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EXECUTIVE SUMMARY

INTRODUCTION

In July 2013, the U.S. Environmental Protection Agency’s (EPA) Region 5 requested that
the EPA’s National Enforcement Investigations Center (NEIC) characterize lead (Pb)-bearing
particulate matter in soils with elevated Pb levels in the Pilsen neighborhood of Chicago, Illinois,
to discern the possible sources of the Pb present. An interim report (NEIC, 2014) completed in
March 2014 presented analytical results of soils collected along an alley and a railroad spur
adjacent to the H. Kramer Brass and Bronze Foundry (H. Kramer) (Figures 1-2). In addition to
the data presented in the interim report and EPA (2014a) pertaining to the alley and railroad
soils, this follow-up report (NEICVP1060E02) presents analytical results and interpretation of
additional soil samples collected from residential properties in the vicinity of the alley and
railroad spur (Figure 3). Potential responsible parties (PRPs) for elevated levels of Pb in these
residential soils included Century Smelting & Refining (Century), H. Kramer, Loewenthal
Metals Corporation (Loewenthal), National Lead/Southern White Lead Works (NL), Tire
Grading Company (Tire Grading), and Midwest Generation Fisk Station (Fisk) (EPA, 2014a and
b). Of these PRPs, only H. Kramer is still in operation. Additional details of these facilities
were presented in EPA (2014a and b).

Century was a small-scale producer of babbit and solder products; H. Kramer continues
to manufacture brass and bronze products; Loewenthal produced babbit and solder products and
conducted aluminum (Al), antimonial Pb, battery Pb, and zinc (Zn) smelting; NL manufactured
white Pb paint, babbit, and solder products and conducted secondary Pb and tin (Sn) smelting;
Tire Grading was a tire service company; Fisk generated electricity by burning coal which
produces fly ash (EPA, 2014a and b). Babbits are alloys of Sn that may include copper (Cu),
antimony (Sb), and/or Pb with negligible Zn and are used as anti-friction linings for bearings
(Calvert, 2004; ASTM, 2014). Battery Pb used for battery grids in Pb-acid batteries may consist
of 1 to 3 weight % Sb (Prengaman, 1995). Other potential sources of elevated lead in the soil of
the Pilsen area included vehicle exhaust from the historical use of leaded gasoline, leaded paint
historically used on homes and buildings, and historical Pb processing and manufacturing in the
area.

NEIC previously reported analytical results for total suspended particulate (TSP) matter
collected on glass fiber filters at ambient air monitoring sites at two different locations in the
Pilsen neighborhood and for baghouse dust from H. Kramer (NEIC, 2011a, 2012). One of these
ambient air monitoring sites was located at the Perez Elementary School. Results indicated Pb-
bearing particulate matter collected at both air monitoring sites originated from process
emissions at H. Kramer. In April 2013, H. Kramer agreed to install upgraded emission control
equipment at its Pilsen facility (EPA, 2013).

Characterization of Lead in Soils
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Three residential soil areas with elevated levels of Pb (receptor soils) were defined by
EPA Region 5 (Canar et al., 2014; EPA 2014b) and referred to as Residential 1 (Res 1),
Residential 2 (Res 2), and Residential 3 (Res 3). Res 1, Res 2, and Res 3 were located at
increasing distances from the H. Kramer facility, respectively (Figures 1 and 3).

In addition to the three residential soil areas, analytical results and interpretation of two
reference soil areas referred to as Little Italy and Harrison Park were also considered in this
study (Figure 4). The Little Italy and Harrison Park (also known as West) soil areas were
chosen by EPA Region 5 (Canar et al., 2014; EPA 2014b) to represent baseline or background
soil in the Pilsen neighborhood relative to soil in the residential areas and adjacent to H. Kramer
(Figure 4). Because the predominant wind direction in the Pilsen neighborhood was from the
south and west according to National Oceanic and Atmospheric Administration (NOAA)
meteorological data (1928 to 2013) (EPA, 2014a and b), the Little Italy and Harrison Park soil
areas were located primarily upwind of the PRPs’ facility locations and much farther away from
their locations than the residential soil areas. Because of their upwind and more distant
locations, Little Italy and Harrison Park soils likely experienced negligible to relatively little
impact from any of the PRPs compared to the much closer residential soils. Thus, the Little Italy
and Harrison Park reference soils were considered non-receptor control areas with respect to the
PRPs considered here. Although the Little Italy soils included soil with relatively low Pb levels,
suggesting a better representation of background Pb, elevated Pb levels were common in
Harrison Park soils and were likely indicators of historical Pb contamination that was probably
unrelated to the PRPs described above. As such, the elevated Pb in these soils provided the best
available comparison to material related to historical Pb processing and manufacturing in the
Pilsen area.

Characteristics of Pb contamination that distinguish potential contamination sources may
be referred to as discriminators. In this study, the following discriminators were considered to
distinguish potential sources of Pb contamination in the soil areas sampled: (1) relative
elemental composition, texture, size, and morphology of individual particles; (2) Pb isotope
ratios of bulk soils; (3) relative elemental compositions of bulk soils; (4) relative distance from
potential source to receptor soil with consideration of predominant wind direction.

Initial evaluations of discriminators determined whether a potential source of Pb was
consistent with Pb contamination in a receptor soil with respect to a given discriminator. As
used throughout this report, sources of Pb that were consistent with Pb in a receptor soil could
not be excluded as possible sources. Sources of Pb that were not consistent with Pb in a
receptor soil were excluded.

The likelihood of a source of Pb matching Pb contamination in a receptor soil increased
as the number of discriminators that were consistent increased. The more discriminators that
were consistent with a potential source of Pb, the stronger the identification of that Pb source as
a major contributor of Pb contamination in the receptor soil. When potential sources of Pb could
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be excluded because at least one discriminator was inconsistent, identification became more
certain of the source of Pb that was consistent with receptor soil Pb contamination. When a
given discriminator was inconsistent with all other potential sources of Pb, the discriminator was
unique to the source being considered and that source of Pb was identified as a major contributor
of Pb to the soil.

Microscopy analysis of alley, railroad, residential, and reference soils; TSP filters; and H.
Kramer baghouse dust to determine particle composition, texture, size, and morphology was
conducted by NEIC using scanning electron microscopy (SEM) with energy dispersive X-ray
spectrometry (EDS). The SEM analyses described in this report were conducted in accordance
with the NEIC quality system, and this technique is within the scope of NEIC’s ISO/IEC 17025
accreditation issued by ANSI-ASQ National Accreditation Board/FQS (Certificate No. AT-1646).
Pb isotope ratio measurements of alley, railroad, residential, and reference soils; TSP filters
collected at the Perez air monitoring site; and baghouse dust from H. Kramer were conducted by
the U.S. Geological Survey (USGS) under contract with EPA Region 5 using multicollector
inductively coupled plasma mass spectrometry (MC-ICP-MS). Pb concentrations for TSP filters
were determined by the Cook County Department of Environmental Control (CCDEC) (EPA,
2011). Elemental analysis of alley, railroad, residential, and reference soils and H. Kramer
baghouse dust was conducted by STAT Analysis Corporation (STAT Analysis Corp) under
contract with EPA Region 5 using inductively coupled plasma mass spectrometry (ICP-MS).
NEIC evaluated and applied statistical analysis to ICP-MS data generated by STAT Analysis
Corp and provided interpretation of those results. Analytical results of soils were compared to
each other, to results of TSP filters collected at the Perez Elementary School, to results of
baghouse dust from H. Kramer, and to the metals composition of H. Kramer slag material
provided by H. Kramer (2014a). Slag is produced from industrial processes such as smelting
(primary or secondary). Slag is not associated with coal fly ash, leaded paint, leaded gasoline,
automobile battery lead, or tire materials.

SUMMARY OF FINDINGS

Analytical results of alley, railroad, residential, and reference soils from the Pilsen
neighborhood were compared to results of TSP filters, H. Kramer baghouse dust, and H. Kramer
slag data, and to distance from H. Kramer in the predominant downwind direction. These
comparisons allowed potential sources of Pb in these soils to be included or excluded.

Results were consistent with brass and bronze foundry materials (emissions dust or slag)
as predominant sources of Pb in alley, railroad, Res 1, and Res 2 soils because of the following:

1) Micrometer-scale (1-10 um) Zn-oxide particles found in railroad soil were similar to
micrometer-scale Zn-oxide particles observed in baghouse dust from H. Kramer.

2) Relative elemental concentrations indicated similar relative abundances of Cu, Pb, and Sn
in H. Kramer baghouse dust and in alley and railroad soils near H. Kramer.

Characterization of Lead in Soils
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3)

4)

5)

6)

7)

8)

Correlation analysis and scatterplots indicated cadmium (Cd), Cu, Sn, and Zn were co-
contaminants with a predominant source of Pb in alley, railroad, Res 1, and Res 2 soil.
Cu, Pb, Sn, and Zn are associated with brass and bronze production, and Cd is a common
contaminant associated with Zn recovery from scrap metal.

The predominant morphology (angular), size (1s-100s wm), and composition of Pb-
bearing particles (iron [Fe]- and silicon [Si]-oxides, multi-phase particles) in alley,
railroad, Res 1, and Res 2 soils were consistent with slag material from industrial
processes such as smelting.

The predominant relative spectral responses of Cu, Pb, and Zn (Cu, Zn > Pb) in these slag
particles and the presence of Pb-bearing Cu-oxide, Sn-oxide, and Zn-oxide particles were
consistent with compositions of brass and bronze foundry slag and in agreement with
Zn/Pb ratios in alley, Res 1, and Res 2 soils being similar to H. Kramer slag composition.

Lead isotope ratios measured in particulate matter collected on TSP filters were
isotopically similar to Pb isotope ratios measured in H. Kramer baghouse dust. In
addition, four alley soil samples exhibited Pb isotopic compositions consistent with the
TSP filters and H. Kramer baghouse dust.

Pb isotope ratios in alley, railroad, Res 1, and 2 soils exhibited a broad range and linear
trend, suggesting mixing of a source of Pb isotopically consistent with the TSP filters and
H. Kramer baghouse dust with soil containing a historical baseline Pb isotope signature.
Res 1 and 2 soils generally exhibited a greater contribution from the baseline Pb isotope
signature with increasing distance from the H. Kramer facility.

A general shift to higher “®Pb/%’’Pb ratios; lower Cd, Cu, Sn, and Zn concentrations; and
lower (X)/Pb ratios with increased distance from H. Kramer was indicated by the relative
compositions of Res 1, Res 2, and Res 3 soils. Shifts in these data with increased
distance from H. Kramer were strong indicators that these soil areas were impacted by Pb
from H. Kramer with diminishing Pb impact with distance from the facility.

Results were not consistent with the following as predominant sources of Pb in alley,

railroad, Res 1, Res 2, Res 3, and Harrison Park soils because of the following:

9)

10)

Although correlation analysis and scatterplots indicated Res 3 soil was impacted by Pb
associated with Cd, Cu, Sn, and Zn, the predominant source of Pb was not consistent
with H. Kramer materials.

Because of minimal Pb from fly ash in ambient air dust and because a unique particle
type of amorphous, alumino-silicate spheres exhibited by coal fly ash was not observed
by SEM in any of the soil areas, the only PRP producing coal fly ash, Fisk, was
eliminated as a dominant source of Pb in the soils.
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11)

12)

13)

14)

15)

16)

Pb, Cd, Cu, Sn, and Zn collectively are not characteristic of tire dust, suggesting tire dust
was not a dominant source of Pb (or Zn) in these soils. As the only PRP associated with
tires, Tire Grading was eliminated as a dominant source of Pb in the soils.

Associations of Cd, Cu, and Sn in leaded paint are rare, and Pb-based paint particle types
were not observed by SEM in any of the soil areas. Thus, non-industrial Pb from leaded
paint historically used on homes and buildings in the Pilsen area was not a dominant
source of Pb in alley, railroad, residential, and Harrison Park soils.

Pb, Cd, Cu, Sn, and Zn collectively are not characteristic of leaded gasoline emissions,
and leaded fuel combustion particles types were not observed by SEM in any of the soil
areas. Thus, vehicle exhaust from the historical use of leaded gasoline was not a
dominant source of Pb in alley, railroad, residential soils, and Harrison Park soils.

Babbit, solder, antimonial Pb, and battery lead manufacturing by Century, Loewenthal, or
NL were excluded as dominant sources of Pb in the soils because Sb soil concentrations
were low; correlations between Sb and Pb were lacking; Sbh-bearing particle types were
not observed by SEM in any of the soil areas; and Pb, Cd, Cu, Sn, and Zn collectively are
not characteristic of babbit, solder, antimonial Pb, or battery lead materials.

Loewenthal and NL were differentiated from H. Kramer as potential sources of Pb by the
pattern of Pb, Cd, Cu, Sn, and Zn soil concentrations relative to distance from H. Kramer.
This pattern was not consistent with Loewenthal and NL as predominant sources of Pb in
alley, railroad, Res 1 and Res 2 soils.

The predominant morphology (angular), size (1s-100s um), and composition of Pb-
bearing (Fe- and Si-oxides, multi-phase particles) particles in Res 3 and Harrison Park
soils were consistent with slag material from an industrial source (not leaded gasoline
emissions or leaded paint). The predominant relative spectral responses of Cu, Pb, and
Zn (Pb > Cu, Zn) in these Pb-bearing particles were not characteristic of brass and bronze
foundry slag compositions. The Pb isotope ratios in two Res 3 soils suggested significant
Pb in those samples was not consistent with material from H. Kramer.
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LABORATORY ANALYSIS

Laboratory measurements conducted specifically for this report included SEM/EDS and
MC-ICP-MS analyses. The SEM/EDS work was performed by NEIC in accordance with NEIC
quality system requirements and was within the scope of NEIC’s ISO/IEC 17025 accreditation
issued by ANSI-ASQ National Accreditation Board/FQS (Certificate No. AT-1646). The MC-ICP-
MS analyses were conducted by USGS under contract with EPA Region 5 and are presented in
this report.

Existing data used in this report included elemental concentrations by ICP-MS, Pb
concentrations for TSP filters, and metals composition of H. Kramer slag material (H. Kramer,
2014a). ICP-MS was conducted by STAT Analysis Corp under contract with EPA Region 5 and
reported in two site assessment reports for the Pilsen area (EPA, 2014a and b). Pb
concentrations for TSP filters collected at the Perez Elementary School were determined by the
CCDEC (EPA, 2011). Metals composition of H. Kramer slag material was provided by H.
Kramer (2014a).

NEIC used ICP-MS results generated by STAT Analysis Corp to conduct statistical
analysis, to construct and evaluate scatterplots, and to provide interpretations of those results.
Analytical results of soils were compared to each other, to results of the TSP filters, to results of
baghouse dust from H. Kramer, and to the metals composition of H. Kramer slag material (H.
Kramer, 2014a).

