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My goals for today

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

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

3. Todiscuss our recent work on detection of CECs in
i. the Chesapeake Bay;
ii. urban watersheds; and,
iii. wastewater treatment plants

Chesapeake Bay STAC - December 5, 2017 2







CECs are present in water around the world
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Emnet et al., 2015
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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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Fig.3. Length frequency distributions of fathead minnow captured in trap nets in reference Lake 442 {(A) and Lake 260 (B) (amended with 5-6 ng-L " of EE2
in 2001-2003) during the fall of 1999-2005. Distributions for each fall have been standardized to 100 trap-net days. Mean + SE daily trap-net CPUE data for adults [K|dd et al 2007]
and juveniles for the fall catches are shown in the panels, Y
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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

Asia
Europe ; o
* Thailand: > 140 000 ARB
= EU:ARB costs socisty ~ €1.5 brvyr™ infactionsAyr and 30,000/
& 600 million days of lost patients die; 2 bn in productivity
productivity. lossasfyr.*?
* Russia: ARB a msjor concem™ with * Japan: Bxtansive levels of ARB found
83.6% of families imprudently use in Tokyo's urban watershad ™
2 antibiotics at homa &'
North Amenca * China: Extreme over-prescription of
g antibiotics™ and rapid growth rate of
« USA:ARB causss majority of Middle East ARBZ,
99,000 deathsdyr from infections i
acquired in hoepitals.®® & North Afnca * India: Within 4 years (02-06) ARE
= USA: Health care costs of ARB are = Egypt 38% of blood infactions went from being resistant to 7, to 21
US$21-34 br/yr.=e contracted by young cancer patients drugs.*
are fromARB.™ * Vietnam: Farming practices
* lsrael: ARB found fatal in ~ 50% contrbuting to spread of ARB
casss when resistant to our strongest  through environmental
antibiotics £ contamination.™
South America * Pakistan: 71% of infections in
x nemboms are from ARB .
* Peru, Bolwvia: > 51% of haspital Sub-Saharan Africa
infections caused by ARB.*™
S * Tanzania: Death rats of ARB infected
* Brazil: Rates of ARB are up >60%.™ chidren are double that of malaria.®®

= Nigeria: Rapid spread of ARB that
came to Africa from Asia.®?

Antarctica
* ARB found in Antarctic animals &

water samples.® [WE F, 20 13]
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We measure a large suite of CECs...

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

Chesapeake Bay STAC - December 5, 2017

12




Now measuring 60-70 CECs in environmental samples
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Occurrence of CECs in Maryland
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(3) Wastewater
treatment plants
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Antibiotics in the Chesapeake Bay

Azithromycin (AZI) 2.7+0.5
Clarithromycin (CLA) 9.7+0.6
Difloxacin (DIF) 09+0.1
Enrofloxacin (ENR) 17.8+1.3
Norfloxacin (NOR) 94.1 £28.1
Roxithromycin (ROX) 59+0.0
Sulfamethoxazole (SMX) | 14.8 +3.8

Map credit: Anne Timm (USFS)
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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

Oyster tissue |
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Current Chesapeake Bay sampling campaign
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Sampling done in
conjunction with MDNR
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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 et al., 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

Pharmaceuticals and Personal Care Products e, | U.S.Environmental Protection Agency
3 o =, | Office of Research and Development
;5; &ﬂ & | National Exposure Research Laboratory

Environmental Sciences Division
Environmental Chemistry Branch
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Wastewater leaks are common occurrences

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...
Continuous sewer leaks are
common occurrences in

. ) .
Baltimore City”. e | Frederick Says Water Restored After Sewage

) -“7' W Spill Sends Thousands Of Gallons Of Sewage

Into Marley Creek

-\cS!derIR near Mariey Creek in Anne Arundel County are being
warned to stay away from the creek after a large sewage spill
sends tens of thousands of gallons of sewage into the water

Sewage Spill Prompts Deep Creek Lake
Restrictions

Garrett County officials say about 36,000 gallons of sewage
spilled into a creek that flows into Deep Creek Lake

Md. Bans Swimming, Fishing, Kayaking In

Patapsco River Due To Sewage Spill

ll Tens of millions of gallons. That's how much raw sewage has
flowed into the Patapsco River this week

