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Working in the drink-
ing water and 
wastewater field 

over the last 20 years, I have 
a lot of empathy for the waste-
water professionals across the 
state who are responsible for 
implementing the new phos-
phorus rule. Effluent limits that 
are dropping close to the “no-
detect” level are going to be 
downright tough to meet and 
they will likely need help from 
the drinking water industry. I 
wanted to write about the overuse and misuse of phosphates 
for years and thought that this is as good a time as any. Most 
of my knowledge on this subject comes from working with 
municipalities, vendors, and consulting engineers hired to 
resolve dirty water complaints and corrosion problems. 
Now I have the pleasure to pass this along to others.

How do you know you need a phosphate additive or if 
you’re already using a phosphate product, are you using it 
effectively? Are there tests that can be run to compare prod-
ucts? Can you safely lower your phosphate dose or even 
drop phosphates altogether? I will try to answer some of 
these questions as we cover the subject of dirty water in this 
article and corrosion in Part two which will be in the next 
newsletter issue. 

Phosphate Addition in Drinking Water

Phosphates have been used a long time in Wisconsin 
for scaling problems as well as dirty water complaints. 
When used correctly, it prevents scale and effectively 
sequesters iron and manganese. Viola Waterworks, in 
southwestern Wisconsin, began sequestering in 1964 
using a tri-polyphosphate product called Aquadene® and 
in 1980 switched to a poly-ortho blend called Aquamag®. 
As word spread, other systems, some with virtually no iron 
or manganese, began using phosphates as a sequesterant. 
While phosphate use for aesthetic problems continued, it 
received another lift following the lead and copper rule in 
the early 1990’s. Orthophosphate and blended phosphates 
became a corrosion control technique of choice.

today there are dozens of different phosphate compounds 

on the market for addressing dirty water, scaling problems 
or corrosion. Some are blends and some contain other active 
ingredients; some are low phosphorus products and some 
sport high levels of phosphorus; some of these products are 
effective and some are not. 

Here is my disclaimer. there are other options available for 
treating water and these should be vetted considering some 
of the side effects of phosphate. I will bring some of these 
out in both parts of the article.    

Sequestering

Sequestering is so popular these days the federal government 
is using it to lower the national debt. While that might be 
true in one sense, it does serve an important purpose in the 
drinking water field - isolate nuisance minerals before they 
cause mischief.  

“Sequestering is a chemical combination of a chelating agent 
and metal ions in which soluble complexes are formed…
In addition, iron and manganese sequestered as colorless 
complexes before chlorination will remain colorless after 
chlorination.”

 ~American Chemistry Council, the Use of   
   Phosphates for Potable Water treatment (2004) 

While trying to avoid an extended discussion on iron and 
manganese itself, I need to mention that both of these 
minerals are typically found in Wisconsin groundwater 
supplies in their reduced form ~ ferrous (fe2+) and 
manganous (Mn2+). they oxidize to ferric (fe3+) and 
manganic (Mn4+) when the pH or temperature change or 
when oxygen or chorine is present. following oxidation, 
these minerals flocculate to form suspended colloids and 
precipitates that the eye picks up as red or black particulates. 
Eventually they settle out as sediments. Shallower wells 
may have iron/manganese complexes where the minerals 
combine with organic acids (humic/tannic). 

Sequesterants function as chelating agents. they donate 
electrons to form a “coordinate bond” with iron and 
manganese ions. While there is still some disagreement 
among professionals on whether it prevents oxidation, it 
does prevent their attraction, agglomeration, or flocculation 
into larger molecules (colloids) or precipitates. Individual, 
oxidized particles, in lower concentrations, are hidden

the WWA distribution Conference convened on 
february 5th at the Kalahari resort in Wisconsin 
dells.  Our conference was again held in conjunc-

tion with the Midwest Water & Wastewater Operator Expo.  
this has become a very successful partnership for both our 
committees.  Even though this winter’s weather has been 
anything but cooperative for water distribution people, 
about 60 of us were able to break away and attend.

We had several great subjects and well-informed speakers 
on tap for the morning session. Some of the topics covered 
included: new style valve boxes, fluke tools, locating 
plastic pipes without tracer wires, valve operating nut 
replacement tools, line stopping and a discussion on the 
new MSdS system (now called SdS).  We’d like to thank 
all of our presenters for helping us put together such an 
informative session.  