The microscopic examination of individual particles for relative elemental composition,
texture, size, and morphology frequently reveals information about the origin of particles and the
processes that formed them. For example, spherical morphology of micrometer-scale (1-10
um), metal oxide particles indicates particle formation via condensation of metal fume produced
in a high-temperature process (Schwartz et al., 1955; Buckle and Pointon, 1976; EPA, 1977,
Machemer, 2004; NEIC, 2011a and b, 2012). In contrast, angular particles, tens to hundreds of
micrometers in scale (10s—100s um), are consistent with particle formation via grinding (NEIC,
2010). Particle textures such as spherical cavities are indicative vesicles, holes that form in
molten material by escaping gas bubbles and typical in slag material (van Oss, 2003).
Furthermore, the relative elemental composition of individual particles reflects the composition
of the materials from which the particles formed. Many studies have applied individual particle
analysis using SEM/EDS to the characterization of lead containing particles from such sources as
automobile exhaust, mining waste, smelters, and paint (Linton et al., 1980; Post and Buseck,
1984; Heasman and Watt, 1989; Hunt et al., 1992; Mahaffy et al., 1998; Sterling et al., 1998;
Sobanska et al., 1999; Machemer et al., 2007; NEIC, 2011a and b, 2012). Differences in the
composition, morphology, and size of particulate materials associated with the processes of
various industries and facilities may be used to discriminate sources of the material.
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There are four stable isotopes of Pb: 2**Ph, ?®Pb, 2’Pb, and 2**Pb. Only ***Pb is non-
radiogenic, whereas *®Pb, ?’Ph, and 2*®Pb are daughter products formed from the radioactive
decay of uranium 238 (**®U), **U, and thorium 232 (***Th), respectively. Over time, primordial
ratios of “Pb to the other three stable isotopes of Pb (baseline ratios) were altered by the
radiogenic production of 2®°Pb, %’Pb, and 2®Pb via the different decay constants of their
radiogenic sources. Thus, the isotopic composition of Pb in an ore reflects the age of the ore,
and can provide insight to the geographic area from which it was mined. For example, the ratio
of “®Pb/*’’Pb is 1.03 in the Broken Hill ore, an older Pb deposit in Australia (Maddaloni et al.,
1998). In comparison, the ratio of 2°°Pb/*’Pb is as high as 1.42 in the younger deposits of the
Mississippi Valley. Another important property of Pb isotopes is that they do not fractionate
during natural or anthropogenic (smelting) processes, allowing their isotopic compositions to be
used as geochemical tracers (Doe, 1970; Bollhéfer and Rosman, 2001; Shiel et al., 2010). The
isotopic composition of Pb in the environment reflects not just its age and geologic history, but
also any anthropogenic processes that may have affected it. Pb-bearing airborne particulate
matter from industrial facilities may be traced through the smelting, transport, and deposition
processes. Pb isotopes have been used for Pb source discrimination in soils (Gulson et al., 1981,
Rabinowitz, 1988; Erel et al., 1997; Pribil et al., 2014) and in atmospheric aerosols and dust
(Flegal et al., 1989; Hopper et al., 1991; Mukai et al., 1993, 1994; Hamelin et al., 1997; Veron
and Church, 1997; Neymark et al., 2008; Ewing et al., 2010).

Various industrial processes produce aerosols, including grinding, smelting, and
blending. Typically, materials are blended in specific proportions to meet manufacturing
specifications and minimize impurities. Consequently, specific metals in characteristic relative
abundances may be associated with various industries and may be used to discriminate sources
of particulate material. For example, processing of phosphate rock for fertilizers and phosphoric
acid is associated with chromium (Cr), Cu, Fe, manganese (Mn), nickel (Ni), strontium (Sr), and
vanadium (V) (Lee and von Lehmden, 2012). Fly ash from coal-fired power plants is comprised
largely of calcium (Ca), Al, Si, Fe, Mn, titanium (Ti), and approximately 1% rare earth elements
(REEs) (Davison et al., 1974; Mattigod, 2003). Pb, Zn, Cd, Sn, and Cu are associated with brass
and bronze foundries (Morris, 2004; H. Kramer, 2012 and 2014b). Therefore, relative elemental
abundances may be used as source discriminators in atmospheric aerosols, dusts, and soils
(Friedlander, 1973; EPA, 1998; Machemer, 2007; Lee and von Lehmden, 2012). In contrast to
Pb isotope ratios, elemental fractionation is often observed with processing. Industrial
processing can result in enrichment of trace metals in waste material. A comparison of trace
metals in fly ash to those found in coal showed increased concentrations of Al, Cr, Cu, Fe,
magnesium (Mg), and Mn in the fly ash relative to coal (Lee and von Lehmden, 2012).
Similarly, a comparison of brass and bronze baghouse dust collected from zinc and copper
smelter operations showed a significant increase in the concentration of Zn and Cd in furnace
exit fumes (Schwartz et al., 1955; DHEW, 1969; Morris, 2004; NEIC, 2012; H. Kramer, 2014b).
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SAMPLE RECEIPT AND DESCRIPTION

In the fall of 2013, NEIC received 203 soil samples collected according to EPA’s site
assessment reports (EPA, 2014a and b). Alley and railroad soils consisted of silty, sandy, and
gravelly fill materials with wood chips; cinders; and pieces of glass, brick, plastic, and slag
(EPA, 2014a). Residential soils consisted of sandy and gravelly silts and clays. Trace fill
materials, including wood chips and pieces of brick, plastic, and metals, were occasionally
observed in assessment area soils at various depths (EPA, 2014b). Also analyzed for the current
study were four TSP filters and five baghouse dust samples from H. Kramer that were collected
as part of an earlier study of airborne particulate matter in the Pilsen neighborhood (NEIC,
2011a, 2012). Figure 1 shows the location of H. Kramer in the Pilsen neighborhood and the
relative locations of the alley and railroad. Figure 2 shows the approximate collection locations
of the alley and railroad soil samples. Figure 3 shows the relative locations of soils collected
within the three defined residential areas. Figure 4 shows a broader map view, including the
more distant Harrison Park and Little Italy soil areas. Table 1 presents the soil samples and H.
Kramer baghouse dust received by NEIC, sample date, sampling depth interval, sampling area,
sample description, lead concentration, and a summary of laboratory examinations for each
sample. In the tables and figures and elsewhere throughout this report, soil sampling areas were
shown in colored text and corresponding colored data symbols for easier differentiation. Also
included in Table 1 are the TSP filters analyzed for Pb isotope ratios for this study. All samples
were handled at NEIC in accordance with the NEIC operating procedure Evidence Management,
NEICPROC/00-059R3.
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Figure 1. Location of features in the Pilsen area of investigation, Pilsen neighborhood, Chicago,
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Figure 3. Res 1, Res 2, Res 3 soil sample locations, Pilsen neighborhood, Chicago, lllinois. Modified from EPA (2014b).
NEICVP1060E02

Characterization of Lead in Soils
Page 17 of 117 Pilsen Neighborhood, Chicago, Illinois



s Pilsen-Kramer Sample Locations Areas s
gy 23 - i oo R e

| Legend

' Alley
Little Italy
Railroad
Res 1
Res 2 ‘ eTAVE
Res 3 WALELTIAS { . K : Gk O S " 0 Atz
Harrison Park . ‘ » ‘ e

H Kramer

1> > > > mae

41°51"

. N
i&‘: 0 500 1,000 2,000 3,000 4,000 5
CQ;FIELDS

Figure 4. Wide-angle map view of the Pilsen area of investigation with soil sampling locations in reference areas, Little Italy and Harrison
Park (West), Pilsen neighborhood, Chicago, Illinois. Modified from EPA (2014b).
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Table 1. LIST OF SAMPLES*®

Additional Characterization of Lead in Soils

Pilsen Neighborhood, Chicago, lllinois

.hi:ff:ﬁzl Samplin Depth Lead Elemental Islc-;zde SEM/EDS
Location ID Field Sample ID Management Dar:.e J If\terval Sampling Area Sample Description concentratgon Results® Ratiz Results
System (LIMS) No. (inches) (me/ke) Results

BH1 BH 1 N105006-05 3/17/2011 n.a.‘ H. Kramer baghouse 1 Rotary furnace 51000 Yes Yes (NEIC 2011)

BH2 BH 2 N105006-06 3/17/2011 n.a.‘ H. Kramer baghouse 2 Rotary furnace 42000 Yes Yes (NEIC 2011)

BH4 BH 4 N105006-08 4/29/2011 n.a. H. Kramer baghouse 4 Electric induction furnace 12000 Yes Yes (NEIC 2011)
BH4 Duplicate BH 4 N105006-09 4/29/2011 n.a. H. Kramer baghouse 4 Electric induction furnace 13000 Yes Yes No

BH5 BH5 N105006-07 3/17/2011 n.a.‘ H. Kramer baghouse 5 Rotary furnace 34000 Yes Yes (NEIC 2011)
ACO1 PA-AC01(0-6)-121912 N312001-CK 12/19/2012 0-6 Alley Composite soil 2700 Yes Yes No
ACO1 PA-AC01(0-6)-121912D N312001-CL 12/19/2012 0-6 Alley Composite soil 2600 Yes No No
ACO02 PA-AC02(0-6)-121912 N312001-CM 12/19/2012 0-6 Alley Composite soil 1900 Yes Yes No
ACO02 PA-AC02(0-6)-121912D N312001-CN 12/19/2012 0-6 Alley Composite soil 2000 Yes No No
AC03 PA-AC03(0-6)-121912 N312001-CO 12/19/2012 0-6 Alley Composite soil 5600 Yes Yes No
ACO3HS PA-ACO3HS(0-6)-121912 N312001-DY 12/19/2012 0-6 Alley Composite soil 2600 Yes Yes No
AC04 PA-AC04(0-6)-121912 N312001-CP 12/19/2012 0-6 Alley Composite soil 5000 Yes Yes No
ACO5 PA-AC-05(0-6)-121912 N312001-EA 12/19/2012 0-6 Alley Composite soil 3900 Yes Yes No
ACO06 PA-AC06(0-6)-121912 N312001-CQ 12/19/2012 0-6 Alley Composite soil 3000 Yes Yes No
ACO07 PA-AC07(0-6)-121912 N312001-01 12/19/2012 0-6 Alley Composite soil 940 Yes Yes Yes
AC08 PA-AC08(0-6)-121912 N312001-CR 12/19/2012 0-6 Alley Composite soil 570 Yes Yes No
AC09 PA-AC09(0-6)-121912 N312001-02 12/19/2012 0-6 Alley Composite soil 340 Yes Yes No
AC10 PA-AC10(0-6)-121912 N312001-CS 12/19/2012 0-6 Alley Composite soil 63 Yes Yes No
AY02 PA-AY02(6-12)-121912 N312001-10 12/19/2012 6-12 Alley Grab soil 2500 Yes No No
AY04 PA-AY04(6-12) -121912 N312001-07 12/19/2012 0-6 Alley Grab soil 8700 Yes No No
AY05 PA-AY05(6-12)-121912 N312001-08 12/19/2012 6-12 Alley Grab soil 8800 Yes No No
AYO07 PA-AY07(12-24)-121912 N312001-09 12/19/2012 12-24 Alley Grab soil 16000 Yes No No
AY09 PA-AY09(12-24)-121912 N312001-CT 12/19/2012 12-24 Alley Grab soil 15000 Yes Yes No
AY12 PA-AY12(6-12)-121912 N312001-11 12/19/2012 6-12 Alley Grab soil 1700 Yes No No
AY13 PA-AY13(12-24)-121912 N312001-06 12/19/2012 12-24 Alley Grab soil 3200 Yes No No
AY16 PA-AY16(12-24)-121912 N312001-05 12/19/2012 12-24 Alley Grab soil 2100 Yes No No
AY18 PA-AY18(6-12)-121912 N312001-03 12/19/2012 6-12 Alley Grab soil 3400 Yes No Yes
AY19 PA-AY19(12-24)-121912 N312001-04 12/19/2012 12-24 Alley Grab soil 1600 Yes No No
PA-104-01 PA-104-01(0-6)-050213 N312001-94 5/2/2013 0-6 Res 2 Front yard soil 930 Yes Yes No
PA-104-01 PA-104-01(6-12)-071613 N312001-AD 7/16/2013 6-12 Res 2 Front yard soil 890 Yes No No
PA-104-01 PA-104-01(12-24)-071613 N312001-AE 7/16/2013 12-24 Res 2 Front yard soil 500 Yes Yes No
PA-104-02 PA-104-02(0-6)-050213 N312001-CW 5/2/2013 0-6 Res 2 Back yard soil 1400 Yes No Yes
PA-105-01 PA-105-01(0-6)-050213 N312001-93 5/2/2013 0-6 Res 2 Front yard soil 640 Yes Yes No
PA-105-02 PA-105-02(0-6)-050213 N312001-12 5/2/2013 0-6 Res 2 Back yard soil 990 Yes No No
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Table 1. LIST OF SAMPLES*®

