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SEPA
== Background

* The Milwaukee Estuary watershed is at the
confluence of Milwaukee, Menomonee,
Kinnickinnic Rivers and Lake Michigan.

Lake Michigan

* Milwaukee Estuary Area of Concern (AOC)
established in 1987.

* AOC receives discharges from wastewater
treatment plants, industrial operations, combined
sewer overflows, and agricultural and urban run-off.

* Aquatic biota likely subjected to

repeated/continuous exposure to multiple
environmental contaminants.

Study Objective: Identify chemicals of SRS L
potential high and low ecotoxicological Milwaukee Estuary |
concern within the Milwaukee Estuary AOC. Area of Concern

Wisconsin
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e Study Sites
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== Experimental Methods

= Caged fish deployed at study sites for a 96-h exposure period.

= Mucous (metabolomics)

= Plasma (steroid hormones, vitellogenin)
= Liver (gene expression, omics)

" |ntestine (gene expression — 2017 only)

= Autosampler co-located to collect 96-h composite samples.

= Chemistry (nutrients, wastewater indicators (69 analytes), pharmaceuticals
(110 analytes)).

= |n vitro bioassays (Attagene™, T47-D KBluc, cell-based metabolomics).
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Detected Chemicals

2017: Year of the PAHs

1 ] l' R

141-83-3
120-72-9
93413-62-8

36-3

136-85-6
126-73-8
2315-67-5
396-01-0
57-53-4
59-05-2
63-25-2
T23-46-6
738-70-5
76-57-3
83-46-5
290-12-0
27203-92-5
42399-41-7
93413-60-5
83799-24-0
298-46-4
78-51-3
115-96-8
78-59-1
137-58-6

Chemical

80-05-7
58-08-2
B846-49-1
134-62-3
54-11-5
486-56-6
1912-24-9
103-90-2
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129-00-0
20385-43-1 I I
MIE rAIRA MR

MET ucy MEC MEF KKL

Site

= 46/178 chemicals detected at > 1 site(s)

= KKL, MIE, MIP = greatest contaminant loads.

= PAHSs detected across all sites.

Chemical
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137-55-5
51 52

2018: Year of the Pharmaceuticals
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Site

= 77/178 chemicals detected at > 1 site(s)
= JIP, MIE, CCM = greatest pharmaceutical
contaminant loads.



== ENdocrine-Related Activity
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* Indicates statistical significance compared to GLTED laboratory control (MED, blue).

Elevated endocrine-related activity in 2017 serum samples (MEF, MIE, MIM, MIP);
elevated endocrine-related activity at most study sites in 2018.
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2017 Ahr_cis

[ ERE_cis

— 1 | =

ERa_trans

Ahr_cis

PPARg_trans
PTGER2 gpcr
PXR_cis
PXR_cis
L 2 2 B £ w a2 o = § 3 £ b
PXR_trans = 8 = = 5 = = 5 = = 2 x =
» B
J o) - o § - " 0 5 10 20
N = ERa elevated at KKL and JIP.
0 2 3 ° = ERE elevated at MIM and JIP.
. = AhR elevated at all sites but UWM.
= AhR elevated at all sites but MEC & UWM. = PXR elevated at all sites but UWM.
= PXR_cis elevated at all sites but UWM. = PPARg elevated at MET,
] =  PXR_trans elevated at MEC, MET & UCI. = PTGER2 partially elevated at KKL. .




=  Elevated intestinal metabolic
enzyme activity at 7/8 sites
in 2017.

ucJ

MIP

MIN

= Elevated hepatic metabolic
enzyme activity at 3/8 sites
in 2017.

MIM

MIE

MET

= Elevated hepatic metabolic
enzyme activity at 8/11 sites
in 2018.

MEF

Scaled Effect

MED

MEC
=  Overall xenobiotic-

metabolism related effects
elevated at MIE, MIM, MEC.

