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A fundamental challenge with assessment
of environmental chemistry results

Thousands of potential contaminants
* |mproved analytical techniques

— Detection of tens or hundreds of chemicals/site
e Difficult to identify the chemicals of greatest concern

Prioritization methods are needed
Chemical prioritization
* Which detected chemicals are biologically relevant?
Site prioritization
* At which sites are the biologically relevant chemicals present?
* At which sites could risk be increased by co-occurrence (mixtures)?




Sediment sampling in Great Lakes tributaries

« 71 locations (26 watersheds), wide range of
« drainage areas (3.5 - 16,300 km?)
* land uses (0.7 - 100% urban; 0 to 90% agricultural)
« population densities (2.8 - 2,260 people/km?)
« wastewater contributions (0 - 48% of streamflow)

 Cores 6” deep, composited

« Targeted fine sediments

* Analyzed for 87 organic waste chemicals (OWCs)
« antimicrobial disinfectants, antioxidants,
detergent metabolites, dyes, fire retardants,
flavors/fragrances, fuels, herbicides, insecticides,
PAHSs, plasticizers, solvents, sterols
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Chemical
concentrations
in sediment

chemicals are
of greatest
concern
biologically?

Compounds detected at 210% of sites

USGS
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Chemical prioritization

Multiple risk-based approaches:
* Sediment quality benchmarks
* Water quality benchmarks

e ToxCast benchmarks (“ACC values”)

Benefits:
e Maximize the number of chemicals screened

e Strengthen common conclusions
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Of the 87 chemicals monitored...

Chemicals
without
benchmarks
or ACC values




Chemical prioritization

e Sediment and Water Quality Benchmarks

e Established benchmarks from USEPA, Canadian Council of Ministers of the
Environment, etc

* Porewater concentrations estimated from sediment concentrations,
partitioning coefficients, and the fraction of organic carbon

Measured concentration

* Toxicity Quotient (TQ) =

Benchmark concentration
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Chemical prioritization

* ToxCast benchmarks (“ACC values”)

* EPA high-throughput screening database

e Over 9,000 chemicals in more than 700 assay endpoints covering a broad range

of cellular responses (estrogen/androgen receptors, enzyme activity, etc)

* Biological pathways influenced
* Link to Adverse Outcomes

e Additive effects of chemical mixtures
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ToxEval R Package:

ToxMixtures R Package:

http://usgs-r.github.io/toxEval/index.html

For release in 2021



http://usgs-r.github.io/toxEval/index.html

Chemical prioritization
Example of ToxCast data

CHEMICAL ASSAY ENDPOINT
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Chemical prioritization
Example of ToxCast data

CHEMICAL ASSAY ENDPOINT

NVS _NR_hCAR_
Antagonist

Bisphenol A [ ATG_ERE_CIS_up J

[ ACEA_ER_80hr J

[ OT_ER_ERaERb_1 ]
440

for a changing world
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Conecentration (=M)

Assay dose-response curve
-> Activity concentration at cutoff (ACC)



Chemical prioritization
Example of ToxCast data

CHEMICAL ASSAY ENDPOINT
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Chemical prioritization
Example of ToxCast data

CHEMICAL ASSAY ENDPOINT AFFECTED GENE

NVS _NR_hCAR_
Antagonist

J_.

Bisphenol A [ ATG_ERE_CIS up \ ‘
[ ACEA_ER_80hr ‘

[OT ER_ ERaERb 1

(Not all endpoints link to genes)
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Chemical prioritization
Example of ToxCast data

CHEMICAL ASSAY ENDPOINT AFFECTED GENE ADVERSE OUTCOME*

N
NVS_NR_hCAR_

Antagonist — | Hepatic steatosis

\ A

Reproductive

[ ACEA_ER_80hr / dysfunction
/ ' (Not all genes link to Adverse

[OT ER_ ERaERb 1 Outcome Pathways)

(Not all endpoints link to genes)

"
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Chemical prioritization

ToxCast benchmarks

Exposure Activity Ratio (EAR) =

Measured concentration

ACC
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Concentration (=M)

ToxCast dose-response curve.
Assay: ATG_ERE_CIS up
Chemical: Bisphenol-A

EAR > 1.0:

Measured concentration > ACC

EAR > 0.001:

Shown to be a level of potential concern based on comparison to
established water quality benchmarks




