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When does waste water
become “water”?



WHO: 1975 Reuse Guidance

1. Bioassays suggested for
evaluating mixture toxicity from
organic contaminants

2. Development of cytotoxicity tests
based on mammalian tissue
cultures.

3. Encouraged the development of
on-line/continuous monitoring
systems.

4. Selection of biotoxicity
monitoring systems on their
response time and sensitivity to
micropollutants.




Source: http://lwww.hcn.org/issues/354/17227



Potential Contaminants




Biologicals are ACUTE Risks

VIruses




Chemicals are CHRONIC Risks




CHEMCATS 65,768,974 Commercially availlable chemicals

http://www.cas.org/

Snyder, S. A., Emerging Chemical Contaminants: Looking for Better Harmony. J.
Am. Water Works Assoc. 2014, 106 (8), 38-52.



Comprehensive Screening



We can detect anything,
anywhere...

But are we looking for the right things?



Expert Panel Input




Surrogates and Indicators

ftp://ftp.sccwrp.org/pub/download/ DOCUMENTS/CECpanel/CECMonitoringInCARecycledWater_FinalReport.pdf



Surrogates and Indicators

Potential health risks at levels
at/near occurrence

Provide information on
treatment efficacy and/or
represent broader classes

Bulk parameters that are indicative
of occurrence and/or attenuation of
substances/organisms

ftp://ftp.sccwrp.org/pub/download/ DOCUMENTS/CECpanel/CECMonitoringInCARecycledWater_FinalReport.pdf



Tiered Recycled Water Testing

Strategy




Indicator Example — Secondary WWTP

Faster transformation during

secondary treatment

Biotransformation (Ky, L/g-d)

Recalcitrant
<0.1

Higher sorption during
Sorption (log Ky)

secondary treatment

Sorptive Low

Effective

Carbamazepine
Meprobamate
Primidone
TCEP
Sucralose

<2.5

TCPP

2.5-3

Triclocarban

>3

Moderate Slow Rapid
0.1-10 >10
DEET Acetammpphen

Caffeine
Sulfamethoxazole
: : Naproxen
Gemfibrozil
lopromide Ibuprofen
Atenolol
Cimetidine Eenzophenoqe
Trimethoprim Diphenhydramine
Bisphenol A
Triclosan
Fluoxetine

WERF CEC4R08 — Tanja Rauch-Williams et al. 2013




)]
&)
-
)]
-
-
@)
&)
O
-
@)
s
©
O
©
-

Group Il Group IV

Group Il

Group |

Low
Concentration

Moderate

Concentration

High
Concentration

Very High
Concentration

10000 ng/L

] Very High

Low
1 ng/L

IHJ'gh
iMOderate

A
A

\

!

e ——— LR

L) L)
a2 e
QQO,C@‘*
0(3\}(?0\0
O B 2
ISR @q,

L1]

I

e —-}100 ng/L

1

1 L]
S
S

RN
&

-1

e e e~ -|'500 NG/l

10000+

10004

1004

(7/BU) Uonenuasuon punodwon




Indicators of
wastewater
influence
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Indicators for Treatment Efficacy

Physical/Chemical Properties




Analysis of Emerging

Contaminants in Water

Online SPE Method Direct Injection Method

1 L sample 1.5 mL sample 0.1 mL sample

0.01-10 10-100
ng/L ng/L




lon Suppression - Challenge!




lon Suppression — Conv. SPE




lon Suppression - OSPE




lon Suppression - LVI




Surrogates

Atenolol Removal (%)

Evaluation of UV/H,0, treatment for the oxidation
of pharmaceuticals in wastewater

Carbamazepine Removal (%)

Fernando L. Rosario-Ortiz", Eric C. Wert, Shane A. Snyder |




Surrogates - PARAFAC model

< Eight components of fluorescent organic
matters obtained by PARAFAC model >

< SEC chromatogram of CAP
water >




Basic Categories of Treatment

Separation Biological Oxidation




The Multi-Barrier Approach

?77?




Ozonation Example




Disinfection

E. Coli - Healthy Post-AOP

Sherchan, S. P.; Snyder, S. A.; Gerba, C. P.; Pepper, |. L. J. Environ. Sci. Health
Part A-Toxic/Hazard. Subst. Environ. Eng. 2014, 49 (4), 397-403.




Membrane Fouling Reduction




Indicator Oxidation

Pisarenko, AN et al.. Water Res. 2012, 46 (2), 316-326.



Fluorescence Surrogate Response

Control 1.5 ppm

3 ppm 4.5 ppm 6 ppm

Merel S, Anumol T, Park M, Snyder SA. J. Hazard. Mater. 2015 282:75-85



ANN Modeling for Ozone

Park M, Anumol T, Snyder SA. Water Research & Technology 2015, 1, 699-708



NDMA-FP with Ozone




Most DBPs Not Identified

Unknown 69.9%

T HNMs 0.5%
B HACEs 0.5%
B HKs 0.9%

B HALDs 1.8%
B HANs 0.8%

HAAs 11.8%

1 Halofuranones 0.1%
T lodoTHMs 0.2%

Nationwide Occurrence Study, Krasner et al., Environ. Sci. Technol. 2006,
40, 7175-7185.




