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INTRODUCTION 

X-ray absorption fine structure (XAFS) spectroscopy is a powerful method for determining the 
oxidation states and local structure around a specific element in any material (gas, liquid, 
crystalline solid, amorphous solid). As its name implies, XAFS spectroscopy measures the fine 
structure associated with one of the characteristic X-ray absorption edges of the element of 
interest. The fine structure is usually of two types (Figure 1). There is a fine structure 
associated with the absorption edge itself and there is a second fine structure consisting of a 
weak periodic oscillatory 'structure that occurs above the absorption edge and normally 
diminishes in intensity the further away from the edge. Either or both of these regions of the 
XAFS spectrum can be used to determine how the element occurs in a material. The structure 
associated with the edge itself is known as the X-ray absorption near-edge structure (XANES) 

region, whereas the periodic structure above the edge is known as the extended X-ray 
absorption fine structure (EXAFS) region. 
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Figure 1: XAFS spectrum of el~mental selenium showing the division of the spectrum into 
separate XANES and EXAFS regions and the subsequent generation of a radial structure function 
(RSF) by mathematical manipulation of the EXAFS region of the spectrum. The peak in the RSF 
spectfUm represents X-ray scattering interactions between the selenium atom and its 
immediate neighbors and can be considered a one-dimensional representation of the structure 
local to the selenium atom. 
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Analysis of each region is carried out il")dependently. Typically, the XAFS spectrum is first 
normalized to the edge step and then divided into separate XANES and EXAFS regions. The 
latter region can be further manipulated mathematically to obtain a radial structure function 
(RSF). Whereas the EXAFS region provides structural information, the XANES region provides 
bonding and valence information. 

In this report, XAFS spectroscopy has been used to examine the lead (Pb) and mercury (Hg) 
speciation in six soil samples submitted to EAI, Inc. The XAFS measurements were made at the 
Pb and Hg LUI-absorption edges at the Stanford Synchrotron Radiation Lightsource (SSRL), 
Stanford University, Palo Alto, CA, during the period November lO-lih

, 2009. 

EXPERIMENTAL 

XAFS measurements on the submitted soils were made in fluorescence geometry at beam-line 
11.2 at SSRL using a either a Lytle-type fluorescence detector or a multi-element Ge detector to 
collect the X-rays emitted by lead and mercury in response to the X-ray absorption process. 
The Lytle detector was used to collect the majority of the Pb XAFS spectra, whereas the multi
element Ge ~etector was used to determine the spectra from the two soils of lowest Pb 
contents and from Hg in all six samples. Table 1 cross-references the samples, the XAFS file 
names and the Hg and Pb contents, determined by PIXE (Proton Induced X-ray Emission) 
analysis, of the six soils. 

TABLE 1: Cross-reference for soil samples, their XAFS filenames, and Pb and Hg contents 

Sample Code Pb XAFS filename Pb Content, 
ppm 

Hg XAFS Filename Hg Content, 
ppm 

TPS-135BA-2C PbSOIL 002.004 2000 HgSOIL 015.005 61 
TPS-41KA-1A PbSOIL 003.004 2720 HgSOIL 012.006 136 
TPS~20AL-1B PbSOIL 004.004 1700 HgSOIL 013.006 122 
TPS-19KA-2B PbSOIL 005.004 1790 HgSOIL 016.012 31 
TPS-30AL-2C PbSOIL 006.005 300 HgSOIL 014.006 113 
TPS-2AL-1B PbSOlL 009.004 1030 n/a <10 
n/a - spectral data not analyzed - Hg content too low to provide useful data. 

Hand-picked samples of the soils (approx. 200 - 300 mg) were held in ultrathin (~6 ~m) 

polypropylene baggies to expose them to the X-ray beam. The Pb and Hg LIII XAFS spectra were 
collected as a function of energy from about 200 eV below the appropriate LIII absorption edge 
to as much as 500 eV above it by measuring the fluorescent X-rays as a function of the angular 
rotation of a silicon (220) monochromator. The absorption spectrum of the corresponding 
metal, obtained simultaneously in absorption geometry, was used as the primary energy 
calibration standard. The major peaks in the derivative XAFS spectra of lead foil and metallic 
mercury were assumed to occur at 13,035 eV and 12,284 eV, respectively. Typically four or 
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more separate scans of the element in each soil were collected and averaged to provide the 
final spectrum. 

