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Background

Aquatic Benchmark Collation and Derivation

= Qver the last decade, there have been substantial S . Table 1 Diverse benchmarks collated and/or developed for prioritization of chemicals detected across the Great Lakes Estuaries.
. . . . Creenln . . . ] ] u u
increases in .the amount of .publlcly accessible Vo 9 Water Quality ToxCast Cytotoxicity Benchmark Description Derivation Source(s)
ecotoxicological data and risk assessment tools. alues Criteria Benchmarks Benchmarks : — : — — :
| S | Water Quality Current (provisional or approved) water quality guidelines recommended by Minimum water quality [1—10]
" Practically, this is highly valuable to risk assessors and Benchmarks international, federal, state, tribal, or provincial regulatory agencies. benchmark available
FG%U@(FOI"S WTO greloftgn Ita'sied }Nr']t_h ﬁsseszmg thfe _ — N Screening Historical water quality guidelines and screening values recommended by regulatory Minimum screening value [11 — 18]
[ ater Quaiy | invitro Efect
| B X | | | SUIESS \Concentratlons y Tier 1 ECOTOX | Apical in vivo effect concentrations for aquatic vertebrates, aquatic invertebrates, Minimum in vivo effect [19]
= However, it can be d_'ff'CU” to dgtermlne how to effgctlvely ' and/or aquatic plants, both unadjusted (minimum effect value) and application-factor concentration (unadjusted +
harness all this publicly accessible data and/or utilize these adjusted (accounting for study duration, data richness, and available endpoints). | adjusted with application factor)
open-source tools for data-intensive risk assessments. Tier 2 ECOTOX | Non-apical in vivo effect concentrations for aquatic vertebrates, aquatic invertebrates,
= Here, we demonstrate how aquatic benchmarks can be ‘ and/or aquatic plants, both unadjusted (minimum effect value) and application-factor
collatec_j and/or developed using data from.pu.bllicly A .. B h " adjusted (accounting for study duration, data richness, and available endpoints).
accessible databases, and then used to prioritize quatic Benchmarks QSAR Acute toxicity estimates for aquatic vertebrates, invertebrates, and plants derived | Minimum value of all consensus | [20 — 24]
chemicals detected in aquatic environments. using quantitative structure-activity relationships and baseline toxicity equations. estimates of acute toxicity.
= Utilizing data generated from a 10-year monitoring effort Pharmaceutical | Maximum (or peak) serum concentration that a drug achieves following dosing (C,.,) Maximum available C__, [25]
across the Great Lakes Estuaries (2008 —2018), we apply - _ ~ Potential for each pharmaceutical, indicating pharmaceutical potency.
thhese.belnchfmarks to prioritize legacy contaminants and PhaFrJ'rT](aC?_u’ilcal r I — > Cytotoxicity Lower limit of cytotoxic burst concentration for each chemical, determined using Lower limit of cytotoxic burst [26 — 28]
