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Columbia Environmental Research Center

* USGS research center supporting
Department of Interior mission

e Located in Columbia, MO with field
stations in Jackson, WY and
Yankton, SD

e 150 Scientists, Staff, Students,
Volunteers

e Partner with national, state and
local agencies, non-governmental
organizations and universities

CERC conducts research needed to address national and international environmental
contaminant issues and effects of habitat alterations on aquatic and terrestrial ecosystems

Bg geplartmelrtsofthe Interior Steevens USGS, DOI ORDA Science Series
.. beological survey March 8 2017 WwWw.cerc.usgs.gov



Why Focus on Sediment?

e Sediment is a
contaminant “sink”

e Contaminants are bound
to sediment particles

e Benthic organisms
interact with sediment
resulting in toxicity or
uptake
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Sediment Toxicity Bioassays

e First sediment toxicity test was by
Gannon and Beeton, 1971 at the
University of Wisconsin

“The tests provided data that could not
be obtained by routine environmental
surveys. The methods used are simple,
require minimal expenditures of
materials and labor, and can easily be
modified to answer other questions of
concern in water pollution biology using
different organisms in other water
bodies.”

Gannon JE, Beeton AM. Procedures for determining the effects of dredged
sediments on biota-benthos viability and sediment selection tests. J. Water Pollut
Control Fed 43: 392-398; Funded by the US Army Corps of Engineers
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Context of Sediment Bioassays

 Measurable direct effect
.. * Develop concentration response models
Toxicity — to quantify injury

* Restoration/monitoring endpoint

e Directly measure chemical available in
. . sediment
Bioaccumulation [Eey JEIN Uptake into foodweb — effects on benthic
community, fish/wildlife, humans
e Restoration/monitoring endpoint

 Advantages: measures bioavailable fraction, direct measure of toxicity,
assess mixtures, rapid/inexpensive, legal precedent and standard methods,
linkage of chemistry to natural benthic community

e Disadvantages: sediment handling, factors controlling bioavailability
unknown, limitations in linking lab to field, do not assess effects on humans
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Weight of Evidence Approach

WOE - Framework for synthesizing individual lines of evidence, using qualitative
or quantitative approaches to develop conclusions regarding questions related
to contaminant exposure and injury.

Chemistry Toxicity Food Web

Lines of Evidence

Integrate multiple lines of evidence qualitatively or quantitatively using
weighting, ranking, or indexing as well as structured decision or statistical
models.

U.S. Department of the Interior
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Sediment Toxicity Bioassay

* Method for assessing toxicity of contaminants
in sediment directly using field collected
sediments

e Standardized EPA/ASTM protocols used with
precedence in regulatory programs

e Acute exposures (10-day) and chronic
exposures (28+ days)

e Compare responses from site(s) to a reference
site(s)

* Endpoints survival, growth and reproduction

Chironomus dilutus .. Hyalella
Lampsilis
e azteca
siliquoidea
U.S. Department of the Interior Steevens USGS, DOI ORDA Science Series
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Common Toxicity Test Species

Freshwater

F % % v

Lampsilis siliquoidea Hexagenia limbata

Tubifex tubifex

U.S. Department of the Interior
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Marine

Leptocheirus plumulosus Ampelisca abdita

WANS Y]
S

Neanthes arenaceodentata Eohaustorius estuarius

Americamysis sp.
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Hyalella azteca, a freshwater amphipod
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Background: An Example of a A ey
““““““ i /; 1 ;JZ:--'\,_ frJ - d_“f_’:{
Successful NRDAR Assessment T
Grand Calumet River ==
e Sediment toxicity using H.
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bioassays R o eem v | O Non-toxic
‘_;E 80 oo .
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porewater chemistry, benthic g 40 | ° Va1 vorpr )
community to support the T 20 1\
conclusion that sediment injury 3 o .
I 0 o I \"-'—'-—o 0 4, 9 ®

has occurred in the assessment o o
darea. 0.1 1 10 100
Mean Permissible Exposure Concentration (PEC) Quotient