Attendance at the distribution Conference included 
admittance to the Expo, so after lunch attendees were able 
to visit the vendor booths and cheer on the contestants at 
the Meter Madness Competition.  distribution Conference 
attendees also earned six continuing education credits from 
the Wisconsin dNr.  thanks go out to all the participants 
for finding time to come to the conference during one of 
the worst winters in a long time!

the distribution Committee is a tight knit group of water 
professionals with literally hundreds of years’ experience 
in the industry.  If you are looking for a committee to join 
and you work with or are interested in water distribution 
issues, look no further.  We’re always looking for new 
members to share experiences and real-world information.
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and manageable when sequestered.  Agglomerates, floc, 
and groups larger, do not hide, and show up regardless of 
whether a sequesterant is present. 

How Will I Know if Sequestering is For Me?

When evaluating options for addressing dirty water 
complaints, you need to characterize the complaints 
themselves. What are people complaining about and how 
frequent are those complaints? Keep a complaint log and 
use it to evaluate your operation. Have you been flushing 
your distribution system on a regular basis and do you flush 
correctly? Low velocity flushing will not remove all the crud 
– expect complaints. Maybe you are moving solids around 
in a circuitous route without removal – expect complaints. 
If your flushing frequency is too low – expect complaints. I 
have seen some operators crank up the phosphates so they 
don’t have to flush the water system on a regular basis. I have 
also seen so much phosphate being used that the water had a 
pearlescent color. Be honest, these are not best management 
practices and you are masking other problems. 

Let’s talk about source water. do you have high iron and 
manganese in your wells and is it in a form that can be 
sequestered? When was the last time you tested your raw 
water for these two minerals and did you sample your raw 
water correctly? Maybe you grabbed your sample as soon as 
the well pump turned on. If so, you just captured that initial 
flush of particles from your casing and formation. Making 
matters worse, first flush minerals will likely contain high 
levels of “oxidized” minerals. they are already discolored, 
flocculated, precipitated, and no longer a candidate for 
sequestering. How does this happen? the well vent does 
more than equalize pressure in the well; it also allows a 
fairly good oxidizer in ~ oxygen. this also sets up a perfect 
environment for a thriving community of mineral related 
bacteria.

to determine the amount of minerals in your raw water for 
sequestering purposes, collect your iron and manganese 
sample after the casing/borehole has had at least two 
turnover volumes of water. Sandstone wells will take longer 
for the initial borehole flush while high yielding, sand and 
gravel wells might take two minutes or less. Collecting your 
sample after that point will allow you to determine the true 
concentration of iron and manganese in your formation for 
sequestering purposes. remember, the goal is to collect 
a representative sample of water being pumped to your 
system. If your well is not operating long enough to flush the 
enough oxidized minerals from the borehole, sequestering 
may not be an effective treatment strategy.   

Interestingly, I have seen studies consisting of 15-minute 
samples collected over a couple hours and the results were 
an upside-down, bell curve. After iron reached a minimum 

level, it started increasing again. this system began pulling 
from a river valley aquifer of inferior water quality. they 
used this information to mitigate the problem by reducing 
the length of time the well pumps. Another point made in the 
study was that the minerals from the river valley aquifer were 
oxidized to some extent, making sequestering an ineffective 
treatment option anyway. this community is now in the 
process of evaluating physical treatment ~ filtration. 

Since sequestering only works on minerals that have not 
oxidized, flocculated, or precipitated, how do you determine 
whether the minerals in your water are in a sequesterable 
form? While you can test for the reduced forms of iron and 
manganese right away at your wellhead and compare to the 
total iron and manganese, you can also perform stain testing 
using inexpensive laboratory filter paper. 

filter paper, of the .45 micron pore size, is used to remove 
iron/manganese precipitates, colloids, and iron bacteria, 
allowing dissolved minerals to pass through. this simulates 
granular media used in gravity and pressure filters. Another 
benefit of stain testing is that it is inexpensive and easy to 
perform. You will know it’s doing its job by the color change 
on the paper and hopefully there is very little color change 
from your raw water after you flush the borehole out. I need 
to segue at this point and discuss the effect of chlorine on 
iron/manganese and how this may affect staining. 

