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Iron is one of the most troublesome elements in 
water supplies. Since it is present in varying quantities 
in most soils and rocks, it is also .found in most surface 
and ground waters. Dissolved iron concentrations as 
high as 60 parts per million (ppm) have been known to 
exist, but usually no more than 5 ppm are present. Un
fortunately as little as 0.3 ppm can create serious diffi
culties in the home. 

not only harm equipment by clogging valves, screens, 
etc., but they also may add some iron to the water if 
they feed on the water system equipment. 

The usual symptoms of these organisms are stringy, 
slimy, mucous-like substances suspended in the fresh 
water, just as it comes from the well. This accumulation 
of reddish slime is most easily seen on the inside of the 
flush tank in toilets and this is the best place to identify 
their presence. Colonies of iron bacteria may occasion
ally break loose from inside pipes and come thru a 
faucet. 

-
Dissolved in water, iron normally occurs as the fer

rous ion. Water contaminated with ferrous iron is clear 
and colorless because the iron is completely dissolved. 
When exposed to air in the pressure tank or atmos
phere, the water turns cloudy; particles of a reddish
brown substance begin to form and settle to the bot
tom. This sediment is the oxidized or ferric form of 
iron and will not dissolve in water. 

Iron bacteria do not cause disease but they are un
sightly, give water an objectionable taste, cause splotchy 
yellow stains on laundry, and will clog pump, screens, 
etc. 

-

Taste 
Whether iron is present in the ferrous or ferric form, 

its presence creates problems. Dissolved ferrous ions 
give water a disagreeable metallic taste. When the iron 
combines with tea, coffee, and alcoholic beverages it 
produces an unappetizing inky, black appearance and 
a harsh, offensive taste. Vegetables cooked in iron
contaminated water turn dark and look unappetizing. 

Stains 
The ferric oxide sediment is the material staining 

plumbing fixtures, tableware, and laundry. As little as 
0.3 ppm will leave stains varying from yellow to red
dish-brown and stubbornly resistant to removal. 

Since the ferric oxide sediment will not return to 
solution, it settles out and builds up sludge or scale in 
pressure tanks, water heaters, and pipelines. These de
posits may periodically break loose and release a large 
concentration of rusty water thru the faucet. 

Iron Bacteria 
Another cause of yellow water may be rust-colored 

bacteria called iron bacteria ( crenothrix and others) . 
These bacteria are living organisms that may feed on 
the iron in the water or on the pump, iron pipe, pres
sure tank, or any iron fixtures in the system. Bacteria 
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Test Water 
It often takes a certain amount of detective work 

and water testing to determine the source of iron which 
may occur naturally in either the ferrous or the ferric 
state. Presence of iron may be from the corrosion of 
iron or steel pipes or other components of the plumb
ing system. 

Sometimes it is equally difficult to determine 
whether the ferrous or ferric iron is initially present in 
the water supply. Unless an analysis is made soon after 
water is drawn from the tap, atmospheric ·oxygen will 
convert all the ferrous iron into the unsoluble ferric 
form. 

Check with a water testing laboratory on how to 
sample water for an iron test. Generally the water 
sample should be taken at the faucet closest to the 
pump. The water should be allowed to run for at least 
10 minutes before the sampling. This assures fresh 
water that has not been exposed to air. Do not sample 
water that has gone thru the water heater or a water 
treatment unit such as a softener. Because of the com
plex nature of iron in water, no definite correction rules 
which will apply to all situations can be given. Treat
ment of iron in water varies with its concentration and 
the water conditioning equipment already in use. 



Water Softener 
In addition to removing hardness, a water softener 

will remove limited amounts of ferrous iron by the ion 
exchange process. Generally the upper limit of iron re
moval by ion exchange is about 3 ppm. However, s?me 
manufacturers say their water softeners remove iron 
concentrations as high as 15 ppm. Other manufacturers 
suggest the use of an iron filter ahead of their softener 
if the iron concentration exceeds 1 ppm. Recommenda
tions of the softener manufacturer should be followed. 

The amount of iron a softener can remove depends 
on the water properties, the types of rege?eration a~d 
backwash controls, and ion exchange resm or zeohte 
used. Maintaining a clean resin bed requires frequent 
and thorough backwashing and regeneration. ~f . the 
softener is to remove iron as well as hardness, 1t 1s a 
crood idea to have automatic controls so the backwash
ing and recreneration with salt brine is done regularly. 
F;r example, some manufacturers claim their softener's 
iron removal capacity is improved by more frequent re-
generation or backwashing. . 

