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OCCURRENCE AND USES OF SELENIUM 
 
Selenium, a non-metallic element, is a metalloid, Atomic Number 34, Atomic Weight 
78.96, in Group VI A of the Periodic Table of the Elements, has six stable isotopes, and 
is analogous to sulfur in many of its chemical combinations. 
 
Selenium occurs in some soils as basic ferric selenite, calcium selenate, in its elemental 
form, and in organic selenium compounds derived from decayed plant tissue. 
 
The greatest use of selenium compounds is in electronic and photocopier components, 
but these compounds also find uses in glass, pigments, rubber, metal alloys, textiles, 
petroleum, medical therapeutic agents and photographic emulsions. 
 
EXPOSURE 
 
Soil concentrations of selenium vary widely.  For example, New Zealand’s typical 
human daily selenium intake approximates 56 micrograms per day.  By contrast, local 
soils in South Dakota are high in selenium, and inhabitants may take in as much as 
7,000 micrograms per day.   
 
Animals grazing in high seleniferous areas have been reported to incur renal, hepatic 
and heart damage.  Selenium reacts in vivo with other elements against heavy metal 
toxicity from mercury, cadmium, silver, thallium and molybdenum.   
 
Selenium concentrations in drinking water typically are quite low.  The U.S. National 
Interim Primary Drinking Water Regulation compliance monitoring showed only 150 
groundwater, and six surface water systems, with selenium in excess of ten (10) 
micrograms per liter.  When selenium is found in groundwater, it is as a result of natural, 
not artificial [man-made] contamination.  The United States Environmental Protection 
Agency (USEPA) reports selenium releases to water, and to land, for the years 1987 to 
1993 as 13, 556 pounds and 1,010,686 pounds, respectively. 
 
CHEMISTRY  
 
At typical groundwater pH levels (7.0 → 9.5), only the anionic forms of selenious (SeIV) 
and selenic (SeVI) acids are found. 
 
Selenious acid dissociates according to: 
 

H2SeO3 = H+ + HSeO3
-       and    HSeO3 = H+ + SeO3

2- 
 
While selenic acid dissociates as: 
 

H2SeO4 = H+  +  HSeO4
-      and    HSeO4

-  =  H+  +  SeO4
2- 
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Under oxidizing conditions Se(VI) will predominate, and divalent selenate (SeO4
-2), an 

anion with chemical behavior similar to that of sulfate, will be found.  Under reducing 
conditions Se(IV) will predominate, and at pH values below 8.15 the monovalent 
biselenite anion (HSeO3

-) will dominate.  
 
TOXICITY AND HEALTH EFFECTS 
 
It is widely believed that selenium is highly toxic to man, although, according to McKee 
and Wolf, proof of human injury by selenium is scanty, and definite symptoms of 
selenium poisoning have not been identified.  
 
Selenium can form a highly toxic hydrogen selenide, a gas that is a close relative, and 
equally as lethal, as hydrogen sulfide.   
 
Selenium is an essential micronutrient at low levels.  USEPA has found selenium to 
potentially cause changes in hair and fingernails, damage to the peripheral nervous 
system, fatigue and irritability, when exposed to levels above the MCL for relatively 
short periods of time. 
 
Long-term, life time exposure to selenium has the potential to cause hair and fingernail 
loss, damage to kidney and liver tissue, and damage to the nervous and circulatory 
systems. 
 
REGULATORY STATUS 
 
The World Health Organization (WHO) and the European Drinking Water Standards 
(EDWS) prescribe a mandatory limit of 0.05 milligrams per liter.  Because of inadequate 
evidence, the USEPA has not classified selenium as a carcinogen, however, in 1992, 
USEPA promulgated an MCL and an MCLG of 0.05 mg/L. 
 
REMOVAL OF SELENIUM 
 
Several unit operations for the removal of selenium water are available.  Since the 
choice of removal process largely depends upon the species of selenium present, 
accurate laboratory data acquisition, including speciation, is essential.  Processes 
include: 

 
 Reverse Osmosis 

 Ion Exchange 

 Activated Alumina Adsorption 

 Coagulation / Filtration 

 Lime Softening 
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Depending on the form of selenium present, either ion exchange or activated alumina 
adsorption is mostly chosen for treatment.  Selenite [SeIV] forms are best removed by 
alumina, while Strong Base Ion Exchange (SBA) is generally the choice for selenate 
[SeVI].  The choices are dictated by the  relative affinity values for anions on alumina.  It 
must be remembered that neither activated alumina adsorption nor SBA exchange are 
specific for selenium ions only.  The University of Houston and other investigators listed  
activated alumina, operating in the pH range 5.5 – 8.5 as preferring anions in the 
following order: 
 
OH- > H2AsO4

- > Si(OH)3O
- > F- > HSeO3

- > SO4
= . CrO4

= > HCO3
- > Cl- > NO3

- > Br- > I- 
 

In strong base anion exchange, the primary interferant in the removal of selenate from 
water is sulfate, which is preferred by the resin approximately six times more (Ratio of 
9.1 : 1.5) than is selenate. 
 
Oxidation of Selenite [SeIV] to Selenate [SeVI] 
 
Selenate is so strongly preferred by anion resins that the oxidation of selenite to 
selenate prior to treatment is the best approach.  Although SeIV is considerably more 
difficult to oxidize than is trivalent Arsenic [AsIII], laboratory research has demonstrated 
that this oxidation can be readily accomplished with free chlorine. 
 