Additional Characterization of Lead in Soils

Pilsen Neighborhood, Chicago, lllinois

Is::):att(:x Samplin Depth Lead Elemental Islc-)izde SEM/EDS
Location ID Field Sample ID Management Dapte i I?terval Sampling Area Sample Description concentratgon Results® Ratiz Results
System (LIMS) No. (inches) (me/ke) Results
PA-122-01 PA-122-01(0-6)-050313 N312001-14 5/3/2013 0-6 Res1 Back yard soil 1900 Yes Yes Yes
PA-122-01 PA-122-01(6-18)-071513 N312001-38 7/15/2013 6-18 Res 1 Back yard soil 1900 Yes No No
PA-122-01 PA-122-01(18-24)-071513 N312001-39 7/15/2013 18-24 Res 1 Back yard soil 470 Yes No No
PA-122-01 PA-122-01(18-24)-071513D N312001-40 7/15/2013 18-24 Res 1 Back yard soil 250 Yes No No
PA-122-02 PA-122-02(0-12)-050313 N312001-BE 5/3/2013 0-12 Res 1 Garden soil 920 Yes Yes No
PA-123-01 PA-123-01(0-12)-050313 N312001-BD 5/3/2013 0-12 Res 2 Garden soil 1100 Yes Yes No
PA-125-01 PA-125-01(0-6)-050313 N312001-CC 5/3/2013 0-6 Res 2 Yard (west 1/2 lot) 1500 Yes Yes Yes
PA-125-02 PA-125-02(0-6)-050313 N312001-CX 5/3/2013 0-6 Res 2 Yard (east 1/2 lot) 1100 Yes Yes No
PA-125-03 PA-125-03(0-12)-050313 N312001-BC 5/3/2013 0-12 Res 2 Garden soil 700 Yes No No
PA-127-01 PA-127-01(0-6)-050313 N312001-CY 5/3/2013 0-6 Res1 Back yard soil 2500 Yes No Yes
PA-127-01 PA-127-01(6-21)-071613 N312001-41 7/16/2013 6-21 Res 1 Back yard soil 4200 Yes Yes No
PA-14-01 PA-14-01(0-6)-050913 N312001-51 5/9/2013 0-6 Res 2 Back yard soil 140 Yes No No
PA-14-02 PA-14-02(0-6)-050913 N312001-Cz 5/9/2013 0-6 Res 2 Front yard soil 480 Yes No No
PA-14-03 PA-14-03(0-6)-050913 N312001-82 5/9/2013 0-6 Res 2 Drip zone soil 710 Yes No No
PA-141-01 PA-141-01(0-6)-050713 N312001-CD 5/7/2013 0-6 Res 2 Yard (west 1/2 lot) 860 Yes No No
PA-141-02 PA-141-02(0-6)-050713 N312001-CI 5/7/2013 0-6 Res 2 Yard (east 1/2 lot) 1600 Yes No Yes
PA-141-03 PA-141-03(0-12)-050713 N312001-BJ 5/7/2013 0-12 Res 2 Garden soil 3300 Yes No No
PA-163-01 PA-163-01(0-12)-050113 N312001-AZ 5/1/2013 0-12 Res 2 Garden soil 19 Yes Yes No
PA-163-02 PA-163-02(0-12)-050113 N312001-BA 5/1/2013 0-12 Res 2 Garden soil 130 Yes No No
PA-163-03 PA-163-03(0-6)-050113 N312001-80 5/1/2013 0-6 Res 2 Drip zone soil 130 Yes No No
PA-180-01 PA-180-01(0-6)-050213 N312001-CB 5/2/2013 0-6 Res 1 Yard (east 1/2 lot) 810 Yes Yes No
PA-180-02 PA-180-02(0-6)-050213 N312001-CF 5/2/2013 0-6 Res1 Yard (west 1/2 lot) 3000 Yes No No
PA-183-01 PA-183-01(0-12)-050213 N312001-BB 5/2/2013 0-12 Res 1 Garden soil 1300 Yes Yes No
PA-186-01 PA-186-01(0-6)-050213 N312001-95 5/2/2013 0-6 Res 1 Front yard soil 360 Yes No No
PA-186-02 PA-186-02(0-6)-050213 N312001-DA 5/2/2013 0-6 Res 1 Back yard soil 320 Yes Yes No
PA-191-01 PA-191-01(0-6)-050213 N312001-DB 5/2/2013 0-6 Res 1 Back yard soil 2000 Yes Yes No
PA-191-01 PA-191-01(0-6)-050213D N312001-DC 5/2/2013 0-6 Res 1 Back yard soil 2400 Yes No No
PA-193-01 PA-193-01(0-6)-050313 N312001-13 5/3/2013 0-6 Res1 Back yard soil 580 Yes Yes No
PA-272-01 PA-272-01(0-6)-050113 N312001-DD 5/1/2013 0-6 Res 1 Back yard soil 2000 Yes Yes Yes
PA-274-01 PA-274-01(0-6)-050113 N312001-DE 5/1/2013 0-6 Res 1 Back yard soil 1900 Yes Yes Yes
PA-274-02 PA-274-02(0-6)-050113 N312001-DF 5/1/2013 0-6 Res 1 Drip zone soil 2000 Yes Yes No
PA-276-01 PA-276-01(0-6)-050113 N312001-DG 5/1/2013 0-6 Res1 Back yard soil 2400 Yes No No
PA-276-01 PA-276-01(0-6)-050113D N312001-42 5/1/2013 0-6 Res 1 Back yard — duplicate 3600 Yes No No
PA-276-01 PA-276-01(6-18)-071513 N312001-43 7/15/2013 6-18 Res 1 Back yard 1700 Yes No No
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Table 1. LIST OF SAMPLES?
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

.3:?::331 samplin Depth Lead Elemental Islc-;zde SEM/EDS
Location ID Field Sample ID Management Dar:.e J If\terval Sampling Area Sample Description concentratgon Results® Ratiz Results
System (LIMS) No. (inches) (me/ke) Results
PA-276-01 PA-276-01(18-24)-071513 N312001-44 7/15/2013 18-24 Res 1 Back yard 550 Yes No No
PA-291-01 PA-291-01(0-6)-050113 N312001-92 5/1/2013 0-6 Res 1 Front yard soil 500 Yes No No
PA-291-03 PA-291-03(0-12)-050113 N312001-DH 5/1/2013 0-12 Res 2 Garden soil 34 Yes Yes No
PA-304-01 PA-304-01(0-6)-050913 N312001-DI 5/9/2013 0-6 Res 2 Back yard soil 58 Yes Yes No
PA-349-01 PA-349-01(0-6)-050713 N312001-DJ 5/7/2013 0-6 Res 2 Front yard soil 890 Yes Yes No
PA-349-02 PA-349-02(0-12)-050713 N312001-BH 5/7/2013 0-12 Res 2 Garden soil 630 Yes No No
PA-349-03 PA-349-03(0-6)-050713 N312001-46 5/7/2013 0-6 Res 2 Back yard soil 1400 Yes No No
PA-349-03 PA-349-03(6-14)-071613 N312001-54 7/16/2013 6-14 Res 2 Back yard soil 680 Yes No No
PA-351-01 PA-351-01(0-12)-050713 N312001-BI 5/7/2013 0-12 Res 2 Garden soil 390 Yes No No
PA-369-01 PA-369-01(0-2)-050713 N312001-45 5/7/2013 0-2 Res 2 Back yard soil 480 Yes No No
PA-369-01 PA-369-01(0-6)-050713 N312001-DK 5/7/2013 0-6 Res 2 Back yard soil 1500 Yes No No
PA-369-02 PA-369-02(0-12)-050713 N312001-BG 5/7/2013 0-12 Res 2 Garden soil 1700 Yes No No
PA-369-03,04 PA-369-03,04(0-6)-050713 N312001-91 5/7/2013 0-6 Res 2 Front yard soil 2300 Yes No No
PA-370-01 PA-370-01(0-6)-050713 N312001-DL 5/7/2013 0-6 Res 1 Back yard soil 700 Yes Yes No
PA-370-01 PA-370-01(0-6)-050713D N312001-DM 5/7/2013 0-6 Res 1 Back yard soil 950 Yes No No
PA-370-02 PA-370-02(0-12)-050713 N312001-CJ 5/7/2013 0-12 Res 1 Garden soil 1700 Yes Yes No
PA-370-02 PA-370-02(0-12)-050713D N312001-DN 5/7/2013 0-12 Res 2 Garden soil 1700 Yes No No
PA-371-01 PA-371-01(0-6)-050713 N312001-DO 5/7/2013 0-6 Res 2 Back yard soil 1800 Yes No Yes
PA-371-02 PA-371-02(0-6)-050713 N312001-DP 5/7/2013 0-6 Res 2 Front yard soil 320 Yes Yes No
PA-371-02 PA-371-02(0-6)-050713D N312001-96 5/7/2013 0-6 Res 2 Front yard soil 410 Yes Yes No
PA-375-01 PA-375-01(0-6)-050713 N312001-DQ 5/7/2013 0-6 Res 1 Back yard soil 1800 Yes Yes No
PA-375-02 PA-375-02(0-12)-050713 N312001-BF 5/7/2013 0-12 Res 1 Garden soil 2500 Yes No No
PA-464-01 PA-464-01(0-6)-050813 N312001-CA 5/8/2013 0-6 Res 3 Yard (east 1/2 lot) 910 Yes Yes No
PA-464-02 PA-464-02(0-6)-050813 N312001-DR 5/8/2013 0-6 Res 3 Yard (west 1/2 lot) 240 Yes Yes No
PA-464-03 PA-464-03(0-12)-050813 N312001-BK 5/8/2013 0-12 Res 3 Garden soil 670 Yes No No
PA-464-04 PA-464-04(0-12)-050813 N312001-BL 5/8/2013 0-12 Res 3 Garden soil 450 Yes No No
PA-464-04 PA-464-04(0-12)-050813D N312001-BM 5/8/2013 0-12 Res 3 Garden soil 390 Yes No No
PA-465-01 PA-465-01(0-6)-050913 N312001-BZ 5/9/2013 0-6 Res 3 Yard soil 370 Yes Yes No
PA-465-01 PA-465-01(0-6)-050913D N312001-DS 5/9/2013 0-6 Res 3 Yard soil 340 Yes No No
PA-465-02,03,04 | PA-465-02,03,04(0-12)-050913 N312001-BO 5/9/2013 0-12 Res 3 Garden/drip zone 350 Yes No No
PA-466-01 PA-466-01(0-6)-050913 N312001-DT 5/9/2013 0-6 Res 2 Yard (east 1/2 lot) 730 Yes Yes No
PA-466-02 PA-466-02(0-6)-050913 N312001-CE 5/9/2013 0-6 Res 2 Yard (west 1/2 lot) 650 Yes Yes No
PA-466-05 PA-466-05(0-6)-050913 N312001-81 5/8/2013 0-6 Res 2 Drip zone soil 2400 Yes Yes No
PA-467-01 PA-467-01(0-6)-050913 N312001-49 5/8/2013 0-6 Res 2 Back yard soil 1400 Yes No No
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Table 1. LIST OF SAMPLES*®

Additional Characterization of Lead in Soils

Pilsen Neighborhood, Chicago, lllinois

I;i::):att(:x Samplin Depth Lead Elemental Islc-)izde SEM/EDS
Location ID Field Sample ID Management Dapte i I.nterval Sampling Area Sample Description concentratgon Results® Ratiz Results
System (LIMS) No. (inches) (me/ke) Results
PA-468-01 PA-468-01(0-6)-050913 N312001-50 5/8/2013 0-6 Res 2 Back yard soil 1300 Yes Yes No
PA-469-01 PA-469-01(0-6)-051013 N312001-CH 5/10/2013 0-6 Res 3 Field — NW quadrant 130 Yes Yes No
PA-469-01 PA-469-01(0-6)-051013D N312001-85 5/10/2013 0-6 Res 3 Field — NW quadrant 120 Yes No No
PA-469-01 PA-469-01(6-15)-071113 N312001-86 7/11/2013 6-15 Res 3 Field — NW quadrant 340 Yes Yes No
PA-469-02 PA-469-02(0-6)-051013 N312001-83 5/10/2013 0-6 Res 3 Field — NE quadrant 100 Yes No No
PA-469-02 PA-469-02(6-15)-071113 N312001-84 7/11/2013 6-15 Res 3 Field — NE quadrant 330 Yes No No
PA-469-03 PA-469-03(0-6)-051013 N312001-88 5/10/2013 0-6 Res 3 Field — SW quadrant 120 Yes No No
PA-469-03 PA-469-03(6-15)-071113 N312001-89 7/11/2013 6-15 Res 3 Field — SW quadrant 560 Yes No No
PA-469-03 PA-469-03(6-15)-071113D N312001-90 7/11/2013 6-15 Res 3 Field — SW quadrant 250 Yes No No
PA-469-04 PA-469-04(0-6)-051013 N312001-87 5/10/2013 0-6 Res 3 Field — SE quadrant 110 Yes No No
PA-469-04 PA-469-04(0-6)-051013D N312001-DV 5/10/2013 0-6 Res 3 Field — SE quadrant 80 Yes No No
PA-469-05 PA-469-05(0-6)-051013 N312001-DW 5/10/2013 0-6 Res 3 Playground 340 Yes Yes No
PA-470-01 PA-470-01(0-6)-070913 N312001-15 7/9/2013 0-6 Res 2 Back yard soil 3200 Yes No No
PA-482-01 PA-482-01(0-6)-071113 N312001-AA 7/11/2013 0-6 Res 3 Front yard soil 210 Yes No No
PA-482-01 PA-482-01(6-18)-071113 N312001-AB 7/11/2013 6-18 Res 3 Front yard soil 250 Yes No No
PA-483-01 PA-483-01(0-6)-071213 N312001-29 7/12/2013 0-6 Res 2 Back yard soil 200 Yes No No
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Table 1. LIST OF SAMPLES*®

Additional Characterization of Lead in Soils

Pilsen Neighborhood, Chicago, lllinois

I;i::):att(:x Samplin Depth Lead Elemental Islc-)izde SEM/EDS
Location ID Field Sample ID Management Dapte i I.nterval Sampling Area Sample Description concentratgon Results® Ratiz Results
System (LIMS) No. (inches) (me/ke) Results
PA-483-01 PA-483-01(6-24)-071213 N312001-30 7/12/2013 6-24 Res 2 Back yard soil 140 Yes No No
PA-489-01 PA-489-01(0-6)-081213 N312001-AF 8/12/2013 0-6 Little Italy Front yard soil 160 Yes No No
PA-489-01 PA-489-01(6-18)-081213 N312001-AG 8/12/2013 6-18 Little Italy Front yard soil 92 Yes No No
PA-490-01 PA-490-01(0-6)-081213 N312001-AH 8/12/2013 0-6 Little Italy Front yard soil 220 Yes No No
PA-491-01 PA-491-01(0-6)-081213 N312001-Al 8/12/2013 0-6 Little Italy Front yard soil 260 Yes No No
PA-491-01 PA-491-01(6-18)-081213 N312001-A) 8/12/2013 6-18 Little Italy Front yard soil 270 Yes No No
PA-491-01 PA-491-01(6-18)-081213D N312001-AK 8/12/2013 6-18 Little Italy Front yard soil 260 Yes No No
PA-492-01 PA-492-01(0-6)-081313 N312001-AL 8/13/2013 0-6 Little Italy Front yard soil 260 Yes No No
PA-493-01 PA-493-01(0-6)-081313 N312001-AM 8/13/2013 0-6 Little Italy Front yard soil 190 Yes No No
PA-494-01 PA-494-01(0-6)-081313 N312001-79 8/13/2013 0-6 Little Italy Back yard common area 120 Yes No No
PA-495-01 PA-495-01(0-6)-081313 N312001-55 8/13/2013 0-6 Res 3 Back yard soil 930 Yes No No
PA-495-01 PA-495-01(6-24)-081313 N312001-56 8/13/2013 6-24 Res 3 Back yard soil 1800 Yes No No
PA-496-01 PA-496-01(0-6)-081313 N312001-57 8/13/2013 0-6 Res 3 Back yard soil 230 Yes No No
PA-497-01 PA-497-01(0-6)-081313 N312001-58 8/13/2013 0-6 Res 3 Back yard soil 460 Yes No No
PA-498-01 PA-498-01(0-6)-081313 N312001-59 8/13/2013 0-6 Res 3 Back yard soil 270 Yes No No
PA-498-01 PA-498-01(0-6)-081313D N312001-60 8/13/2013 0-6 Res 3 Back yard soil 280 Yes No No
PA-498-01 PA-498-01(6-15)-081313 N312001-61 8/13/2013 6-15 Res 3 Back yard soil 550 Yes No No
PA-499-01 PA-499-01(0-6)-081413 N312001-AP 8/14/2013 0-6 Res 3 Front yard soil 1200 Yes No No
PA-500-01 PA-500-01(0-6)-081413 N312001-62 8/14/2013 0-6 Little Italy Back yard soil 760 Yes No No
PA-500-01 PA-500-01(6-24)-081413 N312001-63 8/14/2013 6-24 Little Italy Back yard soil 930 Yes No No
PA-501-01 PA-501-01(0-6)-081413 N312001-AQ 8/14/2013 0-6 Little Italy Front yard soil 66 Yes No No
PA-504-01 PA-504-01(0-6)-081513 N312001-AT 8/15/2013 0-6 Res 3 Front yard soil 390 Yes No No
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Table 1. LIST OF SAMPLES*®