“Whole sediments, pore water, or elutriates from the assessment
area were frequently toxic to aquatic organisms, including

sediment-dwelling species” |ngersoll et al. 2002. Arch Environ Cont Tox

U.S. Department of the Interior
U.S. Geological Survey



Sediment Bioaccumulation Tests

» Use bioaccumulation test to indicate/determine
the uptake of chemical in organism exposed to
sediment

e Standard methods (ASTM and EPA)

e Typically a 28 day duration with steady state
correction

e Data is used to estimate potential for
contaminants to move into food web and cause
adverse effects to fish, birds, wildlife, and people

» Select a relatively insensitive organism that is
unlikely to metabolize the contaminant

Lumbriculus variegatus Macoma nasuta Nereis Virens
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Linking Bioaccumulation to Toxic Effects

Use concentration in tissue of test organism to (left) relate directly to effects on
benthic invertebrates or (right) relate to fish that consume invertebrates
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Tissue concentration 0001 001 0.1 1 10 100 1000
(nmol sum DDT/g wet wt.) Concentration (ng TEQ/g lipid)
Critical body residue for 3 DDT in tissues of Species sensitivity distribution for dioxin
H. azteca. From Lotufo et al. 2001. Arch. compounds in invertebrates associated with
Environ. Toxicol. effects on early life stage fish. From Steevens et

al. 2005. Int. Environ. Assess. Manage.
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Chart4

		0.0003306433		0.0600183282		0.3617335796		0.4238956239

		0.001430106		0.1262350018		0.6010345307		1.0141097324

		0.0022985196		0.1606855898		0.7092610515		3.293494715

		0.0033926393		0.1959043708		0.812867782		9.296165076

		0.0062953559		0.2684610057		1.0104472976		11.9528696868

		0.0102117844		0.3436667128		1.1993392948		13.3219352323

		0.0152153394		0.4214078087		1.3825834436		22.6590035075

		0.0213808864		0.5016328377		1.5620908641		34.8466026219

		0.0287856479		0.5843267719		1.7391796388		40.6853290511

		0.0375098237		0.6694983931		1.9148224594		54.1687738034

		0.0476370697		0.7571734273		2.0897762535

		0.1225373882		1.2347900072		2.9729391742

		0.2476880619		1.7844574344		3.9060491667

		0.4395468333		2.4187198089		4.9316650687

		0.7193214434		3.1547719585		6.0973488164

		1.1139949999		4.0157356169		7.4673663795

		1.6569914598		5.0329236747		9.1376261317

		2.3878577556		6.2494915219		11.2604498773

		3.3502719758		7.7263745706		14.0887533597

		4.588801722		9.5522753805		18.0568410514

		6.1483666749		11.8612694853		23.9327082739

		8.0849433615		14.8657356212		33.1266545143

		10.496356192		18.9227192297		48.3952406747

		13.5808298379		24.6811820804		75.6798433618

		17.7533591756		33.4537898495		129.7125334855

		23.9546654722		48.3457621603		255.3056985037

		34.7939921751		78.8417314379		643.2150123134

		38.1117540645		89.166553082		813.9032618388

		42.1085167893		102.1634928878		1056.8536854602

		47.0421528947		119.0050960004		1418.0321414764

		53.3265399664		141.6605548669		1986.0439756768

		61.67493477		173.705691555		2949.5303181034

		73.4421092682		222.3669834119		4768.987307458

		91.5938307393		304.7245130304		8820.2610414794

		124.3039831695		472.9026272541		20852.2322937112

		207.3487244015		994.6438993263		89837.0132860976



Raw Data

Concentration (ng TEQ/g lipid)
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Instructions

		Instructions

		1. Absolutely must read Bailer and Oris, 1997, ET&C 16: 1554-1559 & Kerr and Meador, 1996, ET&C 15: 395-401.

		2. Analyses are run in SAS using Generalized Linear Model Approach (I have code if you need it).

		3. In SAS, select probit or logit model with binomial error distribution for mortality data; log model with Poisson error distribution for count data; and log model with normal error distribution for continuous data.

		4. In SAS, try analyses using log10 transformed exposure data (try adding different constants as well) and untransformed exposure data.  Select analysis results that perform best (i.e., have the highest F value in the ANOVA table).