The iron in the water must reach the softener m the 
ferrous or dissolved form. Although small concentra
tions of ferric iron can be removed by softeners thru 
simple filtration, large quantities interfere with softener 
operations. If ferric iron is present in sufficient quanti
ties, it will coat the individual particles of the ion ex
change resin in the softener and foul them, cutti~g down 
the softener's capacity to remove hardness and iron. 

Changing the ferrous iron to ferric iron requires the 
addition ;f ;xygen thru exposure to air in the pressure 
tank, chlorination, or the action of iron bacteria. To 
prevent water's exposure to air, the pressure tank should 
be installed as shown in figure 1. By using an offset 
pressure tank, water will not go thru the tank if the 
demand is equal to the pumping rate. This means less 
pumped water is exposed to air. In addition, the air
water separator decreases the exposure of the water to 
air in the tank. The air-water separators are generally 
standard in new tanks and may be purchased for instal
lation in older pressure tanks. 

It is a good idea to keep the pressure tank, water 
heater, and other equipment in the system as free of 
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Figure 1. Offset pressure tank with air-water separator 

oxidized iron as possible with periodic flushing. Com-
pressed air can be used to blo~ accu1!1ulated iron_ fr?m A 
the pipes. Plastic or copper pipes with smooth ms1de • 
surfaces are easier to keep clean than galvanized iron 
pipes. 

If the "ferrous iron is changed to the ferric form by 
iron bacteria it may be necessary to chlorinate the water 
to control the bacteria. A shock chlorination, which is 
performed quickly, may destroy bacteria colonies. 
Chlorination of the water system is described in Agricul
tural Engineering Fact Sheet No. 15, Disinfection of 
Water Systems. In addition to destroying the bacteria, 
the chlorine supplies oxygen to change the ferrous iron 
to the insoluble ferric form. When the water system is 
flushed to remove the excess chlorine, the ferric iron 
will also be flushed away. 

Continuous chlorination is a process of injecting a 
constant amount of chlorine into the water supply to 
maintain a minimum chlorine concentration. The pro
cess is often used to control bacteria. However, the 
concentration of chlorine and the exposure time must 
be carefully controlled. The design, installation, and 
use of a continuous chlorination system should be under 
the supervision and advice of a qualified profes~ional. 

The free chlorine residual resulting from contmuous 
chlorination changes the soluble ferrous iron into the 
insoluble ferric form. Thus, if the water system includes 
a water softener and a program of continuous chlorina
tion is started, an iron filter is required to prevent the 
ferric iron from fouling the resin bed in the water 
softener and making it unsuitable for softening pur~oses. 

Water softeners can remove quantities of iron if the 
iron reaches the softener in the soluble ferrous form. 
Care must be taken to prevent oxidation of the ferrous 
iron. 

Oxidizing Filter 
For medium concentrations (3 to 10 ppm) of iron 

in water, an oxidizing filter is often used which contains 
a material coated with manganese dioxide. The man
ganese dioxide supplies oxygen to convert the ferrous 
iron into the insolubie ferric form which can be filtered 
out of the water. The oxidizing filter is called a man
ganese greensand filter. 

Frequent backwashing and stirring of the mangan
ese greensand bed helps prevent an iron-fouled be~. 
After several weeks or months, depending on the seven
ty of the problem and the amount of water ~sed, th_e 
greensand will require regeneration with potassium pei -
manganate. After the filter is backwashed to r~m~ve 
the iron filtered out of the water, the manganese d10xide 
surface coating of the filter medium is restored by pass
ing a solution of potassium permanganate thru the 
filter bed. After the filter is rinsed with clear water _an_d 
all traces of the purple permanganate are gone, it 15 

again ready to remove iron from the water. Bac~~ash 
and regenerate on a regular basis. Do not wait until Iron 
stains are observed or water pressure drops thru the 
filter to regenerate with potassium permanganate. 
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Since backwashing is so essential to keeping an 
oxidizing filter operating properly, the pumping rate 
should be checked before investing in a filter. Table 1 
shows flow rates thru the filter and the recommended 
minimum backwash flow rates in gallons per minute 
(gpm) for different diameter filters. 

Table 1. Filter flow and backwash rates 

Filter Flow Required Minimum 
Diameter rate, backwash pipe diameter, 

inches gpm rate, gpm inches 

8 2.5• 3-4 ½ 
10 4 5-6 ¾ 
12 5 7-9 ¾ 

Chlorination and Filtration 

When the iron content of the water is extremely 
high (above IO ppm), a combination of chemical treat
ment and filtration is necessary. Small chemical feed 
pumps are used to feed a chlorine solution into the 
water. The chlorine performs the same function as the 
manganese dioxide in an iron filter. The chlorine oxi
dizes the ferrous iron into the insoluble ferric form. The 
ferric iron can then be removed from the water by 
running the water thru a simple sand filter. Provision 
must be made to backwash the sand filter to remove the 
accumulation of iron. Usually a relatively large flow of 
water is required to backwash the filter and the water 
system should be checked to see if this flow rate is 
available. 