JIP

CCM

(min)
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2017

CYP2AD6_int
2017
CYP2N13_int
2017
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== \Weight-of-Evidence Prioritization Framework

>

Benchmarks

Water Quality
\ Benchmarks
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Chemical Prioritization

Detection Characteristics Environmental Fate Ecotoxicological Potential

Chemical-Effect Covariance

[Benchmarks)
Spatial Temporal Environmental Water Endocrine Xenobiotic Priorit
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Metolachlor

Atrazine

Pyrene

Methyl-1 H-tﬁe nzotriazole

. D t t . t . t . uoranthene
. . Benzo[a]pyrene
Environmental Protection e e‘ I O I I a ra ‘ e rl S I ‘ S Anthraquinone
Agency Metformin

= Spatial Frequency: Detection across study sites.

= Temporal Frequency: Detection across study years.

= Environmental Distribution: Detection across

compartments (tissue, sediment, water).

Prioritization ] . L.
Detection Characteristics Score
Subcategory
Spatial > 50% of sites. 10
Frequency 20 < x < 50% of sites. 5
<20 % of sites.
Temporal Nyear = 25 Nynique._sites > O 10
Frequency
nyear = 2' nunique_sites =0 5
year 1 0
Environmental Tissues 10
Distribution Sediment + Water 5

Water or Sediment

Chemical

Phenanthrene
N,N-diethyl-meta-toluamide
Cholesterol
Diethyl phthalate
Caffeine
Nicotine
Lidocaine
Carbazole
Hexamethylenetetramine
Cotinine
Desvenlafaxine
Venlafaxine
Tr|pher'1:v| phosphate
exofenadine
Tris(2-chloroethyl)phosphate
Tributyl phosphate
riamterene
ramadol
Benzophenone
Acetaminophen
beta-Sitosterol
Sulfamethoxazole

Carba
5-Methyl-1H- benzotrlazo e
Trimetl Iogrnl'n

1-Methylnaphthalene
arbamazeplne
ophorone

Tris(2-] butoxyethyl)ghospha‘ce
endazole
Sulfadlmethoxme
agliptin
Pseudoephedrine + Ephednne
p-Cresol

Oxycodone

Methyl sallcylate
Methotrexate
Methocarbamol
Methadone
Meprobamate
Isoquinoline

. Famotidine
Diphenhydramine
D-Limonene
Anthracene

yclovir

4-tert- Oc henol
2-Methylnaphthalene
1,4-Dichlorobenzene
Tribromomethane
Menthol

Guanylurea
Citalopram

) Atenolol
2,6-D|meth¥lnaphthalene
riethyl citrate
anitidine

Piperonyl butoxide
Pentachlorophenol
Lorazepam
Diltiazem
Dextromethorphan

3,4-Dichlorophenyl |socyanate

Metoprolol

Gabapentin

beta- Stlgmas1ano|
Hexahyclrohexamethylcyclopentabegzopyaan
or

Tris(dichl ohoephate
ris(dichloroisopro osphate
B-Betpyegprosﬁanol
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Detection Years (n)

Frequency of Repeat Detection
O (not repeated)

018
0.27
0.36
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\." ° Fluoranthene
United States Cholesterol
Environmental Protection Pyrene
Agency 2-Methylnaphthalene

3-beta-Coprostancl
Phenanthrene
beta-Stigmastanol
Benzo[a]pyrene
Triclosan
Anthracene

* Characterized using QSAR estimates (EPISuite,

2,6-Dimethylnaphthalene

OPERA, BMFpred) or experimental data. e

Bisphenol A
Dextromethorphan
Carbazole

" Persistence (t,/,, d) and bioaccumulation (BCF,

L/kg) evaluated using ECHA PBT/vPvB -

Buproprion

o o . 1-Methylnaphthalene
classifications. Tt
Tributyl phcﬂi?gg

Diphenhydramine

Camphor

* Biomagnification characterized as described by
Gobas et al. (2009).