RESULTS and DISCUSSION 

(a) Analysis of Pb XAFS spectra 

Figure 1 shows the XANES and derivative XANES spectra obtained for Pb in the six soil samples. 
The spectra appear to be very similar although there are some subtle differences in the fine 
structure just above the absorption edge. Such differences are accentuated in the XANES plot 
shown in Figure 2, in which the spectra are minimally offset. The spectra are also similar to 
XAFS spectra of Pb in soils reported in the literature [1, 2], as well as to spectra we have 
obtained previously on Pb in other soils [3]. Additionally, the derivative spectra obtained from 
Pb in soils near EI Paso, TX, reported by Pingatore et al. [2] are very close matches to those 
shown on the right side of Figure 1. Hence, we can conclude that Pb in the current suite of soils 
is not especially different from that found in other soils. 
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Figure 1: Lead XANES (left) and derivative XANES (right) spectra of six soils. 

The Pb radial structure functions (RSFs), obtained by Fourier transform of the k3-weighted chi 
spectra, are displayed on the right side of Figure 2. Due to a significant crystal glitch that 
occurred in the EXAFS region of all spectra at about 9.5 A'\ the range in k-space for the Fourier 
transform was truncated at 9 A-1

. Hence, the features in the RSF spectra are relatively broad. 
However, all six spectra show a major peak at about 1.8 A; based on its position, it is likely 
derived from oxygen atoms in the immediate coordination sphere around the Pb. Similar 
spectra were exhibited in other studies [1, 2, 4, 5, 6]. It is apparent that the RSF peak is 
significantly smaller for samples TPS-2AL-1B and TPS-30AL-2C. We suspect that this reflects the 
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3.5 

fact that these two samples have the lowest Pb contents, rather than any significant difference 
in the coordination shell. It should be noted also that they were measured with the alternative 

multi-element Ge fluorescence detector and not the standard Lytle detector. 
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Figure 2: Lead XANES spectra (left) minimally offset to accentuate subtle differences among the 
spectra; radial structure functions (right) obtained by Fourier transform of the EXAFS region. 
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Figure 3: Pb XANES spectra of selected Pb compounds: (a) Pb metal, Pb sulfide (galena), PbC03 

(cerussite), and three different lead oxides; (b) three Pb phosphates and two sulfates. 
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We compared the Pb XANES data for the soils to the XANES spectra of eleven different standard 
Pb compounds that we have in our database. These spectra are shown in Figure 3. Direct 
comparison of these spectra with the XANES obtained from Pb in the soils indicates that none 
ofthe six spectra shown in Figure 3(a) are likely to be significant components in the soils. 

The XANES spectra shown in Figure 3(b) are more similar to those obtained from the soils than 
those in Figure 3(a). In particular, the two phosphate species, PbHP04 and PbCaP04, would 
appear to be the closest matches to the spectra exhibited by the soils. Previous studies have 
reported the presence of Pb phosphates in soils [6, 7], albeit in phosphate enriched soils. 

The recent study by Pingatore et al. [2] was carried out on Pb in soils from EI Paso, TX, and its 
environs. As already noted, the XAFS data from that study are similar to those recorded from 
the current suite of soil samples. In that study, Pingatore et al. [2] interpreted their spectra as 
arising from mixtures of Pb humate and PbS04 and were able to provide semi-quantitative 
estimates of the two components by least squares fitting of the EXAFS region data. 
Unfortunately, we do not have XAFS data for Pb humate, but can compare the same data 
representation to that determined by Pingatore et al. [2]. These data are shown in Figure 4; the 
spectra in this Figure should be compared with those in Figures 1 - 3 in the paper by Pingatore 
et al. [2]. 
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Figure 4: Comparison of isolated EXAFS oscillations derived for Pb in soil samples plotted as k2
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weighted chi vs. reciprocal space in A-I. 

