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Water Reuse Treatment Technology

Direct potable reuse (DPR)

Indirect potable reuse (IPR)
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Potable reuse: treatment challenges

?
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Treatment technology and configurations
But first: treatment for what?

1) Pathogens

In CA (IPR):  
 10-log removal of Giardia
 10-log removal of Cryptosporidium
 12-log removal of enteric viruses
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Treatment technology and configurations
Aside: what is a log removal?

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 % = 1	 −
𝑁
𝑁!

	×	100%

(1 minus who’s left)
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Treatment technology and configurations
Aside: what is a log removal?

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 % = 1	 −
𝑁
𝑁!

	×	100%

(1 minus who’s left)

𝐿𝑜𝑔	𝑟𝑒𝑚𝑜𝑣𝑎𝑙 = −𝑙𝑜𝑔"!
𝑁
𝑁!
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Treatment technology and configurations
Aside: what is a log removal?

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 % = 1	 −
𝑁
𝑁!

	×	100%

(1 minus who’s left)

𝐿𝑜𝑔	𝑟𝑒𝑚𝑜𝑣𝑎𝑙 = −𝑙𝑜𝑔"!
𝑁
𝑁!

e.g., For 99% removal, N/N0 = 0.01, so:

𝑳𝒐𝒈	𝒓𝒆𝒎𝒐𝒗𝒂𝒍 = −𝑙𝑜𝑔"!
0.01
1

= −𝑙𝑜𝑔"! 10#$ = 𝟐
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Treatment technology and configurations
Aside: what is a log removal?

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 % = 1	 −
𝑁
𝑁!

	×	100%

(1 minus who’s left)

𝐿𝑜𝑔	𝑟𝑒𝑚𝑜𝑣𝑎𝑙 = −𝑙𝑜𝑔"!
𝑁
𝑁!

e.g., For 99% removal, N/N0 = 0.01, so:

𝑳𝒐𝒈	𝒓𝒆𝒎𝒐𝒗𝒂𝒍 = −𝑙𝑜𝑔"!
0.01
1

= −𝑙𝑜𝑔"! 10#$ = 𝟐

So 99% removal = ‘2-log’ removal, 99.9% = 3-log, etc
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Treatment technology and configurations
But first: treatment for what?

1) Pathogens

In CA (DPR):  
 14-log 10-log removal of Giardia
 15-log 10-log removal of Cryptosporidium
 20-log 12-log removal of enteric viruses
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Treatment technology and configurations
But first: treatment for what?

1) Pathogens

2) Chemicals: Much higher concentrations of synthetic 
chemicals in wastewater than natural water sources
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Treatment technology and configurations
But first: treatment for what?

1) Pathogens

2) Chemicals: Much higher concentrations of synthetic 
chemicals in wastewater than natural water sources

In CA (IPR):

 Must demonstrate 0.5-log removal of 1,4-dioxane

 Why? 

 Common WW contaminant
 Not well-removed by reverse osmosis
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Treatment technology and configurations
But first: treatment for what?

1) Pathogens

2) Chemicals: Much higher concentrations of synthetic 
chemicals in wastewater than natural water sources

In CA (DPR):

 Must also demonstrate 1-log (90%) removal of 
formaldehyde

 Why? 

 Toxic ozone byproduct
 Not well-removed by reverse osmosis
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First step: disinfection

 First of several steps to kill/remove pathogens
 Other reason: preventing membrane fouling

Disinfectants: Generally chlorine (bleach) or ozone 

IPR: “Full Advanced Treatment”
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After disinfection: membrane separation
 Usually microfiltration (MF) then reverse osmosis (RO)

Wastewater Treatment Drinking Water Treatment

Advanced Treatment

RO

MF

AOP

UV

Chlorine

IPR: “Full Advanced Treatment”
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Microfiltration: removes particles > ~1µm

RO

MF

AOP

UV

Chlorine

IPR: “Full Advanced Treatment”
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Microfiltration: removes particles > ~1µm
Reverse-osmosis: removes almost everything besides water

IPR: “Full Advanced Treatment”
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Microfiltration: removes particles > ~1µm
Reverse-osmosis: removes almost everything besides water

RO

MF

AOP

UV

Chlorine

IPR: “Full Advanced Treatment”
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Microfiltration: removes particles > ~1µm
Reverse-osmosis: removes almost everything besides water

but not everything

IPR: “Full Advanced Treatment”
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Microfiltration: removes particles > ~1µm
Reverse-osmosis: removes almost everything besides water
 but not everything

90% formaldehyde 
removal in draft CA 

DPR regs

IPR: “Full Advanced Treatment”
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After membrane, advanced oxidation process (AOP) to 
oxidize small compounds that pass RO

Examples of what passes RO: 
 NDMA, acetone, 1,4-dioxane

RO

MF

AOP

UV

Chlorine

𝐻!𝑂!
"#
	2	 ) 𝑂𝐻

H2O2 addition

IPR: “Full Advanced Treatment”
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Next step: advanced oxidation process

High hydroxyl radical reaction rate constants (k●OH) ensure 
removal of most chemicals during UV/AOP

RO
MF

AOP

UV

H2O2 addition

𝐻!𝑂!
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Wastewater Treatment Drinking Water Treatment

Ozone
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DPR: Adding two treatment steps
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Ozone
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RO AOP

UV

Ozone: disinfectant and oxidant
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Ozone
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RO AOP

UV

BAC: Post-ozone cleanup step
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+ à

Removes biodegradable chemicals

Works in tandem with O3: ozone breaks down large chemicals into ‘bite-sized’ pieces
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Final thought: DPR in CA vs. other states
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