Additional Characterization of Lead in Soils

Pilsen Neighborhood, Chicago, lllinois

I;af::):att(:x Samplin Depth Lead Elemental Islc-)izde SEM/EDS
Location ID Field Sample ID Management Dapte i I.nterval Sampling Area Sample Description concentratgon Results® Ratiz Results
System (LIMS) No. (inches) (me/ke) Results
PA-505-01 PA-505-01(0-6)-081513 N312001-66 8/15/2013 0-6 Res 3 Back yard soil 1300 Yes No No
PA-505-01 PA-505-01(0-6)-081513D N312001-67 8/15/2013 0-6 Res 3 Back yard soil 1400 Yes No No
PA-506-01 PA-506-01(0-6)-081513 N312001-68 8/15/2013 0-6 Res 3 Back yard soil 940 Yes No No
PA-508-01 PA-508-01(0-6)-081513 N312001-70 8/15/2013 0-6 Res 3 Back yard soil 580 Yes No No
PA-508-01 PA-508-01(6-24)-081513 N312001-71 8/15/2013 6-24 Res 3 Back yard soil 140 Yes No No
PA-509-01 PA-509-01(0-6)-081513 N312001-72 8/15/2013 0-6 Res 3 Back yard soil 1400 Yes No No
PA-510-01 PA-510-01(0-6)-081513 N312001-AU 8/15/2013 0-6 Res 3 Front yard soil 1700 Yes No Yes
PA-511-01 PA-511-01(0-6)-081613 N312001-AV 8/16/2013 0-6 Little Italy Front yard soil 210 Yes No No
PA-512-01 PA-512-01(0-6)-081613 N312001-AW 8/16/2013 0-6 Little Italy Front yard soil 320 Yes No No
PA-513-01 PA-513-01(0-6)-081613 N312001-AX 8/16/2013 0-6 Little Italy Front yard soil 170 Yes No No
PA-513-01 PA-513-01(0-6)-081613D N312001-AY 8/16/2013 0-6 Little Italy Front yard soil 140 Yes No No
PA-514-01 PA-514-01(0-6)-081613 N312001-73 8/16/2013 0-6 Res 3 Back yard soil 410 Yes No No
PA-514-01 PA-514-01(6-24)-081613 N312001-74 8/16/2013 6-24 Res 3 Back yard soil 760 Yes No No
PA-515-01 PA-515-01(0-6)-081613 N312001-75 8/16/2013 0-6 Res 3 Back yard soil 1600 Yes No Yes
PA-84-01 PA-84-01(0-6)-050813 N312001-DX 5/8/2013 0-6 Res 2 Front yard soil 600 Yes Yes No
PA-84-02 PA-84-02(0-6)-050813 N312001-47 5/8/2013 0-6 Res 2 Back yard soil 1100 Yes No No
PA-84-02 PA-84-02(0-6)-050813D N312001-48 5/8/2013 0-6 Res 2 Back yard soil 740 Yes No No
PA-92-01 PA-92-01(0-6)-050813 N312001-DU 5/8/2013 0-6 Res 2 Back yard soil 880 Yes Yes No
PA-92-01 PA-92-01(6-12)-070913 N312001-52 7/9/2013 6-12 Res 2 Back yard soil 920 Yes No No
PA-92-01 PA-92-01(12-24)-070913 N312001-53 7/9/2013 12-24 Res 2 Back yard soil 1000 Yes No No
PA-92-02 PA-92-02(0-12)-050813 N312001-BN 5/8/2013 0-12 Res 2 Garden soil 400 Yes No No
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Table 1. LIST OF SAMPLES?
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Laboratory Depth Lead Lead
Location ID Field Sample ID Information Sampling Interval Sampling Area Sample Description concentration Elementbal Isoto_pe SEM/EDS
Management Date (inches) (mg/k )b Results Ratio Results
System (LIMS) No. B/%8 Results
Perez 040001 N105006-12 1/03/11 na.‘ Perez Elementary TSP filter 1.09* No Yes (NEIC 2011)
Perez 040016 N105006-11 4/2/10 n.a.f Perez Elementary TSP filter 1.40° No Yes (NEIC 2011)
Perez 040041 N105006-13 8/30/10 n.a.f Perez Elementary TSP filter 0.90° No Yes (NEIC 2011)
Perez 040058 N105006-10 12/10/10 n.a.c Perez Elementary TSP filter 1.53¢ No Yes (NEIC 2011)
? Soil sampling areas were shown in colored text for easier differentiation; soil areas designated Res 1, Res 2, and Res 3 were defined in Canar et al. (2014) and EPA (2014b).
® | ead data for unsieved soil samples from STAT Analysis Corp by SW 846 6020 ICP-MS (EPA, 2014a and b) (milligrams per kilogram [mg/kg]).
“n.a. = not applicable.
Data collected by the CCDEC and available from EPA (2011) (micrograms per cubic meter [ug/m?]).
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MICROSCOPY ANALYSIS

SEM with EDS was conducted in December 2013 and January, June, and July 2014 on
17 soil samples (Table 1). Two soil samples each were from the alley and railroad, four each
were from the Res 1 and Res 2 areas, two were from the Res 3 area, and three soil samples were
from the Harrison Park area.

The objective of the SEM analysis was to characterize the composition, morphology, and
size of Pb-bearing particles and other distinctive particles in soil samples from the areas
examined and selected by Pb concentration and location. Soil from the Harrison Park area was
examined for comparison to soil with possible historical Pb contamination.

Soil samples were mounted onto 12-millimeter (mm) diameter, aluminum SEM specimen
stubs via carbon adhesive tabs. Specimens were carbon-coated using a Denton Vacuum bench-
top carbon evaporator.

Sample specimens were analyzed in accordance with the NEIC operating procedure
Scanning Electron Microscope Operation, NEICPROC/00-072R5. A JEOL JSM-6460LV SEM
with a Thermo Scientific energy dispersive X-ray spectrometer with a silicon drift detector and
Noran System Seven (NSS version 3.0) software were used for analysis. The following
instrument parameters were used: acceleration voltage was 20 kiloelectronvolts (keV), working
distance was 10 mm, magnification was varied as needed, and the count acquisition time for
spectra was 30 seconds. Both secondary electron imaging (SEI) and backscattered electron
imaging (BEI) were used to document particle morphology, texture, and size. BEI was useful for
locating Pb-bearing particles among particles of soil. In BEI, features having compositions of
higher mean atomic number (Z) appear brighter. Because Pb has a much higher atomic number
relative to most other elements typically found in soils, Pb-bearing particles may be
distinguished from other particles in BEI. SEI as well as BEI produced images depicting the
morphology, texture, and size of Pb-bearing particles. Energy dispersive spectra of X-ray
emissions from analyzed particles were collected at selected spots to document elemental
composition at those locations and, in some cases, from wider areas for comparison to adjacent
material.

Soil mounts were systematically scanned in BEI mode to search for Pb-bearing particles
and, along with SEI, to identify other particles with distinctive composition or morphology.
Examination of each stub was concluded after documentation of approximately 10 to 24
particles. Pb-bearing particles and other distinctive particles were manually classified by
composition and particle shape. Proper EDS calibration was verified daily with Al and cobalt
(Co) standards in an SPI Supplies reference standard set.
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LEAD ISOTOPE RATIO ANALYSIS

Pb isotopic analyses were conducted from summer 2013 to January 2014 at the USGS
High Resolution MC-ICP-MS Laboratory in Denver, Colorado. Twelve soil samples from an
alley south of the H. Kramer facility, 8 soil samples collected from the railroad tracks to the west
of the H. Kramer facility, 36 residential soil samples, 3 Little Italy soil samples, 3 Harrison Park
soil samples; 4 H. Kramer baghouse samples; and 4 TSP filters collected at Perez Elementary
School were selected by Pb concentration and location and analyzed for Pb isotope
compositions. Lead isotope ratio results of soil samples were compared to each other, and to the
Pb isotope results of H. Kramer baghouse dust and TSP filters.

Sample Preparation and Separation

Approximately 0.2-gram aliquots of each sample were accurately weighed and digested
in aqua-regia solution (2.5% nitric acid [HNOs] and 7.5% hydrochloric acid [HCI]) at
approximately 95 degrees Celsius (°C) for 1 hour. The digestates were filtered and diluted to 50
milliliters (mL) with 18.2 mega ohm (MQ) resistivity water.

In order to measure Pb isotope composition with high precision and accuracy, Pb must be
separated from the sample matrix and analyzed as a single element. Isolation of Pb from a
matrix is achieved by processing samples through a column filled with a resin that uptakes Pb.
The columns for Pb separation were prepared using Samco pipets (Cat #242, 8.5 centimeters
[cm] x 2.5 mm, National Packaging Services, Inc., Secaucus, NJ, USA) with the tips cut off and
fitted with Bel-Art porous frits (0.70-um pore size, Bel-Art Products, Pequannock, NJ, USA).
The columns were loaded using 0.25 mL of precleaned Eichrom Sr (Eichrom, Lisle, IL, USA)
specific resin (Gale, 1996). The resin-loaded columns were rinsed using five 1-mL aliquots of
Milli-Q™ water and conditioned using three 1-mL aliquots of 2M HCI (Seastar Chemicals,
British Columbia, Canada). All chromatographic separation work was performed in Class 100
laminar flow hoods within a Class 1000 clean room. All samples were prepared to yield an
adequate volume (10-20 mL) of solution with a final Pb concentration of 10 parts per billion
(ppb) after column separation. Samples were reconstituted in 0.5-mL 2M HCI and loaded on the
preconditioned Eichrom Sr specific resin. The loaded samples were allowed to absorb to the top
of the resin bed before they were rinsed with two 0.5-mL aliquots of 2M HCI, followed by an
additional two 1-mL 2M HCI aliquots to remove the matrix elements. Pb was removed from the
column using eight 1-mL aliquots of 6M HCI. The eluted Pb fraction was collected in pre-
cleaned Savillex® vials and evaporated to dryness. The dried Pb samples were reconstituted in
10-20-mL 2% HNO3 and allowed to sit overnight prior to MC-ICP-MS analyses.

Method of Analysis

All Pb isotope analyses were conducted using a Nu Instruments HR®, double-focusing
MC-ICP-MS. Soil- and baghouse-separated Pb samples were spiked with National Institute of
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Standards and Technology (NIST) Standard Reference Material (SRM) 997 Thalium (TI) isotope
standard at the concentration equivalent to Pb (10 ppb) and introduced into the MC-ICP-MS
using a desolvating nebulizer (Aridus Il). The Perez TSP filters were sampled directly three
times from three distinct areas on the filters using a New Wave 213 nanometer (nm) laser
ablation system coupled to the MC-ICP-MS. The NIST SRM 997 Tl standard was introduced to
the laser ablation sample stream through a laser ablation gas mixing chamber. Laser ablation
analysis consisted of five minutes of data collection with a spot size of 55 um, an energy density
of 1.5 to 2.5 joules per cubic centimeter (J/cm?), a laser scan rate of 10 um per second, and laser
power ranging from 50 to 55% at a frequency of 10 hertz (Hz). Prepared soil samples were
analyzed using 30 cycles with 10-second integration per cycle, for a total duration of 5 minutes
per Pb isotope measurement. A typical analysis procedure involved a 4-5 sample set bracketed
by NIST SRM 981 Pb isotope standard. Mass bias was corrected using the exponential law
(Ridley, 2005) using a 2®TI/?®TI value of 2.3875. Greater detail on the USGS MC-ICP-MS
instrument configuration and mass bias correction for Pb isotopes is described by Pribil et al.
(2014).

ELEMENTAL ANALYSIS

Results of elemental analysis performed by STAT Analysis Corp according to Test
Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-846) were evaluated by
NEIC for this report. Soil samples and H. Kramer baghouse dust were prepared according to
EPA Method 3050B and analyzed in accordance with EPA Method 6020 using ICP-MS (EPA,
1996; EPA, 2007). The analytical results used in this study were reported for the total sample on
a dry weight basis for Sb, Cd, Cr, Cu, Pb, Sn, and Zn (EPA, 2014a and b). Elemental results of
the soils were compared with each other and with the results of H. Kramer baghouse dust.

Correlation Analysis

Log-log scatterplots were created, and correlation analysis was performed to evaluate
relationships between Pb with other elements within sample sets. Similar evaluations have been
conducted by others (USGS, 2003; Myers and Thorbjornsen, 2004; Thorbjornsen and Myers,
2006 and 2007a). Results of correlation analysis were given as the Spearman rank correlation
coefficient, rs, because a normal distribution of data in sample populations is not assumed for its
application, and because it is a better indicator in the case of a non-linear relationship. An rs is
calculated by correlating rankings of the data values in data sets rather than correlating the data
values themselves. The Spearman rank correlation coefficient is more robust than the Pearson
product-moment correlation coefficient for the reasons stated above, and tends to minimize the
effects of extreme values (outliers). An rs indicates the strength or weakness of a relationship
between the intensities or concentrations of a pair of elements. An rs of unity (1), either positive
or negative, indicates a perfect correlation, and an rs of zero indicates that there is no evidence of
a correlation. Weak correlations may be indicated by |rs| < 0.3, moderate correlations by 0.3 < |ry|
< 0.7, and strong correlations by 0.7 < |rs| < 1 (Gerstman, 2013; Laerd, 2013). Thus, an rs of 0.90
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indicates a relatively strong positive relationship, while an rs of 0.40 indicates a considerably
weaker relationship. The sign (+ or -) of the rs indicates a positive or negative correlation
between the parameters of a pair of elements, increasing for both in a positive monotonic
relationship, and decreasing for one element while increasing for the other in a negative
relationship.

For each rs, a p-value was calculated. P-values are probabilities based, in part, on the
number of data pairs, n, used in the correlation analysis. Typically, p-values less than a
significance level set at o = 0.05 suggest a high level of confidence that a statistically significant,
non-zero correlation exists between the intensities or concentrations of a pair of elements. Both
the rs and p-value are used to evaluate the strength of association between two variables. Thus, a
p-value of 0.0001 or less indicates a high level of confidence that the variables are correlated,
and a p-value of 0.0500 or greater indicates a lower level of confidence. Both the rs and the p-
value are used to evaluate the strength of association between two variables (Miller and Miller,
1993; Good and Hardin, 2003).
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ANALYTICAL RESULTS

The following analytical results are presented: (1) microscopy results of individual
particles by SEM/EDS, (2) Pb isotope ratio measurements by MC-ICP-MS, (3) elemental
analysis by ICP-MS (EPA, 2014a and b), and (4) metals composition of H. Kramer slag material
(H. Kramer, 2014a). Analytical results of the soil areas (alley, railroad, Res 1, Res 2, Res 3,
Harrison Park, and Little Italy); TSP filters; and H. Kramer baghouse dust and slag composition
are evaluated, compared, and discussed.

