6.65E+05		189.10		3.48E+06		8.46E+02		4113.92		9.56E+05		2.72E+05		3.51		1.22E+08		1.79E+06		6.68E+06		1.55E+05		9.12E+04		1.70		1.44E+06		8.53E+04		16.86		2.00E+06		2.09E+06		2.04E+06		5.78E+04		7.76E+04		7.77E+04		7.10E+04		28.77		2.31E+07		2.65E+05		87.22		9.18E+03		2.94E+04		0.31		20334.21		16285.60		1.25		4.58E+04		2.37E+05		1.41E+05		5.58E+03		6.77E+04		3.66E+04		3.86		96134.18		33105.67		2.90		1.21E+05		1.68E+04		7.19		2.21E+05		1.77E+05		1.99E+05		2.85E+04		2.29E+04		2.57E+04		7.74		2.37E+06		6.02E+05		4.19E+04		14.38		1.22E+05		2.86E+05		0.43		4.90E+04		6.29E+04		0.78		1.45E+04		1.97E+05		1.75E+04		9.54E+04		4.77E+04		3.81E+04		9.94E+04		1.77E+04		1.18E+05		1.05E+05		1.23E+05		1.95E+04		2.00E+04		1.42E+04		3.10E+05

		Benzo(a)pyrene		5.49E+06		6.02E+06		5.75E+06		7.55E+05		6.91E+05		5.01E+05		6.49E+05		8.87		2.87E+06		2.94E+04		97.64		4.55E+06		2.79E+06		3.67E+06		1.30E+05		1.17E+05		1.15E+05		1.21E+05		30.40		2.51E+05		1.47E+06		7.34E+03		200.25		1328.80		6.94E+07		7.88E+05		88.08		2.13E+06		1.02E+03		2099.78		5.23E+05		1.70E+05		3.08		7.44E+07		5.87E+05		2.37E+06		1.08E+05		5.10E+04		2.12		6.87E+05		4.16E+04		16.55		1.59E+06		1.18E+06		1.39E+06		2.01E+04		2.17E+04		3.51E+04		2.56E+04		54.04		3.45E+06		1.12E+05		30.74		6.74E+03		3.12E+04		0.22		28107.26		5323531.81		0.01		2.28E+04		5.20E+03		1.40E+04		4.71E+03		3.41E+04		1.94E+04		0.72		24549.49		7947.27		3.09		1.56E+04		1.00E+04		1.56		5.97E+04		1.15E+04		3.56E+04		1.21E+04		8.86E+03		1.05E+04		3.39		5.47E+05		6.54E+04		2.85E+04		2.30		1.83E+04		1.74E+05		0.11		8.20E+03		5.12E+04		0.16		6.95E+03		8.63E+03		1.23E+04		1.19E+05		6.49E+03		1.08E+04		7.34E+04		1.34E+03		6.36E+04		3.14E+04		2.55E+04		3.34E+02		4.91E+02		4.15E+02		2.25E+04

		Benzo(e)pyrene		1.14E+07		1.15E+07		1.14E+07		1.96E+06		1.96E+06		1.93E+06		1.95E+06		5.85		6.88E+06		1.03E+05		66.49		1.76E+07		3.20E+07		2.48E+07		2.41E+05		2.46E+05		2.41E+05		2.43E+05		102.23		5.73E+05		2.91E+06		1.56E+04		186.84		2624.38		1.68E+08		1.14E+06		147.17		4.39E+06		1.58E+03		2770.07		1.41E+06		4.56E+05		3.09		1.63E+08		2.15E+06		7.08E+06		5.23E+04		1.38E+05		0.38		1.79E+06		1.40E+05		12.83		3.02E+06		2.49E+06		2.76E+06		2.75E+04		3.48E+04		5.38E+04		3.87E+04		71.24		1.20E+07		4.14E+05		28.89		5.67E+03		1.92E+04		0.29		55017.55		8092.74		6.80		8.29E+04		7.97E+04		8.13E+04		1.24E+04		7.87E+04		4.56E+04		1.78		86333.75		44722.36		1.93		4.81E+04		4.43E+04		1.09		5.25E+05		1.78E+05		3.52E+05		4.83E+04		3.45E+04		4.14E+04		8.49		1.17E+06		4.01E+05		7.35E+04		5.45		1.04E+05		3.96E+05		0.26		4.70E+04		1.29E+05		0.37		3.39E+04		2.56E+05		4.75E+04		4.70E+05		7.99E+04		5.40E+04		1.90E+05		1.75E+04		2.77E+05		1.96E+05		3.53E+05		1.50E+04		1.84E+04		1.59E+04		6.68E+05

