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Iron and manganese are a common water problem faced by consumers. The secondary maximum contaminant levels (MCL) for iron and manganese are 0.3 milligrams per liter (mg/l) and 0.05 mg/l, respectively. When iron and manganese are present above the maximum contaminant levels (MCL), this usually results in discolored water, laundry, and plumbing fixtures. They are seldom considered to be a health risk in drinking water. 

Iron and/or manganese are often found in water because of the large amount of iron present in the soil, sediment, and bedrock. It is also found in water because corrosive water will pick up iron from pipes. Clothing washed in water containing excessive iron may become stained a brownish color. The taste of beverages may also be affected by iron. Manganese produces a brownish color in laundered clothing, leaves black particles on fixtures, and as with iron, it affects the taste of beverages. 

Well water from the faucet or tap is usually clear and colorless. However, when water containing colorless, dissolved iron or manganese is allowed to stand in a container or comes in contact with a sink or bathtub, these minerals combine with oxygen from the air and will oxidize, forming reddish-brown particles that stick to fixtures or are suspended in the water. The reddish particles formed by iron are commonly called rust. Manganese forms similar particles that are brownish-black. These impurities can give a metallic taste to water or to food. 

The rusty or brown stains on plumbing fixtures, fabrics, dishes, and utensils cannot be removed by soaps or detergents. Bleaches and alkaline builders (often sodium phosphate) can make the stains worse. Over time, iron deposits can build up in pressure tanks, water heaters, and pipelines, reducing the quantity and pressure of the water system.

Iron and manganese in a water system can often be quite difficult to treat. This is due primarily to the fact that iron and manganese can be present together, they can be present in several forms, and each form of iron in water can potentially require a different method of removal. 

I. [bookmark: _Toc295196999]  Types of Iron
Iron and manganese can be found together in well water, and when they are, they may be in a similar form. As such, the manganese can often be treated concurrently with the iron. There are three main forms of iron in a water supply:
Ferrous-
This type of iron is often called "clear water iron" since it is not visible in poured water. It is found in water which contains little oxygen, such as water from deep wells or groundwater. Carbon dioxide reacts with iron in the sediments or host rock to form water-soluble ferrous bicarbonate, which, in groundwater produces ferrous ions (Fe++). Tap water is first clear and colorless. After standing, reddish brown particles appear and settle to bottom of glass.  This is a result of the increased oxygen and temperature, and the decreased pressure on the water sitting in the glass.

Ferric-
Ferric iron is also known as "red water iron". This type of iron is basically ferrous iron which has been exposed to oxygen (oxidized), usually from the air. As carbon dioxide leaves the water, oxygen combines with the iron to form ferric ions (Fe+++). These oxidized particles are generally visible in poured water.  Tap water appears rusty or it has a red or yellow color. After standing, particles settle to bottom.

Bacterial Iron -
Slime deposition of iron in toilet tanks or fouling water filters and softeners is a good indication of the presence of bacterial iron. Better described as iron biofouling, the iron bacteria problem is both complex and widespread. It attacks wells and water systems around the world in all sorts of aquifer environments, both contaminated and pristine. In some places, it causes great damage; in others, it is considered a minor nuisance.  Water tank, toilet tank and plumbing have reddish brown or yellow gelatinous slime or sludge present. Odor may be objectionable.
[bookmark: _Hlk214880950]
II.   Treatment methods
Ferric Iron
In theory, the elimination of ferric iron is simple - use a properly sized media filter to filter it from the water. In practice, however, there may be other issues: 
· Some iron may be present in colloidal form. Unlike ferric iron, which will generally stick together to form large flakes, the tiny particles of colloidal iron do the opposite. Their large surface area and charge relative to their mass causes the individual particles to repel one another. As a result they will not coagulate. Their small size, then, makes them difficult to filter, and a coagulating agent is often required to obtain adequate filtration.
· Most water containing ferric iron also contains ferrous iron. This can add complexity to the process, since only some of the methods for removing ferrous iron will also remove ferric iron. 

Ferrous Iron
There are a variety of ways for removing ferrous iron, each with its own strengths and limitations. These methods fall into two categories: Ion exchange and Oxidation / filtration

Ion Exchange (Water Softener)
Ion exchange should be considered only for the removal of small quantities of iron and manganese. For practical purposes in an everyday working softener, the upper limit is about 5 to 7 parts per million. Ion exchange involves the use of synthetic resins where an ion on the solid phase (the "adsorbent," usually sodium) is exchanged for the unwanted ions in the water. One of the major difficulties in using this method for controlling iron and manganese is that if any oxidation occurs during the process, the resulting precipitate can coat and foul the media. Cleaning would then be required using acid or sodium bisulfate
Where the concentration of iron is above 5 or 6 parts per million, or when there is both dissolved and precipitated iron or manganese in the water, a different approach is needed.