		5. In this file, select worksheet that corresponds with your analysis (e.g., Log-Probit, if you had a probit model and exposure data were log transformed).

		6. Enter appropriate values for b0 (=intercept), b1 (=name of exposure variable), their standard errors and the correlation coefficient between b0 and b1.  Also enter degrees of freedom (number of observations - 2).

		7. In "Control Transformation" (only in Log-* sheets), enter the constant that was added to avoid Log(0) in control treatments

		8. LCx and confidence intervals are automatically calculated, figure automatically updates (though you may have to rescale axes for best display).

		9. Check spreadsheet answers against PREDICT values from SAS (remember you'll need to divide PREDICT values against corresponding ntotal values to get proportion response).

		Notes

		1. Data can be analyzed as survival or mortality data; depending on what you choose, you may have to flip the "Proportion Response" column (i.e., 1 - proportion response).

		2. If there is control mortality (or other adverse response), ALL data need to be corrected using Abbott's formula [pcorrected = (poriginal - pcontrol)/(1-pcontrol), where p is proportion mortality].

		3. If you find any errors, please let me know.





Logit

		Link Function:		Logit		Percent				Logit Link				Proportion

		Error Distribution:		Binomial		Response		LCp, ECp		Lower CI		Upper CI		Response

		b0:		-2.798		1		-26.35		-48.70		-12.72		0.01

		b1:		0.0682		2		-16.04		-35.00		-4.30		0.02

		seb0:		0.3198		3		-9.94		-26.94		0.72		0.03

		seb1:		0.0077		4		-5.57		-21.19		4.35		0.04

		corrb0b1:		-0.8094		5		-2.15		-16.71		7.21		0.05

		n (=n-2):		8		6		0.68		-13.02		9.59		0.06

		z:		2.3060041352		7		3.10		-9.89		11.65		0.07

						8		5.21		-7.15		13.45		0.08

						9		7.10		-4.73		15.08		0.09

						10		8.81		-2.55		16.56		0.1

						15		15.59		6.00		22.56		0.15

						20		20.70		12.26		27.26		0.2

						25		24.92		17.27		31.30		0.25

						30		28.60		21.51		34.96		0.3

						35		31.95		25.23		38.42		0.35

						40		35.08		28.60		41.78		0.4

						45		38.08		31.71		45.10		0.45

						50		41.03		34.67		48.46		0.5

						55		43.97		37.54		51.91		0.55

						60		46.97		40.38		55.50		0.6

						65		50.10		43.27		59.33		0.65

						70		53.45		46.29		63.49		0.7

						75		57.14		49.55		68.14		0.75

						80		61.35		53.21		73.53		0.8

						85		66.46		57.56		80.14		0.85

						90		73.24		63.25		89.00		0.9

						91		74.95		64.67		91.24		0.91

						92		76.84		66.23		93.73		0.92

						93		78.95		67.98		96.52		0.93

						94		81.37		69.97		99.71		0.94

						95		84.20		72.29		103.46		0.95

						96		87.63		75.10		108.01		0.96

						97		92.00		78.66		113.82		0.97

						98		98.09		83.61		121.95		0.98

						99		108.40		91.94		135.74		0.99
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Probit

