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TOrC are compounds that are present in the environment at pg/

L to ng/L levels

Trace Organic Contaminants Microconstituents

Antibiotic
(TrOCs or TOrC)

resistance
genes

ndocrine disrupting
compounds

Steroid estrogens
Surfactants
PAHs
Phthalates
PCBs

Pesticides

Micropollutants

narticles

Contaminants of

emerging concern
(CECs)




Where have TOrC been found and where do they come from?

TOrC are found throughout the engineered and natural water cycle.
Some are naturally occurring.

Some are the product of human activity.
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Should we be concerned?
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To date, there is no direct evidence that TOrC
in water can pose acute toxic effects on
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Should we be concerned?

Proceedings of the National Academy of Sciences of the United States of America
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No laughing matter

Discovery of intersex fish

for Ghesapeake Bay Data suggest that accumulation of certain

Monday, January 29, 2007

grrrrr=gnen - [OrC could detrimentally impact wildlife
Mutations to Wildlife

By Greg Peterson, E Magazine
Posted on August9,2007, . ... __ _._ ______ __ ___.

High Prevalence of Vancomycin-Resistant Enterococci in
Swedish Sewage

Aina Iversen,'* Inger Kithn,! Anders Franklin,® and Roland Mallby?

Microbiology and Tumor Biology Center, Karolinska Fstituter, SE-171 77 Stockholm,” and Department of Aniibioiics,
National Veterinary Institute, SE-751 89 Uppsala,® Sweden




WRRFs act as a line of defense against direct output of TOrC to

the environment
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WRREFs designed for bulk carbon and pathogen reduction
More recently, there has been a focus on biological nutrient removal




How well does the existing biological treatment infrastructure
deal with TOrC?

Using endocrine disrupting chemicals as case study
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WERF 2006, Removal of Endocrine Disrupting Compounds in Water Redamation Processes

Removal ranges from 20 — 100% for some EDCs

Cannot use this information to accurately predict removal




Variability in TOrC removal results can be magnified if

consistent test procedures are not followed

Is this variability due to differences in technology?

OR
Is this variability a reflection of multiple testing conditions?
4 )
0% 20 40 60 80 100%
% Removil
E-Screen EEq (activity) I

ER-Yeast EEq I

(activity)

Ethinyl-estradiol I
Hstriol I
Estrone * I
NP * |
4tOP * |

Bisphenol A I
* Compounds in Eaton Study
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Our objective was to promote a method that would allow

researchers to answer fundamental questions about TOrC fate

Tier 1 - Screening investigations E> Does it/
Goal: Classify which compounds are readily transform or
biodegradable versus less readily biodegradable degrade?

v

Tier 2 - Biokinetic testing

E> How fast and to
Goal: Quantify the rate of removal to allow accurate what extent?
prediction of fate in activated sludge '

!

Tier 3 - Enrichment and acclimation How to enhance
Goal: Define conditions where less readily biodegradable |:> transformation/
substrates become readily biodegradable degradation?

Adapted from Grady Jr., 1984 Biotechnology and Bioengineering, Vol 27, pp 660-674




We used 5 well characterized TOrC in these investigations

Chemical Structure Use
17o-ethinylestradiol (EE2) Synthetic estrogen
C20H240,
Nonylphenol (NP)
CysHuO Q Surfactant
OH
SaIicy(I:icHAgid (SA) %ﬁ@ Analgesic and Antimicrobial
7M16V3 G
Trimethoprim (TMP) 0 _
C1aHisNJO; Q@* Antibiotic
Carbamazepine (CB2) DY o
T Antiepileptic
These TOrC were selected based on prior fate studies and
collaborator interest




We used a consistent method for probing biotransformation at

lab and full-scale

E and Bl

Consistent Consistent Consistent
conditions sampling analytical
for biology methods methods
Solid phase _
extraction with : S.»mgtJ_Ie
Short-term deuterated injection
ot standards method with
experiments
Y using HLB detutedratzd
cartridges stahdar




Results from Lab-Scale Experiments




We performing experiments with aerobic and anoxic

mixed cultures

Nitrifying activated sludge (NIT) — e
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Experiments were performed to answer two fundamental

questions

= Does the initial TOrC concentration to biomass ratio (S,/X;) have an
impact on the estimated pseudo-first order kinetic parameters?