While your well’s air vent can introduce oxygen into your 
raw water and cause mineral oxidation, chlorine will do 
the same. You probably already realized this when you 
bumped your chlorine up to address biofilm and bacteria 
problems. You may have received discoloration complaints. 
this happens quite frequently in Wisconsin where iron/
manganese levels close in on the secondary maximum 
contaminant level (MCL). Should you stop disinfection…
NO! disinfection is important from a public health 
protection standpoint, in maintaining the sanitary quality 
of your water, and preventing microbial induced corrosion 
that may be causing your system to bump over the lead and 
copper standard. If you find yourself in these situations, 
you may be a stronger candidate for sequestering than you 
realize.   

Iron and manganese levels, individually or together, can 
effectively be managed through a good flushing program 
as they approach or even pass the secondary MCL of 
0.3 mg/l fe and 0.05 mg/l Mn. However, it does become 
more difficult and may not be worth your time or expense 
to perform multiple flushing events throughout the year. 
Obviously, you don’t need sequesterants if your iron and 
manganese levels are zero. Yes, it has happened. You 
may not even need phosphates when levels are near the 
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secondary standard if your flushing program resolves the 
problem, because at least once a year. Before you charge 
forward with phosphates in hand, refine your flushing 
program to see if dirty water issues can be managed without 
chemical. Remember, low velocity flushing may not work; 
you may need to incorporate unidirectional flushing into 
your flushing plan. Also, remember to start flushing from 
your clean water source and move to system extremities. 

So you have iron/manganese in your well water, it’s not 
oxidized coming out of the ground, it is being oxidized 
and precipitated in the distribution system, your flushing 
practices and frequencies meet professional standards, 
you can’t maintain adequate disinfection residuals, water 
complaints are real, mineral are elevated and in a reasonable 
treatment range, and you cannot afford physical removal. 
Now we can talk sequestering. 

Section Nr 811.56, Wisconsin Administrative Code, states 
sequestering is suitable when iron/manganese levels are less 
than 1.0 mg/l. While being over 1.0 mg/l does not preclude 
you from trying sequestration, it does become more difficult. 
Obviously, if you are sporting levels a bit higher than this or 
the minerals in your well water are already oxidized or your 
wastewater treatment plant’s phosphorus effluent limit is 
already difficult to meet, you should be considering physical 
removal - filtration.  

So how do you roll out a good treatment platform that will 
both minimize phosphates and maximize its effectiveness? 

Real Life Example

I spent the first 10 years of my career oblivious to matters 
relating to sequestering, dirty water, and corrosion. As 
long as things hummed along smoothly, no need to think 
about such matters. It was not until dozens of water quality 
complaints came rolling in from La Crosse’s customer base 
and the City was presenting a mitigation strategy that I got 
wrapped up in this issue.    

La Crosse has several wells with high iron and/or manganese 
and their engineer recommended two treatment options ~ 
physical removal or sequestering. As you can imagine, 
filtration would have been prohibitively expensive at 
multiple wells so sequestering was considered first. 

the City worked with a chemical supplier who had a 
chemist on staff with considerable, national experience 
with sequestering. the supplier had dozens of sequestering 
products and was developing additional blends for different 
water quality situations (i.e. pH, hardness, and mineral 
compositions). the City also worked with an equipment 
vender that understood the chemistry and mechanics 
involved in delivering the product successfully. these 

folks came in as a team and had well thought out protocol 
to evaluate various products, treatment strategies, and a 
method to test whether or not they are successful. I was the 
proverbial “fly on the wall” as I sucked up all the information 
that was being generated.

A successful sequestering program needs to ensure minerals 
are in their reduced, non-oxidized state at the sequesterant’s 
injection point. Since flocculation and precipitation occur 
relatively fast (iron being faster), the sequesterant needs to 
be introduced and mixed into the full water column before 
chlorination. If phosphates are not grabbing hold of the 
minerals before they come into contact with the chlorine, 
unsequestered iron and manganese will oxidize and 
precipitate from solution. As some operators have found 
out the hard way, and many may still be trying, cranking 
up phosphate levels will not sequester previously oxidized 
minerals that have flocculated together or are precipitating 
from solution. So how can you successfully mix product 
when there is sometimes only a couple feet separating the 
injection points?