		Perylene		4.48E+06		4.91E+06		4.70E+06		1.15E+06		1.14E+06		6.84E+05		9.91E+05		4.74		3.34E+06		3.72E+04		89.92		1.72E+07		3.44E+06		1.03E+07		2.32E+05		2.17E+05		1.89E+05		2.13E+05		48.46		5.53E+06		1.19E+06		4.15E+03		286.09		8646.97		9.93E+07		1.86E+06		53.37		1.49E+06		1.60E+03		932.89		6.37E+06		2.81E+05		22.62		6.99E+07		7.32E+05		1.70E+07		2.77E+05		1.95E+06		0.14		9.74E+06		1.26E+06		7.72		5.91E+05		1.34E+06		9.68E+05		7.70E+04		7.07E+04		1.32E+05		9.33E+04		10.37		1.05E+07		1.08E+06		9.78		1.10E+04		3.43E+04		0.32		509593.83		2421.65		210.43		5.54E+05		1.11E+06		8.33E+05		4.87E+04		4.76E+05		2.62E+05		3.17		314750.60		11836.96		26.59		1.21E+05		6.19E+04		1.95		4.95E+04		2.14E+05		1.32E+05		1.86E+04		1.10E+04		1.48E+04		8.93		1.55E+06		3.47E+05		1.18E+05		2.93		2.92E+05		1.60E+06		0.18		1.71E+05		2.09E+04		8.19		6.47E+05		1.71E+05		3.98E+05		1.28E+06		4.18E+05		1.60E+05		7.41E+04		8.15E+03		4.45E+05		3.46E+05		1.11E+04		1.30E+04		4.83E+03		2.41E+04		4.54E+03

		Indeno(1,2,3-,d)pyrene		1.60E+08		1.64E+08		1.62E+08		2.57E+06		2.42E+06		9.05E+05		1.96E+06		82.81		4.96E+07		2.33E+04		2134.01		1.78E+08		8.65E+07		1.32E+08		6.53E+05		6.41E+05		5.38E+05		6.11E+05		216.87		4.35E+05		1.96E+07		6.03E+04		324.49		25294.63		2.04E+09		1.13E+06		1808.38		1.44E+08		1.45E+03		99028.17		3.81E+07		4.10E+05		92.84		1.65E+09		2.90E+07		6.84E+07		3.13E+06		8.92E+04		35.03		5.74E+07		6.32E+04		908.97		2.77E+07		5.76E+07		4.26E+07		2.64E+05		3.14E+05		3.90E+05		3.23E+05		132.07		2.85E+06		3.16E+05		9.00		1.26E+05		1.28E+06		0.10		1920170.24		67838.72		28.30		6.15E+05		3.38E+05		4.77E+05		7.56E+05		3.19E+05		5.38E+05		0.89		2589741.01		28135.94		92.04		3.11E+06		6.31E+06		0.49		7.79E+06		9.49E+06		8.64E+06		5.59E+04		3.69E+04		4.64E+04		186.05		1.16E+07		1.98E+07		9.25E+04		214.48		8.84E+04		1.46E+06		0.06		1.74E+06		9.76E+04		17.81		1.69E+05		4.44E+06		8.53E+05		7.14E+06		2.94E+06		2.26E+05		2.23E+05		1.61E+04		8.89E+04		1.53E+05		2.13E+05		9.32E+04		4.64E+04		4.84E+05		5.54E+05

