. South Platte River
"’E&!;%Pya\!gstewater Treatment Plant (WWTP)
Field Study (2012-2015)

Agency

* In 2012, caged male and female fathead minnows (15 each)
were deployed in the South Platte River below two WWTPs
and in a reference tributary (Clear Creek)

- Fish were exposed in the receiving water/reference
creek for 5 days

- Following exposure, livers extracted for RNA analysis
and metabolite profiles by nuclear magnetic
resonance (NMR)

- Grab chemistry samples were collected at deployment and
recovery

Courtesy Keteles K, Schwindt A, Vajda A, Winkelman D, Ekman D, Lazorchak J

EMARMBERICELTATEELz, T, ERICEEKRIZBWVLTIEES
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TWEL=, ZLTREWM T OO —ILEREILELT=,
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* The study was repeated in 2013 and 2014, (2015) with the
addition of two sampling sites

- Fish were caged immediately upstream of WWTP2 to
distinguish upstream and downstream effects

- Caged fish were placed on each side of the river below
the outfalls to monitor any differences between the
outfalls (the outfalls have different treatment trains)

SOFWEENSIZET, FBLILI=2EZ2013F(2HITLVEL A, WWTPKY
HLER. THROFEEZRHNTH-OICKRFAEMA-HITTT, AEHRRTHEHE
FRCOSTH TG LTAR N EIEEMBEZECWANWALYMEEZR
HLU. ZLCETRY U EEFRBELEOBEEMEEAHTLNIS5ELI=hITTT,
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Courtesy of: K. Kereles

Control

Detection: 0

South Platte River

WWTP Field Study
= SAkal 2012 Results
Detections: 68 (Day 1) ok B N

63 (Day 5) g! ljas ‘;.? :

Detections: 73 (Day 1)
69 (Day 5)

CHELN2012F(ICEVTOHNIKERICEITAETOS U RBERAT-
BROIKRTT . TNMBEE2DIEKEEHTHNET , CDKR(WWTP2) DEC
ATFEIELMEEYME N A DM o=, 2B L (WWTPT) (XIXLHRBADMS
Ehot=o LOL2BRICH VT ILEANTI=ESA, BHENT-, DFY. HEkL
BEEZDOTROECATIHEVVRELAAONT-ENSIZETT,
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South Platte River WWTP Field Study

EE2 Exposed (Mesocosm) and 2012 Field Exposed Fish Vitellogenin

5 Gene Expression

25 +

Relative VTG Expression
o

0.5
0 - _
0 5 10 20 REF ~ WWTP1 WWTP2
Courtesy of K. Kereles EE2 Treatment (ng/L) or Field Site

TlIX.ETAOY ZVBEFRBLAILIKESITLEID ZESIEWWTPO T
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ng/LDEE2EB K ZRFTHHELNIZLETT,
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South Platte River WWTP Field Study
Metabolomics
Ref o
WW—FSTe Polar Fraction, Males
os] | WWTP2 . PCA Scores Plot
= s | = = Reference
0.2 e ®
st S e
0.2 - 5 & 8@ 0: &
= -

1 08 06 04 02 0 0.2 0.4 06 0.8

] ) 1)
Courtesy of: D. Ekman

AARAOIHVRTOAT4—ILEZZTHTVET  BESEIZCDVNTHTNET,
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Reference
wEPA =

gn\gignm::tsall’rclacﬂon Detections: 7 (Day 1)
Say3)  South Platte River

WWTP Field Study

w E 2013 Study Design

Detections: 99 (Day 1) Downstream of WWTP1
103 (Day 3) (W1-DN)
E Upstream of WWTP2
=7 (W2-UP)

Detections: ND (Day 1)

m .
: Downstream of WWTP2

Downstream of WWTP2 Left of River
Right of River e (W2-DN-L)

Ahliatld Detections: 101 (Day 1)

Detections: 100 (Day 1) 106 (Day 2)

Courtesy of: K. Keteles 102 (Day 2)
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South Platte River WWTP Field Study

Vg mRNA Measurements for Males

400000 Metabolomics

350000

300000

250000

200000

150000 /
/

e

100000

- 0.35
/ 04 02 0 PLS-DA1 .2 0.4
_—

50000

Relative Vg Gene Expression

0
[ w2-up [ W2-DN-L |W2-DN-R [ W1-DN | CON-CC |

* Results suggest feminization occurring in
Courtesy of: K. Keteles, D. Ekman males exposed to WWTP2

CHLIFAFRAIIREHTVET , TATA—ILDEEHTNETH, A4
ROZTRANAZEHOTETNEDA . BEFRERITOVNTEABIEN
TEHHIHTYT, CHLEHKLEREO TROLIS, SH5HavA—)L
TT MHYDERBEIEADMET  AROIIZNEH>TNSENS
CERDHMAYET, IUFO—LDESFERDIFSENSTET, FE5ITIFE
EHYEEA,
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* Chemistry data for most analytes vary among location and time.