How the chemical is injected can make all the difference. 
You are probably already familiar with the fundamentals 
of chemical injection but in light of setting up an effective 
sequestering program, I will list them here:  

first, introduce your phosphate as far upstream from 
chlorine injection as possible so it has time to mix. If you 
have some bends and transitions between injection points, 
great. (Caution: do not inject phosphates upstream of a mag 
meter due to interference and do not inject upstream of your 
initial check-valve per code.)

Second, use high speed injection pumps. A 12 stroke/minute 
pump will not cut it. You will have untreated water between 
strokes with little chance of getting mixed into the full water 
column before the chlorine hits. Mixing must happen and 
contact must be made before oxidation occurs and this 
requires high speed pumps. Even though the injection points 
are only a few feet away at some wells, La Crosse uses 360 
stroke/minute pumps with settings as high as 300 stokes/
minute. 

third, ensure your chemical feed system is maintaining a 
consistent dose throughout the day and there is little dose 
variability throughout the month (reference my previous 
article in the Wisconsin Water Association’s Winter 2014 
publication). 

forth, ensure your injection nozzle is inserted near the 
center of the water column and located in the lower half of 
the pipe so it points upward. You don’t want to be dribbling 
phosphate along the side or bottom of the pipe. there is no 
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and manageable when sequestered.  Agglomerates, floc, 
and groups larger, do not hide, and show up regardless of 
whether a sequesterant is present. 

How Will I Know if Sequestering is For Me?

When evaluating options for addressing dirty water 
complaints, you need to characterize the complaints 
themselves. What are people complaining about and how 
frequent are those complaints? Keep a complaint log and 
use it to evaluate your operation. Have you been flushing 
your distribution system on a regular basis and do you flush 
correctly? Low velocity flushing will not remove all the crud 
– expect complaints. Maybe you are moving solids around 
in a circuitous route without removal – expect complaints. 
If your flushing frequency is too low – expect complaints. I 
have seen some operators crank up the phosphates so they 
don’t have to flush the water system on a regular basis. I have 
also seen so much phosphate being used that the water had a 
pearlescent color. Be honest, these are not best management 
practices and you are masking other problems. 

Let’s talk about source water. do you have high iron and 
manganese in your wells and is it in a form that can be 
sequestered? When was the last time you tested your raw 
water for these two minerals and did you sample your raw 
water correctly? Maybe you grabbed your sample as soon as 
the well pump turned on. If so, you just captured that initial 
flush of particles from your casing and formation. Making 
matters worse, first flush minerals will likely contain high 
levels of “oxidized” minerals. they are already discolored, 
flocculated, precipitated, and no longer a candidate for 
sequestering. How does this happen? the well vent does 
more than equalize pressure in the well; it also allows a 
fairly good oxidizer in ~ oxygen. this also sets up a perfect 
environment for a thriving community of mineral related 
bacteria.

to determine the amount of minerals in your raw water for 
sequestering purposes, collect your iron and manganese 
sample after the casing/borehole has had at least two 
turnover volumes of water. Sandstone wells will take longer 
for the initial borehole flush while high yielding, sand and 
gravel wells might take two minutes or less. Collecting your 
sample after that point will allow you to determine the true 
concentration of iron and manganese in your formation for 
sequestering purposes. remember, the goal is to collect 
a representative sample of water being pumped to your 
system. If your well is not operating long enough to flush the 
enough oxidized minerals from the borehole, sequestering 
may not be an effective treatment strategy.   

Interestingly, I have seen studies consisting of 15-minute 
samples collected over a couple hours and the results were 
an upside-down, bell curve. After iron reached a minimum 

level, it started increasing again. this system began pulling 
from a river valley aquifer of inferior water quality. they 
used this information to mitigate the problem by reducing 
the length of time the well pumps. Another point made in the 
study was that the minerals from the river valley aquifer were 
oxidized to some extent, making sequestering an ineffective 
treatment option anyway. this community is now in the 
process of evaluating physical treatment ~ filtration. 