		Link Function:		Probit		Percent				Probit Link				Proportion

		Error Distribution:		Binomial		Response		LCp, ECp		Lower CI		Upper CI		Response

		b0:		2.1152		1		2.00		1.56		3.18		0.01

		b1:		-2.2209		2		1.88		1.48		2.95		0.02

		seb0:		0.4259		3		1.80		1.42		2.80		0.03

		seb1:		0.4811		4		1.74		1.38		2.69		0.04

		corrb0b1:		-0.8689		5		1.69		1.34		2.60		0.05

		n (=n-2):		10		6		1.65		1.31		2.53		0.06

		z:		2.228138852		7		1.62		1.29		2.46		0.07

						8		1.59		1.27		2.40		0.08

						9		1.56		1.24		2.35		0.09

						10		1.53		1.22		2.30		0.1

						15		1.42		1.14		2.09		0.15

						20		1.33		1.07		1.93		0.2

						25		1.26		1.01		1.79		0.25

						30		1.19		0.96		1.67		0.3

						35		1.13		0.90		1.56		0.35

						40		1.07		0.85		1.46		0.4

						45		1.01		0.80		1.37		0.45

						50		0.95		0.74		1.28		0.5

						55		0.90		0.68		1.19		0.55

						60		0.84		0.61		1.10		0.6

						65		0.78		0.54		1.02		0.65

						70		0.72		0.46		0.94		0.7

						75		0.65		0.36		0.87		0.75

						80		0.57		0.24		0.79		0.8

						85		0.49		0.10		0.70		0.85

						90		0.38		-0.09		0.60		0.9

						91		0.35		-0.14		0.58		0.91

						92		0.32		-0.19		0.56		0.92

						93		0.29		-0.25		0.53		0.93

						94		0.25		-0.31		0.50		0.94

						95		0.21		-0.38		0.47		0.95

						96		0.16		-0.47		0.43		0.96

						97		0.11		-0.58		0.39		0.97

						98		0.03		-0.72		0.33		0.98

						99		-0.10		-0.95		0.24		0.99
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Log

		Link Function:		Log		Percent				Log Link				Count

		Error Distribution:		Poisson		Decline		ECp		Lower CI		Upper CI		Response

		b0 (0 for est. ECp, CI):		0		1		0.01		-0.47		0.31		11.90

		b0 (enter model value):		2.4869		2		0.03		-0.45		0.32		11.78

		b1:		-0.6765		3		0.05		-0.42		0.34		11.66

		seb0:		0.1073		4		0.06		-0.40		0.35		11.54

		seb1:		0.1469		5		0.08		-0.38		0.37		11.42

		corrb0b1:		-0.50465		6		0.09		-0.35		0.38		11.30

		n (=n-2):		15		7		0.11		-0.33		0.40		11.18

		z:		2.1314495456		8		0.12		-0.30		0.42		11.06

						9		0.14		-0.28		0.43		10.94

						10		0.16		-0.25		0.45		10.82

						15		0.24		-0.13		0.54		10.22

						20		0.33		-0.01		0.65		9.62

						25		0.43		0.11		0.77		9.02

						30		0.53		0.23		0.91		8.42

						35		0.64		0.34		1.08		7.82

						40		0.76		0.46		1.26		7.21

						45		0.88		0.58		1.47		6.61

						50		1.02		0.70		1.71		6.01

						55		1.18		0.82		1.98		5.41

						60		1.35		0.96		2.29		4.81

						65		1.55		1.10		2.65		4.21

						70		1.78		1.27		3.06		3.61

						75		2.05		1.46		3.55		3.01

						80		2.38		1.70		4.16		2.40

						85		2.80		2.00		4.94		1.80

						90		3.40		2.41		6.05		1.20

						91		3.56		2.52		6.34		1.08

						92		3.73		2.64		6.66		0.96

						93		3.93		2.78		7.03		0.84

						94		4.16		2.94		7.45		0.72

						95		4.43		3.12		7.95		0.60

						96		4.76		3.35		8.56		0.48

						97		5.18		3.64		9.35		0.36

						98		5.78		4.05		10.46		0.24

						99		6.81		4.76		12.37		0.12
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Log-Logit

		Link Function:		Logit		Percent				Logit Link				Proportion				Raw Data for 2,3,7,8-TCDD LD50s

		Error Distribution:		Binomial		Response		LCp, ECp		Lower CI		Upper CI		Response				Conc (ng/g lipid)						Proportion

		b0:		-1.9341		1		0.06001833		0.00033064		0.36173358		0.01000000				0.42		0.10		1.0		10		-0.3727410668

		b1:		2.1781		2		0.12623500		0.00143011		0.60103453		0.02000000				1.01		0.20		2		10		0.0060849507

		seb0:		0.5456		2.5		0.16068559		0.00229852		0.70926105		0.02000000				3.29		0.30		3		10		0.5176569709

		seb1:		0.4685		3		0.19590437		0.00339264		0.81286778		0.03000000				9.30		0.40		4		10		0.9683038271

		corrb0b1:		-0.8967		4		0.26846101		0.00629536		1.01044730		0.04000000				11.95		0.50		5		10		1.0774721847

		n (=n-2):		8		5		0.34366671		0.01021178		1.19933929		0.05000000				13.32		0.60		6		10		1.1245673179

		z:		2.3060041352		6		0.42140781		0.01521534		1.38258344		0.06000000				22.66		0.70		7		10		1.3552408066