* Genomic biomarkers may be a useful tool to predict cumulative
exposure.

* Possibly more useful when a suite of biomarkers are used
(metabolomics, thyroid disruption and neurotransmitter
biomarkers).

*In 2013,2014, collaborators conducted a similar study at two large
metropolitan Denver waste water treatment plants examining
chemistry, vtg and other biomarkers (cypl1a, cyp19ala, cyp3, and
fshr), and metabolomics as indicators of exposure to CECs.

FEHELTIE, BRALBREIZBEWTIE RN T —RIIIGFRERRMICE>TE
e b EhbhMYET,

COEIBETOAN ZVDBIEFRIREVVSDIX., BIEF/N14A~7—h—&L
TEMTHIEWSIZENDOMNYET . P FHBTITA—FEEDENSTE 7
CTCARROAZIHREH D, TLTRZANT, HEKIZIEESN TS KEMIC
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BUWET  NAMAT—H—EIVIALI=ED TH T EMNLLTLED,
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\"‘,EPA Natlonal Municipal Effluent CEC Study

nited Sta

S Sampling

* 24-hour composite samples - 50 very large WWTPs
(15 to >500 MGD — 46M people)

* Collected by WWTPs, except in EPA Region 2 on

(n=13) and Region 7 (n= 1)

119 Analytes Measured

- 56 Active Pharmaceutical Ingredients (APIs) + 7 Metabolites
Kostich, Batt, and Lazorchak. 2014. Env Pol 184:354.

- 8 Hormones (4 estrogens, 3 androgens, and 1 progestin)

- 32 Alkylphenols (APs, NP, Ops, APEOs,
NPEOs, and OPEOs)

- Bisphenol A
- 15 Perfluorinated Chemicals (PFCs)

EWSTET . BEZRANREDTHYFEIT DL, XKETORKRRETS
REWSTEIZHYFET EL15~500AHGDELNSI K5 HEK MBS A HY E
T o TND0NFTHEINITTT . FRENELDDEDIEHFEELEFE A, EWLVD
ET,. ZCTIRY—ARAFTH>TVWET , T—AIR—REF>TIT R TOHEKML
BEER. 7A)hERREL T, SONFTDMEERZFERICIHRLVEL T, ZLTH D
FTHIEEHRBLELT, DFYHRZE- T, 4BV RO VDR THOIRERL

ERIEEEYBELTELS, TDRBESHLET

ZLT. NMIDMEFRELELIz. TOHRELLT. WHRLEEMEELT
EELHDEDHS6, RILEVELTSYE N RE SN, 2 BEDTILFILD
T/—ILRUPERT/—JLABPA) LR DOMYFELT-, PFCIX155E5ER DMV
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“EPA  National Municipal Effluent
CEC Study Findings
Mean Max Min
Total Detected Analytes (116) 40 (34%) 67 (58%) 22 (19%)

Total Mass of All COCs (ng/L) 25,849 294,367 1,233

MOA
EDCs (Hormones, NPs, PFAAS) 16,699 278,854 2.9
Antihypertensives (12) 4,787 15,658 378
Neurotransmitter Modulators (19) 1,559 4,716 182
Anti-inflammatories (10) 1,039 8,097 0
Antibacterial (8) 1,116 3,295 2.6
Gastric Anti acid (2) 234 1,352 13
Bronchodilator (1) -- 121 121
Anticoagulant (1) -- 3,193 3,193

CHLIIEREYICEALTEED-HD T FERML-T/KNEBKEFHZE
HKEDTTERNDBELENSIZETIELEL, CHIFLAKDEEELLTAESL
PIEWNENWSTEEEZEZF LI AEREEF XISV AOXENASHITTY
M E—R-FT-T7H230ENVSTETHTLDITTT , LD IEEYMEN
EDEIGVRIEBL-6TEDTHANEREFILTLNISEWNSZETT . Fh
FIERA#BFEOBANLGATINDE, EFP2THR2=6L\WNDTLEIMN, 70
TAETAETINETBIENBETHD, ZTLTHRESEEHTLVET EDCIC
DNVTHTWET . REEELTEDCIEZENLSLNED D, F1=. 50D HEKIZD
WTIEESIGEDI . RRDEEXENLLWVEDONEWNSIZEEAT, F£f-. &
INEEIZTDOVWTHERELTWET,
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National Municipal Effluent CEC Study
Sampling

