Evaluating Effects of Bioactive Contaminants Associated with Waste Water Treatment
Plant Effluent Discharge to the South Platte River
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analysis of surface water samples 1n 2018, documented increased concentrations of multiple
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addition to bi-monthly monitoring, fathead minnows (Pimphales promelas) were exposed in situ

pharmaceuticals — 1n the South Platte River near Denver, CO, at concentrations that rank among
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the highest 1n the nation. Regarded as contaminants of emerging concern (CECs), some of these
compounds can disturb biological pathways 1n exposed species. Bi-monthly sampling and
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Figure 3. (A) Conductivity loggers placed at caged fish sites show a decrease in atEnalol

conductivity after Clear Creek enters the S. Platte. (B) Temperature loggers show a Miaziis é\g?eztwﬁ

substantial difference in temperature at the Clear Creek reference site. Benzoylecgoning
u

Carisoprodol
Codeine

Cotinine

. DEET
Desmethylcitalopram
Desmethylvenlafaxine
Dextromethorphan
Dextrorphan

) Diclofenac
Diclofenac 4-h¥_d roxy
. Diltiazem
Diphenhydramine

) Diuron
Diuron Metabolite
EDDP

Erythromycin-anhydro
scitalopram
Famotidine
Fluconazole
Furosemide
Gabapentin
Gemfibrozil
Hydrochlorothiazide

9
Figure 4. (A) In vitro bioassay results show high ~ Figure 5. T47D bioassay results show elevated levels of . Hydryxsg%fggpodpqgg
levels of GR activity (estimated as dexamethasone  ER activity (estimated as 17b-estradiol equivalents) Post-exposure collection Imigaprofen

Lamivudine

limited bioavailability or limited potency of GR-active contaminants in vivo. A ia s - A SaviceLrer Gl Esi HERE Grmin, © OperSieeio equivalents) downstream of the WWTP. downstream of the WWTP. of mucus, plasma and Camotrigine

confributors, and the GIS user community ldocaine

s 4 S Created by Kendra Dean, 10/24/18 muSCle tissue MDMA
mRNA qPCR - MR onaEe

Carbamazepine 10,11 epoXxide
600 -

for five days at six locations upstream and downstream of the waste water discharge in August of s WhastRidge
2018. Despite the ER-mediated biological activity detected in vitro, no significant differences in
the expression of male hepatic vitellogenin were found between sites. Consistent with the general
lack of detectable PPARYy-regulated activity, there were no significant effects on PPARy-related
gene expression 1n the adipose tissue of females. No site-related differences in GR-related gene
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expression were detected in females, despite GR-activity in the 1n vitro assays, suggesting either N
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Returning to the S. Platte in 2019, allowed research teams to confirm results seen in 2018, and solidify the two
objectives of field work:
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1. Characterize the targeted spatial and temporal distribution of GR and PPARy-related bioactivity along the
river using in vitro bioassays.

2. Analyze GR and PPAR-related gene expression in fathead minnows exposed in situ in the S. Platte River to
gather evidence concerning potential in vivo impacts in relation to the biological activity detected in vitro.
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* 24 Fathead minnows were caged using two cages of six males and six females per cage at six sites and a lab control
tank for five days of exposure. Deployments were staggered over two days.
* Autosamplers collected water samples at caged fish sites every 15 minutes for the length of the exposure.

Solid Phase Extraction -
* Water samples were held on 1ce and processed within 72 hours of sampling. N
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* SPE performed using Oasis HLB 5cc 200mg LP Glass Cartridges. Figure 6. (A) qPCR results show elevated hepatic vitellogenin directly downstream of the WWTP. (B) There was no significant zf;;aetlel (; i(l)zrg;tf;?o;;geéé\éz iloizvnillstieasmf‘;v;

 Samples were eluted, evaporated and reconstituted at 1000x in DMSO for in vitro bioassays. differences between upstream and downstream of the WWTP in Cyplal. (C, D, E) No significant differences in GR-related the WWTP. No detects are labeled as “0”.

ene expression occurred.
PPCP and Pesticide Analytics —

* Water samples were analyzed by EPA Region 8 for 200 PPCPs (pharmaceuticals and personal care products) and
pesticides using LC/MS/MS.

In vitro Bioassay

* The S. Platte River continues to be an area of great interest; containing high concentrations of CECs (Fig. 7) and elevated levels of GR (Fig. 4; 5-75 ng/L

A typical caged fish set up in Clear Creek ) Ind%go B%osc%ences Human Gluco.corticoid Receptor Ass.ay System Dex-EQ) and ER (Fig. 5; 0.78-16 ng/L E2-EQ) bioactivity, as indicated by in vitro bioassay.

near Denver, CO. Two PVC cages held 12 * Indigo Biosciences Human Per9x1some Prc.>11ferator—Actlvated Receptor Ga@ma Reporter Assay System « Based on two consecutive years of caged fish studies, the concentrations of ER- and GR-bioactive chemicals did not appear to elicit in vivo effects on
fathead minnows each. Composite, time * T47D Estrogen Receptor Agonist Assay using methodology adapted from Wilson et al (2004) gene expression. Results suggest the bioactive compounds may have limited bioavailability, are rapidly metabolized, and/or have insufficient cumulative
integrated, water samples were collected mRNA Analysis potency to provoke short term effects in vivo.