		Dibenzo(a,h)anthracene		3.09E+07		2.81E+07		2.95E+07		3.86E+05		4.18E+05		4.93E+04		2.84E+05		103.67		1.06E+07		3.53E+03		3010.08		1.06E+08		2.25E+07		6.42E+07		5.15E+04		6.81E+04		4.85E+04		5.60E+04		1145.81		7.60E+05		5.01E+05		2.01E+04		24.86		6435.14		6.38E+08		2.44E+05		2618.11		1.10E+08		3.14E+02		349630.15		4.69E+07		5.08E+04		921.89		4.18E+08		4.95E+06		6.30E+07		1.19E+06		1.02E+04		116.37		5.76E+07		1.06E+04		5424.45		4.62E+06		2.26E+07		1.36E+07		2.67E+04		2.68E+04		6.46E+04		3.94E+04		345.31		4.27E+06		5.15E+04		82.89		5.42E+04		1.09E+03		49.66		3554103.79		11675.90		304.40		1.14E+05		5.39E+04		8.39E+04		1.33E+03		2.03E+05		1.02E+05		0.82		873942.35		8285.81		105.47		1.04E+05		1.92E+03		54.08		1.98E+06		2.29E+06		2.14E+06		8.25E+03		1.04E+04		9.33E+03		229.02		3.42E+06		1.03E+06		1.06E+04		97.30		4.55E+05		1.35E+06		0.34		6.36E+05		6.33E+03		100.53		2.54E+05		1.07E+06		1.47E+05		9.92E+06		2.46E+05		3.44E+05		3.51E+04		1.56E+03		1.09E+04		3.42E+04		3.83E+04		1.37E+04		2.49E+04		2.58E+04		3.59E+03

		Benzo(g,h,i)perylene		1.52E+08		1.51E+08		1.51E+08		2.16E+06		1.91E+06		7.65E+05		1.61E+06		94.06		4.47E+07		1.61E+04		2783.80		1.81E+08		7.59E+07		1.28E+08		2.95E+05		2.75E+05		2.78E+05		2.83E+05		453.61		3.44E+05		3.14E+07		6.42E+04		489.52		9951.03		2.09E+09		9.84E+05		2120.70		2.17E+08		1.40E+03		154943.43		4.31E+07		2.82E+05		152.68		2.05E+09		3.39E+07		7.61E+07		2.91E+06		1.38E+05		21.11		5.94E+07		1.04E+05		569.80		3.67E+07		7.44E+07		5.55E+07		1.64E+05		2.37E+05		3.62E+05		2.54E+05		218.34		9.98E+07		3.10E+05		321.81		1.30E+05		3.78E+03		34.41		3678626.92		42031.15		87.52		4.23E+04		1.10E+05		7.63E+04		1.35E+03		3.42E+05		1.72E+05		0.44		582080.27		26297.47		22.13		1.20E+05		4.12E+04		2.91		1.07E+07		2.38E+06		6.54E+06		5.50E+04		3.21E+04		4.35E+04		150.25		1.06E+07		1.53E+07		8.86E+04		173.26		1.09E+05		1.99E+06		0.05		1.17E+06		6.91E+04		16.85		5.50E+05		4.98E+06		2.00E+06		2.77E+07		3.79E+06		1.22E+06		2.17E+05		2.11E+04		1.67E+05		2.56E+05		1.66E+05		8.30E+04		7.29E+04		4.58E+05		1.39E+06

																						*need to recalculate																												*EH-A-1112 being rerun

				Deployment		Time span

				1		April-June 2011

				2		June-August 2011

				3		August-October 2011
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DOD = EPA = D

Test Sampler in Sediment
Compare Ex-situ and In-situ Porewaters:. PCBs

a b
S1 S2
1200 2500
T 25 um
1000 2000 ]
.
800 51 um
1500 .
¥ T In situ sampler
S 600
o
1000
400 _
i 500
200 -
0 i .- - 0 . .
Lol ol acl acl scl ecl 7.0l 8o ool 100l 1-cl 2-cl 3-Cl 4-Cl 5Cl 6Cl 7-Cl 8Cl 9-Cl 10-C

Homologous group Homologous group
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DOD = EPA = DOE

Test Sampler in Sediment
Compare Ex-situ and In-situ Porewaters: PCDD/Fs

a b
S1 S2
16 14
14 ]’ 12 I 25 um
12 10
10 T 51 um
_| 8
2 8 6 In situ sampler
6 T T -
T 4
4
- 2
2
0 _ — e m 0 T —
(PSP SFPE P ERE PR KPP
$ L K 0 K& 0 K& L0 K& 0K KL K KL K& L S IO R O N M S O O O S Y
s e Die e Jie Jite 2o Dille 2l Dilfe 2l Jle Xie e e OINOIN OGN IF OGN I OGN IO O O AN IO IR OGNS
W F P PUEE Qo S QTG AT AT AT 8 g0l R 07 0