		Control Transformation:		0		7		0.50163284		0.02138089		1.56209086		0.07000000				34.85		0.80		8		10		1.5421604429

						8		0.58432677		0.02878565		1.73917964		0.08000000				40.69		0.90		9		10		1.6094378328

						9		0.66949839		0.03750982		1.91482246		0.09000000				54.17		1.00		10		10		1.7337490048

						10		0.75717343		0.04763707		2.08977625		0.10000000

						15		1.23		0.12		2.97		0.15

						20		1.78		0.25		3.91		0.2

						25		2.42		0.44		4.93		0.25

						30		3.15		0.72		6.10		0.3

						35		4.02		1.11		7.47		0.35

						40		5.03		1.66		9.14		0.4

						45		6.25		2.39		11.26		0.45

						50		7.73		3.35		14.09		0.5

						55		9.55		4.59		18.06		0.55

						60		11.86		6.15		23.93		0.6

						65		14.87		8.08		33.13		0.65

						70		18.92		10.50		48.40		0.7

						75		24.68		13.58		75.68		0.75

						80		33.45		17.75		129.71		0.8

						85		48.35		23.95		255.31		0.85

						90		78.84		34.79		643.22		0.9

						91		89.17		38.11		813.90		0.91

						92		102.16		42.11		1056.85		0.92

						93		119.01		47.04		1418.03		0.93

						94		141.66		53.33		1986.04		0.94

						95		173.71		61.67		2949.53		0.95

						96		222.37		73.44		4768.99		0.96

						97		304.72		91.59		8820.26		0.97

						98		472.90		124.30		20852.23		0.98

						99		994.64		207.35		89837.01		0.99
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Raw Data

Concentration (ng TCDD/g lipid)

Cumulative Proportion



Log-Probit

		Link Function:		Probit		Percent				Probit Link				Proportion

		Error Distribution:		Binomial		Response		LCp, ECp		Lower CI		Upper CI		Response

		b0:		0.104		1		3.94		2.52		10.60		0.01

		b1:		-4.081		2		3.38		2.25		8.26		0.02

		seb0:		0.1245		3		3.06		2.09		7.06		0.03

		seb1:		0.7057		4		2.85		1.98		6.27		0.04

		corrb0b1:		0.44607		5		2.68		1.90		5.70		0.05

		n (=n-2):		11		6		2.55		1.83		5.25		0.06

		z:		2.228138852		7		2.44		1.77		4.89		0.07

		Control Transformation:		0.001		8		2.34		1.72		4.58		0.08

						9		2.26		1.67		4.32		0.09

						10		2.18		1.63		4.10		0.1

						15		1.90		1.47		3.29		0.15

						20		1.70		1.35		2.76		0.2

						25		1.55		1.26		2.38		0.25

						30		1.42		1.17		2.08		0.3

						35		1.32		1.10		1.84		0.35

						40		1.22		1.04		1.65		0.4

						45		1.14		0.98		1.48		0.45

						50		1.06		0.92		1.33		0.5

						55		0.99		0.86		1.20		0.55

						60		0.92		0.80		1.09		0.6

						65		0.85		0.73		1.00		0.65

						70		0.79		0.67		0.91		0.7

						75		0.72		0.60		0.83		0.75

						80		0.66		0.52		0.76		0.8

						85		0.59		0.45		0.69		0.85

						90		0.51		0.36		0.62		0.9

						91		0.50		0.34		0.60		0.91

						92		0.48		0.32		0.58		0.92

						93		0.46		0.30		0.57		0.93

						94		0.44		0.28		0.55		0.94

						95		0.42		0.26		0.52		0.95

						96		0.39		0.24		0.50		0.96

						97		0.37		0.21		0.47		0.97

						98		0.33		0.18		0.44		0.98

						99		0.28		0.14		0.39		0.99
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Concentration

