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A \Water, Reuse — Direct Potable

Membrane Reverse Advanced
bioreactor Disinfection osmosis oxidation
Wastewater :r:

" — o : ' Untreated
surface or
groundwater

Activated
Disinfection carbon UV disinfection Ultrafiltration Blending
tank
r - - ————— [——
To distribution
system
Figure 3-7
Schematic of Cloudcroft, NM DPR treatment process flow diagram
(Adapted from Livingston, 2008).




Any Agueous Liquid
Can Be Made Drinkable

Q

Simply a matter of safety, cost, and reliability...
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Indicator Example — Secondary WWTP
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Objectives

To show various physical and oxidative treatment
processes for CEC attenuation in water reuse applications

To demonstrate multi-barrier approaches for the
attenuation of CECs

To explore various monitoring tools including bioassay and
surrogate indicator approach to ensure treated water
gualities
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PHYSICAL PROCESSES




Physical processes

Activated carbon
adsorption

Membrane separation




Recovery based on mass balance (%)

Yoon, Y., Westerhoff, P., Snyder, S.A., Wert, E.C. and Yoon, J. (2007) Removal of endocrine disrupting compounds

CEC removal by NF
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NF membrane filtration

« Dow NF270-4040: CECs spiked in CRW
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Breakthrough curves
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Fig.|2 — Breakthrough curves for representative TOrCs in four wastewaters tested with the Log D, and charge indicated in ()
and [] respectively at pH: 7.5. +, Positive; —, Negative; o, Neutral.

Anumol, T., Sgroi, M., Park, M., Roccaro, P. and Snyder, S.A. (2015) Predicting trace organic compound breakthrough in granular activated
carbon using fluorescence and UV absorbance as surrogates. Water Research 76(0), 76-87.
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Surrogates for water quality

« Total fluorescence (TF) as a surrogate indicator of CEC

removal in PAC adsorption
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OXIDATIVE PROCESSES




A he Multi-Barrier Approach

Free Chlorine THMs, HAAs
Chloramines ] NDMA
None???

Bromate, NDMA




Oxidation of Trace Contaminants: Ozone




Disinfection

S-4800 10.0kV 9.6mm x18.0k SE(U) 3.00um

E. Coli - Healthy Post-AOP

Sherchan, S. P.; Snyder, S. A.; Gerba, C. P.; Pepper, I. L. J. Environ. Sci. Health

Part A-Toxic/Hazard. Subst. Environ. Eng. 2014, 49 (4), 397-403.
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Oxidation Kinetics of MIB/Geosmin

Removal of MIB/Geosmin by ozone oxidation

 MIB/Geosmin has similar removal rate at corresponding
applied ozone dose and contact time.
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Oxidation Kinetics of MIB/Geomin

®
EEM as surrogate indicator for T&O Oxidation
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Assessment of UV-AOP Performance on Selected TOrCs in Secondary Wastewater Effluent
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Merel, S., Anumol, T., Park, M. and Snyder, S.A. (2015) Application of surrogates, indicators, and high-resolution mass spectrometry to evaluate
the efficacy of UV processes for attenuation of emerging contaminants in water. Journal of Hazardous Materials 282(0), 75-85.



Online sensor in UV AOP
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UV AOP vs. Ozone AOP
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UV AOP vs. Ozone AOP
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UV Hypo system

Benefits (LP UV + NaOCl)

» Implementation does not require additional dosing equipment,

chemical storage or quenching
 The pH of RO effluent <6.5 is beneficial for the UV Hypo process

* Low pressure UV provides low OPEX




A Application of UV Hypo In IPR

Terminal Island in LA
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Removal of MIB in UV/CI,
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COMBINATION OF PRHYSICAL
AND OXIDATIVE PROCESSES




ne Reduces Membrane Fouling
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Decreased Fouling by Pre-Ozone

—- Brine without O,
—8— Brine with 1.8 ppm O,
—A— Brine with 7.5 ppm O,

| [ |
500 1000 1500 2000
Cumulative flux (LMH)