Homologous group Homologous group
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Choice of PRCs for Sediment

Better agreement with ex-situ results for
PCDD/Fs using both d-PAHs and 13C-PCDDs

m13C12 PCDD + d-PAHs
m13C12 PCDD
d-PAHs

‘ Tumbling experiment (d-PAHS)
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Test Sampler in Water

= Validate polyethylene-based water
column multi-sampler for various HOCs

SERDP and ESTCP Webinar Series (#87) 26



Sorption of PBDEs in Water/Porewater

= Use of PRCs BRSNS N O"m SR W;
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DOD = EPA = DOE

Test Sampler in Water
Active vs. Passive Sampling - PBDEs

100
90
80
70

60
/ y=52.876x-306.86

50 R2 = 0.4287

40

30
20 .
10 )

l_\
N

y # 4.8681x + 2.7279
© RZ=0.6392

N

e
o

[PBDEs in pg/L], active
ratio active/passive

o N B~ OO

0 5 10 15 4 6 8 10
[PBDEs in pg/L], passive log Kow

Ratio active/passive: 45

Notes: PBDEs = polybrominated diphenyl ethers; K, = octanol-water partitioning coefficient
Sampling at Harrison, NJ; Active (March 2012); Passive (February — March 2012)
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DOD = EPA = D

Test Sampler in Water
DOC-Correction for PBDEs

= DOC =4.8-6.2mg/L, average 5.3 mg/L
= Best fit: Kyoe = 0.13 X K,

1
S ; y=1.07+0.29 /
12 7 « R2=0.96

Ratio active/passive = 1.4

. y =0.9671x + 0.1237
vl R2 = 0.9638

4 6 8 10 0 5 10 15
log Kow [PBDES in pg/L], passive

ratio active/passive
OFRLNW,AMIIITOONOO OO
[ J
[PBDES in pg/L], active

Notes: DOC = dissolved organic carbon; Ko = DOC partitioning coefficient
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Passive vs. Active Sampling

= Affinity for DOC varies
e PBDEs: 0.13 K,
e PAHs: 0.50 K,
e PCBs: 1.0 K,
« PCDD/Fs: 1.0 K,

= Passive and active sampling results can
be reconciled

SERDP and ESTCP Webinar Series (#87) 30
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A

DOD = EPA = DO

Sorption to Solids: PBDEs in Water

= Comparison active (PUF) vs. passive
(PE) sampling

logk

R2=0.10-0.85
b =0.10 - 0.49

ki

T T T
4.5 5.0 5.5 6.0 6.5

T T
7.0 1.5

log Kow

» Correction for DOC (Kyoe = 0.08 K,

log K,

b

LDPE: R = 0.85-0.98, b = 0.73-1.10

PUFs: R’ = =0.85-0.98, b =0.67-1.10

"
3

T T T T T
6.0 6.5 7.0 TS 8.0

log Kow

Notes: PE = polyethylene (passive sampler); PUF = polyurethane foam (active sampler)
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DOD = EPA = D

Sorption: PBDEs in Water Column

" Ky =Kocfoc (+1cKpe Chig? )
* Importance of dual BC + OC sorption

B B
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2 T T T 2 T T T T T
4 5 o 3 ) 4 ) 5 ) i) i 7 .
log predicted K3 (Ko ¢ foc) log predicted Kg (Ko foc +Kac o Cow )

Notes: BC = black carbon; OC = organic carbon; n = Freundlich coefficient
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Source: Khairy and Lohmann, 2018
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DOD = EPA = DOE

Sorption: PBDEs In Porewater

.Kd

n—1
=Koctoc (+fcKpc Cpy )

* Importance of dual BC + OC sorption
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Notes: BC = black carbon; OC = organic carbon; n = Freundlich coefficient
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Source: Khairy and Lohmann, 2018

T
?

33



I &

DOD = EPA = DOE

Spatial and Temporal Trends

-

SERDP $ESTCP
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Spatial and Temporal Trends
Water Column Results: Annual PCBs
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| and Temporal Trends

Water Column Results

e $YSERDP ESTCP
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DOD = EPA = DOE

Chemical Activity Gradients

= Comparison porewater vs. water column
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What is Driving Bioaccumulation?

