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Our Many Names For Pollutants

Contaminants of
Emerging Concern

Micropollutants (organic micropollutants OMPs)

Trace Organic Contaminants (TOrCs)

Microconstituents

Pharmaceuticals and
Personal Care Products
(PPCP)




Where do they come from?




In the News — What Does it Mean?
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Seminal Study — They Are Everywhere

Environ. Sci. Technol. 2002, 36, 1202—1211

Pharmaceuticals, Hormones, and
Other Organic Wastewater
Contaminants in U.S. Streams,
1999—2000: A National
Reconnaissance

DANA W. KOLPIN*
U.5. Geological Survey, 400 S. Clinton Street, Box 1230,

lowa City, lowa 52244

EDWARD T. FURLONG

U.5. Geological Survey, Box 25046, M5 407,
Denver, Colorado 80225-0046

MICHAEL T. MEYER

U8, Geological Survey, 4500 SW 40th Avenue,

rarely exceeded drinking-water guidelines, drinking-water
health advisories, or aguatic-life criteria. Many compounds,
however, do not have such guidelines established. The
detection of multiple OWCs was common for this study, with
a median of seven and as many as 38 OWCs being

found in a given water sample. Little is known about the
potential interactive effects (such as synergistic or
antagonistic toxicity) that may occur from complex mixtures
of OWCs in the environment. In addition, results of this
study demonstrate the importance of obtaining data on
metabolites to fully understand not only the fate and transport
of OWCs in the hydrologic system but also their ultimate
overall effect on human health and the environment.

Introduction

The continued exponential growth in human population has
created a cerrespondmg increase in the demand for the

[ S [ EU, R | S | [ =0l = F.-cb =l SFL._.-= —_——— eat ol o



Seminal Study — They Are Everywhere

FIGURE 1. Location of 139 stream sampling sites.



100 T T T T T T T T T ™

S I —

BD' 1

60 .l

40 |

20 - .

Freguency of Detection (%)
]

[
L]
-
|

Total Concentration (%)
&
T
L

[ =]
—
L

FIGURE 4. Frequency of detection of organic wastewater contaminants by general use category (4A), and percent of total measured
concentration of organic wastewater contaminants by general use category (4B). Number of compounds in each category shown above
bar.



Do they have any impact?



Lake Experiment — Spike in Realistic Dose

Collapse of a fish population after exposure
to a synthetic estrogen

Karen A./Kidd**, Paul ). Blanchfield*, Kenneth H. Mills*, Vince P. Palace*, Robert E. Evans*,
James M. Lazorchak®, and Robert W. Flick*

-
‘ *Fisheries and Oceans Canada, Freshwater Institute, 501 University Crescent, Winnipeg, Manitoba, Canada R3T 2N6; and *Maolecular Indicators
I Research Branch, United States Environmental Protection Agency, 26 West Martin Luther King Drive, Cincinnati, OH 45268

Edited by Deborah Swackhamer, University of Minnesota, Minneapolis, MN, and accepted by the Editorial Board March 29, 2007 (received for review
- October 27, 2006)



Evidence for Fish Feminization
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Fig. 1. Mean = SE (n = 4-7) VTG concentrations in whole-body homoge-
nates of male {Lower) and female (Upper) tathead minnow captured in
1999-2003 from reference Lakes 114 and 442 and from Lake 260 before and
during additions of 5-6 ng-L~ ' of EE2 (low catches of fish in Lake 260 in 2004
and 2005 did not allow for these analyses in the latter 2 years of the study).




Eventual Collapse of Population
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Fig. 3. Length frequency distributions of fathead minnow captured in trap nets in reference Lake 442 {4) and Lake 260 (B) (amended with 5-6 ng-L ' of EE2

in 2001-2003) during the fall of 19992005, Distributions for each fall have been standardized to 100 trap-net days. Mean = SE daily trap-net CPUE data for adults
and juveniles for the fall catches are shown in the panels.



Nice experiment, but are there any
real world impacts?



Wastewater Influences Minnow Gender

Environ. Sci. Technol. 2008, 42, 3407-3414

Reproductive Disruption in Fish
Downstream from an Estrogenic
Wastewater Effluent

ALAN M. VAJDA,*'' LARRY B. BARBER,?
JAMES L. GRAY," ELENA M. LOPEZ,"
JOHN D. WOODLING," AND

DAVID O. NORRIS'

Department of Integrative Physiology, University of Colorado,
UCB 354, Boulder, Colorado 80309, and U.5. Geological
Survey, 3215 Marine Street, Boulder, Colorado 80303

Received August 17, 2007. Revised manuscript received
December 18, 2007. Accepted January 7, 2008.
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Micropollutants, with Designed
Biological Impacts,

Impact Biological Systems



Acute Toxicity - Chronic Low-level exposure

15



What about micropollutants in
biosolids?



