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What are You Going to Learn From
This Talk?

If You Don’t Sample Carefully, you will have a hard
time defending your conclusions

Hormone and Pharmaceuticals vary daily, and some

can vary weekly, seasonally, and on a decadal time
series

Data that can address long-term and seasonal
variability at WWTP are lacking




What Factors Affect

Pharmaceutical Concentrations?

Changes in PMF Formulation
Changes in Plant Technology
Diurnal Variability

Extreme Events CSO Discharges

Seasonal Occupancy/Depopulation of Areas (College
Students)




Causes of Variability innConcentrations
of Emerging Contaminants in
Wastewater

Sampling at Select WWTP between 2003-2013 allows
for long-term trend assessment of pharmaceuticals

Additional Sampling allows for assessment of
concentration variability on differing time scales

Use these data to assess factors affecting
pharmaceutical (and other EC) variability




Analytical Methods

For Trends work, used USGS NWQL Wastewater
Method

Wastewater Method Supplemented by added
Pharmaceuticals (Phillips and others, 2010; Zaugg and

others, 2014).

QA - Some low-level blank detects, replicate
differences around

In last few years, began use of NWQL Hormone and
new Pharmaceutical Methods




Use of New Methods

New Hormone Method Used in Phillips and others, 2012
(CSO Study)

New Pharmaceutical Method (SH2440) and Wastewater
Addon (LC8144) used in variety of Studies:

- PMF Study (described today)

-Septic System Studies in New England/New York
-Different Small Studies of Effluent/Influent that are
designed to characterize various time scales over

which Pharmaceutical concentrations vary




Study Desigh — Analytical Methods

LCgo17 (New Pharmaceutical Method)

Shi1433/LC8144 (Wastewater Indicators/Custom
Pharmaceutical Method)

LC 2433 (Filtered Hormones)

Number of Compounds

Consumer

Plant/Animal Biochemicals

Other Compounds




Approach: Al Pharmaceuticals Included
Will be Discussed, Using Small Print and No
Graphics, and you will hate me for it
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2010 PMF Study — Highest Pharmaceuticals
at PO3 (NY2), PO4 (NY3)

Environ. Sci. Technol. 2010, 44

Pharmaceutical Formulation
Facilities as Sources of Opioids and
Other Pharmaceuticals to
Wastewater Treatment Plant
Effluents

PATRICK J. PHILLIPS, *'

STEVEN G. SMITH,' D. W. KOLPIN,*
STEVEN D. ZAUGG,!

HERBERT T. BUXTON,"

EDWARD T. FURLONG,*

KATHLEEN ESPOSITO,* AND

BEVERLEY STINSON"*

US Geologtcal Survey, 425 Jordan Road, Troy, New York
12180, US Geological Survey, Box 25046, MS415, Lakewood,
Colorado 80225, US Geological Survey, 400 S. Clinton Street,
Towa City, lTowa 52244, US Geological Survey, Suite 206, 810
Bear Tavern Road, West Trenton, New Jersey 08628, AECOM,
605 Third Avenue, New York, New York 10158, and AECOM,
14504 Greenview Drive, Suite 400, Laurel, Maryland 20708

Received February 2, 2010. Revised manuscript received
April 15, 2010. Accepted May 3, 2010.

Over tt
theocc
identif
source
Improv
expanc
includi

n . Individual
75", Samples from
com 23 WWTPS

effects
acuic: @Cross the US
(12, 17
liferatic
researc
ceptibl
ecologi
protec!
The
ceutica
pharm
curren!
ing fac i
et B. Multiple Samples

g from WWTPs NY1,
NY2, and NY3

TOTAL CONCENTRATION, IN
MICROGRAMS PER LITER

—
—

© N o S

SN -_— o () o

NH o

T T TTTIT T T TTTI T T TTTI T TTTTII T TTTTTT

L R A S 2

— T3

I T O Y O W O 01 A I W A W1

— T} »

T TTTTI T TTTTI T TTTTI T TTTTIT

1

I Y 1Y W O A W W1

Explanation
Maximum
Concentration

Percentile /

20 ¢
75
25

10

Key Difference — National Study is One-Time

Sampling




Few Examples of Seasonal
Differences in Concentrations

PO3 Samples had highest
concentrations for some
Pharmaceuticals in Jan-
Mar; Due to Formulation?

Other sites showed
highest DEET
concentrations in
Summer
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Phase out of PMF at NY2

PMF phase-out announced January 2008
Production ceased January 2012

Did pharmaceuticals in effluent change?




