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Everyone deserves clean water.



Ancient Rome invented plumbing 

and had the same problems.



The UK can provide a glimpse 

into our future problems.



Cause & Effect

https://www.nbcnews.com/think/opinion/rampage-suggests-humans-who-mess-nature-are-real-monsters-too-ncna865226



Revised US Lead & 
Copper Ruleé

https://www.ecfr.gov/current/title -40/chapter -I/subchapter -D/part -141/subpart -I/section -141.82#p-141.82(c)(2)(v)

ñThe water system must evaluate the effect of the 
chemicals used for corrosion control treatment on 
other drinking water quality treatment processes.ò



Dangerous

Chemicals

Expensive

Chemicals

Disinfection

Byproducts

Low Chlorine 

Residuals

A study cited by EPA concluded 

as much as 35% of the 

phosphorus load on wastewater 

plants comes from corrosion 

control products for drinking water  

Extra Pumping & 

Electrical Cost

Phosphorus 

Discharge

Utilities should minimize use and 

potential exposure to dangerous 

chemicals, such as phosphoric 

acid, sodium hydroxide & calcium 

hydroxide

ñIn cases where more than one 

treatment option can meet OCCT, 

systems may want to consider 

cost factors.ò

-EPA, 2018

When pipe wall arenôt clean, it 

takes more energy to pump 

the same amount of water, 

leading to excess cost and 

premature equipment failure 

When low residuals are 

encountered, more chlorine is 

added which leads to oxidizing 

more organics, which leads to 

excess disinfection byproducts 

Corrosion of infrastructure 

leads to iron in the water, 

which reacts with chlorine 

resulting in lower residuals

Optimal Corrosion Control Treatment Evaluation Technical Recommendations for Primacy Agencies and Public Water Systems (epa.gov)

https://www.epa.gov/sites/default/files/2019-07/documents/occtmarch2016updated.pdf


The Corrosion Story

SEAQUEST



Corrosion Process Refresher

Cathodic Protection? 

Anodic Protection?

Oxygen Barriers?

Coatings? 

Sac. Anodes? 

Charge?

https://en.wikipedia.org/wiki/Cathodic_protection



Building Mineral Scale is the Answer! é.

pH Control = Carbonate Scale

Ortho/Zinc Phosphate = Phosphate Scale

Blended Phosphate = Phosphate Scale 

Silica = Silica Scale 



Building mineral scale 

is complicated



ñScale can be very complex in practice.ò

ñVariety of scale coatings analyzed at EPA: 

heterogeneous, several layers, amorphous, 

many constituents.ò

-Chemistry of Lead Corrosion and Release; 

EPA Small Drinking Water Systems Webinar, Feb 2021; S. Triantafyllidou



-Chemistry of Lead Corrosion and Release; EPA Small Drinking Water Systems Webinar, Feb 2021; S. Triantafyllidou

How Scale Theoretically Works



-Chemistry of Lead Corrosion and Release; EPA Small Drinking Water Systems Webinar, Feb 2021; S. Triantafyllidou

What Actually Happens



Building Scale 

to Control Corrosion

Theoretically is Possibleé

Practically is Difficulté

Only Works on Clean Pipe in Static 

Conditionsé



Both Pb(+4) oxide and 

Pb3(PO4)2 are insoluble. 

Why add Orthophosphate?

-Chemistry of Lead Corrosion and Release; EPA Small Drinking Water Systems Webinar, Feb 2021; S. Triantafyllidou

3Pb+2 +2PO4
-3

Pb+4 Pb(+4) oxide

Pb3(PO4)2

Unreacted Pb(+2) is soluble and 

dangerous. 



Orthophosphate is not a corrosion inhibitor. 

Lead corrodes, and orthophosphate is used to 

control the harmful byproducts (Pb+2) by 

reacting with them and becoming insoluble.



-Review of Iron Pipe Corrosion in Drinking Water Distribution Systems; McNeill, Edwards; 2001

ñThe majority of distribution system pipes are composed of iron

material: cast iron, ductile iron and steel.òIron corrosion byproducts are 

different than lead.

Tubercles are formed (rust), which is 

comprised of metal, minerals and 

organic material.

Any scale building corrosion 

technology (carbonate index 

calculations, orthophosphate, silica, 

etcé) does not work because the 

metal surface is not clean and the 

water chemistry is dynamic. 

This fundamental problem impacts 

many other areas of water 

treatment.



Holistic Impacts of Corrosion 

Control

HOLISTIC



Why do we raise pH?