Response



Log-Log

		Link Function:		Log		Percent				Log Link				Count

		Error Distribution:		Poisson		Decline		ECp		Lower CI		Upper CI		Response

		b0 (0 for est. ECp, CI):		0		1		0.000072394		-0.0007564012		0.013545265		13.76

		b0 (enter model value):		1.6384		2		0.0001508453		-0.0007410538		0.0152026035		13.62

		b1:		-0.3311		3		0.0002359303		-0.0007246507		0.0170742691		13.48

		seb0:		0.12		4		0.0003282874		-0.00070711		0.0191910524		13.34

		seb1:		0.063		5		0.0004286236		-0.0006883426		0.021588598		13.20

		corrb0b1:		0.6357		6		0.0005377237		-0.0006682514		0.0243082376		13.06

		n (=n-2):		15		7		0.0006564586		-0.0006467304		0.0273979771		12.92

		z:		2.1314495456		8		0.0007857971		-0.0006236643		0.0309136698		12.79

		Control Transformation		0.001		9		0.000926817		-0.0005989268		0.0349204116		12.65

						10		0.0010807197		-0.0005723801		0.0394942059		12.51

						15		0.0020963173		-0.0004066915		0.0745792098		11.81

						20		0.0037200445		-0.0001656886		0.1464504499		11.12

						25		0.0063937988		0.000192149		0.3011559018		10.42

						30		0.0109465459		0.0007362223		0.6532545494		9.73

						35		0.0190016531		0.0015865261		1.5070153555		9.03

						40		0.0338990595		0.0029587597		3.7335629488		8.34

						45		0.0629158516		0.005258579		10.0539547875		7.64

						50		0.1230131605		0.0092905217		29.8853162487		6.95

						55		0.2570366255		0.0167546826		100.0705509288		6.25

						60		0.5843476357		0.0315311928		388.0127350898		5.56

						65		1.4805289128		0.0633641839		1810.8411346123		4.86

						70		4.3269426676		0.1399014929		10766.0420643568		4.17

						75		15.3782639812		0.3533700667		89048.2784144129		3.47

						80		72.5898103077		1.0894346097		1187736.88169145		2.78

						85		536.7208487397		4.6177084938		33699537.2641293		2.08

						90		9002.2148106982		35.0761969926		3788504186.96941		1.39

						91		18731.0867338629		59.3456723074		12936299029.8746		1.25

						92		42490.8581894576		106.7885064897		51074177452.9633		1.11

						93		107545.383273744		207.7707538112		242393643230.632		0.97

						94		314168.864205123		447.7769338712		1463834211404.49		0.83

						95		1116393.23333393		1109.7415710625		12286924513355.6		0.69

						96		5269425.74013501		3367.5222325626		166185123125373		0.56

						97		38961073.9088874		14073.3143215434		4.77893304371718E+15		0.42

						98		653478140.262774		105465.803584319		5.44457339762356E+17		0.28

						99		81039889502.3838		3289707.69748117		1.79098108472629E+21		0.14
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Approaches Beyond Standard Methods

4. Evaluate
Remedy and
Monitoring

Chemistry Toxicity

Lines of Evidence

1. Toxicity 3. Linking
Identification Geochemistry and
2. Couple Biology
Passive
Samplers

U.S. Department of the Interior

) Steevens USGS, DOI ORDA Science Series
U.S. Geological Survey

March 8 2017



Sediment Toxicity Identification Evaluation

* Goal is to evaluate toxicity, identify the toxicant class, and confirm the
suspected toxicant is causing the effect

* Typically employ a resin/substrate amended to sediment to affect the
availability and subsequent toxicity of contaminants

e Alternatively an indirect treatment such as ultraviolet light or different
temperature can be used to affect metabolism/reactivity of chemicals
and subsequent toxicity

e Can also be used to inform remediation and restoration strategies

Toxic Sediment Sample

Orgamc Toxicants

Coconut :harcoal
Metal Toxicants
Cation Exchange Resin

Ammonla

U.'va lactuca

Zeolite SIR-300 Coconut Charcoal

Compare Results and

Confirm Results using
Interstitial/Pore Water

U.S. Department of the Interior

) Steevens USGS, DOI ORDA Science Series
U.S. Geological Survey

March 8 2017



UV Light to Confirm Toxicity of Polycyclic
Aromatic Hydrocarbons (PAH)