chemicals ot emerging concern. BenocfeIrr:llaarks Cn e " t.eCt results from in vitro bioassays carried out through the ToxCast testing efforts, both (unadjusted + application factor
& J g eliGnlireiiols unadjusted and application-factor adjusted (accounting for data richness). adjusted).
Objectives: ToxCast Activity concentration at cut-off (ACC) derived from in vitro assays carried out through | Minimum activity concentration | [26 — 27]
_ _ ¢ i T — the ToxCast testing effort, both unadjusted and application-factor adjusted at cut-off (ACC)
* Collate and/or derive aquatic benchmarks for Q (accounting for data richness and number of potentially perturbed pathways). (unadjusted + application factor
chemicals detected in the Great Lakes Estuaries, Benchmarks Benchmarks adjusted).
utiIizing pu bliC|y accessible data and open-source E] C%I\(/I:E. (2d(_)18)F.)Capaqi?r\1N E?virgnmﬁntgl Qdue:!ity G(uidglines.1994 yoo) Hg} Ecu;cé'é“?';o I:/I6F). (So?sg. NOA]:AI\E Screening thugk I?tefeéepdcel_TableS. [23] US EPA (2016). Toxicity Estimation Software Tool (T.E.S.T.)
. . - anadian Provincial Water Quali uidelines (various; - . . . Database of Environmental Quali uidelines. nfenati naanar ini G. _ - - Al insi rm for predictiv
databases. Figure 2 Diverse benchmarks collated and/or [ Tier 1 } [ Tier 2 } ) European Partamentend Gounc (Z%doif' Enuronmena sty Sandrs. 17 U5 EPA (000 Deronos Iliqqiliblrli;mkiartition)?ng Seaman Barchnars (24]Bonfona £, Manganaro A, GiniG. (2013), VEGA-GSAR: Al nside @ plaform for predicive
developed for prioritization Of Chemicals detected i ] . . Nationa egqmmen e ger uality Criteria. . Region . cological Risk Assessment Supplemental Guidance. [25] BerningngP, LaLone CA, Villeneuve DL, Ankley GA. (2016).
~ a |Ca| Nnon-a |Ca| [10] US EPA. (2021). State-Specific Water Quality Standards under the CWA. [19] US EPA (2018). ECOTOXicology Knowledgebase, doi: https//doi.ora/10.1002/etc.2965.
Compare and contrast benchmark analyses, across the Great Lakes Estuaries. ( 2 ) ( 2 ) H12]] Bg EFF’;:-((21091976))-A50?3%X E_EFCGS%O'{: « for Pestiide Reistrat 529] 1136181%%\2/>/, t803[14rgigt S, Kuhne R, éhulze T, Krauss M, Altenburger R. (2016). [206] Dtctap?:ic:o E/&g., Corsi SRe’:[ci/iIIenseuve DL, Blackwell BR, Ankley GT. (2020). doi:19.5966.0906UQ5I.
. . : : . : . Aquatic Life Benchmarks for Pesticide Registration. oi: 10. etc. ) X reenin n Vitr v.3).
identifying priority chemicals for management, [13] ECHA (2021). Registered substances under REACH. ’ [21] US EPA (2020). CompTox Dashboard. o {%} ?nyKFZ\A(VZ.ﬁQféJZ gfs tsafnfeek J,gE'?jivS:r)ésl‘, s\x,oN[e)l?n(s, I\:;])D Blackwell BR, Ankley
monitoring, or assessment and general ta I’get [14] NORMAN (2021). NORMAN Ecotoxicology Database — Lowest PNECs. [22] US EPA (2017). Ecological Structure-Activity Relationship (ECOSAR) Model. GT. (2018). doi: 10.1093/toxsci/kfy049.
areas for further ecotoxicological research.