Translocation of pharmaceuticals and personal care
products after land application of biosolids
Chad A. Kinney' and Brian Vanden Heuvel”

Wastewater
Biosolids

Studied:

# PPCPs in biosolids
* Transformation Product

17
Highlights of current understanding related to PPCPs in biosolids and plant uptake of PPCPs along with key knowledge gaps identified.



What micropollutants are in biosolids?



WATER RESEARCH 44 (2010) 658-668
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WATER RESEARCH 44 (20I0) 658-668
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The Broad Research Question

Do triclosan and triclocarban select for antibiotic
resistance genes in anaerobic digestion?

Why Do We Care?

Antibiotic resistance genes could subsequently be
released to the environment with biosolids




Research Approach



Lab Scale Digesters Amended with TCC

Carey et al., Environ. Sci. Technol. 2016, 50 (1), 126-134



Methane Production - Triclocarban
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Antimicrobials Concentration

- "
-
-~

s
’

’  This reactor set “died”

-
"

V4
', This>ctor set was uninhibited

--

Triclosan or Triclocarban
Concentration (mg/kg)

0 20 40 60 80 100 120
Days



Antibiotic Resistance Genes



mexB increases from TCS

Gene copies [mexB [ 16S rRNA]

Carey et al., Env. Sci: Proc. & Imp. 2016, 18, 1060-67



Key Finding:

Triclosan and triclocarban can select for antibiotic
resistance genes at environmentally relevant
levels in anaerobic digesters



Implications

» Consumer product chemicals are likely already
selecting for resistance in treatment systems

« TCS and TCC selected for a multidrug resistance gene
at concentrations between 30-850 mg/kg

Multidrug




FDA bans Triclosan and
Triclocarban from soaps

»
-{ﬁ’ U.5. Department of Health and Human Services

ipZY U.S. FOOD & DRUG

ADMINISTRATION

News & Events

AtoZIndex | FollowFDA | En Espsiiol

EE

Home | Food | Drugs | Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biologics | Animal & Veterinary

Cosmetics | Tobacco Products

of antibacterial soaps
e remaye s tnclocan gnd tnclocarhan from gyarthecoynter aotibacional band and bodu o ches

et et - N
FDA News Release Inquiries
FDA issues final rule on safety and effectiveness

Media

£ Andrea fischer

f sHare in UMKEDIN | @ PINIT | & EMAIL | & PRINT

For Immediate
Release

September 2, 2016

Release

Espafiol

The U.S. Food and Drug Administration today issued a final rule establishing that
over-the-counter (OTC) consumer antiseptic wash products containing certain
active ingredients can no longer be marketed. Companies will no longer be able to
market antibacterial washes with these ingredients because manufacturers did not
demonstrate that the ingredients are both safe for long-term daily use and more
effective than plain soap and water in preventing illness and the spread of certain
infections. Some manufacturers have already started removing these ingredients
from their products.

http:/

i 393

Consumers

. 888-INFO-FDA

Related Information

» Final Rule: Safety and
Effectiveness of Consumer
Antiseptics

» Antibacterial Soap? You Can
Skip It — Use Plain Soap and
Water

« Topical Antiseptic Products

.htm

« Handwashing: Clean Hands
Save Lives (CDC)



What next?






Triclosan Still in Top-Selling Toothpaste

Crest 3D White 180.7

— Colgate Total 178.7

Sensodyne 171.4

Sensodyne ProNamel 163.1

Colgate Optic White 143.8

Brand

Colgate

Crest

Colgate Max Fresh

Crest Pro—Health

Crest Whitening Plus Scope

0 25 50 75 100 125 150 175 200

https://www.statista.com/statistics/195650/leading-us-toothpaste-brands-in-2007-and-2008-based-on- Million U.5. dollars 33
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Triclosan Free Soap

first dci)chse”

Protecting your health and environment.

Antiseptic Foam

HAND SOAP

MOISTURIZES « LEAVES SKIN SOFT

Eliminates 99.999%

OF MOST COMMON GERMS THAT MAY CAUSE ILLNESS

8Afloz(50ml)  Evmenay
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[Active Ingredients

Benzalkonium Chloride

ARTEMIS

BIOSOLUTIONS

Purpose
Benzalkonium Chlofide 0.8 %....wu e Antimicrobial

Uses
m For washing hands to decrease bacteria on the skin
u Recommended for repeated use.

Warnings

= For external use only.

m Do not usein eyes. If contact occurs, flush eyes with water.

m Stop use and ask a doctor if irritation or redness develops.
If condition persists for mare than 72 hours, consult a doctor.

m Keep out of reach of children. If swallowed, get medical

help or contadt a Paison Control Center right away.

Directions

m Pump a small amourt of foaminto palm of hand.
 Rub thoroughly over all surfaces of both hands for15 seconds.
 Rinse with potable water.