NO2/P14: Decreases
Corresponding to PMF Shutdown

Carisoprodol Butalbital Similar
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NO1 Treatment Upgrade

Occurred in August-September 2007
Trickling filter media was changed
Rotating Biological Contactors added
Microfiltration added
Storm flow equalization tank added




NO1 — Decrease in Caffeine,-no Change in
Pharmaceutical Concentrations in Response to
Upgrade
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Effects of Upgrade at NO1 are
Noticeable in Downstream Reservoir

NO1 Caffeine P14/N02 Caffeine
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PO3— Decrease in Oxycodone since
2010, no Change in Methadone

Oxycodone Methadone
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December 2012 Diurnal

Experiment

Diurnal Variability Assessed at NO3,
December 2012

Grab, 24 hour composite, and 6x4
Hour Composites Both Influent and

Effluent

New Pharmaceutical Method,
Hormone Method used

Useful for Assessing New Methods
(Removal, Diurnal Variability)



High Diurnal Variability for Some
Pharmaceuticals

Variability in Diumal
Effluent Concentrations
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Effluent Diurnal Concentrations
Compound Dependent

Influent Diphehydramine Effluent
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Effects of Extreme Events -

.7 cm rainfall
—— Untreated Effluent
—— Treated Effluent

DISCHARGE,
IN LITERS/SECOND

10 |

Total Flow

2.6 mgd
5.3 mgd

24 hour composite —M8M8M8 >
1 | 1

Elevated Flows over a days/
>90% of

year account for
Hormone Loads
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Combined Sewer Overflows: An Environmental Source of Hormor
and Wastewater Micropollutants
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ABSTRACT: Data were collected at a wastewater treatment plant (WWTP) in

Burlington, Vermont, USA, (serving 30000 pecple) to assess the relative

contribution of CSO (combined sewer overflow) bypass flows and treated

wastewater effluent to the load of steroid hormones and other wastewater

micropollutants (WMPs) from 3 WWTP to a lake. Flow-weighted composite

samples were collected over a 13 month period at this WWTP from CSO

bypass flows or plant influent flows (n = 28) and treated eflluent discharges (1 =

22). Although CSO discharges represent 10% of the total annual water discharge (CSO plus treated plant effiuent discharg,
from the WWTP, CSO discharges contribute 40—90% of the annual load for hormones and WMPs with high (>90%) wastewal
treatment removal efficiency. By contrast, compounds with low removal efficiencies (<90%) have less than 10% of annual |
contributed by CSO discharges. Concentrations of estrogens, androgens, and WMPs generally are 10 times higher in CS
discharges compared to treated wastewater discharges. Compound concentrations in samples of CSO discharges genera)
decrease with increasing flow because of wastewater diution by rain&ll runoff. By contrast, concentrations of hormones
many WMPs in samples from treated discharges can increase with increasing flow due to decreasing removal efficiency.

® INTRODUCTION

Combined sewer overflows (CSOs) are present in the United
States,” Furope” and other parts of the world. CSOs include

Furthermore, CSOs constifute 3 more important soun
bacteria than treated WWTP discharges.'”
Benotti and Brownawell's model’ of CSOs as a sour
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combined collection system of sewa

in these combined systems can exc

(wastewater treatment plants) during stormflows so that

mixtures of untreated sewage and

o sainfall rumff Flow WP 10 an urban estuary indicates that CSO discharg

the capacity of WWTPs

have concentrations 10 or more times greater than tr
wastewater. This model predicts that lack of treatment is a
more important factor than dikution by rainfall runoff for

compounds with high removal efficiencies; thus, this model

stormwater runoff are



Observations about Sex and Drugs
Picked up over the Last Few Years




EE2 is not Commonly present in
Eflfuent

Concentration of Hormones and plant/animal biochemicals
Concentration,
in nanograms per Liter
o N
o N o
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17-alpha-Ethynyl estradiol - I— QO P11

Explanation
17-beta-estradiol

P12 — Site number for
outlier
Estrone -

@ Outlier concentration - from a wastewater plant receiving

pharmaceutical facility effluent, with a concentration greater
) than 5 times the maximum concentration from plants with no
4-Androstenedione - PMF dicharges.

. o Outlier concentration - from a wastewater plant receiving
cis-Androsterone -

pharmaceutical facility effluent, with a concentratoin
less than 5 times the maximu m concentration from plants
not receiving pharmaceutical facility discharges

@ Outlier concentration - from a wastewater plant not receiving
pharmaceutical facility effluent

3-beta-Coprostanol -

Cholesterol 4




New Method Shows Additional

Pharmaceuticals at Site Analyzed in

2010 PMF Study

Qultier Compounds at P04

Compounds Formulated at P04
and not Quantified in 2010 Study

Compounds Formulated at P04
and Quantified in 2010 Study

Concentration,
in nanograms per Liter
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Oxycodone A
Metaxalone A
Methadone -

Amphetamine -
Acetaminophen -
Hydrocodone -

Temazepam -

Chlorpheniramine —:D— @

@ P04 Outlier, >5x
O P04 Qutlier, >5x
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e Non P04 Outlier




Septic Sytems Are A source of Hormones to
Groundwater on Long Island (and New England
besides the Cape)
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Summary

Variability occurs on time spans over 24 hours to
multi-year

Phaseout of PMF formulation, WWTP Technology
changes cause variability over decade period

Shorter term (24 hour) variability ranges in influent
and effluent and extreme events (CSOs) can cause
high variability

Will get data back soon on effects of population
changes




Assessment of trends

It’s difficult & uncommon.

Requires
A consistent laboratory and analytical methods
Methods that are sensitive enough
A long and well maintained data set

fixed frequency sampling over all seasons

Sophisticated data analysis techniques, including a
censoring strategy.




Contact Information

Patrick Phillips
USGS - New York Water Sc1ence Center
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