ÅWater is naturally more corrosive at lower pH

ÅAlkalinity also affects waterôs ability to corrode or create scale

Å If water has high hardness; then pH is raised to cause calcium carbonate precipitation

Å Hardness is primarily the sum of calcium and magnesium in water

https://www.epa.gov/sites/default/files/2016-03/documents/occtmarch2016.pdf

https://faculty.washington.edu/markbenj/CEE483/Opflow_2000-06%20corrosion%20control.pdf

ÅOrthophosphates work by binding or coordinating the metals 

into their structures so they cannot precipitate

Å Orthophosphates have a minimum pH of 7.2; most plants 

operate between 7.5 ï8.2

Å pH can be volatile throughout a distribution system due to 

dissolved oxygen and typically varies

Å pH can also be difficult to properly measure and verify 

across different instruments

https://www.epa.gov/sites/default/files/2016-03/documents/occtmarch2016.pdf
https://faculty.washington.edu/markbenj/CEE483/Opflow_2000-06%20corrosion%20control.pdf


ÅBetween pH 5 ï10 hypochlorous acid (HOCl) and hypochlorite ion (OCl) disassociates

Å At pH 7: 78% is HOCl and 22% is OCl

Å At pH 8: 78% is OCl and 22% is HOCl

Å At pH 7.5: a 50/50 relationship exists

Å In terms of effectiveness against bacteria; HOCl is a .44 caliber bullet and OCl is a .22

ÅBacteria have an external slime coating that must be penetrated by disinfectant to effectively kill the cell

https://www.tpomag.com/editorial/2013/11/which_side_of_the_curve_am_i_on

Why is chlorine less effective above pH 7.5?

https://www.tpomag.com/editorial/2013/11/which_side_of_the_curve_am_i_on


How does corrosion influence disinfection byproducts?

Mayer, B.K., Ryan, D.R. (2017). Impact on Disinfection Byproducts Using Advanced Oxidation Processes for Drinking Water Treatment. In: Gil, A., Galeano, L., Vicente, M. (eds) Applications of Advanced 
Oxidation Processes (AOPs) in Drinking Water Treatment. The Handbook of Environmental Chemistry, vol 67. Springer, Cham. https://doi.org/10.1007/698_2017_82

Corrosion of infrastructure 

Contribute metals (typically 

iron) into the water 

Oxidizer consumption 

Reduced chlorine residuals

Increased oxidizer use 

Increased DBPs



Å The Stage 1 DBPR was published in the Federal Register on December 16, 1998, and the Stage 2 

DBPR was published in the Federal Register on January 4, 2006

Å DBP have been linked to liver, kidney, central nervous system problems, and reproductive effects

https://www.epa.gov/dwreginfo/public-water-systems-disinfection-byproducts-and-use-monochloramine

Why do we add Ammonia?

ÅMonochloramines produce lower concentrations of 

regulated DBP because it is less reactive with natural 

organic matter

Å The formation of disinfection byproducts is influenced by 

source water type and the type of disinfection used.

Å Formation can vary daily with the amount of natural 

organic material in the water, temperature, rainfall, and 

distance from the treatment plant or other factors 

influencing water chemistry.

https://www.epa.gov/dwreginfo/public-water-systems-disinfection-byproducts-and-use-monochloramine


Å Ammonia + Temperature + Oxygen + Bacteria = Nitrification

Å Nitrification results in undesirable loss of disinfectant residual

Å Heterotrophic bacteria growth is increased

Å This causes adverse affects on water quality, causing taste, 

odor, and health issues

ÅOptimum pH range is 8.0 ï 8.5

What about Nitrification?

Review of Nitrification Monitoring and Control Strategies in Drinking Water System - PMC (nih.gov)

https://www.tceq.texas.gov/drinkingwater/disinfection/nitrification.html

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8997939/#%3A~%3Atext%3DNitrification%20is%20a%20major%20challenge%2C%2C%20odour%2C%20and%20health%20issues
https://www.tceq.texas.gov/drinkingwater/disinfection/nitrification.html


The link between weak oxidation and lead

-Chemistry of Lead Corrosion and Release; EPA Small Drinking Water Systems Webinar, Feb 2021; S. Triantafyllidou

Weak oxidation 
from the switch to 
chloramines was 
responsible for 
the Washington 
DC ñlead-in-water 
crisisò from 
2001-2004



Remember Pourbaix Diagrams?
Å Describe conditions in which metals 

oxidize, and which oxidation species 

(scale) is most common across pH and 

voltage potential of the bulk water

Å Eh = the energy potential of the 

electrolyte solution (in our case, 

the water). Stronger oxidation = 

higher Eh potential (or ORP 

potential)