Oxidation / Filtration
Oxidation followed by filtration is a relatively simple process. The oxidant chemically oxidizes the iron or manganese (forming a particle), and kills iron bacteria and any other disease-causing bacteria that may be present. The filter then removes the iron or manganese particles. 

Oxidation
Before iron and manganese can be filtered, they need to be oxidized to a state in which they can form insoluble complexes. Oxidation involves the transfer of electrons from the iron, manganese, or other chemicals being treated to the oxidizing agent. Oxidation methods fall into two groups: those using additives like chlorine, ozone or air; or those using an oxidizing filter media.
· Ozonation - An ozone generator is used to make ozone that is then fed by pump or by an air injector into the water stream to convert ferrous iron into ferric iron. Ozone has the greatest oxidizing potential of the common oxidizers. This is followed by a contact time tank and then by passing the water through a catalytic medium or an inert multilayered filter for removal of the ferric iron.
· Chlorination - Chlorine can be introduced into water in one of several forms: a gas; as calcium hypochlorite; or commonly, as sodium hypochlorite. The treated water is then held in a retention (or contact time) tank where the iron precipitates out or flocculates into large enough particles that are then removed by filtering with manganese greensand, anthracite/greensand, or activated carbon. If applied this way, a dosage of one part of chlorine to each part of iron is used and 0.2 parts of potassium permanganate per part of iron is fed into the water downstream of the chlorine. The potassium permanganate and any chlorine residual serve to continuously regenerate the greensand.
· Aeration - Air is also used to convert dissolved iron into a form that can be filtered. This approach mimics what happens when untreated dissolved iron comes into contact with the air after leaving a faucet. Aeration methods can be of a two-tank or a single-tank variety. In a two-tank system, air is introduced into the first tank using a pump or other injection device. The dissolved iron precipitates (or flocculates into larger suspended particles) in the first tank and is carried into the second tank where it is filtered in a Birm or multi-media filter. One drawback to this system is that water bearing the precipitated iron goes through the head of the first unit and the piping between the units. Particularly at lower flow rates, the sticky ferrous hydroxide tends to foul the valve on the first unit and may require cleaning every 6-24 months. A single-tank system essentially combines the two tank system into a single tank system. The iron is oxidized at the top of the tank before falling into the filter medium at the bottom. There is no potential fouling of the head. The iron is filtered before it goes through the outlet port of the valve. For very high levels of iron, chlorination with continuous regeneration is the only practical approach.

Oxidizing Filtration Media
· Manganese Greensand – This is the most common chemical oxidant used. It has a relatively high capacity for iron removal and can operate at high flow rates with moderate backwash requirements. Greensand is a processed material consisting of nodular grains of the zeolite mineral glauconite. The material is coated with manganese oxide. The ion exchange properties of the glauconite facilitates the bonding of the coating. This treatment gives the media a catalytic effect in the chemical oxidation reduction reactions necessary for iron and manganese removal. This coating is maintained through regeneration with potassium permanganate – about 1.5 to 2 oz. per cubic foot of greensand.
· Birm - acts as a catalyst to promote the reaction between the oxygen and iron dissolved in the water. It requires no regeneration but needs a relatively high level of dissolved oxygen and works best at a pH above 6.8.
· Pyrolox - a natural ore that oxidizes and then filters the resulting insoluble iron. It does not need to regenerate; therefore, it doesn’t need other chemicals. However, it needs, ideally, to backwash at 25 to 30 gallons per sq. ft.

III.   Important Points to remember if you are considering an Iron Treatment System
When you choose a water treatment method or device, make sure you have answers to the following five questions:
1. What form of iron do I have in my water system? 
2. Will the water treatment unit remove the total iron concentration (determined by the water test) in my water supply? (Total iron refers to both soluble and insoluble iron combined). 
3. Will the treatment unit treat the water at the flow rate required for my water system? 
4. Considering the results of my water test, will this method effectively remove iron? (For example, pH may need to be adjusted before beginning a particular treatment). 
5. Would well construction or reconstruction be more cost effective than a long term iron removal treatment process? 
· 

IV.   Iron Bacteria
Iron bacteria are a natural part of the environment throughout the U.S. These microorganisms combine dissolved iron or manganese with oxygen and use it to form rust-colored deposits. In the process, the bacteria produce a brown slime that builds up on well screens, pipes, and plumbing fixtures. These same bacteria will extract iron from the surface of the well casing and iron pipes. Over time this process of mining iron from pipes can corrode and damage their integrity. 
Iron bacteria in wells do not cause health problems, but they can have the following unpleasant and possibly expensive effects: 
· Cause odors 
· Corrode plumbing equipment 
· Reduce well yields (clog screens and pipes) 
· Increase chances of sulfur bacteria infestation.
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Detecting iron bacteria 
There are certain indications that your well may have an iron bacteria problem. These are: 
· Red, yellow, or orange color to the water. 
· Slime on the inner walls of the toilet tank. And 
· A smell that may resemble fuel oil, cucumber, or sewage. 
This smell may be noticeable only in the morning or after other periods of non-use. If a disinfectant is used in the toilet tank, this sign of iron bacteria might not be apparent. 