= PCBs, PCDD/Fs, PBDEs, OCPs in biota
* Predicting bioaccumulation

g
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DOD = EPA = DOE

Ongoing Work

= Modify multi-sampler to be deployed (and
retrieved) without divers

Shockle Foint Fluke ZTection

Frime
272 = 1* Stock _—
=———————Hesh
C  Frane

34w 354w 14ET

angel Iron

1480« 374 Flot
stock

Full Anchor Flake

Doforth Pagshes Tedivent Tonplsr
UFT Grad Fchool of Ocaaroprophy
Tave Adelrar

SERDP and ESTCP Webinar Series (#87) 39



A

I @SERDP QESTCP

Key Points

= Constructed sediment porewater and
water column multi-sampler

e For dioxin/furans and other HOCs

= [le
= Yie
PC

d-tested sampler without use of divers
ds PCBs, OCPs, PBDEs, PAHs and

DD/Fs

= Compared performance ex-situ and in-situ

= Next steps: Comparison to benthic
animals/ food-web

SERDP and ESTCP Webinar Series (#87) 40



A

I @BSERDP QESTCP

Conclusions

= Validated porewater multi-sampler for
PCDD/Fs and PCBs

* Field-tested water column multi-sampler
for PBDEs and HOCs

= Important for contaminated site
assessment

= Relevant for remediation monitoring
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Benefits to DoD

= Many DoD sites have multiple
contaminants

» PE samplers can be used to target many
HOCs

= Sampling in water column and sediment

* In-situ passive PE results match other
approaches

= Determine spatial and temporal trends

SERDP and ESTCP Webinar Series (#87) 42
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DOD = EPA = DOE

Publications

= Khairy, M., Barrett, K., and Lohmann, R. The changing sources of
polychlorinated dibenzo-p-dioxins and furans in sediments from the lower
Passaic River and Newark Bay, New Jersey, USA. Environ Toxicol Chem
2016, 35, 550-562, DOI: 10.1002/etc.3223

= Khairy, M. and Lohmann, R. Partitioning, fluxes and bioaccumulation of
PBDESs in an urban river. Environ Sci Technol 2017, 2017, 51, 9062-9071.
http://dx.doi.org/10.1021/acs.est.7b02418

= Michiel T.O., Jonker, S.A. van der Heijden, D. Adelman, J.N. Apell, R.M.
Burgess, Y. Choi, L.A. Fernandez, G.M. Flavetta, U. Ghosh, P.M.
Gschwend, S.E. Hale, M. Jalalizadeh, M. Khairy, M.A. Lampi, W. Lao, R.
Lohmann, M.J. Lydy, K.A. Maruya, S.A. Nutile, A.M.P. Oen, M.l. Rakowska,
D. Reible, T.P. Rusina, F. Smedes, and Y. Wu. Advancing the use of
passive sampling in risk assessment and management of contaminated
sediments: Results of an international passive sampling inter-laboratory
comparison. Environ Sci Technol 2018, 52, 3574-3582

=  Khairy, M., Gregory O. Noonan, and Lohmann, R. Contrasting uptake and
bioaccumulation of legacy and emerging contaminants in the aquatic food
web of the Lower Passaic River: OCPs, PBDEs and PFAAs. Environ Tox
Chem (in press)
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For additional information, please visit

https://www.serdp-estcp.org/Program-

Areas/Environmental-Restoration/Contaminated-
Sediments/Bioavallability/ER-2538

Speaker Contact Information
rlohmann@uri.edu; 401-874-6612
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$SERDP ¢

DOD = ERPA = DOE




SERDP and ESTCP Webinar Series

Evaluating the Efficacy of
Bioaugmentation for In-Situ Treatment of
PCB Impacted Sediments

Kevin R. Sowers, Ph.D.
University of Maryland Baltimore County
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Agenda

= Objective

= Background

= Description of the technology
= Site description

= Treatablility study

* Field study

= Summary
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Benefits to DoD

= Many DoD sites impacted with PCBs

= Dredging and capping
« Destructive to environmentally sensitive areas
« May not reduce risk sufficiently

* In-situ treatment with Bioamended Activated
Carbon
e Lower cost than dredging
 Both sequesters and degrades PCBs
« Rapidly deployed and minimally invasive
e Reduces health risks associated with sediment disruption
e Reduced carbon footprint
* No extensive waste management and habitat restoration
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Technical Objectives

