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My goals for today

1. To provide an overview on contaminants of emerging concern
(CECs) and identify priority CECs

2. To describe analytical methods used to measure trace
concentrations of CECs in complex environmental matrices

3. To discuss our recent work on detection of CECs in
i. the Chesapeake Bay;
ii. urban watersheds; and,
iii. wastewater treatment plants
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CECs are present in water around the world
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Priority* CECs — endocrine disruptors
Estrogenic hormones — signaling molecules that affect reproductive
systems; can impact aquatic organisms at concentrations as low as 1-
10 ng/L; results in population crashes
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Priority* CECs — genotoxic personal care products

UV-filters — these molecules are present in most personal care
products (high loads); UV-filters exhibit estrogenic activity; recently
shown to be toxic to corals at < 100 ng/L

“Oxybenzone poses a hazard to coral reef conservation and threatens the
resiliency of coral reefs to climate change.” [Downs et al., 2015]
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Priority* CECs — a grand public health challenge

Antibiotics — sub-therapeutic concentrations of antibiotics elicit cell-
signaling responses; environmentally-relevant levels of antibiotics
exert a selective pressure for resistant organisms
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We measure a large suite of CECs...

...including fluoroquinolones, sulfonamides, tetracyclines, macrolides, estrogenic
and androgenic hormones, and UV-filters (sunscreens).

Estrone
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Sample pretreatment with Solid-Phase Extraction (SPE)

SPE serves two dominant purposes:
 Remove interferences
* Concentrate analytes
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SPE with LC-ESI-MS/MS
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Tandem mass spectrometry

(detects analytes)




Tandem MS provides high selectivity/sensitivity
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 MS/MS detection methods measure the transition from [MS-1] to [MS-2]

* Minimal noise/interference from other species (compared to bulk detectors)
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Now measuring 60-70 CECs in environmental samples

For the sake of brevity, full analytical Sas 1 7
methodologies are not included here =+
(estrogens/UV-filters in He et al., 2017 J.  <.. s,
Chromatogr. A; antibiotics, in prep).
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Occurrence of CECs in Maryland

(3) Wastewater
treatment plants
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Antibiotics in the Chesapeake Bay
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UV-filters and estrogenic hormones in the Chesapeake Bay

In spring 2017, we conducted a preliminary assessment of CECs
at 12 sites near Princess Anne, MD with assistance from the
Maryland Department of Natural Resources
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CECs accumulate in Chesapeake Bay oysters
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Current Chesapeake Bay sampling campaign

Sampling done in
conjunction with MDNR

Google Earth
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“We get what we measure”

Sampling campaigns for CECs focus on expected sites

* Kolpin et al., 2002 — “the selection of sampling sites primarily
focused on areas considered susceptible to contamination
from human, industrial, and agricultural wastewater.”

* Barnes etal., 2008 — “Site selection focused on areas
suspected to be susceptible to contamination from either
animal or human wastewaters (i.e. down gradient of a landfill,
unsewered residential development, or animal feedlot).”

There have been few efforts conducted in “unimpacted” streams
and watersheds.
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Sources of CECs — revisiting assumptions

Origins and Fate of PPCPs' in the Environment

Pharmaceautcals and Personal Care Products o

VS Lrvirommrentisl Protection Agery
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Wastewater leaks are common occurrences

IR D Spif Sends Thousands Of Gallons Of Sewage
‘ 00 Mariey Creek

The 2004 water quality
management plan stated,
“Sewage discharge into the
Gwynns Falls is a major
concern...Many sections of the
stream...are posted due to .
contaminated streamflow... : " Md. Bans Swimming, Flshing, Kayaking In
Continuous sewer leaks are imp Al sbo. ook
common occurrences in

Sewage Spil Prompts Deep Creek Lake
Restrictions

Baltimore CltV” ——— | Froderick Says Water Restored After Sewage

Literature indicates that sewer exfiltration can be as high as 10-
20% of dry weather flow; furthermore, larger leaks/spills occur
on a regular basis...
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We sampled unimpacted urban streams
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A wide variety of antibiotics were detected in water
TG Detection Maxirpum
frequency (%)  concentration (ng/L)
Ciprofloxacin 1.6 49
Ofloxacin 2.9 200
Azithromycin 4.5 13
Clarithromycin 5.7 280
Erythromycin 40.2 54
Roxithromycin 2.5 327
Tylosin 2.5 4.9
Sulfadimethoxine 3.3 7.1
Sulfadimidine 4.1 6.7 >MX N,O CHy
Sulfamethoxazole 37.3 71 0 \
Doxycycline 9.4 365 HZNO_ﬁ_NH
Methacycline 2.5 215 °
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Antibiotic detections varied by site/season

Summer - 2016

Site

POBR
BARN
GFGL
GFGB
MCDN
GFVN
DRKR
GFCP
GRGF

Fluoroquinolone

Macrolide

Sulfonamide

Tetracycline

Other

CIP | OFL | MOX

AZl

CLA | ERY | ROX | TYL

SCM | SDM | SDD | SMR | SMX

DC | MTC| OTC

SIL

Site

Winter — 2016
Fluoroquinolone Macrolide Sulfonamide Tetracycline Other
CIP | OFL [MOX| AZI | CLA | ERY | ROX| TYL | SCM|SDM | SDD | SMR| SMX| DC | MTC| OTC | SIL