Normalized flux

0.2-

0.0-

—&- Brine without O4
—&— Brine with 1.8 ppm O,
—A— Brine with 7.5 ppm O,

I | | |
0 500 1000 1500 2000
Cumulative flux (LMH)




Modified Fouling Index (MFI)

Ozone reduced MFI value about 1.7 fold
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NDMA-FP with Ozone (West Basin)
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IScovery of New DBPs
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Monitoring Ozonation Through

Impact of Ozone on Water Quality
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Pilot plant test: various AOPs

®

Sample collection

Bar Oxidation
Screen _ Ditch
cl,

GV Sec

AOP Pilot ' ‘W \epECO MiPROT 8

)

Clarifier Chlorine

Green Valley WWTP

Bar

Screen Clarifier Biotower

Ch'loringm e s Xylem Wedeco pilot AOP
e 55 system

Influent

@ Sampling Point

Roger Road WWTP Soil-Aquifer Treatment \WATEREUSE




Analytical Chemistry VS Bioassay
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Known compounds
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Removal of GR Activity in Various

Treatments: Results
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Bioassay battery
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Toxicity attenuation during different water

reuse treatment techniques

BEQ reduction
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UV based treatment is good for GR removal,
Ozone: efficient for oxidative stress;
Chlorinatin could partially eliminate genotoxicity

new DBPs may
generated in AhR and
mutagenicity under UV

Efficient for
most activities

Water Research, 2015, 80, 1-11.




Multi-barrier approach
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CONCLUSIONS




Concluding remarks

The extent of CECs attenuation depends on physico-
chemical natures of individual CEC as well as the
characteristics of treatment processes.

Multi-barrier approach is required to secure water quality of
treated water against CEC.

Real-time online sensor for infallible treatment verification
can be achieved using surrogate indicators.

Bioassay screening would help to evaluate the integrated
biological effects.
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Q&A

Thank you!!!l
Any question???




	Attenuation of emerging contaminants in recycled water using physical and oxidative processes
	Slide Number 2
	NRC Report on Reuse (2012)
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Contaminants potentially detectable in reclaimed water
	Slide Number 9
	Basic Categories of Treatment
	Objectives
	Physical processes
	Physical processes
	CEC removal by NF
	NF membrane filtration
	Slide Number 16
	Breakthrough curves
	Application of fluorescence as surrogate for water quality
	Surrogates for Water Quality
	Slide Number 20
	Powdered activated carbon
	Effects of PAC dose and contact time
	CECs removal by PAC
	Surrogates for water quality
	Oxidative processes
	The Multi-Barrier Approach
	Oxidation of Trace Contaminants: Ozone
	Disinfection
	Easy to oxidize
	Difficult to oxidize
	Ozone
	Oxidation Kinetics of MIB/Geosmin
	Oxidation Kinetics of MIB/Geomin
	UV AOP
	Online sensor in UV AOP
	UV AOP vs. Ozone AOP
	UV AOP vs. Ozone AOP
	UV AOP vs. Ozone AOP
	UV Hypo system
	Application of UV Hypo in IPR
	Removal of CECs by UV/Cl2
	Removal of CECs by UV/Cl2
	Removal of CECs by UV/Cl2
	Removal of CECs by UV/Cl2
	Removal of CECs by UV/Cl2
	Removal of MIB in UV/Cl2
	Combination of physical and oxidative processes
	Ozone Reduces Membrane Fouling
	Decreased Fouling by Pre-Ozone
	Modified Fouling Index (MFI)
	Additive removal
	Byproducts formation
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Pilot plant test: various AOPs
	Slide Number 57
	Removal of GR Activity in Various Treatments: Results
	Bioassay battery
	Toxicity attenuation during different water reuse treatment techniques
	Multi-barrier approach
	conclusions
	Concluding remarks
	Acknowledgement
	Q&A