6 



The earlier study by Manceau et al. [1] came to rather different conclusions regarding the Pb 
speciation in the contaminated soils they studied. They concluded that Pb could exist in such 
soils in a wide variety of forms, in large part depending on the source of the Pb contamination. 
They also emphasized the complexity and difficulty of extracting speciation information from Pb 
XAFS spectra of soils. Numerous other XAFS studies [4-10] have been conducted of Pb in soils; 
however, there does not seem to be a clear consensus about the most reliable method of 
extracting the speciation from the spectral data nor about the most common forms of Pb in 
such materials. 

Due to safety concerns and restrictions about disposal of heavy metal hazardous wastes, it was 
not possible to obtain XAFS data for lead iodide (PbI2) during the synchrotron experimental 
session at SSRL. Consequently, the XAFS data for the soils have not yet been compared to XAFS 
data for this compound. Although the data for the soils, in particular the RSFs shown in Figure 
2, appear to be incompatible with iodide anions in the immediate coordination sphere for Pb, 
we will endeavor to obtain XAFS data for this compound as soon as possible in order to 
complete the XAFS investigation of the soils. 

In summary, the following conclusions can be made from the Pb XAFS spectra of the soils: 

•	 The consistency of the major peak position at 1.80 ± 0.05 Ain all six RSFs of the soils 
(Figure 2) indicates that oxygen anions are the predominant nearest neighbor anions 
surrounding the Pb in the soils. Hence, only Pb-O species need be considered, and it 
can be concluded that species such as PbS, elemental Pb, Pb halides including Pb1 2, 

etc., in which the nearest neighbor anions are not oxygen, are not significant (i.e. 
they contribute less than 10% of the total Pb in the sample). 

•	 Specific lead oxides such as PbO, Pb30 4, and Pb02 exhibit a pair of inflection features 
on the rising absorption edge in their Pb XANES spectra (Figure 3(a)) that are not 
present in the Pb XANES spectra of the soils (Figures 1 and 2). Consequently, these 
oxide compounds of lead are not significant «15% of the total Pb) as components in 
the soil. 

•	 Examination of the Pb XANES spectra of compounds in our database indicates that 
the closest match to the Pb XANES spectra of the soils is exhibited by phosphate 
compounds, in particular PbCaP04 and PbHP04 . 

•	 Closely similar spectra to those in this study were reported by Pingatore et al. [2] in 
study of soils in the vicinity of El Paso, TX; these authors interpreted their spectra as 
arising from mixtures of Pb humates and PbS04• This possibility will be tested when 
we obtain data for Pb humate. 

•	 Examination of numerous published studies that display XAFS spectra of Pb in soils 
reveals that similar spectra to those recorded in the current study have been 
reported by a number of different authors. However, there is no consensus on the 
interpretation of the spectra among the different studies. 
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(b) Analysis of Hg XAFS spectra: 

Mercury XAFS and XANES spectra are shown in Figure 5. As a result of their low Hg 
concentrations, the spectra remain quite noisy despite the fact that most of the spectra were 
averaged over at least six repeat scans. Consequently, the fine structure of the EXAFS region of 
the spectrum is too weak compared to the experimental scatter and cannot be analyzed. 

3.5 .,.....-----------------, 3.5 .,.-----------------, 

Figure 5: Hg XAFS spectra (left) and XANES spectra (right) for five soil samples. 

The Hg XAFS spectra (Figure 5), unlike the Pb XAFS spectra (Figure 1)/ do not show a great deal 
of similarity among them and each spectrum appears to be unique. Figure 6 shows the XANES 
spectra of a large number of mercury compounds for comparison with the spectra obtained 
from the soil. One significant difference between the Hg XANES of the soils (Figure 5/ right) and 
those of most of the standards is that a significant inflection feature on the absorption edge is 
lacking or weak in the spectra of the soils. The lack of this inflection feature eliminates as 
significant contributions compounds in which Hg is coordinated by oxygen, chloride, and similar 
small anionic species, which generally exhibit well resolved inflection features. However, it is 
conceivable that the resolution of the inflection point could be reduced by the presence of a 
large number of different Hg compounds contributing to the overall spectrum and effectively 
smearing out the inflection features. 