Since sequestering only works on minerals that have not 
oxidized, flocculated, or precipitated, how do you determine 
whether the minerals in your water are in a sequesterable 
form? While you can test for the reduced forms of iron and 
manganese right away at your wellhead and compare to the 
total iron and manganese, you can also perform stain testing 
using inexpensive laboratory filter paper. 

filter paper, of the .45 micron pore size, is used to remove 
iron/manganese precipitates, colloids, and iron bacteria, 
allowing dissolved minerals to pass through. this simulates 
granular media used in gravity and pressure filters. Another 
benefit of stain testing is that it is inexpensive and easy to 
perform. You will know it’s doing its job by the color change 
on the paper and hopefully there is very little color change 
from your raw water after you flush the borehole out. I need 
to segue at this point and discuss the effect of chlorine on 
iron/manganese and how this may affect staining. 

While your well’s air vent can introduce oxygen into your 
raw water and cause mineral oxidation, chlorine will do 
the same. You probably already realized this when you 
bumped your chlorine up to address biofilm and bacteria 
problems. You may have received discoloration complaints. 
this happens quite frequently in Wisconsin where iron/
manganese levels close in on the secondary maximum 
contaminant level (MCL). Should you stop disinfection…
NO! disinfection is important from a public health 
protection standpoint, in maintaining the sanitary quality 
of your water, and preventing microbial induced corrosion 
that may be causing your system to bump over the lead and 
copper standard. If you find yourself in these situations, 
you may be a stronger candidate for sequestering than you 
realize.   

Iron and manganese levels, individually or together, can 
effectively be managed through a good flushing program 
as they approach or even pass the secondary MCL of 
0.3 mg/l fe and 0.05 mg/l Mn. However, it does become 
more difficult and may not be worth your time or expense 
to perform multiple flushing events throughout the year. 
Obviously, you don’t need sequesterants if your iron and 
manganese levels are zero. Yes, it has happened. You 
may not even need phosphates when levels are near the 
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secondary standard if your flushing program resolves the 
problem, because at least once a year. Before you charge 
forward with phosphates in hand, refine your flushing 
program to see if dirty water issues can be managed without 
chemical. Remember, low velocity flushing may not work; 
you may need to incorporate unidirectional flushing into 
your flushing plan. Also, remember to start flushing from 
your clean water source and move to system extremities. 

So you have iron/manganese in your well water, it’s not 
oxidized coming out of the ground, it is being oxidized 
and precipitated in the distribution system, your flushing 
practices and frequencies meet professional standards, 
you can’t maintain adequate disinfection residuals, water 
complaints are real, mineral are elevated and in a reasonable 
treatment range, and you cannot afford physical removal. 
Now we can talk sequestering. 

Section Nr 811.56, Wisconsin Administrative Code, states 
sequestering is suitable when iron/manganese levels are less 
than 1.0 mg/l. While being over 1.0 mg/l does not preclude 
you from trying sequestration, it does become more difficult. 
Obviously, if you are sporting levels a bit higher than this or 
the minerals in your well water are already oxidized or your 
wastewater treatment plant’s phosphorus effluent limit is 
already difficult to meet, you should be considering physical 
removal - filtration.  

So how do you roll out a good treatment platform that will 
both minimize phosphates and maximize its effectiveness? 

Real Life Example

I spent the first 10 years of my career oblivious to matters 
relating to sequestering, dirty water, and corrosion. As 
long as things hummed along smoothly, no need to think 
about such matters. It was not until dozens of water quality 
complaints came rolling in from La Crosse’s customer base 
and the City was presenting a mitigation strategy that I got 
wrapped up in this issue.    

La Crosse has several wells with high iron and/or manganese 
and their engineer recommended two treatment options ~ 
physical removal or sequestering. As you can imagine, 
filtration would have been prohibitively expensive at 
multiple wells so sequestering was considered first. 

the City worked with a chemical supplier who had a 
chemist on staff with considerable, national experience 
with sequestering. the supplier had dozens of sequestering 
products and was developing additional blends for different 
water quality situations (i.e. pH, hardness, and mineral 
compositions). the City also worked with an equipment 
vender that understood the chemistry and mechanics 
involved in delivering the product successfully. these 

folks came in as a team and had well thought out protocol 
to evaluate various products, treatment strategies, and a 
method to test whether or not they are successful. I was the 
proverbial “fly on the wall” as I sucked up all the information 
that was being generated.