POBR
BARN
GFGL
GFGB
MCDN
GFVN
DRKR
GFCP
GRGF
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CIp
OFL
MOX
AZI
CLA
ERY
ROX
TYL
SCM
SDM
SDD
SMR
SMX
DC
MC
MTC
oTC
SIL

Ciprofloxacin
Ofloxacin
Moxifloxacin
Azithromycin
Clarithromycin
Erythromycin
Roxithromycin
Tylosin
Sulfacetamide
Sulfadimethoxine
Sulfadimidine
Sulfamerazine
Sulfamethoxazole
Doxycycline
Meclocycline
Methacycline
Oxytetracycline
Sildenafil




Mapping antibiotics in Gwynns Falls watershed
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UV-filters are widely present in Gwynns Falls water

e RETTG Detection Maxirpum
frequency (%) concentration (ng/L)
17a-ethinylestradiol - -
Estradiol - -
Estrone 41.4 6.4
Oxybenzone 100 251
4-Methylbenzylcathinone 1.2 31
Octocrylene 100 168
Ethylhexyl methoxycinnamate 68 161
Homosalate 98 314
BP3 HMS
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Mapping UV-filters in Gwynns Falls watershed

Summer mean¥*

Winter mean*
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Estrogens and hormones accumulate in crayfish

Table 2
Concentrations (nR'g yophelized trsue) of analytes in the tisiue of 2guatic orpanuieng, Ervor is standard deviation (n=3), [He et G/., 2017]
Organism e £E2 B2 El B3 4-MEC OC EHMC HMS
Eastern crayfish BARN nd’ nd ad nd 214423 605290 635272 399 + 48
DR1 nd. ad ad 379244 3521212 50201 ad 1317
DR2 nd ad ad nd 53+ 10 71438 830451 63+ 43
DR3 nd. nd and 514222 9781 67103 ad 108+3
DR4 nd. nd ad nd 106417 113x6 ad 260+ 16
DRS 171216 ad ad 237 :03 124112 45104 ad 200 + 20
DRKR nd ad ad 205203 100418 34202 ad 776275
Ned ywamp crayfah AR 155408 nd ad 428451 nd 6403 ad 17447
Eastern oysier ARO nd, nd ad S1.7825 nd 215438 ad 21121
CBCR-2 nd nd nd 40675 ne nd 241 +£35 143+ 40
CBCR3 190212 nd nd 368225 nd 66107 155+ 20 561256
Hooked mvsyed CBCR-) 153207 55205 703+£32 15415 nd 144205 240+£1) 107 +4

* BARN, Baeman Run; DR1-5 Dead Kon Sites 1-5; DRKR, Dead Run 2t Frankintowns: ARD, Aquatic Research Orpanama: CBCR sites were located at the mouth of the Chester
River, Chesapeake Bay

' nd = not detected. BP3: 23.7i0.3 ng/g °

EE2:17.1 1.6 ng/g

(l) OH
CH,
CH,
HMS:399£48ng/g
CH,
(0]
CH4
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Antibiotic concentrations are reduced in WW treatment
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Some of our observed AB-to-AB transformations
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Concluding thoughts

1. Our work in the Gwynns Falls watershed shows that
nonpoint (or unexpected) sources can be significant
inputs of CECs in urban watersheds

2. CECs are widely present in Chesapeake Bay water,
sediment, and oysters and more monitoring studies are
required to better understand spatiotemporal trends

3. As CECs were specifically designed to cause biological
response, coupled chemical-response studies should be
conducted to investigate unexpected toxicity

- LOWER EASTERN SHORS - ——

i, re
- -

5 "’NW Oyster tissue

+ Dugeochemay Sraty Pty

A Ngarian Lome Pad e

& Boowrcs tin
Wt o bt o Ual e me

Chesapeake Bay STAC - December 5, 2017




My great team

Charles Portner Samina

b

L[l

avannah Steinly

- Josh B2oit

s

Hannah Aris




A special thanks

Funding sources

Environmental Protection Agency, P3 program

Maryland Industrial Partnerships

Maryland Department of Natural Resources

National Science Foundation, CAREER program

National Science Foundation, Environmental Engineering program
National Science Foundation, Environmental Sustainability program
National Science Foundation, Environmental Chemical Sciences program
National Science Foundation, INFEWS N/P/H20 program

Personal Care Products Council

UMBC Office of Undergraduate Education

UMBC Office of the Vice President of Research

US-Israel Binational Agricultural Research and Development Fund

USDA Forest Service
! I(ﬂ

ech

Maryland Industrial
Partnerships

g};‘!MARYLAND

DEPARTMENT OF

“ZZ——="NATURAL RESOURCES




Thanks for your attention

Any questions?

Lee Blaney

Department of Chemical, Biochemical and Environmental Engineering
University of Maryland Baltimore County
410-455-8608
blaney@umbc.edu

www.umbc.edu/blaneylab