Chemical

e Isoquinoline
Persistence tl/zr freshwater <40 d 0 Memy|»1H-ben§;tnrlg§g:

Tris(2-butoxyethyl)phosphate

40 < t1/2, freshwater <60 d 5 5—Methyl—1H—ben§gtarlga"zp§g

Isophorone

> Atrazine
t1/2 260d 10 IR, it
Triethyl citrate

Pseudoephedrine + Ephedrine

. . Melh'cire;%tg-
Bioaccumulation BCF < 2000 0 o e
Hexamelhyieneatelarap%qgg

2000 S BCF < 5000 5 Su\famg;l;%;é%écﬂ:

N,N-diethyl-meta-toluamide (DEET)

BCF > 5000 10 Catbrmn

Caffeiney

Famotidine

Meprgggggg

Biomagnification BMF<1 0 WREdba

Methocarbamol

- BMF>1 10 e

Lidocaine
Tris(dichloroisopropyl)phosphate
Desvenlafaxine
Tribromomethane
Thiabendazole

Methyl salicylate

Anthraguinone

Venlafaxine

Benzophenone

Prioritization Environmental Fate i e e
L. Score g
Subcategory Characteristic oJndole

p-Cresol

[] Non-Bioaccumulative [] Bioaccumulative

: _"""”“““““mmm”:”DHDJUDDDDDDHHHHHHHN

500 1000 1500 2000
Bioconcentration Factor (L/kg)
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Ve Water Quality Benchmarks

= Compared detect concentrations to Canadian & US water quality benchmarks:

= Water Quality Criteria (WQC): ® Acute WQC © Acute SV © Chronic WQC © Chronic SV
= CCME Water Quality Guidelines; USEPA Water
Quality Criteria Tribromomethene .o .
= Screening Values (SV): e B . °
= Ecotoxicity thresholds (USEPA), aquatic life benchmark Fipersny{biraiis . k@
(USEPA), screening concentrations (USEPA, NOAA). pem::::;;:f:; e
N, N-diethyl-meta-toluamidep (X1 ] °
Prioritization Benchmark Exceedence Score T . coomam . . .
Subcategory Characteristics lsophorone . 5
Exceedence > 50% detects exceed benchmark. 10 E Al Uiy ¥ G 4
Freq uency g Diethyl ?hthalate . o ]
0 < x < 50 % detects exceed 5 s DL';”;E‘:; L o nee
benchmark. RN vem
No benchmark exceedence. 0 Benzofalpyrene cooe om N
No available benchmark. DL Atrazine *omm oo . ¢ e
HEEANTELS 2 Acute water quality criteria. 10 Amcons ‘ R
Acute screening value. 7.5 Acetar::(y;::; e )
Chronic water quality criteria. 5 2 Methylnaphihalen .
Chronic screening value. 2.5 1,4 Dichlorobenzene . ;
No benchmark exceedence. 0 1:Methyinapinhalans 8 if i

1e-01 1e+02 1e+05

- No available benchmark. DL Concentration (ug/L)