» Demonstrate and validate bioamended
activated carbon (AC) for in-situ treatment of
PCB impacted sediments

= Specific goals are to demonstrate the
following:

* Mass culture bioamendment, transport to site
and deliver to sediments without loss of viabllity

o Treatment with bioamended AC reduces the total
and agueous concentrations of PCBs

 Treatment has minimal effect on the indigenous
microbial community
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How Bioremediation of PCBs Works

= Complementary
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DOD = EPA = DOE

Natural Attenuation of PCBs iIs Slow

1 Rommmmsmmmreccsesccmccsses s s s eSS E S S S S S a s
= b o
S 08 ———=10"6 cells/ml
= — — 1075 cells/ml
g 0.6 g +~—-1084-celis/fml
3 | N T 1073 cells/ml
= 0.4 ~
| o= | e
5 T~
G |
& 02
0 ;
@ ;
a

0 |

0 2 4 6 8 10
Years

= PCB dechlorination follows first order rate kinetics
= Low cell numbers due to high k,, of PCBs
* |ncreasing cell numbers increases the dechlorination

rates
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DOD = EPA = DOE

Technology/Methodology Description

High Throughput PCB Reducing Microbial AnalysisfMionitoring

SERDP and ESTCP Webinar Series (#87)

1. PCB transforming

anaerobic halorespirer
and aerobic degrader
available

. Assays developed for

monitoring treatment and
bioamendments

. Methods developed for

biomass scale-up of
bioamendments

. System developed for in-

situ deployment of
bioamendments on
activated carbon
agglomerate (SediMite)

52



A

s {$SERDP <3ESTCP

DOD = EPA = DOE

Bioamended Activated Carbon

Coal AC

n s Lt

-:I \.'I
[ Brgnin T PRCRYRE ey
.::.:'_- ~ o * .i.ia_l,.,
q ’
P [ §
\--?F' &r k‘ ‘hh < :

.Il';
o

SediMite™ with biofilm of PCB transforming microorganisms
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DOD = EPA = DOE

Application of Bioamended AC
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SediMite™ with biofilm of PCB transforming microorganisms
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Site Description

View from access road Corrugated steel culverts
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Abraham’s Creek

N

Potomac River

Direction of Flow )

Marine Corps Plotl Plot2 Plot3 Plotd

Base Quantico

=  Abraham’s Creek MCBQ is an 8 acre/32,000 m? watershed outflow
=  Original contaminant likely aroclor 1260

=  Currently contaminated with average 5 ppm PCB

=  Treatments in four 400 m? plots

= Load rate = 1 ton SediMite + 102 cells/400 m?
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DOD = EPA = DOE

Mesocosm Treatabllity Study

Treatment | SediMite™ Cellulose Cells g1 Anaerobic Aerobic
sediment Dechlorinator Degrader

1

2 3% -

3 3% 0.03%

4 3% 0.03% 5x 103 DF-1 LB400

5 3% 0.03% 5x10% DF-1 LB400

6 3% 0.03% 5x10° DF-1 LB400

7 3% - 5x 10° DF-1 LB400

8 3% 0.03% 5x 10° SF1+DEH10 LB400

9 3% 0.03% 5x 10° 0-17 LB400

10 3% 0.03% 5x 10° DF1+SF1+DEH10+ 0-17 LB400

Abiotic controls

Bioamendment titer
Bioamendment without cellulose
Different halorespirers

O
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DOD = EPA = DOE

Mesocosm Treatabllity Study
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PCBs in Porewater (ng/L)

375 Days

Bioamendment
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Porewater PCBs

Treatments

No significant reduction in PCB mass without bioamendment

78% reduction in total PCB/97% reduction in soluble PCB with 10° cell/g
Dioxin-like congeners reduced 90%
DF1/LB400 combination catalyzed greatest reduction in mass
Reduction in concentration of both total and soluble mono- to nona-chlorobiphenyls
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Field Study Design

= Layout of four treatment plots
each 400 m# in area

= Plot 1 - no treatment

* Plot 2 — SediMite and PLOT 2 Sedivite +
cellulose as a slow release L >
carbon source 3

* Plot3and 4 - faanai
SediMite/cellulose amended T
with anaerobic PCB
dechlorinating DF1 and aerobic PLOT : Seciite +