MICROSCOPY RESULTS

A summary of SEM results is presented in Table 2 for Pb-bearing and other distinctive
particle types and for phase types in Pb-bearing particles with multi-phase assemblages or
agglomerations. A count of single-phase particle types and Pb-bearing multi-phase particles is
included in Table 2. Particle and phase types were based on the dominant elemental
compositions observed. Particle morphologies generally ranged from very angular to sub-
rounded. Particles with unique morphologies were also classified by the morphology exhibited.
For example, spherical morphology of metal oxide particles in baghouse dust indicated those
particles condensed from a high-temperature fume (Schwartz et al., 1955; Buckle and Pointon,
1976; EPA, 1977; Machemer, 2004; NEIC, 2011a and b, 2012). Documented particles ranged
from sub-micrometer to 100s pum in diameter. Some particles exhibited distinct spherical
cavities, typical of vesicles, holes formed in molten material by escaping gas bubbles and typical
in slag material (van Oss, 2003). A phase, as referred to here, represented material with a
predominant elemental composition based on EDS response. A multi-phase particle contained
zones with different dominant elemental compositions, such as Fe-oxide or Si-oxide with a
dominant Fe or Si EDS response, respectively. Multi-phase, angular particles, micrometer-scale
and greater, are characteristic of slag material (CLEMEX, 2008; Pistorius and Kotzé, 2009;
Perederly et al., 2012; Bernal et al., 2014; Piatak et al., 2014). The composition of non-ferrous
slag is dominated by Fe and Si with lesser amounts of Al and Ca (Piatak et al., 2014). Slag from
a brass and bronze foundry contains high Cu and Zn relative to Pb (EPA, 1995; Shen and
Forssberg, 2003). Many spectra are presented at approximately full scale (0 to 14 keV) and at an
expanded scale in the higher energy region (approximately 7 to 14 keV). Expanded scales allow
the evaluation of relative spectral responses for Cu, Pb, and Zn in this higher energy region. In
addition, expanded scales allow Pb and sulfur (S), which generally interfere with each other in
the lower energy region around 2.3 keV, to be clearly distinguished because S does not have a
response in the higher energy region.

Pb-bearing particles in alley and railroad soils typically occurred as single-phase
particles, micrometer to hundreds of micrometers in scale (1s-100s um), or as multi-phase
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particles, 10s—100s pum in scale. Pb-oxide, Fe-oxide, Si-oxide, and Zn-oxide were common
single-phase particle types (Figures 5-9). Cu and Zn were commonly associated with Pb-oxide
particles, and Cu and Pb were commonly associated with Zn-oxide particles. Fe-oxide and Si-
oxide particles typically exhibited greater spectral response for Zn than Pb. Less frequently
observed were Sn-oxide and Cu-oxide particles that typically contained Pb and Zn (Figures 7
and 10, respectively) and Fe-sulfate and barium (Ba)-sulfate particles. Ca-oxide/carbonate
particles exhibited a slight to no clear spectral response for Pb.

Micrometer-scale Zn-oxide particles (<10 um) were less commonly observed (Figure
6a), although this may have been because they were more difficult to observe because of their
relatively small size compared to the abundant and much larger Pb-bearing particles (10s—100s
um). The occurrence of micrometer-scale Zn-oxide particles with hexagonal crystal symmetry
was also noted in railroad soils (Figure 6b). Micrometer-scale, Zn-oxide particles were
consistent in size range and composition with baghouse dust from a brass and bronze foundry
(Figure 6¢), that also included spherical and hexagonal Zn-oxide particles (NEIC, 20113, 2012).

The most common phases in the typically much larger multi-phase, Pb-bearing particles
in alley and railroad soils were similar to those in the single-phase particles and included Pb-
oxide, Fe-oxide, Si-oxide, and Zn-oxide. Figure 11 shows a multi-phase, Pb-bearing particle in
railroad soil containing Fe-oxide and Si-oxide phases. The composition of non-ferrous slag is
dominated by Fe and Si (Piatak et al., 2014). Also similar to the single-phase particles, Cu and
Zn were commonly associated with Pb-oxide phases, and Cu and Pb were commonly associated
with Zn-oxide phases. Fe-oxide and Si-oxide phases typically exhibited greater spectral
response for Zn than Pb. Less frequently observed were Cu-oxide and Sn-oxide phases; Ba-
sulfate, Ca-oxide/carbonate, and carbon (C)-rich phases (Figure 12) were also present. Ca-
oxide/carbonate phases typically exhibited a slight to no clear spectral response for Pb. Figures
5b and 12 show particles in railroad and alley soils with cavities consistent with vesicles,
textures typical in slag material (van Oss, 2003).

The variety of Pb-bearing particles in alley and railroad soils described above was
consistent with the composition of slag from a brass and bronze foundry because of the presence
of Pb-bearing Cu-oxide, Sn-oxide, and Zn-oxide particles and because greater spectral responses
for Cu and Zn relative to Pb were common in Fe-oxide and Si-oxide phases in particles typical of
slag (Table 2). Multi-phase, angular particles, micrometer-scale and greater, are characteristic of
slag material (CLEMEX, 2008; Pistorius and Kotzé, 2009; Perederly et al., 2012; Bernal et al.,
2014; Piatak et al., 2014). Slag from a brass and bronze foundry contains high Cu and Zn
relative to Pb (EPA, 1995; Shen and Forssberg, 2003).

Res 1 Soils

Lead-bearing particles in Res 1 soils typically occurred as single-phase particles, 1s-10s
um in scale, or as multi-phase particles, 10s—100s um in scale. Pb-oxide, Fe-oxide, and Si-oxide
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particles were common single-phase particle types. Fe-oxide particles typically exhibited greater
spectral response for Zn than Pb. Other particle types included Fe-sulfate and Cu-oxide. Figure
13 shows a Cu-oxide particle in Res 1 soils with ovoid and irregularly shaped cavities consistent
with dissolution, a weathering process, and vesicles, textures typical in slag material (van Oss,
2003).

The most common phases in the typically much larger multi-phase, Pb-bearing particles
in Res 1 soils were similar to those in the single-phase particles and included Pb-oxide, Fe-oxide,
Fe-sulfate, Ba-sulfate, Ca-oxide/carbonate, Ca-phosphate, Si-oxide, and C-rich phases. Figure
14 shows a multi-phase, Pb-bearing particle in Res 1 soil containing Fe-oxide and Si-oxide
phases. Fe-oxide and Si-oxide phases typically exhibited greater spectral response for Zn than
Pb, consistent with the composition of slag from a brass and bronze foundry because slag from a
brass and bronze foundry contains high Cu and Zn relative to Pb (EPA, 1995; Shen and
Forssberg, 2003).

Lead-bearing particles in Res 2 soils typically occurred as single-phase particles, 1s-10s
um in scale, or as multi-phase particles, 10s—100s um in scale. Pb-oxide and Fe-oxide particles
were the common single-phase particle types observed. Fe-oxide particles typically exhibited
greater spectral response for Zn than Pb. No single-phase Pb-bearing particle types were
observed in two of the four Res 2 soils examined.

The most common phases in the typically much larger multi-phase, Pb-bearing particles
in Res 2 soils were similar to those in the single-phase particles and included Pb-oxide, Fe-oxide,
Fe-sulfate, Ba-sulfate, Ca-oxide/carbonate, Ca-phosphate, Si-oxide, and C-rich phases. Figure
15 shows a multi-phase, Pb-bearing particle in Res 2 soil containing Fe-oxide and Si-oxide
phases. Fe-oxide and Si-oxide phases typically exhibited greater spectral response for Zn than
Pb, consistent with the composition of slag from a brass and bronze foundry because slag from a
brass and bronze foundry contains high Cu and Zn relative to Pb (EPA, 1995; Shen and
Forssberg, 2003).

Res 3 Soils

Lead-bearing particles in Res 3 soils typically occurred as single-phase particles, 1s-10s
um in scale, or as multi-phase particles, 10s—100s um in scale. Pb-oxide, Fe-oxide, and Si-oxide
particles were the common single-phase particle types observed.

The most common phases in the typically much larger multi-phase, Pb-bearing particles
in Res 3 soils were similar to those in the single-phase particles and included Pb-oxide, Fe-oxide,
Ba-sulfate, Ca-oxide/carbonate, and Si-oxide phases. Figure 16 shows a multi-phase, Pb-
bearing particle in Res 3 soil containing Si-oxide and Ca-oxide/carbonate phases. Si-oxide
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phases typically exhibited much greater spectral response for Pb than Zn or Cu. Much greater
spectral responses for Pb relative to Cu and Zn were not characteristic of slag composition from
a brass and bronze foundry because slag from a brass and bronze foundry contains high Cu and
Zn relative to Pb (EPA, 1995; Shen and Forssberg, 2003).

Pb-bearing particles in Harrison Park soils containing possible historical Pb
contamination typically occurred as single-phase particles, 1s—10s um in scale, or as multi-phase
particles, 10s—100s um in scale. Pb-oxide and Si-oxide were common single-phase particle types
(Figures 17 and 18). Figure 18 shows a particle of Harrison Park soil with pitted surface
consistent with dissolution, a weathering process, and vesicles, textures typical in slag material
(van Oss, 2003).

However, unlike in the alley and railroad soils, Cu and Zn were less commonly
associated with Pb-oxide particles and exhibited much lower spectral responses when observed.
Furthermore, although Cu, Pb, and Zn were found associated with Si-oxide particles, Pb
typically exhibited a much greater spectral response than Cu and Zn. Pb-bearing, multi-phase
particles were also found in Harrison Park soils containing Fe-oxide and Ca-oxide/carbonate
(Figure 19). Si-oxide was also observed in Pb-bearing, multi-phase particles in Harrison Park
soils. The variety of Pb-bearing particles in Harrison Park soils described above was not
characteristic of slag composition from a brass and bronze foundry because Pb-bearing Cu-
oxide, Sn-oxide, and Zn-oxide particles were not observed and because much greater spectral
responses for Pb relative to Cu and Zn were common in particles typical of slag. Slag from a
brass and bronze foundry contains high Cu and Zn relative to Pb (EPA, 1995; Shen and
Forssberg, 2003).

Synopsis of SEM Results

The micrometer-scale Zn-oxide particles found in railroad soil were consistent with bag-
house dust from a brass and bronze foundry (Figures 6a and c). In particular, the spherical
morphology of micrometer-scale Zn-oxide particles noted in railroad soil was indicative of
condensation from a high-temperature fume (Schwartz et al., 1955; Buckle and Pointon, 1976;
EPA, 1977; Machemer, 2004; NEIC, 2011a and b, 2012), the process in which baghouse dust is
formed. Hexagonal crystal symmetry associated with Zn-oxide particles was also noted in
railroad soil (Figure 6b), consistent with zincite (ZnO), which may exhibit a hexagonal structure
(Mindat, 2011; Webmineral, 2011). In addition to micrometer-scale Zn-oxide particles with
crystallite morphology, spherical and hexagonal Zn-oxide particles were also observed in H.
Kramer baghouse dust (NEIC, 2011a, 2012). However, in comparison to micrometer-scale Zn-
oxide particles in baghouse dust, micrometer-scale Zn-oxide particles found in railroad soil
typically appeared to have undergone dissolution weathering because of dissolution textures and
general lack of crystallite morphology that indicated exposure to moisture, a process baghouse
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dust is not expected to encounter. Dissolution of Zn-oxide particles may be expected as a result
of exposure to moisture (Cernik et al., 1995; Wilcke and Kaupenjohann, 1998; Manceau et al.,
2000; Voegelin et al., 2005).

Of likely greater importance were the variety and abundance of larger Pb-bearing
particles (10s—-100s um) in alley, railroad, Res 1, and Res 2 soils that contained Fe, Pb, Si, and
Zn-oxides and/or Ca-oxide/carbonates (Figures 7-15). These particles were abundant,
consistently angular, frequently multi-phase in composition, and occurred sporadically with
vesicular textures. These multi-phase, micrometer-scale and greater, angular particles were
characteristic of slag material (CLEMEX, 2008; Pistorius and Kotzé, 2009; Perederly et al.,
2012; Bernal et al., 2014; Piatak et al., 2014). Because Cu and Zn were commonly associated
with Pb-oxide particles and Zn exhibited relatively high spectral responses relative to Pb in non-
Pb-oxide phases, these particles were consistent with the composition of brass and bronze
foundry slag (EPA, 1995; Shen and Forssberg, 2003). High Cu and Zn relative to Pb were
typical in copper and brass smelting slags. Thus, the predominant morphology, size, and
composition of Pb-bearing particles in the soils of the alley, railroad, Res 1, and Res 2 areas were
consistent with brass and bronze foundry slag.

Furthermore, the presence of Pb-oxide, Cu-oxide, Sn-oxide, and Zn-oxide particles in
both alley and railroad soils (Figures 5a, 7, and 10, respectively) was also consistent with the
composition of slag from a brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
Pb-oxide particles in railroad soil were found with vesicles (Figure 5b), textures typical in slag
material (van Oss, 2003). Pb-oxide is also a primary raw material for Pb alloying in brass and
bronze products (H. Kramer, 2011; Omenazu, 2011). Sn-oxide and Cu-oxide particles were also
observed in H. Kramer baghouse dust (NEIC, 2011a, 2012).

Slag material was observed in one railroad and eight alley soil borings (EPA, 2014a),
including two soil locations (alley AY-18, railroad RR-02) with soil examined by SEM/EDS in
this study. Slag originates from industrial processes such as smelting (primary or secondary) and
is not consistent with coal fly ash, leaded paint, leaded gasoline, automobile battery lead, or tire
dust (Friedlander, 1973; Hurst et al., 1996; Calvert, 2004; Lee and von Lehmden, 2012; Kaster,
2014).