Of the standard compounds, only elemental mercury lacks a significant inflection point, 
however, the inflection point of metacinnabar, HgS (black), is quite weak and it is conceivable 
that a combination of the XANES spectra of elemental mercury and HgS (black) might account 
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for the Hg XANES spectra of the soils. As elemental mercury, HgS and HgCb were the three 
mercury compounds suspected of being present in the soils, least squares fitting of the Hg 

XANES spectra of the soils was attempted using the Hg XANES spectra of these three 
compounds as components. Least-squares fitting (see Appendix) was attempted for (i) each 
component individually, (ii) as three differently paired components, and (iii) as a trio of 
components. The fits of type (ii) and (iii) attempted with HgCI2 as a component always resulted 
in %Hg as HgCI2 as a large negative contribution. Hence, it was concluded that HgCI2 is not 
significant «10% of total Hg) in any of the soils. Fits of type (ii) with HgS as a component 
always resulted in a large positive contribution for %Hg as HgS (black) and furthermore, often 
did not differ greatly from fits of type (i) in which HgS was the only component. Hence it can be 
concluded that of the three compounds considered, HgS is the dominant contribution to the 
soils based on the evidence of the Hg XANES spectra. Elemental mercury was absent to minor 
«20% of the total Hg) on the basis of the least-squares fitting and it is likely that other mercury 
compounds could be present in at least three (TPS-41KA-1A, TPS-135BA-2C, TPS-19KA-2B) of 
the five soils because the fits based only on the spectra for HgS and elemental Hg were rather 
poor. A summary of the least squares fitting is given in Table 2. 
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Figure 6: Hg XANES spectra for thirteen mercury compounds. 

TABLE 2: Summary of results obtained from least-squares fitting of Hg XANES spectra to linear 
combinations of the spectra for elemental Hg, HgS (black) and HgCI2. 

Soil Sample %Hg as HgS (black) %Hg as Hg(O) Other (unknown)* 
TPS-41KA-1A 90% ± 10% 0-20% Minor 

TPS-20Al-1B >90% <10% Minor 
TPS-30Al-2C >90% <10% Minor 

TPS-135BA-2C Major 0
Absent Major

0 

M'aJor0 .TPS-19KA-2B Major Minor 

* - It was determined that HgCb was not significant in any soil.
 
o-Denotes varying degree of uncertainty; additional investigation needed to clarify.
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In summary, the following conclusions can be made from the Hg XAFS spectra of the soils: 

•	 Due to the low Hg contents, the EXAFS/RSF spectral region is uninformative; hence, 
the analysis of the data is based only on the XANES region. 

•	 In contrast to Pb, Hg-O species are largely eliminated as significant contributions to 
the Hg XANES spectra of the soils, due to the lack of a significant inflection feature on 
the absorption edge. 

•	 Of the three compounds considered the most likely components (HgS, elemental Hg, 
and HgCbL the spectral fitting eliminates HgCb as a significant component in any soil 
and indicates that elemental Hg is a minor component «10% of the total Hg) at most 
in two of the five soils. 

•	 Of the three compounds, HgS (black) is indicated as the dominant contribution to the 
soils on the basis of the least-squares fitting; however, other Hg species are likely 
significant in two (TPS-135BA-2C, TPS-19KA-2B) of the five samples examined. 

SUMMARY 

Lead and mercury XAFS spectra have been collected from a suite of six soil samples submitted 
to EAI. The spectra were collected at beamline 11.2 at the Stanford synchrotron Radiation 
Lightsource. The Pb contents varied from 300 to 2720 ppm, whereas the Hg contents were 
much less, varying from <10 to 136 ppm. As a result, the XAFS data obtained from the Pb in the 
soils were of much superior quality to those obtained from Hg. There were only subtle 
differences between the Pb XANES spectra of the various samples and hence the Pb XAFS 
spectra were all rather similar, although not identical. The RSFs obtained by applying a Fourier 
transform to the EXAFS regions of the spectra of all six soils were all quite consistent in 
exhibiting one major peak at about 1.8 A; such a peak most likely arises from Hg bound 
principally to oxygen anions. Comparison of the XANES spectra of the soils with those of Pb 
compounds in our library suggested a possible match with Pb-bearing phosphates (PbHP04, 