Chem |Ca| Priority level 3

ra, >01orEAR, >0.001

prlorltlzatlon at>20% of sites

Low Priority

NoT1Q,, >0.1or
EAR, > 0.001
atany site,

or not detected

Priority level 2

1q,. > 1.00r EAR,, >0.01
at >20% of sites

Priority level 1 (highest)

Ta,. >100rEAR,, >0.1
at>20% of sites




Chem |Ca| Priority level 3

ra, >01orEAR, >0.001

prlorltlzatlon at>20% of sites

Low Priority

NoT1Q,, >0.1or
EAR, > 0.001
atany site,

or not detected

Priority level 2

1q,. > 1.00r EAR,, >0.01
at >20% of sites

Priority level 1 (highest)

Ta,. >100rEAR,, >0.1
at>20% of sites

bisphenol-A (A)
4-nonylphenol (DM)

indole (FF)

carbazole (/)

anthracene (PAH)
benz[alanthracene (PAH)
benzo[alpyrene (PAH)
benzo[k]fluoranthene (PAH)
fluoranthene (PAH)
indeno[1,2,3-cd]pyrene (PAH)
naphthalene (PAH)
phenanthrene (PAH)
pyrene (PAH)

C3-fluorene (PAH)




Priority level 1 (highest)

C h emica | Priority level 3 Priority level 2 10> 100r AR, > 01

10,,,> 0.1 or EAR,, > 0.001 10, >1.00rEAR, >0.01 at >20% of sites

inriti ' t >20% of sit % of si
prlorltlzatlon at> of sites at >20% of sites bisphenol-A (4)

1-methylnaphthalene (fuel) p-cresol (AD) 4-nonylphenol (D)
2-methylnaphthalene (fuel) 4-cumylphenol (DM) indole (FF)

acenaphthylene (PAH) anthraquinone (DP) carbazole (/)
benzo[e]pyrene (PAH) acenaphthene (PAH) anthracene (PAH)
benzo[g,h.i]perylene (PAH) benzo[b]fluoranthene (PAH) benz[alanthracene (PAH)
fluorene (PAH) chrysene (PAH) benzo[alpyrene (PAH)
C1,C2,C3-benz[alanthracene/chrysene (PAH) dibenz[a,h]anthracene (PAH) benzolklfluoranthene (PAH)

C1-fluoranthene/pyrene (PAH) fluoranthene (PAH)

C1,C2,C3,C4-phenanthrene/anthracene (PAH) indeno[1,2,3-cd]pyrene (PAH)
C3,C4-naphthalene (PAH) naphthalene (PAH)
bis(Z2-ethylhexyl) phthalate (P) phenanthrene (PAH)

pyrene (PAH)

C3-fluorene (PAH)

4-t-octylphenol monoethoxylate (OM)  benzophenone (FF)
4-n-octylphenol (OM) HHCB (Galaxolide) (FF)  chlorpyrifos (/)

NoTQ,,>0Tor  A-nonylphenol diethoxylate (DM) isoborneoal (FF) diazinon (/)

EAHME,X? 0.001 4-nonylphenol monoethoxylate (DM) isoquinoline (FF) DEET (/)

Sy e 4-t-octylphenol diethoxylate (DM) bromacil (H) menthal (ND)

or ot detected 2,2' 4,4 -tetrabromodiphenylether (F)  prometon (H) tris(2-chloroethyl) phosphate (P)

Low Priority




Chemical
prioritization

PAHs represented 41% of
the chemicals analyzed
but 69% of the chemicals
prioritized

Priority level 3

TOMHX >0.10r EAR,, >0.001
at>20% of sites

1-methylnaphthalene (fuel)
2-methylnaphthalene (fuel)

acenaphthylene (PAH

benzole]pyrene (PAH) Y

benzo[g.h,ilperylene (PAH) Y

fluorene (PAH)iE(
C1,C2,C3-benz[a]anthracene/chrysene (PAH) S
C1-fluoranthene/pyrene (PAH) Y&
C1,02,C3,C4-phenanthrene/anthracene (PAH) S
C3,C4-naphthalene (PAH)S

bis(Z2-ethylhexyl) phthalate (P)

Low Priority

NoT1Q,, >0.1or
EAR, > 0.001
at any site,

or not detected

4-n-octylphenol (DM)

4-t-octylphenol monoethoxylate (DM)

4-nonylphenol diethoxylate (DM)
4-nonylphenol monoethoxylate (OM)
4-t-octylphenol diethoxylate (OM)
2,2' 4,4 -tetrabromodiphenylether (FR)

Priority level 2

ra,. >1.0orEAR,, >0.01
at >20% of sites

p-cresol (AD)