Chemical feed pumps, which cost approximately 
$100 plus installation and accessories, are used to inject 
chlorine or other chemicals into the water system. A 
typical chemical feed pump is shown in figure 2 and 
the operation of the pump shown in figure 3. As the 
diaphragm is pulled back, the chamber volume in
creases, forming a partial vacuum to draw the chemical 
into the chamber thru the lower check valve. As the 
diaphragm is moved forward, the lower check valve 
closes, forcing the chemical out thru the upper check 
valve and into the water system. 

Chemical feed pumps usually have a variable flow 
rate from zero to 100 percent of rated capacity. How--
ever, some manufacturers suggest that the pump ope
rates better at settings above 30 percent of rated capa
city. Although the concentration of the injected chemi
cal can be changed by dilution with water, size should 
be considered when purchasing a chemical feed pump. 

The change of the clear-water ferrous iron into the 
red-water ferric iron is almost immediate with exposure 
to the chlorine. However, some time is required for the 
ferric iron to form particles large enough to be filtered. 

A 42-gallon pressure tank, which is somewhat stand
ard on water systems, does a reasonable job of provid
ing delay time after chlorine injection. However, the 
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Figure 2. 

Figure 3. 

Chemical feed pump photo courtesy of The 
Lindsay Company, Division of Union Tank 
Car Co., 455 Woodlane Drive, St. Paul, 
Minn. 55119 
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Operation of chemical feed pump--parts are 
(1) electric motor, (2) check valves, (3) pump
ing chamber, (4) diaphragm, and (5) housing 
and connections from motor to diaphragm 
(figure adapted from The Lindsay Company 
as in figure 2) 



tank should not be connected to the water system by 
the offset method ( see figure 1). All of the water with 
injected chlorine should pass thru the pressure tank to 
provide maximum contact time (see figure 4). 

In addition to running all the water thru the pres
sure tank for contact time, it is often necessary to use 
a plastic pipe coil for additional storage (see figures 4 
and 5). Instead of the plastic pipe coil, another pres
sure tank could be installed in series with the first tank. 
Some authorities suggest an exposure time of 20 min
utes to oxidize and precipitate the ferric iron so that it 
can be removed by filtration. 
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Figure 4. Chlorinator between pump and tank 
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Chlorination followed by filtration removes prac
tically all forms of iron and destroys iron bacteria. 
Fresh chlorine solution should be mixed weekly. Com
mon laundry bleach and soft water can be used to make 
a proper strength solution. Soft water should be used 
to avoid a precipitate which forms with hard water 
and may clog the chlorine injection equipment. 

Polyphosphate Feeders 
Another method of correcting the iron problem is to 

feed the water with polyphosphates. This compound 
wraps itself around the ferrous iron so that it cannot 
pick up additional oxygen when exposed to air and thus 
cannot oxidize and precipitate. The iron is not removed 
from the water but is inactivated and unable to change 
to the ferric form. 

This is a simple and low cost method for quantities 
of iron up to 3 ppm. Polyphosphate feeders of the pot
type usually cost less than $50. The disadvantage of 
this method is that it will not take care of any iron 
already in ferric form. The average cost of the poly
phosphate compound will probably run under $2 per 
month for average water use. 

Newly Developed Treatment Compounds 
New blends of complex polyphosphate compounds, 

which utilize the most desirable features of various 
treatment compounds, are now marketed. They are 
completely soluble in water and can be fed with a 
chemical feed pump ( see figures 2 and 3). This is an 
advantage since the chemical feed pump is more accu
rate than the pot-type feeders normally used for the 
partially soluble polyphosphates. 

The complex polyphosphates form inert but soluble 
compounds with most metallic ions such as iron and 
manganese. If the iron is in the soluble form, the treat
ment compound will prevent it from changing to the 
ferric form, which would stain and clog valves and fit
tings on most appliances. CHEMICAL\ 

FEED PUMP'i /

COIL 

TO USE - Additional claims of manufacturers of the new 
treatment compounds state that they prevent scale for
mation of calcium and magnesium salts in water, re
gardless of temperature, and that existing scale fr?m 
hardness and iron deposits will be dissolved. Corrosion 
caused by electrolytic action and by dissolved oxygen 
are inhibited as the compounds form a thin insulating 
coat on any metal surface. 