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
Compound Detection Maximum
| 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 SMX o _cng
Sulfamethoxazole 37.3 71 5 N< /
Doxycycline 9.4 365 HZN_@Q___NH
Methacycline 2.5 215 3
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Summer —2016
it Fluoroquinolone Macrolide Sulfonamide Tetracycline Other,
€ CIP | OFL | MOX| AZI | CLA| ERY | ROX| TYL | SCM|SDM | SDD | SMR| SMX| DC | MTC| OTC | SIL
POBR
BARN CIP Ciprofloxacin
GFGL OFL  Ofloxacin
GroB MOX Moxifloxacin
MCDN
GFVN AZI Azithromycin
DRKR CLA  Clarithromycin
GFCP .
GRGE ERY  Erythromycin
ROX  Roxithromycin
TYL  Tylosin
SCM  Sulfacetamide
Winter — 2016 SDM  Sulfadimethoxine
Site Fluoroquinolone Macrolide Sulfonamide Tetracycline Other] SDD  Sulfadimidine
CIP | OFL | MOX| AZI | CLA | ERY | ROX| TYL | SCM|SDM | SDD | SMR| SMX| DC | MTC| OTC | SIL SMR Sulfamerazine
POBR
BARN SMX  Sulfamethoxazole
GFGL DC Doxycycline
GroB MC  Meclocycline
MCDN
GFVN MTC Methacycline
DRKR OTC  Oxytetracycline
GFCP . _
GRGE SIL  Sildenafil
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Mapping antibiotics in Gwynns Falls watershed
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UV-filters are widely present in Gwynns Falls water

comenn Detection Maximum
fr ) conc g/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 (ng/g lyophilized tissue) of analytes in the tissue of aquatic organisms. Error is standard deviation (n=3). [He etal., 2017]
Organism Site? EE2 E2 E1l BP-3 4-MBC 0C EHMC HMS
Eastern crayfish BARN nd?® nd. n.d. nd. 214+23 60.6+9.0 63.5+7.2 399 +48
DR1 n.d. n.d. n.d. 37.9+44 352+12 5.0+0.1 n.d. 113+7
DR2 nd. n.d. n.d. nd. 753+11 37.1+39 83.0+5.1 263+43
DR3 nd. n.d. n.d. 51.4+22 97.8+11 6.7+0.3 n.d. 108+3
DR4 nd. n.d. n.d. nd. 106 +17 113+6 n.d. 260+16
DR5 17.1+1.6 n.d. n.d. 23.7+03 112+12 45+04 n.d. 201+20
DRKR nd. nd. n.d. 205+0.3 190+ 18 34+0.2 n.d. 776+7.5
Red swamp crayfish ARO 15.5+0.8 n.d. n.d. 428+5.1 nd. 26+03 n.d. 174+7
Eastern oyster ARO n.d. n.d. n.d. 51.7+25 n.d. 21.5+3.8 n.d. 211+21
CBCR-2 nd. n.d. n.d. 406+7.5 nd. n.d. 241 +35 143 +40
CBCR-3 19.1+1.2 n.d. n.d. 36.8+25 n.d. 6.6+:0.7 155+20 56.1+5.6
Hooked mussel CBCR-3 15.3+0.7 155+0.5 703+3.2 354+1.5 nd. 14.4+0.6 240+13 107 +4

a2 BARN, Baisman Run; DR1-5, Dead Run Sites 1-5; DRKR, Dead Run at Franklintown; ARO, Aquatic Research Organisms; CBCR sites were located at the mouth of the Chester
River, Chesapeake Bay.
b n.d.=not detected.

= BP3:23.710.3 ng/g 9
EE2:17.1 1.6 ng/g
cl)";ﬂ \OH
CH,
CH,4
HMS: 399 + 48 ng/g
(0]
L cy
o -~
CHj,
~\\OH
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Antibiotic concentrations are reduced in WW treatment

10000 |
B Downstream SW
m WW Effluent

P B Raw WW

100

Fluoroquinolone concentration (ng/L)

. . I

Total CIp MOX OFL

Fig. 2. Box-and-whisker diagram of FQ concentrations in raw wastewater (red),
wastewater effluent(blue), and downstream surface water(green). (Black diamonds
indicate mean concentrations; triangles indicate FQ concentrationsin raw wastewa-
ter and wastewater effluent from the large WWTP:; circles indicate FQ concentrations
in raw wastewater from the small WWTP; WW = wastewater; SW = surface water.)
(For interpretation of reference to color in this figure legend, the reader is referred
to the web version of this article.)

[He et al., 2015]
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[FQ], =
1378 ng/L

[FQ)y =
966 ng/L

[FQ]r -
497 ng/L

(FQ); =
474 ng/L

[FQ}, =
51ng/L

Fractional composition of total FQ mass concentration

Raw WwW RAS DFI WW Eff swW

Fig. 4. Normalized column plot showing the relative fraction of each FQ present
in different wastewater compartments. (Aggregate concentrations from sampling
campaign were used to find the fractional composition; the averaged total mass
concentration of FQs is indicated above each column.)
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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 TR Lg Siroam Flow Gages
EG @' New Stream Flow Gages

nonpoint (or unexpected) sources can be significant : - Sasngn Jon Gages
. . A
inputs of CECs in urban watersheds

vyﬂnhroik) |GFGB)

2. CECs are widely present in Chesapeake Bay water, e
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 | Bieaeochemica study iots

A Riparlan Zone Plezometers

conducted to investigate unexpected toxicity e oo iacst Sixilans
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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