Percent Mortality

1. Organisms from toxicity study are exposed to sample.
2. Surviving organisms are placed in clean water and exposed

100

B0 |

B0 4

40

20

a

to UV light — assesses toxicity of bioaccumulated compounds

Toxicity of Sediments (NAWQA)

Toxicity of Tar Coated Pavement (indicates toxicity not from PAH)
- T 100
100% runoff, Cariodaphnia disbia (e) = a P
soee P— < 200 g
___+____ =
e
> m
US’ 60
® No UV
_ § 40
_ %_ uv
l$ - _,__T‘ g 20 o
(%e—e— , | <
0
Days following application of tar 0 10 20 30
—i— after 48-h exposure to runoff SUM PAH PECS (ug/kg)

@— after 48-h exposure to runcff and 24-h recovery in control water
—@— after 48-h exposure to runoff followed by 4-h UVR exposure and

(left) Mahler et al. 2015. Env Sci Tech.
20-h recovery in control water

range of mortality among test organisms in a treatment (right) Kemble et al. 2017. Preliminary Data
Steevens USGS, DOI ORDA Science Series
March 8 2017



Temperature to Confirm Toxicity of
Pyrethroid Pesticides

Pyrethroid toxicity increases at lower temperatures due to decreased
biotransformation and increased accumulation of parent compounds

Cl Cl
| o

HC  CH,

LC50 (pg/g OC)
(all but permethrin)

B : -+ 25
|

4 | 120
\Permethrin e & "

3 i - 15
I o™

5 | Esfenvalerate + 10

Bifenthrin
...... . yhalothrin
0 l'_ . p—p— . . 0
10 15 20 25 30

Weston et al. 2009. Environ. Tox. Chem.

It offers a low cost method to rule “in” or “out” toxicity for specific

compounds of interest

U.S. Department of the Interior
U.S. Geological Survey

We plan to use this in the NAWQA California 2017

Steevens USGS, DOI ORDA Science Series
March 8 2017

LC50 (pg/g OC
for permethrin)



Passive Samplers

e Passive samplers used to assess bioavailable
fraction of contaminants through absorption
or dialysis

e Provide information about equilibrium
concentrations in pore water

e Samplers are equilibrated in sediment,
removed, extracted for contaminant of
concern and analyzed

e For organics: solid phase micro extraction
(SPME) fibers, semi-permeable membrane
devices (SPMD), polyoxymethylene (POM)

* For metals: diffuse gradients in thin films (DGT),
dialysis sampler (peepers)

Use as part of a bioassay to
assess bioavailability and

bioaccumulation

Bg geplartmelrtsofthe Interior Steevens USGS, DOI ORDA Science Series
- veologleal SUrvey March 8 2017

Chemical
S - boundto
= particle

Free chemical
in pore water

Solid phase micro
extraction (SPME) fibers

Equilibrium Samplers
(‘peepers’)



Use of passive samplers to assess bioavailability

e Application: 160 -
1. Measure bioavailability of PCB; 140 - A
direct measure of bioavailable 120
fraction 100 A

2. Use as a line-of-evidence (LOE)
within a weight-of-evidence
approach 0

Mg PCB/g tissue
co
o

y =0.0833x+ 15.416

e Benefits: relatively easy and 20 Re=06767
inexpensive; majority of cost is 0 0‘ . o oo
from chemical analysis g PCB/mm3

Anniston, AL assessment, Steevens et al., 2013

Bg geplanmelsgofthe Interior Steevens USGS, DOI ORDA Science Series
-9 Deological Survey March 8 2017


http://www.youtube.com/watch?v=ZZJtxmN9hX8
http://www.youtube.com/watch?v=ZZJtxmN9hX8