Comparison of Benchmarks to Aquatic Monitoring Data

Key Findings

Toxicity Quotient Range

X <1073 102 <x <1 1=x
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« Data availability significantly varied across benchmark types:
 QSAR, Screening, and ToxCast/Cytotox benchmarks had the highest

Aquatic Monitoring Data

Classification

. Grab and/or composite samoles were collected acrossthe a0 4 — . —_—— B Antimicrobial disinfectants amounts of available data (96, 82, & 57% data coverage)
Great Lakes Est P o f 2008 2018 (Fi A R R N e - = — .gntioxidants | « Water Quality, Pharmaceutical, and Tier 2 ECOTOX benchmarks had the
reat LaKes Estuares from B (Figure 1) . , , S k3, — — o ok lowest amounts available data (14, 29, 32 % data coverage).
= 67 — 552 chemicals were monitoring for at each site, et lewge 1et0 ez lerdl | lerdh Jedd ferol 1eeod et 5 ——— — Fire retardants « Benchmark exceedence also significantly varied across benchmark types:
_ _ ] aximum Toxicity Quotient Maximum Toxicity Quotient Maximum Toxicity Quotient P — — B Flavors and fragrances _ _ _ _
including pharmaceuticals and personal care products, 5 - O Fuels « Water Quality, AF-adjusted Tier 1 + 2 ECOTOX, and Screening
pesticides (active ingredients + degradates), PAHs/Fuels, e e b B Hormone benchmarks had the highest amount of chemicals with TQ > 1 (60, 44, 53,
industrial/mixed-use chemicals, and wastewater indicators | g 9 "P"m:"“ews 30 % exceedence across data-available chemicals).
(metabolites, sterols, hormones). | 4 |48 @ B Pesticides  QSAR, Pharmaceutical, ToxCast, and Cytotoxicity benchmarks had the
] s e ()] B Pharmaceuticals and personal care products ' I > o
= Qverall, 463 unique chemicals were detected across the 16.02 16403 1e+08 1004 1001 1e+0? Plasrtics a;dlitives P - lowest zmtounts .?fl;herpllcalls V\Il'th TQ>1(0.2,0.01, 2, 8 % exceedence
Great Lakes Estuaries over the 10-year sampling period. amum foxcly duetert e Toscly Gueter = g? h’e;ﬂs Benac%rrc;lsasrk Z:a-zl\;?sliigil?gﬁtr:clici? )r;igh priority chemicals
erols o .
= Toxicity Quotient Range * 12 chemicals exceeded water quality and in vivo benchmarks:
b 0 @ X XX XK g B B 22 Il Data Limited « 9 pesticides (atrazine, chlorpyrifos, dichlorvos, diazinon, imidacloprid,
Lake g = E IC_) E IC_J (<,§ £ 3 8§ 8 & =1X0‘; 10‘3 1 pentachlorophenol, diuron, metribuzin, carbaryl), 1 personal care
* Erie E £ O 00 OO0 & X X S B XS product (triclosan), and 2 industrial chemicals (bis(2-ethylhexyl)
1607 1e-03 1e+01 1e+0! 1e-05 1e02  1e+0  1e05 1e-03 1e-01 1e+01 = O O O O o L L v ©° 1=
*  Huron | o e | eV | ° e c O o S £ hthalate, pyrene).
Maximum Toxicity Quotient Maximum Toxicity Quotient Maximum Toxicity Quotient C c W Wl — yo) > > P ’
* Wichagan 2 'GE) T - NN T o O O 1 compound exceeded all water quality, /n vivo, and in vitro benchmarks:
*  Ontario SIITIICIoIISpmsssTooT EoTTooIoIIoogemmmesmee— > 9 iq:’ ko iq:’ iq:’ 5 3 _l-glj_J, * Bisphenol A
# Superior f_; C(/J) I-; O 8 -8 (g
UV s G S Y 8 9 % g U '-g This analysis demonstrated that publicly accessible data and open-
, , S 3 =1 © < N source programs can be efficiently integrated and used for large-scale
1e-04 1e-01 1e+02 1e-03  1e+00 1e+03 1e03 1e+00 1e+03 == e © - H : . : c it :
Maximum Toxicity Quotient Maximum Toxicity Quotient Maximum Toxicity Quotient g LCE LCE an < ecotoxmologmal risk assessment and chemical prlorltlzatlon-
Figure 1 Sample sites across the Great Lakes Figure 3 Comparison of detected chemicals to aquatic < <
Estuaries (2008 — 2018) used to collate data used for benchmarks, demonstrating exceedence distributions across Figure 4 Comparison of exceedences (toxicity quotient range = x = 1. highlighted in AcknOW|edgements
benchmark-based chemical prioritization. different benchmark types: ellow on heat map) and data availability (data limitations highli hted_in E)Iack on heat
(A) Water Quality Benchmarks; (B) Screening Values; (C — D) Tier 1 ECOTOX y ap y N Jniig . . We would like to acknowledge the Great Lakes Restoration Initiative for their
- U.5. Environmental Protection Agency (unadjusted + AF-adjusted); (E — F) Tier 2 ECOTOX (unadjusted + AF-adjusted) map) across different benchmark types* collated to evaluate the ecotoxicological support of this study
Office of Research and Development (G) QSAR; (H) Pharmacological Potential; potential of chemicals detected in grab and/or composite samples collected from . . Y - .
(I — J) ToxCast (unadjusted + AF-adjusted); (K-L) Cytotox (unadjusted + AF- . Content does not necessarily reflect positions or policies of associated
adjusted). watersheds across the Great Lakes Estuaries (2008 — 2018). agencies.
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