e Y ) Venlafaxine -an o
\"IEPA -|- Tia{dichoreeoprop o oortiate sl B
United States Tris(2-butoxyethyl)phosphate o ° se .
Environmental Protection E C O OX B e n C a r S TﬂphefTeriPC?ﬁghﬁﬁ “'-' . "
hoeney M 2. .
L ks w *
o o . Triamterene "N [ ]
* Compared detect concentrations to in vivo effect -
. Sultadlmethoxme L] L]
concentrations from the ECOTOX Knowledgebase. NS '
Pseudoephedrine + Ephedrine [ ] []
Piperonyl butoxide: L] ]
. . Phenanthrene [ X4 [ ]
= QSAR (TEST, ECOSAR) used to generate ecotoxicity g ¥ s &
: . A - o B
estimates for data-limited compounds. - :
Metolachler e e
Methyl salicylate [] ]
Methyl-1H-benzotriazole oo * L]
* ECOTOX Benchmark Types: _ .
Metformin -lbe o °
= Unadjusted: minimum in vivo effect concentration. i " e .,
= ol oo .
u Uncertalnty-adeStEd: 8 Iiasgphlﬁﬁl’g}ﬁ o L Concentration Type
g Hexamelhy\ené:ﬁtlgjmr\gz -.-u L] L gencpmarEMF
min( Ef fect Concentration) S S s O .
Fexofenadine [ 1] L[]
Famotidine L] ]
AF endpoint X AF, length X AFyichness D['f“;y'l“?ﬁ:m““tme ‘... s
Dextromethorphan - o
Desvenlafaxine = [ ]
D-Limonene ] L]
Prioritization Benchmark Exceedence Score oCodene R .’
- - Cholesterol — .
Subcategory Characteristics Carbecnle - .
Carbamazepine o» [}
Exceedence > 50% detects exceeded. 5 Catlne e ¥
| LipFO‘%\Dﬂ ae e — [ ]
Frequency 0 < x < 50 % detects exceeded. 2.5 oo Sihasand -
No benchmark exceedence. 0 Serzagrene Teome o :
. Alt_eﬂclo\ LI L]
Benchmark Type Unadjusted benchmark. 5 i L . e '
Acyclovir L] L]
= i e enC mar o o 5-Met'wy\-1Hft?;angnqﬁazsg . - . [ ]
Uncertainty- adjusted bench k 2.5 ez
el e = T .
No benchmark exceedence. 0 e Coposang e
] QSAR-generated benchmark. DL ot 2

1e-06 1e-01 . 1e+04 1e+09
Concentration (ug/L)
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\‘.’E A Benchmark Exceedence ® Below Benchmark ® Exceed Benchmark

[loxCast Benchmarks
Environmental Protection
Agency Tris(2-chloroethyl% phosphate CICUR LI

) Tris(2-butoxyethyl) phosphate 00 SR EEMASAS RS OB MR (00000 SO0 0 G0
Tris(1,3-dichloro-2-propyl) phosphate SIS S S G 6 e
Triphen1y|rig1he(iﬁggzr3i':ﬁ . :o_-nu [
= Compared detect concentrations to in vitro B gl L+ S
. . Tributyl phosphate . "-:-:—-uuu mussssmen o 0 0
effect concentrations (ACC) derived from the LR ——— s sssess ©
Thiabendazole @eee O MM O 00 0 -e .
ToxCast database. B = E.
Piperonyl butoxide D O N —T e
Phenanthrene — ——EEE G © 6 0 .
= EAR threshold of 1073 used as ToxCast EerEaey] e s
Nicotine - S ¢ - mmeme
benchmark cut-off for exceedence frequency. Metgproll - 3o -
Methyl salicylate - e .
o o o Methotrex_ate sme e ® @mes o w o .
* Number of chemical-assay combinations 0 s e say Mmoo
. Isoquinoline e
exceeding ToxCast benchmarks evaluatedto 3 scphorne L
. . g Fluoranthe_ne .0 800 O .
characterize potential affected pathways. $ coneine e L
e _ege . Diphenhydramine hydcli'lc;gnhelgzihdﬂ S S W G B b * e
Prioritization Benchmark Exceedence Score it el PSS, < .. o
Subcategory Characteristics D'gicr:“csd”e?ﬂli - _
Exceedence > 50% detect exceedence. 2.5 _— | i —, w &
Frequency 0 < x < 50 % detect exceedence. 1.25 il e i e
Bisphenol A - TS VSR SENS 0 6 0 O
Benzophenone 0 2 0 eI IEINIDS
No benchmark exceedence. 0 EewR (RS SO —T
Anthe:ﬁE?Rgrl% ‘ ’ . . :-T-Tu [
Acetaminophen " 0o ™
Assay Exceedence Exceedence in > 5 assays. 2.5 4_(1r1,3g;“{'ggpavg;;m-ﬁgg@ﬁggggg BRI .. N—
Exceedence in 0 < x <5 assays. 1.25 3’4'D'°h"?r%;BiQhﬁL'r%?ﬁ%ﬁf{ﬁnté T
-Methylnaphthalene e @
Did not exceed benchmark. 0 (1SH0) Camphor ¢ o

. 1e-06 1e-04 1e-02
No available ToxCast assays. DL meanEAR
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Effect Covariance

= Chemicals prioritized based on covariance
with endocrine related and xenobiotic
metabolism related effects.