via a co-located autosampler. «  Extraction of hepatic total RNA using Qiagen RNeasy Mini Kit. * Further in vivo and 1n vitro results are still pending.

 qPCR using SYBR green and Tagman reagents completed on male hepatic RNA for vitellogenin, cyplal, and GR-

Wilson, VS, Bobseine, K, Gray, L.E.J. 2004. Development and characterization of a cell line that stably expresses an estrogen-responsive luciferase reporter for the detection of estrogen

U.S. Environmental Protection Agency related genes; nr3cl, sgkl, and nfkbiaa. agonist and antagonists. Toxicol Sci 81; 69-77.
Office of Research and Development  qPCR analyzed using a one-way ANOVA, followed by a Duncan’s post-hoc test, differences considered significant
at p < 0.05 Additional technical support and assistance was provided by Ashley Kittelson, Correne Jensen, Kathy Jensen, Mike Kahl, Rachel Hofer & Kendra Dean (US EPA) and Tor1 Heckart

(Colorado School of Mines). Special thanks to Metro Wastewater Reclamation for hosting our lab space. Mention of products or trade names does not indicate endorsement by the U.S.
federal government. The contents of this poster do not necessarily reflect U.S. EPA policy.
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		Lab Control		Male		1.292		Average		St.Dev		Count

						0.594		1.372		0.5103463763		12

						1.101

						1.075

						1.825

						1.118

						2.080

						2.155

						1.447

						0.608

						1.455

						1.708

				Female		20.1058201058		10.098		5.689003755		12

						6.6844919786

						8.9325842697

						7.1363636364

						6.7175572519

						15.1322751323

						4.2857142857

						8.6813186813

						12.2680412371

						20.625

						5.2469135802

						5.3594771242

		Metro Upstream		Male		0.7854984894		1.714		0.5069808318		12

						1.9649122807

						2.6132404181

						1.4583333333

						1.6997167139

						1.7302052786

						1.5249266862

						2.5870646766

						1.6202531646

						1.3504823151

						1.8

						1.4285714286

				Female		17.5		13.134		4.2663185282		11

						13.125

						8.7790697674

						13.8095238095

						17.1361502347

						12.2471910112

						15.7894736842

						8.8834951456

						11.5151515152

						5.8139534884

						19.8723404255

		Metro Downstream Left		Male		1.8106995885		1.0634869213		0.5467170386		6

						1.6077170418

						0.820610687

						0.9009009009

						0.3358208955

						0.9051724138

				Female		10.4615384615		9.7844332851		3.0478152317		6

						10

						11.09375

						4.2028985507

						9.5555555556

						13.3928571429

		Metro Downstream Right		Male		1.3225806452		1.240		0.3460774072		12

						0.7012195122

						1.3461538462

						1.6489361702

						1.3649851632

						0.956284153

						0.5925925926

						1.4385150812

						1.0747663551

						1.2719298246

						1.4678899083

						1.6949152542

				Female		8.8275862069		9.252		2.6869832324		12

						11.7894736842

						12.397260274

						9.3010752688

						6.1666666667

						6.387434555

						7.6271186441

						11.0280373832

						13.0890052356

						10.4102564103

						9.5652173913

						4.4329896907

		Clear Creek Reference		Male		1.1111111111		1.431		0.4424264818		12

						1.8087855297

						1.3865546218

						1.7667844523

						1.1437908497

						0.6111111111

						1.7761557178

						1.7701149425

						1.8352941176

						1.8493150685

						1.3610586011

						0.7518796992

				Female		11.9879518072		12.993		3.8227171277		12

						6.4492753623

						13.6690647482

						14.6540880503

						9.224137931

						14.0928270042

						19.8013245033

						12.0476190476

						11.0256410256

						14.3902439024

						18.8636363636

						9.7142857143

		S. Platte Clear Creek Left		Male		0.6097560976		1.432		0.7226848138		12

						2

						2.1654501217

						1.0590631365

						1.6622691293

						2.3695652174

						2.0231213873

						2.1923076923

						0.6865671642

						0.9967845659

						1.1721611722

						0.25

				Female		15.4140127389		10.130		4.4635854473		12

						8.164556962

						13.0147058824

						8.5443037975

						14.9390243902

						6.3095238095

						6.9127516779

						3.9572192513

						18.6721991701

						11.0256410256

						6.7586206897

						7.8440366972

		S. Platte Clear Creek Right		Male		0.4347826087		1.499		0.5857793773		12

						1.8

						1.2455516014

						1.6331658291

						1.2099644128

						1.7516629712

						2.3121387283

						0.6619385343

						1.771019678

						2.3442136499

						1.6933638444

						1.1333333333

				Female		8.0921052632		9.238		4.7895843013		12

						14.9794238683

						13.5714285714

						0.737704918

						10.3664921466

						6.2416107383

						14.5569620253

						10.9090909091

						15.3153153153

						6.7790262172

						5.2222222222

						4.0816326531






Sheet1

		Gene-specific Targets

		ER-Related

		vtg		Vitellogenin

		AhR-Related

		cyp1a1		Cytochrome P450

		GR-Related

		nr3c1		Glucocorticoid Receptor

		sgk1		Serum/glucocoritoic regulated kinase 1

		nfkbiaa		NF-kappaB inhibitor alpha-like protein A

		sgk1		Serum/glucocoritoic regulated kinase 1
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