GC-ICP/MS: DBP Formation

81Br 127)

<«— S/N = 200!

After Chloramine
Before Chloramine




Benzotriazole Transformation Products

m/z 118, 1H-benzotriazole
/ m/z 124, transformation

/ product

Intermediates and minor
products

H N
N
V/,

Y N

1H-benzotriazole

0,/ OH
v
0
a
H N, m/z124.01522 (meas.)
/N m/z124.01525 (calc.)
" " C,H3;N;0,
0

11,2,3-triazole-4,5-dicarbaldehyde

Mawhinney, DB, BJ Vanderford, SA Snyder. (2012) ES&T 46(13):7102-7111.




OZONE TREATMENT &

QTOF ANALYSIS OF UNKNOWNS

Searching for unknown in water

x10% +ES| BPC Scan Frag=100.0v Sample 5_01.d

. Chromatograms Very

MMJWH Smitar
] N

x +ES| BPC Scan Frag=100.0V Sample 1_01.d

Mne (1.5 ppm) Extraction of
] Y

Molecular Features
" Reveals thousands of

=
e =T

x10€ +ES| BPC Scan Frag=100.0% Sample 8 01.d

=

Ozone (3 ppm) compounds in each
. ETe—r—y chromatogram
4M
A
08 58 S 00 S .1 ‘ Further Data
4M Processing Requires
Specific Software

Merel, S.; Anumol, T.; Park, M.: Snyder, S. A., J. Hazard. Mater. 2014 In Press



OZONE TREATMENT &

QTOF ANALYSIS OF UNKNOWNS

PCA Plot for Different Ozone Doses

Untreated water

Ozonated water
(4.5 mg/L)

Ozonated water Ozonated water
(3 mg/L) (5.6 mg/L)

Ozonated water
(1.5 mg/L)

Although
chromatograms were
all similar for the
analyst

Software identifies
features able to
discriminate the

different water quality

Merel, S.; Anumol, T.; Park, M.: Snyder, S. A., J.

Hazard. Mater. 2014 In Press




Relevance?




Cells & Metabolomics

Credit: Dr. Fred Leusch — Griffith University, Australia



Cellular Bioassays




UV Transformation Products




3. Add indicator media,

AMESII test

.[Overnight culture 2. Transfer to 24-well plates
—
—
4. After 48h,
check the
results

Sample (in DMSO)
S9

Bacteria

Exposure media

transfer to 384-well plates
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Discovery of New DBPs
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Counts vs. Acquisition Time (min}

Red = Before MP UV
Green = After MP UV

91 92 93 94 95 96 97 98 99 10 10.1 102 10.3 10.4 105 10.6 107 10.8 109 11 111 11.2 113 114 115 116 11.7 118 119 12 121 122 12.3 124 125 126 12.7 128 129 13 13.1 13.2 133

LC-QTOF

GC-QTOF




Discovery of Novel UV

Transformation Products

Color by normalized abundance
Color range
B |
-15.8 a 15.8 ‘ ‘ — | — |=I|—_I_|

MP UV+CI2 MPUV Influent MP UV+BAC MP UV+BAC+CI2
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Software: Agilent Mass Profiler Professional (MPP)



Products of UV-treated retinoic acid (RA)

and their RAR activity

The mixture effect of
RA+oxo0-RA+OH-RA

T~

Remains unknown, under further
investigation in QTOF and MPP

/

Instrumentation:
1290-6540 LC-QTOF (Agilent)




Embryonic Assays




Today, Tomorrow, and Beyond







On-Line/Real-Time Sensor Network




The Ideal Sensors

Integration
from sample
pretreatment and
concentration to
sensing system

Activation,
Regeneration,
& Calibration

Of sensing probes

High-throughput
by distribution of
miniaturized sensors

Real-time

effectiveness

Practical
Application




Brosensor

Analytical device that combines a biological sensing

element with a transducer to produce a signal
proportional to the analyte concentration

microbeads for

. d .
ally code toring

roxicity mo



Smart Water Grid

¢ High-tech sensor-based monitoring



Sensors are

at the forefront of a
multidisciplinary science
that marries



The Absolute Certainties

1. More chems will be detected at lower concs.
a) ~15,000 new chemicals registered/day
b) Transformation products
2. Current chemical testing paradigm will fail
a) Does not account for mixtures
b) Animal testing slow, high doses, unpopular
3. Bioassays will be the way of the future (soon)
a) Step in the right direction for monitoring
b) Relatively Iin expensive and fast
4. Mass spectrometry is great, but...
a) Only detectable if ionized (and optimized)
b) Must consider GC, LC, and IC interfaces




Critical Research Needs

1. More validation of S&l approach at full-scale
2. More consideration of sampling bias
a) Diurnal, location, holding times, etc.
b) Especially in regard to bioassay methods
3. Rational discussion regarding appropriate
detection limits to better optimize methods
4. Screening of RO Brines for initial
characterization of contaminant occurrence
a) =5-10x concentration of source water
b) Passive samplers for bioaccumulation
studies and composite samples for
hydrophilic contaminants
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