. . . g s cellulose +

dechlorinating/oxidizing LB400
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Field Study DeS|gn
Production of SediMite

= 2,700 kg
 50% activated carbon
 30% sand
e 20% clay binder
* 0.1% cellulose by dry
weight

= SediMite was loaded In
500 kg bulk bags and
shipped on standard
pallets loaded two bags
per pallet

SERDP and ESTCP Webinar Series (#87)
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Field Study DeS|gn

Production of Bioamendments

m S
Anaerobe ok l,? LS

» Scaled up using a 250 -1'?' g
liter pilot-scale s e N
bioreactor

= Aerobe

e Scaled up using a 20
liter bioreactor

= Cells were shipped In
20 liter Cornelius flasks = ™
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DOD = EPA = DOE

Field Study Deployment

= 3,000 kg bioamended SediMite deployed with air horn

* Final SediMite concentration = 0.3g/10g sediment

= Final bioamendment concentration = 10° cells/10g sediment
= Sediments sampled 0, 140 and 409 days post-treatment
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Field Study Results: Total PCBs

= 80% reduction In coplanar PCBs In
bioamended plot 4 after 409 days

* No significant change in untreated plots and
below 7.5 cm
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DOD = EPA = D

Field Study Results: Dissolved PCBs

= PCB decrease in bioamended plots after 409 days
= Some decrease with AC due to adsorption
« Significantly less decrease than bioamended plots

= No significant change in untreated plot and below
benthic zone
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DOD = EPA = DOE

Field Study Results

Bioamendment Titer

» Halorespirer and aerobic degrader decreased by 2-3
orders of magnitude after 409 days in plots 3 and 4

Anaerobic Halorespirer
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= EXpectec
= Despitet

DOD = EPA = D

Field Study Results
Bioamendment Titer

decrease due to low bioavailability of PCBs
ne decrease the titer was 2-3 orders of

magnitude greater than background levels after 409
days
Aerobic Degrader
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DOD = EPA = DOE

plots

Effect of Treatments

Indigenous Bacteria

= Microbial diversity
* Not significantly different within plots, time points, or depths
» Plot 4 significantly more diverse throughout study than other

[52]

Shannon Diversity Index
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Bioaugmentation and the addition of activated carbon did not significantly alter

total microbial diversity on a macroscale
SERDP and ESTCP Webinar Series (#87)
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Cost Assessment

Comparison of total capital costs of implementation of remediation
technologies for 7.8 acre pond in Abraham’s Creek

Total Capital Oand M Total
Treatment Alternative Cost Cost Annualized
(2017 dollars) cost (S/acre)
Alt 1: No further action 0 0 0
Alt 2: Monitored Natural Attenuation 130,000 520,000 83,333
Alt 3: Isolation cap 4,030,000 910,000 633,333
Alt 4: Excavation and on-site CDF 17,030,000 910,000 2,300,000
Alt 5: Excavate and off-site disposal 25,090,000 0 3,216,000
Alt 6: Partial excavation and off-site disposal 11,570,000 260,000 1,516,666
Alt 7: Capping and wetland creation 5,850,000 910,000 866,666
Alt 8: Reactive cap 4,030,000 910,000 633,333
Alt 9: Bioamended SediMite™ (present study) 1,767,920 910,000 343,323
Alt 10: SediMite™ only 1,096,720 910,000 250,840
Costs for Alt 1-8 are based on 2008 Feasibility Study for the site (Battelle, 2008)
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Summary

= Bioamendments were mass cultured,
transported to site, delivered to sediments
without significant loss of viability

= Significant reduction in total and soluble PCBs
In bioamended plots

= Significant reduction Iin toxic equivalency
(TEQ) of coplanar PCBs in bioamended plot 4

= No significant effect on indigenous bacterial
community

= Long-term effects of treatment to be
determined
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For additional information, please visit

https://www.serdp-estcp.org/Program-

Areas/Environmental-Restoration/Contaminated-
Sediments/In-place-Remediation/ER-201215
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Q&A Session 2
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SERDP and ESTCP Webinar Series

The next webinar Is on
April 25, 2019

Accelerated Corrosion and Ageing
Studies
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Survey Reminder

Please take a moment to complete the
survey that will pop up on your screen
when the webinar ends
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