Å Newark NJ example of passive scale 

changing due to water chemistry 

changing (including nitrification)

-Chemistry of Lead Corrosion and Release; EPA Small Drinking Water Systems Webinar, Feb 2021; S. Triantafyllidou

Goal should be to stabilize pH in the 

distribution system (avoid swings) and hold 

high levels of chlorine (strong oxidation)



Workplace EHS Should be Considered

Phosphoric  acid  burns

https://www.sciencedirect.com/science/article/pii/B9780323476614000393 

https://www.ehs.com/2014/04/sodium-hydroxide-lye-safety/ 

https://www.ehs.com/2015/06/phosphoric-acid-safety-tips/

Sodium  hydroxide  burns

http://www.sciencedirect.com/science/article/pii/B9780323476614000393
http://www.ehs.com/2014/04/sodium-hydroxide-lye-safety/
http://www.ehs.com/2014/04/sodium-hydroxide-lye-safety/
http://www.ehs.com/2015/06/phosphoric-acid-safety-tips/
http://www.ehs.com/2015/06/phosphoric-acid-safety-tips/


Restricted pipes increase pressure

Hagen-Poiseuille equation: ȹP = (8 * ɚ * L * Q) / ( ́* d^4)

ɚ = dynamic viscosity 

L = length of pipe
Q = flow rate

d = pipe diameter

- Pipe diameter and pressure have an inverse relationship
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Increased pressure increases power consumption

Power = flow rate *  ɲt
Where: flow rate = Q (mass or volume flow rate) ɲt Ґ the pressure difference

across the pipe
It can also be represented as: Power = Q *  (P1 - P2)

Where: Q = flow rate P1 = Pressure at the inlet of pipe P2 = Pressure at the 
outlet of pipe



Total Cost is Important

ñSystemsshould consider operability, reliability, system configuration, and other site-specific factors when

evaluating CCT alternatives. In cases where more than one treatment option can meet the OCCT definition of

the rule, systems may want to consider cost factors including costs for capital equipment, operations, and

maintenance.ò

Optimal Corrosion Control Treatment Evaluation Technical Recommendations for Primacy Agencies and Public Water Systems (epa.gov)

DIRECT COST 

-Corrosion inhibitor use cost 

INDIRECT COST 

-Oxidizer efficiency 

-Oxidizer selection

-Operating pH window selection

-Capital feed equipment lifecycle / capex

-Flushing man hours 

https://www.epa.gov/sites/default/files/2019-07/documents/occtmarch2016updated.pdf


άώ[ϐife can multiply until all the phosphorusis gone,
andthen there is an inexorablehalt whichnothingcan
prevent. We may be able to substitutenuclearpower
for coal,andplasticsfor wood,andyeastfor meat,and
friendlinessfor isolationτbut for phosphorusthere is
neithersubstitutenor replacement.έ

Isaac Asimov (1974)



https://quizlet.com/246086779/apes-phosphorus-cycle-diagram/

Phosphorus

ÅCannot be manufactured and there 

is no substitute for it 

Å Is essential for all living matter 

ÅEquilibrium cause / effects from too 

much in the wastewater supply 

ÅDischarge from waste treatment 

plants is regulated

Å As much as 35% of wastewater 

flow can be due to corrosion control 

in drinking water (Rogers, 2014)



Wastewater vs
Corrosion Control

Corrosion Control:

Å Increased, more sophisticated monitoring is likely 

to result in greater number of lead exceedances

Å Systems with 90th percentile lead results >10 ug/l 

will be out of compliance 

Å The result will be a significant increase in the 

amount of phosphorus used 

Wastewater Treatment:

ÅHarmful algae blooms are likely to continue 

escalating in frequency and severity 

ÅMandated use of non-phosphorus ingredients is 

likely to increase beyond personal care  

Å The result will be a significant decrease in the 

amount of acceptable phosphorus discharged 



In 2020, wastewater 
phosphorus discharge levels 

in the UK were reduced

The full impact of this 
change on how drinking 

water & wastewater treatment 
plants are managed is 

significant



Wessex Water

Highlighted 24 small wastewater 

treatment sites impacted by 

increased costs linked to these 

regulations. Costs include:

ÅEquipment (pumps, dosing 

plant, etc.)

ÅStorage of raw materials 

ÅEmergency showers and other 

safety requirements 

ÅSite upgrades and improved 

access for chemical deliveries 

ÅCosts for managing increased 

sludge production

These costs were concluded to be 

ñdisproportionately expensiveò