Linking Geochemistry with Biology:
TVA Kingston Fossil Plant Ash Spill

et e Fly ash collected from 60 years of coal
S . energy production

e Spill December 22, 2008

e 5 million yd3 in Emory River

Steevens USGS, DOI ORDA Science Series
March 8 2017



Bioavailability of Metals in Fly Ash

Toxicity Geochemistry
e High concentrations of metals * Traditional methods do not
detected in bulk material address flux and dynamic nature of
ash

* Low partitioning to water

e Low toxicity (bulk sediment, * Evaluate biphasic system
elutriates) * Speciation of metals determined

using synchrotron based
techniques (XANES, XRF mapping)

* High uptake and microscopy
* Associated with ash in gut * Geochemical modeling

* Low bioaccumulation

e Amphipods, mussels, fish

XRF Mapping
Steevens USGS, DOI ORDA Science Series

March 8 2017



X-ray Near Edge Spectroscopy

(u-XANES)

Absorption [A.U.]

1\

12650 12660 12670 12680

Energy [eV]

12690

Source Pile: mainly Selenite - Se (1V)
Emory River & ARD: Mixture of Se(lV),
organoselenium (-11), Se(IV)-sulfides

12700

Selenium Speciation in TVA Fly Ash Samples

100

o1]
o
|

8o0V)| | gamal [ Se(Iv)

@
o
1

Se(lV)

s
[=]
1

% Selenium Species in Fly Ash Samples
3

Source EM SED SL SED EMELO EMELN SLELO ELELN
Fly Ash Samples

Chappell et al.(2014) Chemosphere; Bednar et al. (2013) Chemosphere;
Stanley et al. (2013) Environ Tox Chem

Steevens USGS, DOI ORDA Science Series
March 8 2017



Use Bioassays to Guide Remediation/Restoration?

Remediation techniques (e.g., In situ amendments) rely on reducing bioavailable
fraction of chemical

Case: Historical estuarine site with PCB and Hg

Measure bioavailable fraction
e directly (pore water chemistry)
* indirectly using toxicity bioassay or bioaccumulation in tissues of organism
Goal is to assess the efficacy of activated carbon amendments (GAC)

Field collected sediment

Does amendment decrease
- MeHg in porewater?

Amend sediment with GAC - MeHg in sediment?
(top) or sedimite™ (bottom) - bioaccumulation of MeHg?
US. Department of the Interior Steevens USGS, DOI ORDA Science Series

U.S. Geological Survey March 8 2017



Methyl Mercury Concentrations in
Sediment/Porewater/Tissue of Organisms

Porewater ~__—— Significant amount of MeHg
Control . .
] . ac produced after homogenization
.|, B SediMite
E,
:U:E T
< . T Control
N T - BAC
i ; w i 'I g M} H SediMite
| 2 5 il
-7 -4 0 7 14 21 28 E" T '|'
Days :tl::B III
U
S
Sediment S Add
E ed to
Control % S
wac 8 ystem
M SediMite E \
o . .
£ MeHg sorbedand %+ ° 7 @
3 ol demethylation likely Days
- decreased by AC
Coupling bioassay and geochemical measures improves our

T a0 7w oau o understanding of this dynamic system

Days Steevens USGS, DOI ORDA Science Series

Steevens et al., 2015 March 8 2017



Using Bioassays As a Tool in Monitored
Natural Recovery

* Monitored natural \ \

recovery (MNR)
requires lines of I \ NT:I

evidence On Which to I[{nt‘e{;nseﬁdgizlﬁon gfjjiissilitv Long-term Monitoring
base remediation/ —— —
restoration predictions p

P Timeline ————

e Bioassays can be used
as baseline data and for
long-term monitoring

Enhanced Natural Recovery

/Natural Recovery

Ecosystem Risk of Oil

Time (years)

U.S. Department of the Interior
U.S. Geological Survey Magar and Steevens. 2009. ESTCP



Summary

e Sediment bioassays can be a cost effective tool for
assessing toxicity in NRDAR

e Used as part of weight of evidence with chemistry
and other biological data

 New techniques can be used to inform
bioavailability, remediation, management,
restoration and support long-term monitoring

Call me at 573-876-1819 or email at jsteevens@usgs.gov
if you have any questions or ideas!

U.S. Department of the Interior
U.S. Geological Survey


mailto:jsteevens@usgs.gov
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