= Does the presence of readily biodegradable substrate (rbCOD)
impact the estimated pseudo-first order kinetic parameters

Grab samples Stored frozen and
obtained at various shipped to SUNY

|
timepoints Buffalo
and B

. Samples filtered
Batch reaction through 0.22 um

vessel

LC-MS analyses on
=Aeration for NIT aqueous fraction
=No aeration for DNIT

Su, Khunjar and Aga 2014, Rapid Communications in Mass Spectrometry, 28 (11)
Su et al., 2014, Journal of Hazardous Materials (In press)




No statistical difference existed in estimated parameters

between tests at 1 mg/L and 0.0005 mg/L

10.0 - 10.0 -
. Nitrifying . Denitrifying
' lab culture ' lab culture
27 50 5.0 -

k
(L/g biomass as COD-day)

0.0 - w ;

SA TMP CBZ EE2 NP SA T™MP 674 EE2 NP

= SA, EE2 and NP more readily bio-transformed under aerobic
conditions

Su et al., 2014, Journal of Hazardous Materials (In press)




Readily biodegradable substrates can “suppress” TOrC

biotransformation

kbio (L/mg COD-day)
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Findings from lab-scale results suggests that biotransformation

of TOrC is linked to sorption

Kpio >1.5 05t01.5 <05
(L/g biomass as COD-day)
Vg
Biodegradability
Log K, High Medium Low
S .
>3.0 -E ngh EEZ, NP
()
i
e
250308 = Medium  SA TMP
O
."3_
<25 \ 5 Low CBZ
N
“readily”
biotransformable TOrC
Sorption of carbamazepine, 17a-ethinylestradiol, iopromide and trimethoprim
to biomass involves interactions with exocellular polymeric substances
Wendell O. Khunjar®!, Nancy G. Love ®* 2011 Chemosphere, 82 (6)




We modified an existing process model to include TOrC

sorption and biotransformation

> j 1
&
N
Organic carbon removal Nitrification TOrC r_emoval
P *Sorption
Denitrification ) )
) *Biotransformation
Bio-P removal

Model 1 — does not account for impact of roCOD

Model 2 — accounts for impact of roCOD




Utilizing these results, we simulated TOrC biodegradation using

a modified Biowin™ model

Nitrifiying Chemostat Denitrifiying Chemostat

600 600

M Actual M Model 1 W Model 2 M Actual B Model1 B Model 2
500 500

400 400

300

200

Steady State Effluent Cocnentration

100 A

SA TMP CBZ EE2 NP SA TMP cBz EE2 NP

Extended models predict steady state effluent concentrations for CBZ, SA
and EE2 (within 20% variance)

Less accuracy associated with TMP and NP




Lab-scale results indicate...

= Biotransformation rates were similar at high (1 mg/L) and low (0.0005
mg/L) TOrC concentrations

= Feasible to operate experiments at higher concentrations to aid with costs, analyses
requirements

= Presence of rbCOD can impact TOrC biotransformation rate

= Extended process model shows promise for describing C, N, P and
TOrC fate

Are results conserved in full-scale
applications?




Results from Full-Scale Experiments




Insights from Plant 1 batch testing
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ERTEE
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© /
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Q0
X 25 -
00 a T T T
SA TMP CBZ NP
= SA and TMP more readily biotransformed under aerobic
conditions
= NP more readily biotransformed under anoxic conditions




Insights from Plant 2 batch testing

From
preliminary
treatment

Primary
clarifier

To
disinfection

Secondary
clarifier

Primary
sludge

= SA and EE2 are more

mANA m ANX AER readily
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3 :
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Insights from Plant 3 batch testing

From
preliminary
treatment

Primary
clarifier

BOD Secondary Nitificati PR Tertiary Effluent T
) trification i 0
Aeration clarifier > | Niifcaton| Denitifcaton clarifier filters — dechlorination

|
s = SA, TMP, EE2 and NP are
more readily transformed

10.0 - B Stage A B NIT DENIT in the nitriﬁcation/
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= 5 | : : i
g7 = Little biotransformation
o observed in the high rate
. 2 activated sludge
£ 20 = Sorption dominates
(1°}
£
S
Q0
3 25 -

[
B .