If you have reason to suspect an iron bacteria problem, you may wish to try shock (or "batch") chlorinate the well, as described later, before having a water sample tested by a laboratory.   Ultimately, controlling iron bacteria instead of eliminating it may be the measure of success.  

Water samples can be tested at the State of Montana Environmental Laboratory in Helena (406 444-2642). Contact the lab for information on sample collection and cost.  Owners should be aware that concentrations of iron bacteria constantly change as they are shed from pipes and fixtures. For this reason, faucet samples for testing should be collected in the early morning when the water system has been inactive for several hours. 

[bookmark: prevent]Preventing iron bacteria 
Because it is difficult to get rid of iron bacteria once they exist in well systems, prevention is the best safeguard. 
For well drillers, prevention means disinfecting everything that goes into the ground with a strong (250 ppm) chlorine solution. Iron bacteria are nourished by carbon and other organics, and it is essential that these are not introduced into any part of the well system during the drilling process. Tools, pumps, pipe, gravel pack material, and even the water used in drilling should be disinfected. Use of a tank that circulates chlorinated water instead of digging a mud pit will help avoid contamination from soil. When the well is completed, it should be purged, shock chlorinated (using 1000 ppm solution), and then pumped. 

For owners of new wells in places where iron bacteria have been a problem, the best prevention is to be especially alert for signs of their occurrence. If the well driller and pump installer are scrupulous in keeping the new well "clean," iron bacteria even in such areas can be avoided. 

For owners of wells with previous iron bacteria infestation, chlorination is the best way to prevent it from reoccurring. Owners can periodically clean wells by shock chlorination as described in the next section, except using a weaker solution 2 quarts of 5.25% chlorine bleach in 100 gallons of water (or 1.25 qts. of 10% chlorine bleach). Another possibility is to install a chlorination unit, a method generally not adopted unless other problems also exist.
 
[bookmark: treatment]Treating iron bacteria problems 
Iron bacteria tend to build up again a few months after treatment so well owners should try to control rather than completely "cure" the problem.  Thorough treatment often includes physical cleaning of the well casing, the use of a surfactant, and disinfection with pH adjustment.

[bookmark: chemical]Chemical treatment 
For several reasons, routine chemical disinfectants that effectively wipe out other bacteria are only modestly successful against iron bacteria. Iron bacteria build up in thick layers forming a slime that keeps disinfectants from penetrating beyond the surface cells. In addition, iron dissolved in water can tie up much of the disinfectant before it reaches the bacterial cells.  Also, because chemical reactions are slowed at the cold temperatures common in wells, bacterial cells need a long exposure to the chemical for treatment to be effective. Even if chlorine kills all the bacterial cells in the well, those remaining in the aquifer will be drawn in by subsequent pumping.  Control is possible, eradication is not.
Because of these factors, thoroughly treating an iron bacteria infestation requires more than simply dumping chlorine into the well. The following steps are recommended: 

1. Prepare the chlorine solution. 
a. Approximately 8 quarts of 5.25% chlorine bleach such as Chlorox, etc., should be mixed with 100 gals. of water. It is best to prepare an amount more than the amount of water standing in the well, and the 100-gal. measure is a safe estimate if this is not known. Most garbage cans hold 30 gals. or more, so that filling three (clean, of course) cans with the solution is sufficient.
2. Pour or pump the solution into the well in one continuous flow. Attach a hose to a faucet and, making certain the hose itself is clean, place the other end of the hose into the well. Open the faucet and recirculate for one hour the now-chlorinated water, washing down the inside of the casing and the pump piping. Faucets in your house should be opened until you detect a chlorine smell, and then close them. 
3. Allow the chlorine solution to remain in the well and piping for at least 24 hours, preferably longer. The system should then be purged free of chlorine. Since it can disrupt a septic system, the chlorinated water should be run outdoors, perhaps into a ditch. It may also kill grass and shrubs, and should not be run into a lake or stream. 
4. Well owners may need to repeat this process more than once. If indications of iron bacteria persist, a water sample should be analyzed by a laboratory. Collect the sample only when the system is completely free of the chlorine smell. 
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**The information contained in this Fact Sheet has been compiled, combined, and re-formatted from the references above.  
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