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OutlineOutline

•• Definition : Trace element speciation Definition : Trace element speciation 
((““Species distributionSpecies distribution””))

•• Why speciation is important? Why speciation is important? 
•• SummarySummary



““Everything is a poison, nothing is a Everything is a poison, nothing is a 
poison, the dose alone is the poisonpoison, the dose alone is the poison””
P.A. P.A. ParcelusParcelus (1493(1493--1541)1541)

Speciation or “species distribution” of an
element can profoundly affect its toxicity.

In addition:





Trace Element Speciation: Trace Element Speciation: 
DefinitionDefinition

•• Chemical Speciation may be defined as Chemical Speciation may be defined as 
the determination of the various chemical the determination of the various chemical 
(ie, oxidation/valence states)  and physical (ie, oxidation/valence states)  and physical 
(morphological state) forms of the (morphological state) forms of the 
element which together make up the total element which together make up the total 
concentration of that element on a concentration of that element on a 
sample.sample.



Why Speciation?Why Speciation?

•• Chemical (oxidation/valence state) forms Chemical (oxidation/valence state) forms 
determines toxicity (eg, determines toxicity (eg, CrCrVIVI vs vs CrCrIIIIII))

•• Chemical forms determines the mobility of Chemical forms determines the mobility of 
an element in the environmentan element in the environment

•• Speciation of metals: can affect the Speciation of metals: can affect the 
bioavailability of metals and therefore bioavailability of metals and therefore 
their risk.their risk.



(After Ruby et al., 1999)



SpeciationSpeciation
Structural AspectsStructural Aspects

•• Electronic and/or Oxidation StatesElectronic and/or Oxidation States

•• Nuclear (Isotopic) CompositionNuclear (Isotopic) Composition

•• Inorganic compounds and complexesInorganic compounds and complexes

•• Organometallic compoundsOrganometallic compounds

•• Organic and macromolecular complexesOrganic and macromolecular complexes



Trace Metal Species of InterestTrace Metal Species of Interest
•• Redox systemsRedox systems

•• SeSeIVIV/Se/SeVIVI, , AsAsIIIIII/As/AsVV, , SnSnIIII/Sn/SnIVIV, , CrCrIIIIII/Cr/CrVIVI

•• Alkylated forms:Alkylated forms:
•• Methyl: Hg, Ge, Sn, Pb, As, Sb, SeMethyl: Hg, Ge, Sn, Pb, As, Sb, Se
•• Ethyl: Pb, HgEthyl: Pb, Hg

•• BioBio--molecules:molecules:
•• OrganoOrgano--As, Se, CdAs, Se, Cd
•• Metalloproteins  and metalloenzymesMetalloproteins  and metalloenzymes





What is DU?
Definition:

– DU is a byproduct from the enrichment process to make nuclear fuel or 
weapons grade uranium.

– Environmental uranium contains 99.28% 238U, 0.72% 235U and 0.0058% 234U.
– Depleted Uranium-NRC defines DU as uranium containing less than 0.711% 

235U.
– DU contains ~99.8% 238U, 0.2% 235U and 0.002 234U.

Properties:
– Dense (19 g/cm3) – high inertia
– DU is 50% less radioactive than environmental uranium.
– DU has radiologic and chemical toxicity properties.

Use:
– DU used as armor and ammunitions in military applications (alloy – titanium)
– DU is used commercially by chemical companies and as counterweights in 

aircrafts.

DU vs 
Tungsten



Target Organs

! Lung (insoluble)

! Kidney (soluble)

! Liver and bone (soluble)

! Skin

! Ongoing research suggests other potential 
target organs



Determination of the Isotopic Composition of 
Uranium in Urine by Inductively Coupled 

Plasma Mass Spectrometry
Health Physics, January 2000, Volume 78, Number 1
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Arsenic SpeciesArsenic Species
AsH3 - arsine (gas)

As(III) - inorganic arsenite

As(V) - inorganic arsenate

MMAA – monometylarsonic (As3+)

DMAA – dimetylarsinic acid (As3+) 

MMAA - monomethylarsonic acid

DMAA - dimethylarsinic acid

TMAO - trimethylarsine oxide

AsB - arsenobetaine (marine) *

AsC - arsenocholine (marine) *

Decreasing 
Toxicity

Thus, arsenic speciation studies are critical for  accurate toxicological evaluation,
bioaccessibility studies, and risk assessment.



As speciation studies

Environmental Analysis:
� As speciation in water (numerous reports)

Biological Analysis:
� Urine analysis (numerous reports)
� Body fluids – blood, bile, plasma (Suzuki)
� Hair and nail samples (Suzuki)
� Marine animal samples (several reports, review by 

McSheehy)
� Tissues?



Overview of As speciation techniques

� Separation:
– Liquid chromatography – most common
• Reverse phase, ion pair, ion exchange

– Gas chromatography
– Capillary electrophoresis
– Supercritical fluid chromatography

� Detection: 
– ICP-MS (element-specific)
– Hydride generation AA
– Mass spectrometry
– Voltametry



ICP-MS (with DRC) Instrument setup

LC pump

DRC-ICP-MS

AutosamplerA B

Ion-exchange column

Mobile phases



HPLC-DRC-ICP-MS Calibration

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Time, min

Standards: 1, 5, 20 ppbAsB
As(III)

DMA
MMA

As(V)
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Speciation:Certified 
Reference Materials

Certified Reference Materials Available:
MeHg in marine matrices and sediments
Organo-Sn in solution & sediments
Trimethyl-Pb in solution and urban dust 
CrIII/CrVI in solution

Produce by:
NIST (USA); NIES (Japan); IAEA (Germany); 
NRCC (Canada); SM&T Programme/EU



Summary: Challenges and the Summary: Challenges and the 
Future in Trace Element SpeciationFuture in Trace Element Speciation

� Maintaining the integrity species and their 
distribution in the sample during the 
sampling, preparation, and analysis steps

� Availability of certified standard reference 
materials

� Validation of analytical methods and 
identification of unknowns