PbCaP04), but this is by no means a unique answer as reference to previous literature studies 
attests. The spectral features observed for Pb in the current suite of soil samples were similar 
to those reported in a number of previous XAFS investigations of Pb in soils. However, the 
interpretation of the Pb speciation indicated by such spectra varied greatly from study to study. 
The Hg spectra were noisy and no reliable RSF information could be obtained; hence, only the 
Hg XANES spectra were used for inferring speciation information. the Hg XANES spectra from 
the soils were all rather different in contrast to that observed for lead. However, the 
characteristic inflection point observed in most Hg compounds was weak or absent in the soil 
spectra, which eliminates Hg-O species from being considered significant. Least-squares fitting 
of the Hg XANES spectra to linear combinations of the spectra for HgS (blackL elemental Hg and 
HgCI2 indicated that HgS (black) was the most significant contribution to the spectra, and that 
elemental Hg was minor or absent in most spectra. The least-squares fitting also eliminated 
HgCb from consideration as a significant component in the soils, but indicated that other Hg 
species, as yet unidentified, could be present as significant contributions in at least two of the 
five soils investigated. 
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REMAINING WORK:
 

We will make arrangements for the Pb XAFS spectrum of Pblz to be collected in January. We 
have also requested the spectral data for Pb humate from Prof. Pingatore of the University of 
Texas EI Paso. Once these data are obtained, a re-evaluation of the analysis of the Pb XAFS data 
will be undertaken, including possible quantification by least-squares fitting. 

REFERENCES: 

[1]	 A. Manceau, M-C. Boisset, G. Sarret, J-L. Hazemann, M. Mench, P. Cambier, R. Prost, 
(1996). Direct determination of lead speciation in contaminated soils by EXAFS 
spectroscopy. Environ. Sci. Technol. 30, 1540-1552. 

[2]	 N. E. Pingitore Jr., J. W. Clague, M. A. Amaya, B. Maciejewska, J. J. Reynoso, (2009). Urban 
airborne lead: X-ray absorption spectroscopy establishes soil as dominant source. PLoS 
ONE 4(4): e5019, 8 pp. (doi:10.1371/journal.pone.0005019) 

[3]	 EAI Internal Report, XAFS Analysis of Pb in Samples of Paint and Soil (November, 2005); 
and unpublished work. 

[4]	 G. Morin, J. D. Ostergren, F. Juillot, P. IIdefonse, G. Calas, G. E. Brown Jr., (1999). XAFS 
determination of the chemical form of lead in smelter-contaminated soils and mine 
tailings: Importance of adsorption processes. Amer. Mineral., 84, 420-434. 

[5]	 D. G. Strawn, D. L. Sparks, (2000). Effects of soil organic matter on the kinetics and 
mechanisms of Pb(ll) sorption and desorption in soil. Soil Sci. Soc. Am. J. 64, 144-156. 

[6]	 J. D. Cotter-Howells, P. E. Champness, J. M. Charnocky, R. A. D. Pattrick, (2006). 
Identification of pyromorphite in mine-waste contaminated soils by ATEM and EXAFS. 
European Journal of Soil Science, 45, 393 - 402. 

[7]	 K. G. Scheckel, J. A. Ryan, (2004). Spectroscopic speciation and quantification of lead in 
phosphate-amended soils. J. Environ. Qual. 33, 1288-1295. 

[8]	 E. Welter, W. Calmano, S. Mangold, L. Trager, (1999). Chemical speciation of heavy 
metals in soils by use of XAFS spectroscopy and electron microscopical techniques. 
Fresenius J. Anal. Chem. 364, 238-244. 

[9]	 Y. Izumi, F. Kiyotaki, T. Minato, Y. Seida (2002). X-ray absorption fine structure combined 
with fluorescence spectrometry for monitoring trace amounts of lead adsorption in the 
environmental conditions. Anal. Chem. 2002, 74, 3819-3823. 

[10]	 K. G. Scheckel, J. A. Ryan, D. Allen, N. V. Lescan, (2005). Determining speciation of Pb in 
phosphate-amended soils: Method limitations. Sci. of the Total Environ. 350, 261- 272. 