4-cumylphenol (DM)
anthraquinone (DP)
acenaphthene (PAH) S
benzolblfluoranthene (PAH) S
chrysene (PAHNY
dibenz[a,hlanthracene (PAH) S

benzophenone (FF)
HHCB (Galaxolide) (FF)
isoborneol (FF)
isoquinoline (FF)
bromacil (H)
prometon (H)

Priority level 1 (highest)

TOMEX >100rEAR,, > 0.1
at>20% of sites

bisphenol-A (A)

4-nonylphenol (DM)

indole (FF)

carbazole (/)

anthracene (PAH) w5
benzlalanthracene (PAH) Y
benzolalpyrene (PAH) S
benzo[kIfluoranthene (PAH) 3
fluoranthene (PAH) S
indeno[1,2,3-cdlpyrene (PAH) Y%
naphthalene (PAH) S
phenanthrene (PAH) 5'x

pyrene (PAH) Y
C3-fluorene (PAH) Y

chlorpyrifos (/)

diazinon (/)

DEET (/)

menthal (ND)

tris(2-chloroethyl) phosphate (P)




Chemical mixture prioritization
Additive effects of chemical mixtures based on common biological pathways

CHEMICAL ASSAY ENDPOINT AFFECTED GENE ADVERSE OUTCOME

N
NVS_NR_hCAR_
Antagonist — | Hepatic steatosis
Bisphenol A [ ATG_ERE_CIS up J \

/ \ Reproductive
[ ACEA_ER_80hr J / dysfunction

[ OT_ER_ERaERb_1 ] /

440
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Chemical mixture prioritization
Additive effects of chemical mixtures based on common biological pathways

CHEMICAL

ASSAY ENDPOINT

|

AFFECTED GENE

ADVERSE OUTCOME

NVS_NR_hCAR_
Antagonist -

[ATG_ERE_CB_up ] T

/

[ ACEA_ER_80hr ]

|

OT_ER_ERaERb_1
440
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Hepatic steatosis
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dysfunction
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Common mixtures and their potential bioeffects

~

EARMixture > 0.1 at =2 20% of sites https://aopwiki.org
© & Bisphenol-A | (= ©  Estrogen Receptors 1 & 2 ] ( IR Reproductive dysfunction, skewed sex |
c e O o ESR1 & ESR2): v ratios, breast cancer, and reduce
;C: >E_< 4-Cumylphenol L o . = § survival
S 4-Nonylphenol < Estrogen receptors (ER) essential <35
for sexual development and =
. reproductive function .
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Common mixtures and their potential bioeffects
EARixwure > 0.1 at 2 20% of sites

https://aopwiki.org
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;C_, é 4-Cumylphenol ﬁ)_) < (ESR1 & ESR2): % S ;itrl\clais\,/,ali)reast cancer, and reduced
e Y= . =
5 4-Nonylphenol < Estrogen receptors (ER) essential < E
for sexual development and
reproductive function
Tg g Bisphenol-A | rB § Thyroperoxidase (TPO): ] ( 3 é Neurodevelopmental outcomes in |
QE) X Indole j’_) &  Enzyme important in production % 9 mammals,ﬁltgreq amphldb:can ity |
S £ = of thyroid hormone < £ metamorp osls, Impaired fertility in
@) fish
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Common mixtures and their potential bioeffects
EARixwure > 0.1 at 2 20% of sites

https://aopwiki.org
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Site prioritization




Site prioritization

10 sites with highest potential for biological effects
Each with > 20 chemicals with TQ > 1.0 or EAR > 0.01

Underwood Cr at EIm Grove
Kinnickinnic R at Milwaukee
Oak Cr at South Milwaukee
Menomonee R at Wauwatosa

River Rouge at Detroit
Red Run near Warren Slater Cr at Mount Read

Red Run at Sterling Heights Ve [ %

Indiana Harbor Canal at East Chicago _ _; Geddes Brook at Fairmount




Summary

Multiple risk-based approaches were used to prioritize chemicals,
mixtures, and locations of ecological concern

Limitations
e Some detected chemicals lack benchmarks and ToxCast ACC
values

e Adverse Outcomes (AOPs) are under development: not all
ToxCast assays are represented by AOPs

* Porewater concentrations are estimates, not measured

* Screening-level approach — validation is needed to verify effects
at the stream level

Funding provided by the Great

Lakes Restoration Initiative

Austin Baldwin -
akbaldwi@usgs.gov a USGS
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