Inactive Ingredients water, dinydroxypropyl PEGS
finlearmmorium chloride, alyret-2comale, behertimornium
chloride, dihydraxyet iyl cocamine oxide, fragrance

I‘93573

85137

Manufactured by Artemis BioSolutions
960 N. Industrial Dr., Ste. 4 Emhurst, 1L 60135. Made in USA.

D

first dcpchse

Protecting your health and environment.

Antiseptic Foam

HAND SOAP

MOISTURIZES « LEAVES SKIN SOFT

Eliminates 99.999%

OF MOST COMMON GERMS THAT MAY CAUSE ILLNESS

8.4floz(50ml)  tmeomeraly

35
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pubs.acs.org/journal/estlcu

Increased Use of Quaternary Ammonium Compounds during the

SARS-CoV-2 Pandemic and Beyond: Consideration of Environmental
Implications

Priya I. Hora, Sarah G. Pati, Patrick J. McNamara, and William A. Arnold™

Broad Spectrum

| Quaternary
| Disinfectant

P o] P

Cleaner
BLEACH-FREE 2 MIN. CONTACT TIME:

P — E.faecium

e b o ) reus

.aeruginosa
eeeeeeeeeee

i 1076200 8L
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Benzalkonium Chloride: Limiting Stressors?

FUERE

Long-Term Exposure to Benzalkonium Chloride Disinfectants Results
in Change of Microbial Community Structure and_Increased
Antimicrobial Resistance

Madan Tandukar,’ Seungdae Oh," Ulas Tezel, " Konstantinos T. Konstantinidis, "
and Spyros G. Pavlostathis™"

“School of Civil and Environmental Engineering and *School of Biology, Georgia Institute of Technology, Atlanta Georgia
30332-0512, United States

*The Institute of Environmental Sciences, Bogazici University, Bebek, Istanbul, 34342, Turkey
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MU Research

Envimnmental Pollubon 257 (2020) 113472

. s T : =
Contents lists available at ScienceDirect

R VIRORBAERTAL

POLLUTION

Environmental Pollution

journal homepage: www . elsevier.com/locate/envpol

Benzalkonium chloride alters phenotypic and genotypic antibiotic
resistance profiles in a source water used for drinking water
treatment™

i

Katherine R. Harrison ', Anthony D. Kappell , Patrick ]. McNamara®

Deparmment of Ovil Consruction and Environmental Engneering. Marguette University, Milwoukee, W1 LSA
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Fluorine

Updates on PFAS

40



Journal of Hazardous Materials 252-253 (2013)413-418

Contents lists available at SciVerse ScienceDirect

Journal of Hazardous Materials

R journal homepage: www.elsevier.com/locate/jhazmat

National inventory of perfluoroalkyl substances in archived U.S.
biosolids from the 2001 EPA National Sewage Sludge Survey

Arjun K. Venkatesan?, Rolf U. Halden2.b-*

2 Center for Environmental Security, The Biodesign Institute, Security and Defense Systems [nitiative, Arizona State University, 781 E. Terrace Road, Tempe,
AZ 85287, USA
b Department of Environmental Health Sciences, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD, USA

HIGHLIGHTS

® First study to report nationwide occurrence and concentrations of perfluoroalkyl substances (PFAS) in U.S. biosolids.
* Ten out of thirteen PFAS analyzed were consistently detected in all biosolids samples,

* PFOS was the most abundant PFAS in biosolids, followed by PFOA,

* Mean load of ZPFHSS in U.5. biosolids was estimated at 2749-3450 kg/year.

* PFASs in biosolids show no significant difference between pre- and post-phase out period,

41



PFAS found at ng/g in biosolids
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PFAS annual load less than other
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Short-chain PFAAs (C5 —C7 PFCAs and PFBS (C4))
can be generated from their precursors in AD

40 Isotope- i PFCAs i PFSAs Polyfluorinated B TWAS
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Compound
Formation and partitioning behaviour of perfluoroalkyl acids (PFAAs)

in waste activated sludge during anaerobic digestion

Yijing Li? Jennifer Braunig®, Guerrero C. Angelica® Phong K. Thai® Jochen F. Mueller®,
Zhiguo Yuan®*



Water Environment
Federation
the water qualty pecple”

Per- and polyfluoroalkyl substances in commercially
available biosolid-based products: The effect of
treatment processes

Rooney Kim Lazcano,"”" Chloé de Perre,' Michael L. Mashtare,>? Linda S. Lee"*?

mPFAAs < C6
OPFHxA

uPFOA
wPFOS

% wierll?

8 8 8 8 8 3 8

Concentration (pg/kg)

.............