12
 



APPENDIX
 

LEAST SQUARES FITTING 

Least-squares fitting of the Hg XANES data was attempted using the three Hg standard 
compounds (HgS, Hg(O), HgCb) suspected of being the most likely mercury species in the soil. 
Least-squares fitting was performed using the program SixPack, which includes routines for 
determining the contribution of the spectra of specific components to an overall spectrum 
based on minimization of the sum of squares of the difference between the overall spectrum 
and the sum of the individual components. In the case of Hg in the soils, the Hg XANES spectra 
of the soils were fit by a linear combination of the XANES spectra for HgS (black), elemental Hg, 
and mercuric chloride (HgCI2). The soil spectra were fit using three different models: (i) each 
component individually (Hg(O); HgS; and HgCb); (ii) as paired components (Hg(O) + HgS; Hg(O) + 
HgCb; and HgS + HgCI2 ); and (iii) as a trio of components (Hg(O) + HgS + HgCb). The residual 
sum of squares was used as the criterion for d.etermining the "best" fit, where R, is defined by 
the sum of (difference)1\2 between the data, D(i), and calculated fit, C(i), over all n points in 
the spectrum: 

R= SUM[(D(i))1\2 - (C(i)1\2l/[(D(i)1\2)], where i = 1 to n. 

The calculated fit is the given by the weighted sum of the individual k components at each 
point in the spectrum: 

C(i) =xl(i)*cl(i) + x2(i)*c2(i) +.....+ xk(i)*ck(i) 

where xj(i) is the computed fraction of the jth component (j =1 to k) and cHi) is the value of the 
jth component in the fit at the ith point. The fitting was unconstrained in terms of the sum of 
components and negative numbers for components. 

Results for the Hg XANES spectra are as follows (results are shown only for the best of the three 
different fits of type (i) and type (ii)): 

Soil Sample Type of Fit %Hg as HgS %Hg as Hg(O) %Hg as HgCI2 Residual xlO-s 

(i) 100 - -  2.7 
TPS-20AL-1B (ii) 122 -21 - 2.6 

(i ii) 153 -6 -46 1.8 

(i) 100 - - 6.2 
TPS-41KA-1A (ii) 93 7 - 6.3 

(ii i) 128 25 -54 5.2 

(i) 101 - - 3.5 
TPS-30AL-2C (ii) 119 -18 - 3.5 

(iii) 152 -3 -48 2.6 
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TPS-135BA-2C 

(i) 100 - - 15.0 

(i i) 150 -50 - 14.2 

(ii i) 172 -34 -37 13.7 

(i) 100 - - 17.5 

TPS-19KA-2B (ii) 81 18 - 17.3 

(i ii) 100 30 -30 17.0 

Note that there is little or no difference in residuals between fits with just HgS and those with 
HgS and Hg(O), when both are positive. Hence both types of fits are equally compatible with 
the data. Hence, individual values have an uncertainty of at least ±10%. Note that all fits 
involving HgCb give negative numbers for %Hg as HgCb; hence, it is likely that this component is 
not significant in any sample. It should also be noted that the residuals for the fits to the Hg 
XANES spectra for soil samples TPS-135BA-2C and TPS-19KA-2B are significantly larger than for 
the other three samples. This suggests that the fitting is inadequate based on just the three" Hg 
compounds included in the fitting and that other Hg compounds likely contribute to these 
spectra. 
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ADDENDUM
 

As indicated in the original report, two additional points were to be addressed regarding the Pb 

XAFS data collected in November, 2009, for six soil samples. These points consisted of 

obtaining XAFS data for Pb humate and Pb iodide (PbI 2) and comparing them to the Pb XAFS 

data obtained previously for the soils. These data have now been collected and analyzed. The 

Pb XAFS data for Pbb was obtained by arrangement with the National Synchrotron Light Source 

at Brookhaven National Laboratory, NY, whereas data on Pb humate were obtained from Prof. 

Pingatore, of UTEP, EI Paso, TX. 

NEW XAFS DATA 

(a) Lead Iodide 

The XAFS data for lead iodide are shown in Figure 1. The data were collected in transmission 

geometry. 
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Figure 1: Lead XAFS data for Pb1 2: (a) Pb LUI-edge XANES spectrum; (b) derivative XANES spectrum; (c) k3
_ 

weighted chi spectrum; and (d) radial structure function (RSF) obtained by Fourier transform of the k3
_ 

weighted chi spectrum. 
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Comparison of these plots with those obtained for the soils indicates that Pblz is highly unlikely 
to be a significant contribution to the spectra of the soils. In particular, the large peak at about 
3 A in the RSF, which arises from the Pbz

+ cation surrounded by six r anions in the Pblz 
structure, is quite inconsistent with the corresponding features present in the RSFs of the soils. 
Furthermore, the shapes of the XANES and derivative spectra are also quite different from that 
those exhibited by the soil samples. 

