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Lead Abundance and Distribution in New Orleans 

Howard Mielke 

Inner-city regions are traps for lead contamination 



Why are mineral surfaces important for environmental chemistry? 

• Most geochemically relevant reactions occur at interfaces 

 

• Fate and transport of minor chemical components (including  

     most contaminants) controlled by sorption and precipitation  

     at solid surfaces 

 

• Bulk concentrations don’t tell whole story 

 

• Chemical speciation controls mobility, toxicity, and bioavailability 

 

• X-ray absorption spectroscopy has become essential tool for  

     studying speciation of metals and metalloids 

 

• Here we will focus on metal interactions with mineral surfaces 



http://en.wikipedia.org/wiki/User:Alain_Manceau 

Processes at mineral-water interfaces 

• Bulk precipitation/dissolution 
 

• Sorption: 
• Adsorption 

• Desorption 

• Surface precipitation 

• Co-precipitation 
 

• Redox reactions 



http://www.nature.com/scitable/knowledge/library/introduction-to-the-sorption-of-chemical-constituents-94841002 

Molecular-scale understanding of interfacial processes 



Three examples using EXAFS and XANES to study interfaces 

1) Pb2+ interaction with calcite 
 

       Distinguishing between adsorption and coprecipitation 

 

2)  Tungstate sorption onto boehmite 
 

  Surface-induced polymerization 

 

3)  Arsenic and chromium redox reactions on ferrihydrite 
 

       Surface-facilitated, coupled redox reactions 
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EXAFS and XANES Spectroscopy 

EXAFS: 

• Element specific 

• Identity, distance and number of 

     near neighbor atoms 

• Degree of local structural disorder 
 

XANES: 

• Average oxidation state 

• Coordination geometry 
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 Batch sorption experiments show dual uptake kinetics 
 

• Initial rapid uptake (adsorption?) 
 

• Slow continued uptake (coprecipitation?) 

Pb2+ interaction with calcite surfaces 
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• Sorption maximum at pH 8.4 

• Pb2+ forms stable aqueous complexes with CO3
2- 

• Pb2+ sorption maximum corresponds to PbCO3
0(aq) speciation field 

• PbCO3
0(aq) thought to be primary species to sorb at calcite surface 

• Sorption mechanism unclear 

Pb2+ uptake by calcite shows strong pH dependence 

24 hr 



After batch reaction: 

• Separate solids from suspension by  

      centrifuge or filtration 

• Retain moist solids for X-ray absorption 

• Seal moist solids in sample holder 

 

How do we study species sorbed at mineral-water interface? 

                        (and not those in the solution) 
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Calcite: Pb2+ co-ppt with calcite 
 

Shell        N      R (Å)    2 (Å2) 

Pb-O       5.9     2.52      0.009 

Pb-C        6*      3.28      0.005 

Pb-O        6*      3.79      0.016 

Pb-Ca      6*      4.09      0.005 

Pb2+ adsorbed on calcite (1 M) 
 

Shell        N      R (Å)    2 (Å2) 

Pb-O       4.3     2.34      0.013 

Pb-C       3.3     3.39      0.01* 

Pb-O       3.8     3.62      0.01* 

Pb-Ca     1.4     4.08      0.01* 

2.34 Å 

2.52 Å 

Can we distinguish Pb2+ adsorption from co-precipitation 

Pb2+ co-ppt 

Pb2+ ads’d 
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Pb-O = 

2.34 Å  

.. 

Trigonal pyramidal –  

lone electron pair active 

Octahedral 

k (Å
-1

)

2 3 4 5 6 7 8 9

k
3

 · 
c

h
i(

k
)

-4

-2

0

2

4

Pb2+ co-ppt 

Pb2+ ads’d 

Pb L3-edge EXAFS 
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Rouff et al. (2003) 



Terrace sites 

Step edge sites 

Pb2+ sorption sites on calcite (1014) surface 
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Tungstate polymerization on the boehmite surface 



Tungstate polymerization on the boehmite surface 

Oxidative dissolution of tungsten alloys releases tungstate – W(VI)  
    

• Common anion form is WO4
2-  (occurs at basic pH) 

• Below pH 7  WO4
2- polymerizes to form polytungstates 



 

• Metallic forms of tungsten considered to be nontoxic 

 

• Leukemia cluster in Fallon, NV, linked to tungsten refinery 

 

• Polymeric tungstate found to be more toxic than monomeric species 

 

• Tungstate unregulated by US EPA and WHO (regulated in Russia) 

 

• Tungstate concentration in aquatic and soils systems likely controlled  

     by sorption onto mineral surfaces 

Tungsten Toxicology 
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Tungstate polymerization favored at low pH conditions 



     

 Effective sorbent 

 Edge-sharing Al octahedra 

 Particle Size : ~50 nm 

 Surface area : 134 m2/g 

 Zero point of charge : pH 8.7 

Boehmite, -AlOOH  
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Batch sorption isotherms on boehmite 
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Tungstate desorption from boehmite 

Sorption is irreversible at pH 4 

Initial [W] = 200 µM 

Partially reversible at pH 8 
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Tungsten L1 and L3  

edges both useful 

http://upload.wikimedia.org/wikipedia/en/b/bd/XASEdges.svg 
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How can we use XANES and EXAFS to understand sorption mechanism? 