Although Fe, Pb, and Si-oxides and Ca-oxide/carbonates in similar sized, angular Pb-
bearing particles (10s-100s um) were common in Res 3 soils (Figure 16) and in Harrison Park
soils (Figures 17-19) that represented possible historical Pb contamination, Cu and Zn were less
commonly associated with Pb-oxide particles and exhibited much lower spectral responses
relative to Pb in non-Pb phases, such as Si-oxide, compared to alley and railroad soils. These
relative elemental responses in Pb-bearing particles in the Harrison Park and Res 3 soils were
dissimilar to those in Pb-bearing particles in the alley and railroad soils and were not
characteristic of slag composition from a brass and bronze foundry (EPA, 1995; Shen and
Forssberg, 2003). High Cu and Zn relative to Pb were typical in copper and brass smelting slags.
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Comparison of relative spectral responses of Cu, Pb, and Zn in typical Pb-bearing, multi-phase
particles in soils from the alley, railroad, Res 1, Res 2, Res 3, and Harrison Park areas appears in
the “Discussion” section (Figures 34a—f).
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Table 2. SUMMARY OF SEM DATA COLLECTED FROM SOIL SAMPLES
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Sampling Samp'I:(l,ell\l?meer Pb _ _ P_artit_:le cour_]t of Pb-bea_ring _and ) l\égl_tt;-epaf;ﬁ]sg Phase types in I_Db-bearing Earticles
Site Concentration® other dlstlnctlve_ particle types with single phase particle Wl_th multlple_phases ©
(LIMS Number) (mg/kg) (recurring concomitant elements) count (recurring concomitant elements)
Zn>Pb
Zn-oxide
4 Zn-oxide, pm-scale (Ca, Cu, Fe. P, Pb, Si) Zn-oxide
1 Spherical Zn-oxide (Ca, Cu, Fe, Pb)* Cu-oxide Zn>Pb
1 Hexagonal Zn-oxide crystallited
Zn>Pb Zn>Pb
Sn-oxide Sn-oxide
Zn>Pb Zn>Pb
Zn-oxide
10 Fe-oxide (Al, Ca, Cu, Si; Zn>Pb) Fe-oxide (Al, Ca, Cu, Si; Zn>Pb)
1 Ba-sulfate (Al, Ca, Cu, Fe, Si, Zn) Sn-oxide (Ca, Cu, Fe, Ph, Si, Zn)
PA-AY18 (6-12) 1 Ca-oxide/carbonate (Al, Fe, Si, Cu, Zn>Pb) Si—oxiqle (Al, Ca, Cu, Fe, K, Mg; Zn>Ph)
Alley 3400 4 Si-oxir_je (Al, Ca, Cu, Fe_, Mg, Mn; Zn>Pb) 5 Cu—oxllde (Al, Ca, Fe, Si; Zn>Pb)
(N312001-03) 5 Cu-oxide (Al, Ca, Fe, Si; Zn>Pb) Zn-oxide (Al, Ca, Cu, Fe, Si)
1 Zn-oxide (Al, Ca, Cu, Fe, Pb, Si) C-rich (Al, Si)
1 Spherical Fe-oxide (Al, Ca, Cu, Si, Zn)
1 Spherical Si-oxide (Al, Ca, Cu, Fe, Zn)
2 Pb-oxide (Al, Ca, Cu, Fe, Mg, P, Si, Zn) Fe-oxide (Al, Ca, K, Mg, P, S, Si; Cu, Zn>Pb)
11 Fe-oxide (Al, Ca, Mg, P, Si; Cu, Zn>Pb) Ba-sulfate
PA-ACO7 (0-6) 2 Fe-sulfate (Al, Ca, Si; Cu, Zn_>Pb) C_a—oxide/carbonate (Al, Cu, Fe, Mg, S, Si, Zn)
Alley 940 1 Ba-sulfate (Al, Ca, Cu, Mg, Si, Zn) 6 Si-oxide (Al, Ca, Fe, K, Mg; Cu, Zn>Pb)
(N312001-01) 1 Ca-oxide/carbonate (Al, Mg, Si) C-rich (Al, Ca, Cu, S, Si, Zn)
1 Si-oxide (Al, Ca, Fe, K, Ti; Cu, Zn>Pb)
1 Sn-oxide (Cu, Si)
1 Zn-oxide (Al, Ca, Cu, Fe, Pb, Si)
122-01 (0-6) 2 Pb-oxide (Al, Ba, Ca, Cu, Fe, P, S, Si, Zn) Pb-oxide (Al, Ca, Cu, Fe, P, Si, Zn)
R 1 Si-oxide (Al, Ca, Cu, Fe, K, Mg; Zn>Pb) Fe-oxide (Al, Ca, Cu, K, Si, Ti; Zn>Pb)
esl 1900 o Ba-sulfate (Al, Ca, Cu, Pb, Si. Z
(N312001-14) a-sulfate (Al, Ca, Cu, Pb, Si, Zn)
Si-oxide (Al, Ca, Cu, Fe, K, Mg; P, Zn>Pb)
B - Pb-oxide (Al, Ca, Cu, Fe, P, Si, Zn)
127-01 (0-6) i E::g)f;g: éﬁl"g:' gl‘j Ffe'sr'z'\r’]'gb'\é')’" P.S, Si, i, Zn) Fe-oxide (Al, Ca, Cu, K, Mg, Mn, P, S, Si; Zn>Pb)
Res 1 2500 1 Ee-sulfate (AI C'a C’u S| ’Zn>Pb) 12 Fe-sulfate (Al, Ca, Cu, Si; Zn>Pb)
(N312001-CY) 5 Si-oxide (Al éa éu F’e K Mg, Ti, P; Zn>Pb) Ca-oxide/carbonate (Al, Cu, Fe, Mg, P, Si; Zn>Pb)
P R TR S T T Si-oxide (Al, Ca, Cu, Fe, K, Mg, P, Ti; Zn>Pb)
272-01 (0-6) 2 Pb-oxide (Al, Ca, Cu, Fe, P, Si, Zn) Fe-oxide (Al, Ca, Cu, K, Mg, Mn, P, Si; Zn>Pb)
Res 1 2000 4 Fe-oxide (Al, Ca, Cu, P, Si; Zn>Pb) 3 Si-oxide (Al, Ca, Cu, Fe, K, Mg, Mn, P, Ti; Zn>Pb)
(N312001-DD) 3 Si-oxide (Al, Ca, Cu, Fe, K, Mg, Mn, P, Tl; Zn>Pb)
1 Cu-oxide (Al, Ca, Fe, Si; Zn>Pb)
274-01 (0-6) 1 Pb-oxide (Al, Ca, Cu, Fe, P, Si, Zn) Fe-oxide (Al, Ca, Cu, P, Si; Zn>Pb)
Res 1 1900 2 Fe-oxide (Al, Ca, Cu, P, Si; Zn>Pb) 7 C_a-phosphate (Al, Cu, Fe, Si; Zn>Pb)
(N312001-DE) Si-oxide (Al, Ca, Cu, Fe, K, Mn, P; Zn>Pb)
C-rich (Al, Cu, Fe, Si, Zn)
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Table 2. SUMMARY OF SEM DATA COLLECTED FROM SOIL SAMPLES

Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

. Field Pb Particle count of Pb-bearing and Multl-ph_ase Phase types in Pb-bearing Earticles
Sampling Sample Number c . a her distincti icl ith sinale ohase® Pb-bearing ith ltiole oh <
Site oncentration other distinctive particle types with single phase particle with multiple phases
(LIMS Number) (mg/kg) (recurring concomitant elements) count (recurring concomitant elements)
Zn>Pb
Zn>Pb
Zn>Pb
Zn>Pb
Zn>Pb
Zn>Pb
Zn>Pb Zn>Pb
Zn>Pb
3 Pb-oxide (Al, Ca, Cu, Fe, Si) Pb-oxide (Al, Ca, Cu, Fe, P, Si, Zn)
510-01 (0-6) 1 Fe-oxide (Al, Ca, Cu, P, Pb, Si, Zn) Fe-oxide (Al, Ca, Cu, P, Pb, Si, Zn)
Res 3 1700 5 Si-oxide (Al, Ca, Fe, K, P; Pb>>Cu, Zn) 3 Ba-sulfate
(N312001-AU) Ca-oxide/carbonate (Al, Fe, K, Si)
Si-oxide (Al, Ca, Cl, Fe, K, Mg, P; Pb>>Cu, Zn)
515-01 (0-6) 9 Pb-oxide (Al, Ca, Cl, Cu, Fe, P, Si, Zn) Pb-oxide (Al, Ca, Cu, Fe, P, Si, Zn)
Res 3 1600 2 Fe-oxide (Al, Ca, Cu, P, Pb, Si, Zn) 3 Si-oxide (Al, Ca, Fe, K, P; Pb>>Cu, Zn)

(N312001-75)

Pb>>Cu, Zn

Pb>>Zn

Pb>>Cu, Zn

Pb>Cu, Zn

Pb>>Cu, Zn

#Lead data for unsieved soil samples from STAT Analysis Corp (EPA, 2014a and b).

® For distinction and contrast, Cu>Pb, Zn>Pb, etc. is in red text, and Pb>Cu, Pb>Zn, etc. is in blue text. Cu-, Sn-, and Zn- oxide particles (in red text) and Pb-oxide particles were consistent with
composition of brass and bronze foundry slag. Pb-oxide was also a primary raw material for Pb alloying in brass and bronze products. See text for details.

¢ Pb-bearing particles (angular, 10s—100s pm) with multiple phases were typical of slag.
4 Consistent with baghouse dust from brass and bronze foundry (black text).
¢ Soil with possible historical Pb contamination.
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Figure 5b. Micrometer-scale Pb-oxide particle in soil from the (N312001-BX). Pitted surface
consistent with dissolution, and distinct spherical cavities consistent with vesicles, typical in slag material.
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Figure 6a. Micrometer-scale Zn-oxide particles in soil from the
brass and bronze foundry (NEIC, 2011a, 2012). Note spherical Zn-oxide particle (pt2) (N312001-BX).
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Figure 6b. Micrometer-scale Zn-oxide particle with hexagonal crystal symmetry in soil from the
(N312001-BX), consistent with baghouse dust from a brass and bronze foundry (NEIC, 2011a, 2012).
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Figure 6¢c. SEI image of micrometer-scale aggregate of angular Zn-oxide crystallites with trace amounts of lead in
dust from H. Kramer’s baghouse 2 (N105006-06) (from NEIC, 2011b).
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Relative spectral responses for Pb and Zn were consistent with composition of slag from brass and bronze
foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 8. Angular Fe-oxide particle (10s um; Cu>>Pb, Zn>Pb) in soil from the alley (N312001-03). Relative
spectral responses for Cu, Pb, and Zn were consistent with composition of slag from brass and bronze foundry
(EPA, 1995; Shen and Forssberg, 2003).
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Figure 9. Sub-angular Zn-oxide particle (100s pum, Zn>>Pb) in soil from the (N312001-BX). Relative

spectral responses for Pb and Zn were consistent with composition of slag from brass and bronze foundry
(EPA, 1995; Shen and Forssberg, 2003).
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Figure 10. Sub-angular Cu-oxide particle (10s um; Cu>>Pb, Zn>Pb) in soil from the alley (N312001-03). Relative
spectral responses for Cu, Pb, and Zn were consistent with composition of slag from brass and bronze foundry
(EPA, 1995; Shen and Forssberg, 2003).
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Figure 11. Angular multi-phase particle with Fe-oxide (pt2; Cu>Pb, Zn>>Pb) and Si-oxide (pt6; Cu>Pb, Zn>Pb) in soil from the
(N312001-BV). Relative spectral responses for Cu, Pb, and Zn were consistent with composition of slag from brass

and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 12. (Previous page) Angular multi-phase C-rich (pt5) particle (100s um) with Si-oxide (pt6; Cu>Pb,
Zn>>Pb) in soil from the alley (N312001-01). Regularly distributed spheriod and ovoid cavities consistent
with vesicles, typical in slag material. Sub-angular Fe-oxide (pt3; Cu>Pb, Zn>Pb) particle (10s um) resting on
top of the C-rich particle. SEl image and full keV energy scale (left), BEI image and expanded keV energy
scale (right). Relative spectral responses for Cu, Pb, and Zn were consistent with composition of slag from
brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 13. Angular Cu-oxide particle (ca. 10 um; Cu>>Pb, Zn>Pb) in Res 1 soil (N312001-DD). Ovoid and
irregularly shaped cavities consistent with dissolution and vesicles. SEl image and full keV energy scale (left),
BEI image and expanded keV energy scale (right). Relative spectral responses for Cu, Pb, and Zn were
consistent with composition of slag from brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 14. Angular multi-phase, Pb-bearing particle in Res 1 soil (N312001-DE) containing Fe-oxide (ptl,
Zn>>Pb) and Si-oxide (pt2, Zn>Pb) phases. SEIl image and full keV energy scale (left), BEI image and
expanded keV energy scale (right). Relative spectral responses for Pb and Zn were consistent with
composition of slag from brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 15. Angular, multi-phase, Pb-bearing particle in Res 2 soil (N312001-CC) containing Fe-oxide (pt3,
Zn>>Pb) and Si-oxide (pt4, Zn>Pb) phases. SEIl image and full keV energy scale (left), BEI image and
expanded keV energy scales (right). Relative spectral responses for Pb and Zn were consistent with
composition of slag from brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 16. Sub-angular multi-phase, Pb-bearing particle in Res 3 soil (N312001-AU) containing Si-oxide (pt2;
Pb>>Cu, Zn) and Ca-oxide/carbonate phases (pt4). SEl image and full keV energy scale (left), BElI image and
expanded keV energy scales (right). Relative spectral responses for Cu, Pb, and Zn were not characteristic of
slag composition from brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 17. Angular Pb-oxide particle (10s um) in soil from the Harrison Park area (N312001-99). Negligible
spectral responses for Cu and Zn.
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Figure 18. Angular Si-oxide particle (with Pb>>Cu and Pb>Zn) in soil from the area (N312001-99).

Pitted surface consistent with dissolution, distinct spherical/ovoid cavities consistent with vesicles, typical in
slag material. Relative spectral responses for Cu, Pb, and Zn were not characteristic of the composition of

slag from brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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Figure 19. Sub-angular multi-phase particle with Fe-oxide (pt1, Pb>Zn) and Ca-oxide/carbonate (pt2, 10s um) in
soil from the area (N312001-99). Relative spectral responses for Pb and Zn were not
characteristic of slag composition from brass and bronze foundry (EPA, 1995; Shen and Forssberg, 2003).
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LEAD ISOTOPE RATIO RESULTS

Understanding analytical precision and accuracy for Pb isotope ratio measurements is
important for evaluating and comparing Pb isotope ratio results. Instrument performance and
analytical procedure reproducibility were measured by analyzing NIST SRM 2709, 2711 soil
standards and NIST SRM 981 through the sample preparation process multiple times (Table 3).
NIST SRM 981 (n=41) was analyzed throughout the analysis period, both processed through the
sample preparation method and unprocessed, and resulted in an average 2°Pb/*’Pb of
2.3682+0.0005 (2 standard deviations[SD]) and 2*°Pb/*’Pb of 1.0938+0.0006 (2SD). NIST
SRM 981 certificate value for *®®Pb/*’Pb is 2.3704 and for “**Pb/**’Pb is 1.0933. The NIST
SRM 2709 soil standard resulted in 2°®Pb/?°’Pb of 2.4825+0.0006 (2SD) and *®Pb/*’Pb of
1.2181+0.0012 (2SD), similar to the values reported by Takaoka et al. (2006) for ®®Pb/*’Pb of
2.482+0.002 (2SD) and 2°°Pb/*'Pb of 1.217+0.002 (2SD). The NIST SRM 2711 soil standard
resulted in 2®Pb/?’Pb of 2.3939+0.0007 (2SD) and 2°°Pb/**’Pb of 1.1107+0.0008 (2SD), similar
to the values reported in the Georem database of 2®®Pb/*’Pb of 2.395 and 2°°Pb/*’Pb of 1.111
(Jochum et al., 2005). Multiple samples were processed through the sample preparation method
in duplicate and triplicate and resulted in an uncertainty for both “®Pb/*’Pb of +0.0014 and
206pp/207ph of +0.0016 (2SD). Laser ablation and mass spectrometer system performance was
determined by analyzing NIST 612 and a USGS synthetic basalt glass reference material (GSE
1G), as well as TSP filter samples in duplicate and triplicate. Based on direct sampling replicates
by laser ablation, the isotope ratios varied within a single TSP filter for 2®Pb/*°’Pb and
206pp/207ph hy 2.72 x 10 (1SD) and 3.88 x 10° (1SD), respectively. The average variation
among multiple TSP filters by laser ablation over a 9-month period was 5.28 x 10™* (1SD) for
208p/207ph and 1.10 x 10°° (1SD) for 2°°Pb/"pPh.

