
Bio-remediation for 

Selenium

Making it Work for Agriculture



THE PROBLEM

Â Selenium is being added to natural 

waterways in areas where agriculture 

provides return water after irrigation

Â Selenium at the concentrations reported in 

certain waterways has been determined to be 

harmful to waterfowl, fish, and potentially to 

humans

Â Federal authorities may assign irrigators 

some responsibility for reducing the selenium 

concentrations in the return water.
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The Regional Problem

Â The total load of selenium entering the 

Colorado River from three reaches of the 

Umcompahgre and Gunnison Rivers creates 

concentrations that have been determined to 

be environmentally toxic

Â Agriculture may be required to share the 

responsibility for reducing the Se load

Â Agriculture in the region depends upon 

irrigation and drainage

Â Any solution for Se discharges from farms will 

need to be farm friendly and agriculturally 

compatible



If agriculture is required to 

participate in reducing selenium, 

how should we develop a solution?

ÂLocalize the problem

ÂReview the literature

ÂConsolidate the available information

ÂDevelop a model remediation program 

that addresses the site-specific need
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What the Science Says

Â Selenium is a trace metal, and can be removed in a 

desalinization plant

Â Se can change forms, and some forms are more 

soluble and/or more toxic than others

Â Se can be taken up in some quantity by certain plants 

under certain conditions

Â Selenium can be volatilized under certain conditions

Â Certain biological processes produce insoluble forms 

of selenium, which are removed from the water.

Â Insoluble forms of Se remain in sediment and are 

generally less bio-available



Project Development for 

Selenium Removal in 

Californiaôs Central Valley:

Broadview Water District

Characteristics of the project:
Å10,000 acre irrigation and drainage district 

Åseleniferous soils in the west side of the San Joaquin Valley

Åactive network of open and tile drains

Åregulatory pressure for reduction of selenium in discharged

drain water

Åproject funding from federal (BOR) source, including 

in-kind cost sharing



Agrarianôs Goals for Broadview

ÂReduce the Se load leaving Broadview: 

current annual load target is 852 lbs.

ÂFocus on ñhot spotsò, i.e. the few sumps 

that produce most of the selenium

ÂMinimize impacts to wildlife by 

restricting access to the project

ÂMinimize long-term costs

ÂDevelop a project that is compatible 

with the agricultural setting



Important Concepts Utilized

ÂSelenium volatilization can take place in 

wetland settings

ÂSelenium reduction can also take place 

if the environment is low in oxygen

ÂThe volatilization and the reduction take 

place in the plant roots, probably via 

bacteria that live in the root environment

ÂOptimal bacterial action will take place if 

the bacteria are well fed AND in 

maximum contact with the selenium in 

the water



A Flow-throughWetland

Waterflows through the hay balewith the plants,

contacting the root masswith the bacteria on them.

Selenium transformation takes place in the roots.

This is a true flow-through wetland.



The water on our project must flow THROUGH the 

root mass on the plants in the straw bales



Channel pattern for Se removal project
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FIGURE 1.  Schematic of selenium reduction        channel project at Broadview Water District
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There are 11 channels in a treatment, and they

form a block that is a total of 3300 feet long. 

Water moves from the intake to the discharge,

through the meanders, with a residency time 

of 21-50 days, depending on the season.



Channels used in Broadview Project
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   Schematic in cross section of the dimensions of the channels used 

                      in the selenium reduction project at Broadview Water District.



Broadviewôs Selenium Treatment 

Facility