The rate of selenite oxidation is optimum between pH 6.5 and 8.0.  In this pH range 
60% of the selenite is converted to selenate within five minutes at a free chlorine 
concentration of 2 mg/L.  The reaction is far less efficient at higher pH levels.  Other 
oxidants (pure oxygen, hydrogen peroxide and permanganate) are not nearly as 
effective as free chlorine.  Total Organic Carbon, if present, may slow the reaction rate 
by preferentially reacting with the chlorine. 
 

Ion Exchange for Selenate Removal 
 
Laboratory studies with synthetic water containing high TDS (700 mg/L) and sulfate 
(192 mg/L) and source water containing 0.1 mg/L SeVI, to test the possibility of selenate 
removal with chloride-form Strong Base Anionic (SBA) resins have shown acceptable 
run lengths (275 Bed Volume [BV]). As expected, selenate eluted after sulfate.  SBA ion 
exchange appears to be an appropriate selenate removal method in waters with low or 
moderate sulfate concentrations.  
 

Activated Alumina 
 
Packed beds of activated alumina can be used to remove fluoride, arsenic, selenium, 
silica and humic materials from water.  The mechanism is one of exchange of 
contaminant anions for surface hydroxides on the alumina, and is generally referred to 
as adsorption. 
 
Typically, 28 x 48 mesh aluminum oxide (gamma Al2O3) is used.  Activated alumina 
processes are sensitive to pH, and anions are best adsorbed below pH 8.2.  Trussell, et 
al, demonstrated that alumina adsorption is very effective for the removal of 
tetravalentselenium (i.e. HSeO3

-) in the optimum pH range of 5 to 6.  They also found,   
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not unexpectedly, that alumina is a relatively poor medium for the removal of selenate 
(hexavalent selenium), due to strong competition from sulfate.  In water containing both, 
selenite (SeIV) and selenate (SeVI), oxidation with chlorine is generally more feasible 
than microbial (or chemical) reduction, followed by activated alumina adsorption.  This is 
especially obvious given that the product water for distribution usually has to be 
disinfected with chlorine. 
 

Reverse Osmosis 
 
A process originally designed to purify seawater and brackish water by the application 
of hydrostatic pressure to overcome osmotic pressure, thereby driving water molecules 
(only) through a semi-permeable membrane designed to exclude other molecules.  The 
process requires fragile and expensive stacks of cellulose acetate or thin film composite 
membranes.  Since the recovery of product (treated) water, as a percentage of feed 
water, is a function of applied pressure (up to 400 psi, or more, depending on 
membrane type), this process tends to be energy-intensive.  Reverse osmosis is 
capable of removing selenium, regardless of valence state, but is, of course, not 
selective. 
 

Coagulation / Filtration 
 
The US Bureau of Reclamation (USBOR) has developed a process in which selenium-
laden water is mixed with ferrous iron hydroxide  solids at pH 8 to 10.  The selenium is 
removed from the water and remains trapped in the iron hydroxide floc and can be 
filtered out.  The process removes only selenate, thus a chlorine oxidation step must 
precede the coagulation/flocculation.   
 

Ferric Oxide, Granular Ferric Hydroxide and Titanium Oxide Removal Media 
 
Various manufacturers of arsenic removal filter media, such as Siemens (GFH), Severn-
Trent (Bayoxide), and Dow Chemical “Absorbsia” (Titanium oxide) list their media as 
having capacity for the removal of selenium, as well as arsenic and some other metals 
or metalloids. Some of those are backwashable media, others are single-use.  While 
most of the media will remove selenate (SeVI), thus requiring a preliminary oxidation 
step, the Dow (titanium-based) medium is stated to remove only selenite (SeIV), not 
selenate (SeVI).  All of the media mentioned are pH-sensitive, and phosphates and 
sulfates compete strongly with arsenic and selenium for removal. 
 

Lime Softening 
 
Some investigators have shown that lime or excess lime softening, a chemical 
precipitation process, is capable of partial removal of selenium.  The process requires 
large quantities of chemicals and produces substantial volumes of sludge that must be 
disposed to a land fill.  Unless there is a demonstrated need to also partially soften the 
water, this process does not appear to be financially viable. 
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PILOT TESTING 
 
Since the success of the chosen selenium removal process depends on accurate 
speciation of the selenium species present, close laboratory liaison, and pilot-testing of 
the process is essential. 
 
As with all water treatment applications, the more that is known about the quality of the 
water to be treated, and the possible variability of that quality, the more successful will 
be the design of the treatment system.  As a minimum (prior to pilot testing), an 
accurate general mineral analysis of the water should be performed.  Consideration 
should also be given to the possible seasonal variability of the stated water composition. 
 
Since, as stated above, ion exchange resins and activated alumina media are not 
entirely selenium selective, the composition of the water will dictate not only selenium 
removal efficiency, but also strongly affect resin / media exchange capacity.  A pilot filter 
test must be performed prior to final design.  The pilot system must verify removal of 
selenium throughout the process run cycle, as well as determine any pretreatment 
requirements.  The pilot test report must include the cost of operations, labor, resin / 
media replacement and regenerant disposal.  Local regenerant disposal requirements 
should be researched to ascertain whether the regenerant will be deemed a hazardous 
waste and how legal disposal will be achieved. 
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