CHLORINE \ 
SOLUTION", 

TUBING TO 
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----

~WELL SEAL 
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Figure 5. Injection into well near pump intake 

It is also claimed that water conditioner service 
problems in high iron areas are substantially reduced 
since the iron kept in solution does not tend to foul the 
resin bed or clog the control mechanisms. 

The cost of the new compounds is about $3 per 
pound. One pound will treat from I 0,000 t? 40,000 
gallons of water. varying with the extent of iron con
centration or associated problems. At a water use rate 
of 250 gallons per day, this treatment compound would 
cost from 50 cents to $2.25 per month. 
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Complicating Factors 
There may be conditions in a water supply which 

interfere with the chlorination-filtration process. Waters 
which have a low pH, i.e., acid, will require the addi
tion of an alkali to raise the pH value to about 8.0 
before iron oxidation. Soda ash is normally used to 
increase the pH of acid water and this chemical can be 
fed with the chlorine without any additional special 
equipment. The feeding rate depends on the initial pH 
of the water and the pumping rate. It would be advis
able to have a test kit to determine if the water is being 
brought to the proper pH level. Sufficient exposure time 
for the chlorine is also necessary as is a filter to remove 
the ferric iron particles. 

Chlorine and soda ash injected into the well near 
the pump intake will neutralize the water and oxidize 
the iron ( see figure 5). Such treatment protects against 
acid corrosion and contamination by disease-causing 
organisms. It also protects against nuisance bacteria 
such as sulfate-reducing bacteria, slime bacteria, and 
iron bacteria. 

Hydrogen sulfide, which makes water taste bad and 
smell like rotten eggs, is also oxidized by the chlorine 
and removed by filtration. 

It may be extremely difficult to remove iron from 
water that has considerable amounts of free carbon 
dioxide. If the ferrous iron is present in the bicarbonate 
form, chemically changing the iron to the ferric form 
releases more carbon dioxide. If the water contains ex
cessive amounts of free carbon dioxide, the chemical 
reaction may be retarded or even stopped. For water of 
this type, a thorough aeration is necessary to remove 
excess carbon dioxide and to oxidize iron. 

MANGANESE 

Manganese is a sort of first cousin to iron, as far as 
water is concerned. It is objectionable in water for the 
same reasons and in smaller concentrations than iron. 
Manganese is less commonly found in ground water 
than is iron. 

Issued in furtherance of cooperative extension work in agriculture and 
home economics, acts of May 8 and June 10, 1914, in cooperation with 
the U.S. Department of Agriculture. PatrickJ. Borich, Dean and Direc
tor of Minnesota Extension Service, University of Minnesota, St. Paul, 
Minnesota 55108. The University of Minnesota, including the Minne-

Manganese can be removed by the same techniques 
as iron and rarely occurs in concentrations greater than 
3 ppm. It is as annoying as iron in water and even in 
low concentrations (0.05 ppm) can cause black stains 
on everything with which it comes in contact. Concen
trations of manganese normally occurring in Minnesota 
water will be removed in an ordinary water softener 
thru ion exchange. 

SUMMARY 

The method which should be used to remove iron 
from the water depends on the iron concentration and 
other conditions such as pH and carbon dioxide. Iron 
being removed with a water softener must enter the 
softener in the ferrous or dissolved form: water must 
not be exposed to air or chlorine in the water system. 
If the iron is in the ferric or red water form, it will tend 
to foul the softener resin bed. 

If a chlorinator is installed in a water system to con
trol other disease-causing or nuisance bacteria, it should 
inject the chlorine between the water pump and the 
pressure tank or at the pump suction point in the well 
( see figures 4 and 5). If there is any iron in the water, 
the chlorine will tend to oxidize it so a filter must be 
installed ahead of an existing water softener or the 
ferric iron will very quickly foul the resin bed. 

Bacteria control, iron removal, and water softening 
are all separate problems, yet they must be considered 
together. The solution to any one problem may affect 
the operation of other water conditioning equipment. 

Well water should be tested periodically to deter
mine if disease-causing bacteria are present. While 
chlorination with proper exposure and concentration 
will reduce the bacterial population, the source of the 
contamination of the well must be removed. This may 
mean drilling a new well to a deeper water bearing 
formation and sealing off the upper contaminated for
mations. While a properly operating chlorination system 
may keep the bacterial population under control, any 
failure of the injection equipment will immediately en
danger family and livestock health. 

sota Extension Service, is committed to the policy that all persons shall 
have equal access to its programs, facilities, and employment, without 
regard to race, religion, color, sex, national origin, handicap, age, vet
eran status, or sexual orientation. 
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