SA TMP CBz EE2 NP




Results from short-term batch experiments provided additional

insight into TOrC fate

Biotransformation potential

Anaerobic Anoxic Aerobic
EE2 + ++ +++
SA o ++ +++
NP ++ ++ +
CBz + + *

* Trimethoprim biotransformation rates showed no preference for
anaerobic, anoxic or aerobic conditions




Modeling of TOrC fate at Plant 2 suggests that care must be

taken in assumptions regarding sorption

Prinjgry Secondary
clarifier clarifier

Primary WAS
sludge

From
preliminary
treatment

To

ANA|ANA | ANX| ANX| AER | AER 3
disinfection

M Actual
M Model without sorption
M Model with sorption

Steady State Effluent Cocnentration

SA TMP EE2 NP




Insights provided by the modeling exercise

kbio,TOrC

o Degradation
Conjugation Deconjugation

Sorp,T OorC

7N

Sorption Desorption




What we have learned...

= TOrC removal in biological reactors can be effectively described
using short-term batch experiments

= Batch tests should be performed in the presence and at the incident
concentration of the in-situ rbCOD to gauge accurate TOrC removal
kinetics

= Strategies that aim to enhance attenuation of SA and EE2 should
focus on maximizing the aerobic reaction time under carbon limited
conditions (HRT pgg cjimit)

= Efforts to maximize NP removal during wastewater treatment may
benefit from long anaerobic reaction times under carbon limited

conditions




Questions and Contact Information

Wendell O. Khunjar

Hazen and Sawyer, P.C.
wkhunjar@hazenandsawyer.com
(703)-267-2759







Our standardized protocol exploited existing knowledge on the
fate of synthetic compounds

Test conditions mimic redox conditions found in bioreactor
i.e. Aerobic, anoxic or anaerobic conditions

Representative biomass sample from studied system must be used

Test duration must not result in significant change in the
condition of the cells (3-6 hrs sufficient)

Initial substrate concentrations should not induce inhibition

Test should be fast and allow direct measure of removal

Sample preparation and analyses should be cheap

Ideal test should incorporate all of the above

MR396




Solid phase extraction method was consistent

throughout the study
Exhaust to Flow hood (if SPE High volume
reauired) adaptor
‘ \ 4
' SPE Cartridee
V L
B SPE Manifold

= Extracted acidified sample onto Oasis HLB 6c¢cc cartridges
= Cartridge preconditioned with methanol

= Deuterated standards spiked into matrix to account for extraction
efficiency




We developed a novel method to analyze for these 5 TOrC in

wastewater matrices

Su et al., 2014 (submitted), Rapid Communications in Mass Spectrometry

- MRM (141.00000 -> 63.09961) 100ppb new method-r001.d

0\ " o SA
y ' fn

+ MRM (300.00000 -> 123.09961) 100ppb new method-r001.d VP

+ MRM (247.20000 -> 204.09961) 100ppb new method-r001.d CBZ

- MRM (299.00000 -> 145.00000) 100ppb new method-r001.d

|‘ 12 2 _,\ EE2

- MRM (219.20000 -> 106.00000) 100ppb new method-r001.d

, |'| NP
' o)

Collaborators at SUNY Buffalo developed a method that allows
determination of 5 separate TOrC using single injection

Method allows for rapid quantification of TOrCs in wastewater matrix

Cuts sample requirements and costs associated with method




Inactivated controls were performed to account for

sorption

o

Batch reaction vessel

. Grab samples obtained S.PE and
Sodium atvarious timepoints shipment to
azide SUNY Buffalo

‘.

_,Ui—

Samples filtered
through 0.22 um

ds [_kbiO.TOrC]

dt 1+|K , X

XS

LC-MS/MS analyses
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Full-scale sampling was performed at the three

facilities from 2011 to 2012

Composite sampling Batch Testing
= 24 hr composite samples = Aerobic and Anoxic
= Filtered through 0.22 um filters conditions
= Solid phase extraction = Copper sulfate sorption

LC-MS/MS analyses performed controls




Our first detour...
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We modified an existing process model to include TOrC

sorption and biotransformation

Organic carbon removal TOrC removal

Nitrification )
P *Sorption
Denitrification ) )
) *Biotransformation
Bio-P removal
Vsorp = —k DS th Q
DO
VAER, TOrC = _kbio,TOrC,AER SZy, % + DO
0,bh
rbCOD
S
- _ k S Z Ko,bh NO3 - N kbjo,TOrC = kbio,TOrCmaX 1- »COD
ANX,TOrC bio,TOrC ,ANX bh Ko,bh + DO Kn03 + NO3—N +Kppc
r =—k,. SZ Ko K o3
ANA,TOIC bio,TOrC,ANA bh Ko,bh +DO || K, +NO3-N




