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Abstract:
In over 40 percent of the groundwater drinking water sources in the United States, iron (Fe) and
manganese (Mn) concentrations exceed the recommended levels set by the Environmental Protection
Agency (EPA). Iron and manganese are not considered health hazards, although micro-environments
may be supported in wells and distribution systems which harbor microorganisms. The main concern
with these metals is the color imparted by the oxidized forms that rarely go unnoticed by the consumer.
In addition, clothes and plumbing fixtures are easily stained.

This project investigated chemical and biological aspects of removing iron and manganese from
groundwater, with treatment design based on implementable practices for small systems. Small water
systems are finding it increasingly difficult to meet water regulations, and due to lack of resources,
treatments used by larger systems are often not applicable.

The project was broken down into two phases. Phase one investigated chemical oxidation of iron and
manganese using a proprietary mixed oxidant solution produced by a device from MIOX Co. The
oxidants are formed by passing brine (salt water) through an electrolytic cell, avoiding the handling of
volatile substances such as chlorine gas and ozone. Laboratory experiments investigated the
effectiveness of this solution on the oxidation of Fe and Mn. The mechanism of soluble manganese
removal through oxide coated media was demonstrated, and the sorption capacity of manganese
greensand was determined. A side-stream filtration system set up at a local community demonstrated
the usefulness of the mixed oxidants under field conditions. Overall, the effectiveness of the mixed
oxidant solution was similar to that of sodium hypochlorite.

The second phase of this project investigated the use of biological filtration for iron and manganese
removal. A similar side-stream filtration system was set up to demonstrate the use of microorganisms
to oxidize and remove ferrous iron without chemical addition. Two forms of aeration were tested that
impart dissolved oxygen to the nearly anoxic water to promote biological growth. Laboratory
experiments investigated the mechanisms of oxidation by these microorganisms. Oxide structure,
microscopic observations, and chemical analyses were used in collecting evidence on removal
mechanisms. Several mechanisms are proposed that may explain the oxidation processes occurring in
this system.

A cost analysis was conducted to compare the proposed treatments implementable for small systems,
while distinguishing the pros and cons of each. 
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