= Random forest regression used to generate
predictive models — ‘important’ chemical
predictors identified for each effect.

= Weight-of-evidence covariance prioritization
of chemicals across effect categories.

. Score
Effect Covariance

Characteristics

Prioritization
Subcategory

Net-positive covariance in > 50% 2.5

Chemical- of effect subgroups.

Effect
Covariance ¢

Net-positive covariance in 1 < x 1.25

< 50 % of effect subgroups.
Insignificant/negative
covariance across effect
subgroups.

Chemical

Negative Covariance

ne
Pseudoephedrine + Ephedrine
X

rine + L
Piperonyl butoxide
eeeeeeeee
Nicotine
N, N-diethyl-meta-toluamide
h{etupru'ol

Metslachlor
Melh"(l- TH-benzolnazole
Methyl salicylate

Famaotidine

nnnnn
Codeine
Citalopram
Cholesterol
Carbazole

eine
Benzg

eeeee

-beta-Coprostanol
3.4-0:amoropneng| socyanate

2-Methyinaphthalene
2.6-D|me{hylnaph|.ha'ene

1-Methylnaphthalene
1,4-D

Positive Covariance

‘III III

l

b

EE2-EQ

E2

ERa_trans

ERE_cis

CYP1A1

(intestine)

CYP1A1

(liver, 2017)

CYP1A1

(liver, 2018)

CYP3A

(liver)

CYP3A
(intestine)
CYP2ADGE
(intestine)
CYP2ZN13
(intestine)

Site-Specific Effect

UGT1A1

(liver)

UGT1A1

(intestine)

AhR_cis

PXR_cis

PXR_trans

PPARg_trans
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- i -_-___ Potential High Priority Compounds:
eeeeee = B-sitosterol = Pyrene
- [ N N N - .
E e Cholesterol = Atrazine
— _—
— — — " Fluoranthene = Venlafaxine
— . ——— = Benzo[a]pyrene
rnedieer Ny = Potential Low Priority Compounds:
- J_
3 — — = 2,6-dimethylnaphthalene = Methyl salicylate
& — —— = 2-methylnaphthalene = Oxycodone
= — ——— = Acyclovir = p-Cresol
_—__ = Atenolol = Pseudo/ephedrine
= Famotidine = Sitagliptin
—— = |soquinolone = Sulfadimethoxine
= Menthol = Thiabendazole
= Meprobamate ® Tribromomethane

Data-Limited Compounds:

]
- £ 8 = =
3 2 23 = = S @ 5 @ s g g 23
g E Z 8 g £ &3 5 =538 s £8 §8 85 =5 efye
§ £ 5 = ¢ & 33 3% g By :: 18 i@ it = 3-B-coprostanol = Diltiazem
I = 2 g F& 8" B FT ST E3 58 = B-stigmastanol = Dextromethorphan
w
= Desvenlafaxine =  Guanylurea r

Prioritization Subcategory



== Conclusion Highlights

" Prioritized of 83 chemicals detected in the Milwaukee Estuary AOC
based on detection characteristics, environmental fate &
ecotoxicological potential.

= 6 High Priority Compounds highlighted for point-source
evaluation/regulatory consideration.

highlighted that likely pose low risks to the
Milwaukee Estuary AOC watershed.

= 9 Data-Limited Compounds that require further
ecotoxicological/environmental fate investigation before they can be
adequately prioritized.

Developed an alternative prioritization framework that can be employed or
adapted to transparently prioritize contaminants within freshwater
watersheds.
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Thank you for your attention!

Questions or Comments?
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