Table 3. Pb ISOTOPE RATIO PERFORMANCE CRITERIA: ESTIMATED UNCERTAINTY
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

. Jochum et al., 2005
USGS this study Woodhead, 2002 (Georem database) Takaoka et al., 2006
Standard 26pp27pp | 208ppy07pyy | 208pp07py | 208pp207ppy | 20pp207pp | 208pp207ppy | 208ppy 7Py | 208pp 207Dy

NIST SRM 2709 1.2181 2.4825 n.a. nal 1.218 2.488 1.217 2.482
NIST SRM 2711 1.1107 2.3939 n.a’ nal 1.111 2.395 n.a’ n.a.’
NIST SRM 9812 1.0937 2.3684 1.093 2.369 1.093-1.100 | 2.360-2.374 n.a. n.a.’
NIST SRM 612 G 1.1034 2.3847 n.a. na’ 1.099-1.104 | 2.381-2.391 n.a. n.a.’
USGS GSE 1G 1.2626 2.4787 n.a. nal 1.263 2.480 n.a. n.a.’

2Error for the reported USGS NIST SRM 981value is +0.0006 (2SD) for 2°°Pb/*’Pb and +0.0005 (2SD) for **Pb/**’Pb.

® n.a. = not available.

Pb isotope ratio results are presented in Figure 20 and Table 4. Figure 20 shows the

three Pb isotope plot of 2®Pb/?%’Pb versus 2°Ph/*’Pb isotope ratios for samples collected in the
Pilsen neighborhood. Samples included soil from the alley, railroad, and Res 1, 2, and 3 areas;

Characterization of Lead in Soils

NEICVP1060E02 Pilsen Neighborhood, Chicago, Illinois

Page 56 of 117



H. Kramer baghouse dust; and Pb-bearing airborne particulate collected on TSP filters from the
previous Pilsen air study (NEIC, 2011a, 2012).

Three-isotope plots for Pb (***Pb/*’Pb vs. 2%°Pb/*’Pb) are generally used to determine
the mixing line of a two-component member system (Veron and Church, 1997; Bollhofer and
Rosman, 2001; Kylander et al., 2010; Pribil et al., 2014). The 2°®Pb/**’Pb and 2°Pb/*°’Pb isotope
ratios of samples of interest are shown in Figure 20. Typically, in a two-component mixing
scenario with a Pb source material and a defined Pb baseline (hon-receptor or background Pb
with respect to Pb from PRPs), the more concentrated Pb samples exhibit greater influence from
the Pb source material and plot toward the lower left, and the less concentrated Pb samples with
less influence from the Pb source material plot toward the upper right, closer to that of the
defined Pb baseline. Figure 20 illustrates the distinct Pb isotopic composition of the two end
members (labeled: first component end member and second component end member), as well as
a mixing zone (labeled: mixing zone) representing mixed Pb isotopic compositions of the first
component end member with the second component end member in varying proportions.
Samples with Pb isotope ratios plotting in the lower left portion of the mixing zone reflected
greater contributions from the first component end member (source signature), and samples with
Pb isotope ratios plotting in the upper right of the mixing zone exhibited greater influence from
the second component end member, and minimal influence from the first component end
member (source signature). Component mixing of material with different Pb isotope
compositions was described by Bollhéfer and Rosman (2001) using three-isotope plots for Pb.

Characterization of Lead in Soils

NEICVP1060E02 Page 57 of 117 Pilsen Neighborhood, Chicago, Illinois



Three-isotope plot for Pb
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Figure 20. Three-isotope plot for Pb for the Pilsen area, Chicago, lllinois.

H. Kramer Baghouse Dust

H. Kramer baghouse dust (red circles) consisted of 2®Pb/?’Pb and **°Pb/*’’Pb from
2.4490 to 2.4513 and 1.1964 to 1.2000, respectively. The blending of various materials by H.
Kramer, such as scrap metal to produce alloys rather than processing raw ore, resulted in Pb
isotope ratios distinct from those of natural background Pb and of Pb from any historical primary
smelting that may have impacted the area. A small Pb isotopic variation in one of the four
baghouse dust samples was determined (Figure 20) and was most likely the result of differences
in the furnace processes for which the baghouses collected emissions. Baghouse 2 controlled
emissions directly from the rotary furnaces 1 and 2, while baghouses 1 and 5 controlled fugitive
emissions from those furnaces (Omenazu, 2011). Baghouse 4 controlled emissions from the
coreless electric induction furnaces.
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TSP Filters

TSP filters (black upward triangles) resulted in the narrowest range of Pb isotope
compositions, with 2®Pb/*’Pb and 2*Pb/*’Pb ranging from 2.4472 to 2.4476 and 1.1968 to
1.1988, respectively. The similar Pb isotope composition of the TSP air filters suggested a
common source of airborne Pb-bearing particulate material during the time period represented by
the air sampling events. TSP filters contained Pb minimally influenced by concurrent or
historical Pb sources (NEIC, 2012), allowing direct comparison to current potential Pb source
materials. TSP filters exhibited, within measurement uncertainty (indicated by error bars for
upper right alley soil), Pb isotopic composition similar to H. Kramer baghouse dust. Results of
the Pilsen air study (NEIC, 2011a, 2012) indicated Pb-bearing particulate matter collected on the
TSP filters originated from process emissions at H. Kramer. The baghouse dust and the TSP
filters defined the first component end member of a two-component mixing scenario.

In alley soils ( ), the 2°®Pb/’’Pb and 2®°Pb/?*’’Pb ratios ranged from 2.4460
to 2.4717 and 1.1967 to 1.2433, respectively. Alley soils resulted in the greatest range of Pb
isotope compositions, with a 0.0257 range for *®Pb/?’Pb and a 0.0466 range for 2°°Pb/**’Pb.
These ranges coincided with and extended beyond the range of Pb isotopic compositions for all
other soil areas. The greatest “°Pb/”°’Pb and °°Pb/°’Pb ratios were measured in alley soil [PA-
ACO08(0-6)-121912], collected on the east side of the alley close to South Throop Street, and
were isotopically distinct from the other samples. Alley soil PA-AC08(0-6)-121912 also
exhibited one of the lowest Pb concentrations in soils for which Pb isotope ratios were
determined.

Alley soils collected from the middle [PA-AC05(0-6)-121912, PA-AC06(0-6)-121912]
and east side [PA-ACO09(0-6)-121912, PA-AY(09(12-24)-121912] of the alley exhibited Pb
isotopic compositions that coincided with the TSP filters and H. Kramer baghouse dust,
suggesting these four soil samples were heavily impacted by a common source of Pb consistent
with H. Kramer baghouse dust as the first component end member (source Pb isotope signature).
Pb isotope compositions for the other alley soils exhibited overlapping trends for both
208p/207ph and 2%°Ph/?°’Pb along the Pb isotope mixing line toward the second component end
member (baseline Pb isotope signature), suggesting soils with the baseline Pb isotope signature
were mixed with varying amounts of material consistent with H. Kramer baghouse dust. Soils
collected from the middle of the alley, exhibiting similar Pb isotopic compositions as TSP filters
and H. Kramer baghouse dust, were located directly adjacent to the H. Kramer facility. The
majority of alley soils (10 of 12 samples) exhibited Pb isotope compositions either similar to the
first component end member or near the mixing line closest to the first component end member.
Pb isotope ratios of two alley soils deviated from the mixing line (upper right) and were not
isotopically similar to either the first component end member or the second component end
member.
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In railroad soils ( ), the 2%Pb/2’Pb and 2°°Pb/*°’Pb ratios ranged from 2.4519
to 2.4598 and 1.1993 to 1.2098, respectively. The Pb isotope ratios of railroad soils coincided
with the Pb isotope ratios of alley soils, falling generally along the same component mixing line
observed for the alley soils. This pattern was consistent with a common source of lead in the
alley and railroad soils that was isotopically similar to TSP filters and H. Kramer baghouse dust
(source Pb isotope signature).

Res 1 Soils

Res 1 soils (blue upward triangles) consisted of 16 soil samples, including garden soils
(0-12 inches), a drip line soil, and a subsurface soil (6-21 inches). The *®Pb/?’Pb and
206pp/207ph jsotope ratios ranged from 2.4525 to 2.4745 and 1.2005 to 1.2244, respectively.
There was no discernible difference isotopically between garden, drip line, subsurface or surface
soils within each residential area. Two Res 1 soils [PA-123-01(0-12)-050313, PA-291-03(0-12)-
050113] resulted in Pb isotopic composition consistent with the baseline Pb isotope signature
(second component end member). Five Res 1 soils [PA-127-01(6-21)-071613, PA-180-01(0-6)-
050213, PA-274-01(0-6)-050113, PA-274-02(0-6)-050113, PA-370-02(0-12)-050713] collected
north and northeast of the H. Kramer facility resulted in Pb isotopic composition more consistent
with alley and railroad soils, the TSP filters, and H. Kramer baghouse dust (sample BH4)
(Figure 20, left portion of the mixing zone). The remaining nine Res 1 soils exhibited Pb
isotopic compositions varying between the source Pb isotope signature (consistent with the Pb
isotope signature of the TSP filters and H. Kramer baghouse dust) and the baseline Pb isotope
signature.

Res 2 soils ( ) consisted of 14 soil samples and included garden (0—
12 inches) and subsurface soils. The 2°®Pb/%’Pb and 2°°Pb/*’Pb isotope ratios ranged from
2.4545 to 2.4750 and 1.1993 to 1.2248, respectively. Five Res 2 soils [PA-84-01(0-6)-050813,
PA-92-01(0-6)-050813, PA-104-01(12-24)-071613, PA-371-02(0-6)-050713, PA-466-02(0-6)-
050913] exhibited Pb isotopic compositions similar to the baseline Pb isotope signature (second
component end member). The remaining nine soils exhibited Pb isotopic compositions falling
along the mixing zone between the first component end member and the second component end
member. A soil’s position in the mixing zone is dependent on the amount of influence that each
of the two end members contribute to the Pb concentration and, hence, the Pb isotopic
composition of the sample. For example, soil PA-125-01(0-6)-050313 had the highest Pb
concentration of the Res 2 soils analyzed for Pb isotopes and exhibited a similar Pb isotopic
composition to alley and Res 1 soils. The Res 2 soils most similar to the Pb isotopic
compositions of the alley and Res 1 soils were collected nearest to the boundary between the Res
1 and 2 areas, northeast and east of H. Kramer.
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Res 3 Soils

Res 3 soils (pink upward triangles) consisted of seven soil samples and included
duplicate, subsurface, and playground soils from two locations within the Res 3 area. The
208pp/207ph and 2°°Pb/?"Pb isotope ratios ranged from 2.4443 to 2.4778 and 1.1798 to 1.2205,
respectively. A subsurface soil [PA-469-01(6-15)-071113] resulted in a distinct Pb isotopic
composition, suggesting a potential Pb source not consistent with the Pb isotope ratios of the
TSP filters or H. Kramer baghouse dust. Soils PA-465-01(0-6)-050913 and PA-465-01(0-6)-
050913D exhibited Pb isotope ratios that may define a different baseline for Pb isotopic
composition at this location. Four Res 3 soils [PA-464-01(0-6)-050813, PA-464-02(0-6)-
050813, PA-469-01(0-6)-051013 and PA-469-05(0-6)-051013] resulted in similar Pb isotopic
compositions as some of the Res 1 and 2 soils.

Little Italy Soils

Harrison Park soils ( ) consisted of three surface soil samples with
208pp/207ph and 2°°Pb/*’Pb isotope ratios that ranged from 2.4538 to 2.4685 and 1.1966 to
1.2243, respectively. Although Harrison Park soils were chosen to represent baseline soil in the
Pilsen neighborhood relative to soil adjacent to H. Kramer, two Harrison Park soils resulted in
Pb concentrations of 1400 and 1700 mg/kg. These elevated concentrations suggested the
presence of additional sources of Pb above baseline levels. Little Italy soils (purple downward
triangles) consisted of three surface soil samples and one duplicate sample with 2°Pb/2°’Pb and
206p207ph jsotope ratios that ranged from 2.4638 to 2.4700 and 1.2112 to 1.2161, respectively.
Pb concentrations in the Little Italy soils were the lowest of all the soil areas.

Comparisons of the seven soil areas, the alley, railroad, Res 1, Res 2, Res 3, Harrison
Park, and Little Italy areas are considered in the “Comparison of Soil Areas” section.
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Table 4. Pb ISOTOPE RATIO RESULTS
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Sample LIMS No. Description 20pp27pp 298pp 2Py
BH1 N105006-05 H. Kramer baghouse dust 1.1974 2.4490
BH2 N105006-06 H. Kramer baghouse dust 1.1971 2.4492
BH4 N105006-08 H. Kramer baghouse dust 1.2000 2.4513
BH4 Duplicate N105006-09 H. Kramer baghouse dust 1.2000 2.4513
BH5 N105006-07 H. Kramer baghouse dust 1.1964 2.4491
PA-AC01(0-6)-121912° N312001-CK Alley — composite soil 1.2106 2.4592
PA-AC02(0-6)-121912 N312001-CM Alley — composite soil 1.2039 2.4556
PA-AC03(0-6)-121912 N312001-CO Alley — composite soil 1.2188 2.4606
PA-ACO3HS(0-6)-121912 N312001-DY Alley — composite soil 1.2107 2.4578
PA-AC04(0-6)-121912 N312001-CP Alley — composite soil 1.1995 2.4543
PA-AC05(0-6)-121912 N312001-EA Alley — composite soil 1.1965 2.4470
PA-AC06(0-6)-121912 N312001-CQ Alley — composite soil 1.1992 2.4512
PA-AC07(0-6)-121912 N312001-01 Alley — composite soil 1.2031 2.4539
PA-AC08(0-6)-121912 N312001-CR Alley — composite soil 1.2433 2.4717
PA-AC09(0-6)-121912 N312001-02 Alley — composite soil 1.1967 2.4517
PA-AC10(0-6)-121912 N312001-CS Alley — composite soil 1.2096 2.4585
PA-AY09(12-24)-121912 N312001-CT Alley — grab soil 1.1972 2.4460
PA-122-01(0-6)-050313 N312001-14 Res 1 soil 1.2210 2.4652
PA-122-02(0-12)-050313 N312001-BE Res 1 soil 1.2133 2.4621
PA-123-01(0-12)-050313 N312001-BD Res 1 soil 1.2185 2.4692
PA-127-01(6-21)-071613 N312001-41 Res 1 soil 1.2064 2.4525
PA-180-01(0-6)-050213 N312001-CB Res 1 soil 1.2019 2.4537
PA-183-01(0-12)-050213 N312001-BB Res 1 soil 1.2084 2.4587
PA-186-02(0-6)-050213 N312001-DA Res 1 soil 1.2077 2.4618
PA-191-01(0-6)-050213 N312001-DB Res 1 soil 1.2147 2.4623
PA-193-01(0-6)-050313 N312001-13 Res 1 soil 1.2071 2.4589
PA-272-01(0-6)-050113 N312001-DD Res 1 soil 1.2085 2.4645
PA-274-01(0-6)-050113 N312001-DE Res 1 soil 1.2072 2.4564
PA-274-02(0-6)-050113 N312001-DF Res 1 soil 1.2005 2.4525
PA-291-03(0-12)-050113 N312001-DH Res 1 soil 1.2244 2.4745
PA-370-01(0-6)-050713 N312001-DL Res 1 soil 1.2023 2.4549
PA-370-02(0-12)-050713 N312001-CJ Res 1 soil 1.2061 2.4604
PA-375-01(0-6)-050713 N312001-DQ Res 1 soil 1.2077 2.4626
PA-84-01(0-6)-050813 N312001-DX Res 2 soil 1.2245 2.4743
PA-92-01(0-6)-050813 N312001-DU Res 2 soil 1.2181 2.4697
PA-104-01(0-6)-050213 N312001-94 Res 2 soil 1.2146 2.4659
PA-104-01(12-24)-071613 N312001-AE Res 2 soil 1.2248 2.4750
PA-105-01(0-6)-050213 N312001-93 Res 2 soil 1.2069 2.4610
PA-125-01(0-6)-050313 N312001-CC Res 2 soil 1.1993 2.4545
PA-125-02(0-6)-050313 N312001-CX Res 2 soil 1.2137 2.4675
PA-163-01(0-12)-050113 N312001-AZ Res 2 soil 1.2134 2.4636
PA-304-01(0-6)-050913 N312001-DlI Res 2 soil 1.2181 2.4654
PA-349-01(0-6)-050713 N312001-DJ Res 2 soil 1.2129 2.4644
PA-371-02(0-6)-050713 N312001-DP Res 2 soil 1.2210 2.4710
PA-466-01(0-6)-050913 N312001-DT Res 2 soil 1.2059 2.4623
PA-466-02(0-6)-050913 N312001-CE Res 2 soil 1.2155 2.4689
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Table 4. Pb ISOTOPE RATIO RESULTS
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