Hormones By Analyte

Weighted by Detects Weighted by Total Mass

Testosterone

Pro esterone

ndrostenedione
17-a- ethynylestradlol E rone
Androstenedione mo

17 ’I:Z etgltrelidlol

*NonDetects Dropped

MDEWNMPREENZDRILERAZL TN ZEWSIETT . T—ILEIS
DREELDHNBEDTT  ESLITENEVNVET & RELFTHDHENITE

[T ARHELARILAEN2EWSIEEZEKRYT D, FORESTHELTLSDT

F . EDCERETLTLADOIFTINDT, ZETIIRILEVEZZITREI R ELT
WET, T—ILRISOR, ThEITOREZEELTRILEVEICDWLWTIRIET
RO of=3D T, 50D HKREIZCEWTINEITRESINIZEWNSTET
T o TNOHFIZEMNETDHENTEE T, ESESEE2MH =&, T—2TENR T
HJAHENTERENSTEZEKRLTVWET R TR MOSVH T
TIEROM>TWET, 7RO U ELURILIFIBEWLWARDM-TLVS,
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Natlonal Municipal Effluent CEC Study
Sampling

NonylPhenols By Analyte

U
En
Ag

Weighted by Detects Weighted by Total Mass
NP1EC Npg

= “Exfg% NP2EC

NP1EC

*NonDetects Dropped

BN/ L7/ —)LEEIZEL T, KESRLTLWANP2ECELNVS DAY, &
NIIBRHEEEEREE. ATEVWEATITALGIATOET . COMEIC
—EBFELTHRETAVEREFTRELTHETD,
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National Municipal Effluent CEC Study
Sampling

Perfluoroalkyl
Acids (PFAA)
C3A =PFPA
C4A = PFBA
Weighted by Detects Weighted by Total Mass c5A = PEPeA

C6A = PFHxA

A .
c%ég 8 oA S
C4S (DC%AA 945%%§ 5 g?QA;PPFFNDp/\f\

“GC3A
A

Perfluourinated Compounds By Analyte

QA C11A= PFUdA

"
O
A C12A= PFDoA
O C13A= PFTrDA
. C4S = PFBS
NonDetects Dropped CBS = PFHxS
C8S =PFOS

RIVINLADIEEEICODWTERBZDIENEZATT REELRHIZED
BEHFTEHTWNET, PFOA, PFOS, PFOAMNEYHEKDFRIZEEFN TS
ZELhMYET, C8. CA4, TNIFMELFNZTA)ATIEIELIZHE->TLSD
TIH. FEEEFN TS,
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National Municipal Effluent CEC Study
Sampling

Mode Of Action

Weighted by Detects Weighted by Mean
anti-hypertensive anti—hyperténsive
neurotransmitter modulator lipid moc%ier

anti-bacterial

*NonDetects Dropped
s
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AR MNKEEEMELWNSDIX. UV FEEVELERIICEETHSE
WSTEROLMYET, CNIFREICKDEHRFITE, FHEICKEEAMFT
DOl AIZHELNTTY,
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National Municipal Effluent CEC Study
Sampling — Take Home Messages

* There are new contaminants we should be thinking about
that are increasing in the environment, although at low
concentrations — Pharmaceuticals, Personal Care
Products, Toxic Algae, Nano Materials

* The future is the use of genomic tools — such as gene
expression (single and arrays), proteins (single and
arrays), and metabolomics — to assess exposure and
effects of stressors

* |t's about mixtures — We can no longer do single chemical
or single stressor risk assessments — there are multiple
compounds with similar modes of action (MOAs)

NN EZTEWVWTW=EERWETHYET , COTKEEKCECEHEIC
BT, PIRYELAELTITEEYEEEH TUONESTIIGLEN, EHDY
AVERFARNRETEIENVETH D, E—DILEVMEDIRIEZIFICER
ZEWTWV=DTIXEDHIEENSZETT,
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ok Remember what is good for the fish
is good for us too!
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