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

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 asChemical Speciation may be defined as
the determination of the various chemicalthe 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 totalelement which together make up the total
concentration of that element on aconcentration of that element on a
sample.sample.



Why Speciation?Why Speciation?

•• Chemical (oxidation/valence state) formsChemical (oxidation/valence state) forms
determines toxicity (eg, determines toxicity (eg, CrCrVIVI vs vs Cr CrIIIIII))

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

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



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//SeSeVIVI, , AsAsIIIIII//AsAsVV, , SnSnIIII//SnSnIVIV, , CrCrIIIIII//CrCrVIVI

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

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



Health Effects and Speciation
Assessment of

Depleted Uranium





Uranium Exposure
Everyone is exposed to uranium because
uranium is occurs in the environment
On Average-each of us ingest 1.9 micrograms
uranium per day and inhale 0.007 micrograms
uranium per day.
Only 0.2%-5% uranium is absorbed by GI into
blood.
Uranium accumulates in Kidney and Bone.



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



Known Health Effects

 The kidney is the target organ for soluble forms
of depleted uranium;

 More insoluble forms may remain in the lungs
for longer periods;

 Health risk depends upon the depleted uranium
intake and chemical.



DU Analysis
Sample Preparation

Type of sample: 24hr urine collection
Ash 10 ml urine by dry ashing at 450 degrees and
heating on hot plate after additions of 1 ml nitric
acid and 0.5 ml hydrogen peroxide.
Ashing repeated until samples are a white ash
Sample reconstituted with 10 ml of 1M or 1 % nitric
acid
Sample analyzed by DRC-ICP-MS

DRC-ICP-MS = “Dynamic Reaction Cell”-Inductively Coupled Plasma-Mass Spectrometry



Goal for Uranium Isotopic
Analysis

Analysis of urine samples that contain 50
ng/L or greater of total uranium.

Isotopic speciation by ICP-MS provides a
sensitive, accurate, and fast method to
determine “source of exposure”
(environmental vs DU);



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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Detection Limits

Detection limits of 0.01 PPT
Because of uranium 235 low abundance ideal
limit of detection in samples is 5PPT DU and
1.5 PPT in Natural uranium (NU)
Because of matrix effects in biological
samples actual detection limits in urines
samples will be 10 PPT DU and 3 PPT NU



HPLC-DRC-ICP-MS
Isotopic Uranium Analysis

Sample
Concentration

Measured % 235U
(Urine)

Certified % 235U
(STD)

#1 – 51.8 ng/L
#2 – 54.2 ng/L
#3 – 55.3 ng/L
#4 – 55.7 ng/L
#5 – 99.1 ng/L

0.28 ± 0.10
0.54 ± 0.04
0.63 ± 0.04
0.70 ± 0.14
0.28 ±0.01

0.26 ± 0.01
0.49 ± 0.02
0.62 ± 0.01
0.72 ± 0.01
0.26 ± 0.01



ANALYTICAL TECHNIQUES
IN 

TRACE ELEMENT SPECIATION



Modern Methods of Analysis
(Chemical Speciation and Modes of

Occurrence)
Speciation Studies:

Inductively Coupled Plasma & MS (ICP-MS)
High-Resolution HPLC-ICP-MS (with DRC technology)
Extended X-ray Analysis Fine Structure (XAFS)
Electron microprobe

Chemical Analysis
Instrumental Neutron Activation Analysis (NAA)
X-ray fluorescence (XRF)
Atomic Absorption Spectroscopy



ICP-MS : Scan of Isotopes

203Tl

204Pb

209Bi

208Pb

207Pb
206Pb

205Tl



Applications of ICP-MS to
Blood-Lead Determination

Measurement of Isotope Ratios
– 208Pb:206Pb, and 206Pb:207Pb

– Potential for Pb source identification

– Isotope Dilution Measurements (IDMS)

– Plasma Pb measurements possible



Applications of ICP-MS to
Arsenic Speciation

Accurate analysis of inorganic, organic
and biological (liver) metabolites
– Fast, accurate and sensitive technique for As

speciation

– Detection limits of 1-5 ppt (with DRC technology)

– Analysis of a wide range of specimens: tissues,
fluids, hair, and geo-environmental samples.



Method for the Speciation of As in
Biological Materials

Column- Hamilton PRP X-100
Buffer A - 20 mM NH4HCO3 , pH 8.5
Buffer B - 20 mM NH4PO4, pH 7.5
Gradient
Step Time (min) A B
1 6 100%0%
2 4 0% 100%
3 8 100%0%



Standards
Arsenic Species
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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 theSummary: 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



Information Sites on TraceInformation Sites on Trace
Element SpeciationElement Speciation

Commission of the European Community
• Web Site:  http://www.speciation21.plymouth.ac.uk
• NewsLetter
• Int. Working Group on Medical Geology:

home.swipnet.se/medicalgeology
International Conferences:

• 7th International Symposium on Metal Ions in Biology and
Medicine; May 6-10, 2002; St. Petersburg, Russia.

• International Conference on Trace Element Speciation in
Environmental, Biomedical and Nutritional Sciences.  May 7-10,
2004; Munich, Germany.

• Int. Conference on Environmental Toxicology and Medical Geology; San
Juan, PR-USA. May  2003.