(b) Lead humate 
The XAFS data for lead humate are shown in Figure 2. The data were collected in fluorescence 
geometry. 
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Figure 2: Lead XAFS data for Pb humate: (a) Pb LUI-edge XANES spectrum; (b) derivative XANES 
spectrum; (c) k2-weighted chi spectrum; and (d) radial structure function (RSF) obtained by Fourier 
transform of the k2-weighted chi spectrum. 

As can be readily seen, there is much better qualitative agreement between the features in the 
spectra of Pb humate and the soils than between those of the spectra of Pblz and the soils. The 
peak in the RSF occurs at about 1.7 A, in close agreement to that observed for the soils and the 
XANES spectrum of Pb humate is much closer in appearance to those ofthe soils. 
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Figure 3 directly compares the Pb XANES spectra for a soil with those for a Pb-Ca phosphate, 
Pbl2, and Pb humate. The similarity between the spectra ofthe Pb humate, the Pb-Ca 
phosphate, and the soils is quite apparent, whereas the spectrum of the Pb iodide differs 
significantly from those of the soils. 

13000 13050 13100 13150 13200 

Energy, eV 

Figure 3: Direct comparison of Pb XANES spectra for three soils and three lead standard compounds, 
(Pb,Ca)HP04, Pblv and Pb humate. 

CONCLUSION 
Comparison of XAFS data for Pbl2 and Pb humate with data collected previously for Pb in various soils 
shows that Pb humate could contribute significantly to the Pb speciation, whereas it is unlikely that Pbl2 

is a significant component in the soils. The close similarity of the spectra observed for Pb humate and a 
Pb-Ca phosphate to those of the soils indicates that additional speciative investigation is recommended 
in order to ascertain the Pb speciation with further certainty. 
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Weston Solutions. Inc. CHAIN OF CUSTODY RECORD No: 08-11/04/09-0002 
1090 King Georges Post Rd. Lab: EAI 

Edison, NJ Contact Name: John Brennan Lab Contact: Mark Stauffer 

PO: 0069059 Contact Phone: 732-585-4425 Lab Phone: 859-254-5115 

Lab # Sample # Analyses . Matrix ICollected Sample Time Container Preservative 

TPS-135BA-2C 2 MERCURY SPECIATION Soil 8/6/2009 13:30 4 oz Glass 4C 

TPS-135BA-2C 2 LEAD SPECIATION 

MERCURY SPECIATION 

Soil ' 8/6/2009 13:30 4 oz Glass 4C 
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8/6/2009 

13:01 4 oz Glass 4C 

TPS-19KA-2B_2 LEAD SPECIATION 

MERCURY SPECIATION 

Soil 13:01 4 oz Glass 4C 

TPS-20AL-1B_2 Soil 8/6/2009 14:24 4 oz Glass 4C 

TPS-20AL-1 B 2 LEAD SPECIATION Soil 8/6/2009 14:24 4 oz Glass 4C 

TPS-2AL-1 B_2 MERCURY SPECIATION Soil 8/61.2009 14:05 4 oz Glass 4C 

TPS-2AL-1 B 2 LEAD SPECIATION 

MERCURY SPECIATION 

Soil 8/6/2009 14:05 4 oz Glass 4C 

TPS-30AL-2C 2 Soil 8/6/2009 14:55 4 oz Glass 4C 

TPS-30AL-2C 2 LEAD SPECIATION Soil 8/6/2009 14:55 4 oz Glass 4C 

TPS-41KA-1A 2 MERCURY SPECIATION Soil 8/6/2009 12:27 4 oz Glass 4C 

-
TPS-41KA-1A 2 - -

LEAD SPECIATION 

~ -
Soil 8/6/2009 12:27 

-
4 oz Glass -----

4C 

-- L..--

---- --I ------- --
-~ 
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