10 }
o L Immmm__ fmmm
Heat treaiment Heat treatment  Blend (pre)  Blend (post)  Thermal Thermal Thermal Thermal
(pre) (post) hydrolysis (pre)  hydrolysis hydrolysis hydrol

pH95- (post pH95- >12)
T

Figure 1. PFAA loads (pg/kg, dry wt.) for the <2 mm particle size fraction of the samples. Pre: before post-treatment process (the Class A

or B biosolids) and post: after post-treatment process. PFAAs <C6 include PFBA and PFBS, and PFAAs >C8 include PFNA, PFDA, PFUdA,
PFDoA, PFTrDA, and PFTeDA.



Influent PFAS Load Matters

120 - OPFAAs < CG 3 333
OPFHxA S
i mPFOA
100 | mpPFos V'
g . | oPFAAs > CB
2 W0
s
g 50
o L
e
S
7
- [T

Class B blosolids from Compost 2016 biosolids Compost 2018 biosolids
2018

Figure 4. PFAA loads (ug/kg, dry wt.) for the <2 mm particle size
fraction of the Class B biosolids from 2018 from one municipal
water resource recovery facility (WRRF) and final composted 2016
and 2018 fertilizer products that contained Class B biosolids from
four different WRRFs. Only one source of the Class B biosolids
from 2018 was obtained and analyzed. PFAAs <C6 include PFBA
and PFBS, and PFAAs > C8 include PFNA, PFDA, PFUdA, PFDoA,

PFTrDA, and PFTeDA.
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* Practitioner points

Heat treatment and composting increased perfluoroalkyl acid (PFAA)
concentrations.

Only dilution from blending with non-PFAS material decreased PFAA
concentrations.

Thermal hydrolysis process had no apparent effect on PFAA concentrations.
PFAS sources are a greater driver of PFAS loads in biosolid-based products than
treatment processes.

47



We know micropollutants are in
biosolids — are there technologies
to get rid of them?



Pyrolysis: Heating Without Oxygen

Biomass

* Wood .
-Switchgrass  PY-9as (5-30%)

Bio-oil (20-50%) fa

Biochar (~50%)



Pyrolysis removes micropollutants from biosolids




Pyrolysis removes micropollutants from biosolids
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Ross J.J., Zitomer, D.H., Miller, T.R., Weirich, C.A., McNamara, P.J. 2016. Emerging investigators series: pyrolysis removes
common microconstituents triclocarban, triclosan, and nonylphenol from biosolids. Environ. Sci.: Water Res. Technol (2)
282-289.



Pyrolysis removes micropollutants from biosolids
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Mat. 317, 579-584



iversity on 2/25/2021 3:07:38% PM.

Pyrolysis for removal of PFAS

Environmental
Science ™ o OYAL SOCIETY

Water Research & Technology s OF CHEMISTRY

P APE R View Article Online

View Journal

W cneckiorupdates  Removal of PFASs from biosolids using a semi-
pilot scale pyrolysis reactor and the application of
biosolids derived biochar for the removal of PFASs
from contaminated waterf

Cite this: DOL 10.1039/d0ew0 0763

Sazal Kundu, @2 Savankumar Patel, 2 Pobitra Halder, 2 Tejas Patel, {4

Mojtaba Hedayati Marzbali, ©° Biplob Kumar Pramanik, ©° Jorge Paz-Ferreiro, (9°
Cicero Celio de Figueiredo, ©° David Bler-‘:;rn::mﬂ,d Aravind Surapaneni, Qe
Mallavarapu Megharaj (2™ and Kalpit Shah {0 *3
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Pyrolysis removes PFAS to below
detection limit in biochar

15 1.25
® Biosolids po
= = Biosolids (value below the marker) "E
< o | _ | = Biochar (value below the marker) 1100 =
? - = Scrubber water (value below the marker) z -‘é
)] ~
s 2
o 9 0.75 ¢
“2 :
2 s
w 6 050 2
2 £
0 3 025 &
&) : . g
; c
: _ o
é ; . o
0 : = 0.00
g 2 2 8 2 2§ EEEE
o ™ o
E * S EEE*Q?RoEE

Fig. 8 PFAS concentration data for biosolids (ug kg™), biochar (ug
kgt) and scrubber water (Lg LY. Columns with markers represent
values less than the marker values (see detailed data in Table S11).
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Can changes be made to conventional
treatment to improve removal?

The upgrade [from trickling filter to activated sludge] of the
WWTF resulted in improved removal efficiency for many
endocrine-disrupting chemicals, particularly 173-estradiol
and estrone, and fish exposed to the postupgrade effluent
iIndicated reduction in endocrine disruption relative to
preupgrade conditions
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What if we mitigate discharge?

Results from this whole-lake experiment demonstrate that
fish can recover from EE2 exposure at the biochemical
through population levels, although the timelines to do so are
long for multigenerational exposures. These results suggest
that wastewater treatment facilities that reduce discharges of
estrogens and their mimics can improve the health of
resident fish populations in their receiving environments.
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