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MotivationMotivation
Low doses of Se are needed to maintain Low doses of Se are needed to maintain 
good healthgood health
Chronic exposure to elevated Se can Chronic exposure to elevated Se can 
cause cause selenosisselenosis (hair loss, brittle nails and (hair loss, brittle nails and 
neurological abnormalities) neurological abnormalities) 
Freshwater Aquatic Life criterion Freshwater Aquatic Life criterion 
–– Ranges from ~2Ranges from ~2--12 12 µµg/Lg/L
Selenium Selenium exceedancesexceedances impact various impact various 
industriesindustries
–– Oil RefineriesOil Refineries
–– Coal Fired Power PlantsCoal Fired Power Plants
–– MiningMining
–– Agricultural runoffAgricultural runoff



Se Speciation
(similar to sulfur)

Se(VI) – selenate (SeO4
2-)

Se(IV) – selenite (SeO3
2-)

SeCN – selenocyanate
Elemental Se
H2Se – selenide
Biological Se species: 
Selenomethionine, Selenocysteine, 
DMSe, DMDSe, TMSe



Sour Water StripperSour Water Stripper
Oil RefineriesOil Refineries



Flue Gas Desulfurization (FGD)Flue Gas Desulfurization (FGD)
Coal Fired Power PlantsCoal Fired Power Plants



Se TreatmentSe Treatment

FerrihydriteFerrihydrite Adsorption of SelenateAdsorption of Selenate
Catalyzed cementation of Selenium with Catalyzed cementation of Selenium with 
iron particles (any valence)iron particles (any valence)
Chemical reduction of selenate and Chemical reduction of selenate and 
selenite to elemental Se using ferrous ionsselenite to elemental Se using ferrous ions
Biological reduction of selenate and Biological reduction of selenate and 
selenite to elemental Seselenite to elemental Se
Enzymatic reduction of selenate and Enzymatic reduction of selenate and 
selenite to elemental Seselenite to elemental Se



Process for removing Se from 
Refinery Wastewater

Patent of Texaco Development Corporation



Biological Se Removal Process

Applied Biosciences Corporation of Salt Lake City



Conventional Procedures for Conventional Procedures for 
Total Se in watersTotal Se in waters

Closed Vessel Oven digest Closed Vessel Oven digest ICPICP--MSMS

–– Similar to 1638 and 200.8Similar to 1638 and 200.8

Oven then Persulfate digest Oven then Persulfate digest HGHG--
AFSAFS

–– Based on SM 3500Based on SM 3500--SeSe



ICPICP--MS MethodsMS Methods

Inductively Coupled Inductively Coupled 
Plasma Mass Plasma Mass 
Spectrometry Spectrometry 
(ICP(ICP--MS)MS)

ICPICP--MS with Dynamic MS with Dynamic 
Reaction Cell Reaction Cell 
(ICP(ICP--DRCDRC--MS)MS)



Hydride Generation Atomic Hydride Generation Atomic 
Fluorescence Spectroscopy Fluorescence Spectroscopy 

(HG(HG--AFS)AFS)
Se(IVSe(IV) ) preservation with HClpreservation with HCl
Total Inorganic Se Total Inorganic Se reduction with NHreduction with NH22OHOH--HClHCl
Total Se Total Se persulfate oxidation, HCl reduction persulfate oxidation, HCl reduction 



Analytical Interferences

ICP-MS – polyatomic interference
–Chloride
– sulfur

HG-AFS
–Organics
–Metals such as Co, Cu, Fe, Hg, and Ni



Alternative Preparation Methods Alternative Preparation Methods 
for Total Sefor Total Se

Alkaline peroxide digestAlkaline peroxide digest
Aqua regia oven bomb digestAqua regia oven bomb digest



Experimental SetupExperimental Setup

Oven digest ICPOven digest ICP--MSMS
Alkaline Peroxide AFSAlkaline Peroxide AFS
Alkaline Peroxide ICPAlkaline Peroxide ICP--DRCDRC--MSMS
Oven Persulfate AFSOven Persulfate AFS
Persulfate AFSPersulfate AFS
Aqua Regia Bomb AFSAqua Regia Bomb AFS



Comparison of various methods for measuring Total SeComparison of various methods for measuring Total Se
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Comparison of various methods for measuring Total SeComparison of various methods for measuring Total Se
FGD Wastewater
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Liquid Chromatography ICPLiquid Chromatography ICP--MS MS 
(LC(LC--ICPICP--MS)MS)



Se Speciation in Refinery WatersSe Speciation in Refinery Waters
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Se Speciation in FGD WastewaterSe Speciation in FGD Wastewater
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Se Speciation in FGD WastewaterSe Speciation in FGD Wastewater
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Chromatogram of Se Species in Chromatogram of Se Species in 
FGD WastewaterFGD Wastewater
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Issues to Consider when Issues to Consider when 
measuring Se Species in measuring Se Species in 

Complex WatersComplex Waters

Sample heterogeneitySample heterogeneity
Presence of volatile Se species Presence of volatile Se species 
–– (such as H(such as H22Se, Se, DMSeDMSe and and DMDSeDMDSe))

RedoxRedox
pHpH



ConclusionsConclusions

Accurate measurements are key to Accurate measurements are key to 
understanding treatment successunderstanding treatment success
Industrial wastewaters may contain Industrial wastewaters may contain 
interferences for ICPinterferences for ICP--MSMS
HGHG--AFS performed better for total Se but AFS performed better for total Se but 
not recommended for Se speciationnot recommended for Se speciation
Closed vessel digest required if volatile Closed vessel digest required if volatile 
species may be presentspecies may be present
Unknown species make treatment difficultUnknown species make treatment difficult



Other Specialty Metals Analyses by Other Specialty Metals Analyses by 
Frontier GeoSciencesFrontier GeoSciences

Selenium speciation in soils and sedimentsSelenium speciation in soils and sediments
Arsenic SpeciationArsenic Speciation
Chromium SpeciationChromium Speciation
Total mercury and methyl mercury in Total mercury and methyl mercury in 
water, soil and tissuewater, soil and tissue
Mercury analysis in air, gas and stack Mercury analysis in air, gas and stack 
emissionsemissions
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