A successful sequestering program needs to ensure minerals 
are in their reduced, non-oxidized state at the sequesterant’s 
injection point. Since flocculation and precipitation occur 
relatively fast (iron being faster), the sequesterant needs to 
be introduced and mixed into the full water column before 
chlorination. If phosphates are not grabbing hold of the 
minerals before they come into contact with the chlorine, 
unsequestered iron and manganese will oxidize and 
precipitate from solution. As some operators have found 
out the hard way, and many may still be trying, cranking 
up phosphate levels will not sequester previously oxidized 
minerals that have flocculated together or are precipitating 
from solution. So how can you successfully mix product 
when there is sometimes only a couple feet separating the 
injection points?

How the chemical is injected can make all the difference. 
You are probably already familiar with the fundamentals 
of chemical injection but in light of setting up an effective 
sequestering program, I will list them here:  

first, introduce your phosphate as far upstream from 
chlorine injection as possible so it has time to mix. If you 
have some bends and transitions between injection points, 
great. (Caution: do not inject phosphates upstream of a mag 
meter due to interference and do not inject upstream of your 
initial check-valve per code.)

Second, use high speed injection pumps. A 12 stroke/minute 
pump will not cut it. You will have untreated water between 
strokes with little chance of getting mixed into the full water 
column before the chlorine hits. Mixing must happen and 
contact must be made before oxidation occurs and this 
requires high speed pumps. Even though the injection points 
are only a few feet away at some wells, La Crosse uses 360 
stroke/minute pumps with settings as high as 300 stokes/
minute. 

third, ensure your chemical feed system is maintaining a 
consistent dose throughout the day and there is little dose 
variability throughout the month (reference my previous 
article in the Wisconsin Water Association’s Winter 2014 
publication). 

forth, ensure your injection nozzle is inserted near the 
center of the water column and located in the lower half of 
the pipe so it points upward. You don’t want to be dribbling 
phosphate along the side or bottom of the pipe. there is no 
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way it will mix in time and you may eat your pipe in linear 
fashion.

Once you have a good treatment system in place, now it’s 
time to see if it works. You do this by stain testing (0.45 
micron filter paper). 

Oxidized, flocculated, precipitates are captured and show up 
as a color change on your paper. After your well gets rid of the 
initial flush, collect your stain sample before the phosphate 

injection point to verify 
minerals are not already 
oxidized. then collect a 
sample after phosphate 
injection and another after 
chlorine injection and then 
compare results. Ensure 
your down-stream sample 
tap is far enough away from 
chlorine injection to pick up 
slower oxidizing minerals 
such as manganese. Now 
which one had the most 
staining? If your last one 

had the most staining, obviously your sequesterant or 
mixing method is not cutting it. If your minerals are in their 
reduced form coming from the well, your chemical injection 
system is performing well, and you are using an appropriate 
sequesterant for your waters chemistry; you should have 
little if any oxidized minerals on your filter paper. If this is 
your case, great! Move on to the next step.  

Now that you, your chemical feed system, and your product 
are working in harmony, you need to optimize feed rates 
or even experiment with products that are less expensive 
or have lower phosphate content. Make sure all chemicals 
are NSf (National Sanitary foundation) approved and your 
local WdNr person knows what you are injecting. reduce 
your feed rate until you begin to see some staining on your 

filter paper. Once 
you reach this point, 
you can increase it a 
notch to get the exact 
amount necessary for 
sequestering. this 
will save you a few 
bucks and lower your 
phosphorus output 
for our wastewater 
friends. Using the 
same testing protocol, 
collect a few samples 
in your distribution 
system to verify the 

product is holding the minerals long enough to pass through 
the water system and out your customers’ faucets. Most 
sequesterants should hold up for about a week and some of 
the newer blends 2 weeks or longer. Water temperature also 
plays a factor so keep that in mind. 

One final point needs to be said on optimization. When 
stain testing, you also need to consider how the sequesterant 
affects chlorine demand and how chlorine itself could affect 
sequestering. Experiment with different chlorine levels 
while monitoring residuals and completing stain testing. 
You want stable water that meets both disinfection and 
sequestering requirements. testing ahead of time will give 
you a good understanding on how the sequesterant and 
chlorine interact.  

Hopefully your iron and manganese levels are low enough 
that you can manage them through flushing. If not, you 
now have some guidance on determining if they are in a 
sequesterable form and how to optimize their use. this 
will not only save you a few dollars and give you stable 
water quality but also minimize the amount of phosphorus 
discharged to your nearby lake, stream, or river.  