        Tungsten 
 

Edge     Energy (keV) 
 

   K               69.5  

   L1              12.1 

   L3              10.2 
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W L3-edge XANES 
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W L3-edge XANES 

t2g eg 

Ligand field splitting 
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W L3-edge XANES 



  

 

 
Energy (keV) 

Ba2NiWO6 

FeWO4 

WO3 

Na2WO4 

CaWO4 

Sol. pH 8 

Sol. pH 4 

12.1 12.2 
Ba2NiWO6 

FeWO4 

  WO3 

Octahedral 

CaWO4  

Na2WO4 

Tetrahedral 

W L1-edge XANES 

12.3 

• Pre-edge peak at 12.1 keV is   

     attributed to 2s5d transition  
 

• Transition is dipole forbidden  

     for regular octahedral symmetry 
 

• Allowed for tetrahedral symmetry 
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W L3-edge EXAFS – reference compounds and solutions 
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W L3-edge EXAFS for tungstate sorbed onto boehmite 



5 µM sorption sample 
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W L3-edge EXAFS fits for tungstate sorbed on boehmite 

W-O 

W-Al 



5 µM sorption sample 
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 W-O 

W-Al 

Sample Path CNa R (Å)b σ2 (Å2)c ∆E0 (eV) 

5 µM 
W-O1 3.1 1.75 0.002 

3.4 W-O2 3.2 2.14 0.009 
W-Al 2.2 3.14 0.01 

*: fixed in the fitting,  
a : coordination number (±20%), b: distance in Å (±0.02 Å),  
c : Debye-Waller factor 

W L3-edge EXAFS fits for tungstate sorbed on boehmite 



5 µM sorption sample 
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5 µM 
W-O1 3.1 1.75 0.002 

3.4 W-O2 3.2 2.14 0.009 
W-Al 2.2 3.14 0.01 

*: fixed in the fitting,  
a : coordination number (±20%), b: distance in Å (±0.02 Å),  
c : Debye-Waller factor 

<W-O>ave = 1.95 Å 

 

Typical distance for  

octahedral coordination 

W L3-edge EXAFS fits for tungstate sorbed on boehmite 



5 µM sorption sample 
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5 µM 
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W L3-edge EXAFS fits for tungstate sorbed on boehmite 
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1000 µM pH 8 

1000 µM pH 4 

1000 µM sorption samples 

W L3-edge EXAFS fits for tungstate sorbed on boehmite 



2 4 6 8 10 12 14

 

 

R (Å) 

k
3
χ
(k

) 

k (Å-1) 

F
T

 m
a

g
n

it
u

d
e

 

0 2 4 6 8

 

 

1000 µM pH 8 

1000 µM pH 4 

1000 µM sorption samples 

Sample Path CNa R (Å)b σ2 (Å2)c ∆E0 (eV) 

1000 µM 
pH 8 

W-O1 3.0 1.75 0.003 

-0.4 
W-O2 4.0 2.14 0.009 
W-Al 2* 3.14 0.012 
W-W1 0.6 3.23 0.004 
W-W2 1.6 3.73 0.007 

1000 µM 
pH 4 

W-O1 2* 1.74 0.003 

-1.2 
W-O2 2* 1.98 0.019 
W-O3 2* 2.21 0.006 
W-Al 2* 3.15 0.015 
W-W 3.4 3.25 0.008 

*: fixed in the fitting,  
a : coordination number (±20%), b: distance in Å (±0.02 Å),  
c : Debye-Waller factor  

W L3-edge EXAFS fits for tungstate sorbed on boehmite 



Open chain polymerization 

Co-location polymerization 

Surface-induced tungstate polymerization 



Coupled Redox Transformation of Chromate and Arsenite on Ferrihydrite 

• Chromium and arsenic commonly coexist 

     at contaminated sites 
 

• Cr(VI) is soluble, mobile, toxic (carcinogenic), 

     and bioavailable  
 

• Cr(III) is generally insoluble, micro-nutrient 
 

• As(III) is generally more mobile and toxic 

     than As(V) 
 

• Coupled redox involving As(III) and Cr(VI) 

     at ferrihydrite surface 

2-line ferrihydrite 
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Solution species 
 

As(III) + Cr(VI)  ---- 

Fhyd 

As and/or Cr reacted with  

Fhyd suspension for 12 hr  

at pH 5 
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As(III) Cr(VI) 

e- 

As(III) Cr(VI) 

e- 

What role does the surface play? 

Two mechanisms for e- transfer: 

Co-localization at surface Long-range charge transfer  

   in bulk semiconductor 

       (or near surface) 
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Summary 

• Synchrotron-based X-ray absorption spectroscopy offers a suite 

   of techniques for characterization of metal speciation 

 

• Complementary to other methods  

 

• Element specific 

 

• Local structure of species sorbed at mineral-water interface 

 

• Can be used when metal/metalloid is very dilute  

 

• Suitable for micro-spectroscopy applications to obtain  

    spatial resolution (100 nm – 10 µm) 



Acknowledgments: Ashaki Rouff, Nick Fisher, Hyuck Hur, Dan Strongin,  

   Elizabeth Cerkez, Narayan Bhandari 

 

Funding from:  National Science Foundation, Dept. of Energy (BES) 