PA-464-01(0-6)-050813 N312001-CA Res 3 soil 1.2093 2.4638
PA-464-02(0-6)-050813 N312001-DR Res 3 soil 1.1987 2.4548
PA-465-01(0-6)-050913 N312001-BZ Res 3 soil 1.2205 2.4776
PA-465-01(0-6)-050913D N312001-DS Res 3 soil 1.2203 2.4778
PA-469-01(0-6)-051013 N312001-CH Res 3 soil 1.2107 2.4650
PA-469-01(6-15)-071113 N312001-86 Res 3 soil 1.1798 2.4443
PA-469-05(0-6)-051013 N312001-DW Res 3 soil 1.2061 2.4622
PA-490-01(0-6)-081213 N312001-AH Little Italy area soil 1.2112 2.4638
PA-493-01(0-6)-081313 N312001-AM Little Italy area soil 1.2135 2.4700
PA-494-01(0-6)-081313 N312001-79 Little Italy area soil 1.2161 2.4667
040001 (1/03/11) N105006-12 TSP filter — Perez 1.1970 2.4473
040016 (4/2/10) N105006-11 TSP filter — Perez 1.1968 2.4475
040041 (8/30/10) N105006-13 TSP filter — Perez 1.1988 2.4476
040058 (12/10/10) N105006-10 TSP filter — Perez 1.1987 2.4472
2 Alley soil samples numbered from west to east (ACO1 to AC10).

® Railroad soil samples numbered from north to south (RR01,02 to RR14,15,16).

ELEMENTAL ANALYSIS RESULTS

Results of elemental analysis by STAT Analysis Corp (EPA, 2014a and b) using ICP-MS
are presented in Table 5. Elemental data reports from STAT Analysis Corp indicated that all
quality control (QC) results were within acceptable limits established by EPA Method 6020,
indicating the precision and accuracy of the analyses were within the ranges listed in Table 5 of
EPA Method 6020 for solid matrices. Extraction and measurement bias was assumed to be
consistent throughout the analysis of soil samples from all locations. In particular, residential
soils were analyzed independent of the Res 1, Res 2, and Res 3 groupings because these
subdivisions were only defined after the completion of the elemental analysis (Canar et al., 2014;
EPA, 2014b). Conclusions made regarding the elemental data were based on elemental
relationships in which individual sample measurement uncertainty was negligible. The strength
of the elemental relationships observed and the associated statistical significance were indicated
by the Spearman rank correlation coefficients (rs) and p-values, respectively.
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Table 5. ELEMENTAL ANALYSIS RESULTS?
Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Field Sample ID LIMS Sampling Sampling Sampl_e Pb Sh Cd Cr Cu Sn Zn
No. Date Area Description (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) (mg/kg)
BH 1 N105006-05 3/17/2011 b';'g ﬁ;i';‘:rl Rotary furnace 51000 75.0 1500 44 12000 5800 600000
BH 2 N105006-06 3/17/2011 bHa'g EL?E:E Rotary furnace 42000 68.0 1100 90 12000 | 11000 | 550000
BH 4 N105006-08 | 3/17/2011 bHaé pramer, E'e"tfrlif”i’;‘égc“o” 12000 180 510 92 62000 | 5800 | 400000
BH 4 duplicate N105006-09 3/17/2011 b';'g ﬁgi':;; E'ethrliﬁrigggC“O” 13000 140 500 71 61000 5100 | 480000
BHS N105006-07 3/17/2011 bHa'g Eg?g:rs Rotary furnace 34000 49 700 <18 <4400 6300 650000
PA-AC01(0-6)-121912 N312001-CK | 12/19/2012 Alley Composite 2700 <25 10 1600 870 120 4800
PA-AC02(0-6)-121912 N312001-CM | 12/19/2012 Alley Composite 1900 <22.0 18 1700 1100 150 4400
PA-AC03(0-6)-121912 N312001-CO | 12/19/2012 Alley Composite 5600 290 42.0 260 8400 1100 8100
PA-ACO3HS(0-6)-121912 N312001-DY | 12/19/2012 Alley Composite 2600 13 17 380 1500 190 4800
PA-AC04(0-6)-121912 N312001-CP | 12/19/2012 Alley Composite 5000 78 40 150 5400 600 14000
PA-AC05(0-6)-121912 N312001-EA | 12/19/2012 Alley Composite 3900 29 25 110 5700 480 13000
PA-AC06(0-6)-121912 N312001-CQ | 12/19/2012 Alley Composite 3000 130 18 53 1900 1600 5300
PA-AC07(0-6)-121912 N312001-01 | 12/19/2012 Alley Composite 940 <24 9.3 24 2100 130 2600
PA-AC08(0-6)-121912 N312001-CR | 12/19/2012 Alley Composite 570 <21 45 17 660 65 1700
PA-AC09(0-6)-121912 N312001-02 | 12/19/2012 Alley Composite 340 <19 2.1 11 580 37 750
PA-AC10(0-6)-121912 N312001-CS | 12/19/2012 Alley Composite 63 <19 <0.96 7 230 14 180
PA-122-01(0-6)-050313 N312001-14 | 5/3/2013 Res 1 Back yard 1900 <2.3 6.7 36 540 57 3000
PA-127-01(0-6)-050313 N312001-CY | 5/3/2013 Res 1 Back yard 2500 2.6 7.6 26 520 61 3200
PA-180-01(0-6)-050213 N312001-CB | 5/2/2013 Res 1 \T:crgrffﬁ)t 12 810 42 6.0 28 300 36 2300
PA-180-02(0-6)-050213 N312001-CF | 5/2/2013 Res 1 \T;‘crgrf;";ﬁ;t 12 3000 <22 6.5 18 330 140 2800
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Table 5. ELEMENTAL ANALYSIS RESULTS?
Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Field Sample ID LIMS Sampling Sampling Sampl_e Pb Sh Cd Cr Cu Sn Zn
No. Date Area Description (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) (mg/kg)

PA-186-01(0-6)-050213 N312001-95 5/2/2013 Res 1 Front yard 360 <2.2 1.9 23 180 19 970
PA-186-02(0-6)-050213 N312001-DA 5/2/2013 Res 1 Back yard 320 <2.3 2.0 19 160 20 900
PA-191-01(0-6)-050213 N312001-DC 5/2/2013 Res 1 Back yard 2000 39 14 28 1100 120 7200
PA-193-01(0-6)-050313 N312001-13 5/3/2013 Res 1 Back yard 580 <2.3 2.3 30 210 19 1000
PA-272-01(0-6)-050113 N312001-DD 5/1/2013 Res 1 Back yard 2000 33 6.7 21 520 190 2500
PA-274-01(0-6)-050113 N312001-DE 5/1/2013 Res 1 Back yard 1900 3.6 12 55 1100 110 4900
PA-276-01(0-6)-050113 N312001-DG 5/1/2013 Res 1 Back yard 2400 13 17 49 1600 200 6300
PA-291-01(0-6)-050113 N312001-DH 5/1/2013 Res 1 Front yard 500 <2.4 3.1 24 100 39 620
PA-370-01(0-6)-050713 N312001-DL 5/7/2013 Res 1 Back yard 700 <4.6 6.9 44 150 28 1600
PA-375-01(0-6)-050713 N312001-DQ 5/7/2013 Res 1 Back yard 1800 <4.9 11 40 680 84 2900
PA-104-01(0-6)-050213 N312001-94 5/2/2013 Res 2 Front yard 930 2.3 6.0 24 190 34 1500
PA-104-02(0-6)-050213 N312001-CW 5/2/2013 Res 2 Back yard 1400 2.8 7.6 33 340 53 2400
PA-105-01(0-6)-050213 N312001-93 5/2/2013 Res 2 Front yard 640 <2.2 2.1 23 99 30 930
PA-105-02(0-6)-050213 N312001-12 5/2/2013 Res 2 Back yard 990 <2.3 2.6 28 240 21 1100
PA-125-01(0-6)-050313 N312001-CC 5/3/2013 Res 2 Yard (west 1/2 lot) 1500 4.7 10 61 410 63 2900
PA-125-02(0-6)-050313 N312001-CX 5/3/2013 Res 2 Yard (east 1/2 lot) 1100 3.1 7.4 51 280 50 2200
PA-14-01(0-6)-050913 N312001-51 5/9/2013 Res 2 Back yard 140 <4.7 <1.2 18 55 13 220
PA-14-02(0-6)-050913 N312001-CZ 5/9/2013 Res 2 Front yard 480 <5.9 <15 24 96 <15 520
PA-141-01(0-6)-050713 N312001-CD 5/7/2013 Res 2 Yard (west 1/2 lot) 860 <4.7 3.3 33 200 39 700
PA-141-02(0-6)-050713 N312001-ClI 5/7/2013 Res 2 Yard (east 1/2 lot) 1600 <4.6 35 40 190 26 970
PA-304-01(0-6)-050913 N312001-DI 5/9/2013 Res 2 Back yard 58 <4.2 <1.0 13 27 <10 130
PA-349-01(0-6)-050713 N312001-DJ 5/7/2013 Res 2 Front yard 890 <5 5.4 29 250 28 1800
PA-349-03(0-6)-050713 N312001-46 5/7/2013 Res 2 Back yard 1400 <4.2 25 27 99 19 930
PA-369-01(0-2)-050713 N312001-45 5/7/2013 Res 2 Back yard 480 <4.8 <1.2 <24 100 <12 560
PA-369-01(0-6)-050713 N312001-DK 5/7/2013 Res 2 Back yard 1500 <5.3 7.5 43 440 52 1700
PA-369-03,04(0-6)-050713 N312001-91 5/7/2013 Res 2 Front yard 2300 <4.6 5.8 24 410 49 2700
PA-371-01(0-6)-050713 N312001-DO 5/7/2013 Res 2 Back yard 1800 <5.1 7.7 40 450 49 2800
PA-371-02(0-6)-050713 N312001-DP 5/7/2013 Res 2 Front yard 320 <5.3 <1.3 14 54 <13 360
PA-466-01(0-6)-050913 N312001-DT 5/9/2013 Res 2 Yard (east 1/2 lot) 730 <4.5 3.4 23 210 25 900
PA-466-02(0-6)-050913 N312001-CE 5/9/2013 Res 2 Yard (west 1/2 lot) 650 <4.3 2.8 47 120 23 780
PA-467-01(0-6)-050913 N312001-49 5/8/2013 Res 2 Back yard 1400 5.2 7.0 55 250 34 1600
PA-468-01(0-6)-050913 N312001-50 5/8/2013 Res 2 Back yard 1300 5.2 5.9 36 290 30 1600
PA-470-01(0-6)-070913 N312001-15 7/9/2013 Res 2 Back yard 3200 <5.2 12 39 430 120 3500
PA-483-01(0-6)-071213 N312001-29 7112/2013 Res 2 Back yard 200 <4.1 1.2 17 35 <10 180
PA-84-01(0-6)-050813 N312001-DX 5/8/2013 Res 2 Front yard 600 <4.5 2.0 19 56 30 470
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Table 5. ELEMENTAL ANALYSIS RESULTS?

Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Field Sample ID LIMS Sampling Sampling Sampl_e Pb Sh Cd Cr Cu Sn Zn
No. Date Area Description (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) (mg/kg)

PA-84-02(0-6)-050813 N312001-47 5/8/2013 Res 2 Back yard 1100 <4.5 4.5 31 110 26 880
PA-92-01(0-6)-050813 N312001-BN 5/8/2013 Res 2 Back yard 880 <4.5 4.9 25 170 140 1300
PA-464-01(0-6)-050813 N312001-CA 5/8/2013 Res 3 Yard (east 1/2 lot) 910 8.6 3.2 21 170 36 750
PA-464-02(0-6)-050813 N312001-DR 5/8/2013 Res 3 Yard (west 1/2 lot) 240 <4.3 1.9 22 74 15 260
PA-465-01(0-6)-050913 N312001-BZ 5/9/2013 Res 3 Yard 370 <4.7 1.7 46 84 17 300
PA-469-01(0-6)-051013 N312001-CH 5/10/2013 Res 3 ZLe;(érgth 130 <4.5 <1l.1 35 56 14 180
PA-469-02(0-6)-051013 N312001-84 5/10/2013 Res 3 Ziueellﬂr:a,r\]ltE 100 <4.6 <1l.1 17 44 13 170
PA-469-03(0-6)-051013 N312001-88 5/10/2013 Res 3 g‘ﬁf o asn\:v 120 <4.9 <1.2 19 50 17 160
PA-469-04(0-6)-051013 N312001-87 | 5/10/2013 Res 3 (';Le;‘érgﬁf 110 <48 <1.2 34 59 12 190
PA-482-01(0-6)-071113 N312001-AA 7/11/2013 Res 3 Front yard 210 <4.5 3.7 24 66 13 380
PA-495-01(0-6)-081313 N312001-55 8/13/2013 Res 3 Back yard 930 <3.8 2.6 25 56 16 430
PA-496-01(0-6)-081313 N312001-57 8/13/2013 Res 3 Back yard 230 <4.4 2.8 19 64 11 380
PA-497-01(0-6)-081313 N312001-58 8/13/2013 Res 3 Back yard 460 <4.4 2.2 18 53 15 350
PA-498-01(0-6)-081313 N312001-59 8/13/2013 Res 3 Back yard 270 <3.9 1.5 16 38 <9.7 200
PA-499-01(0-6)-081413 N312001-AP 8/14/2013 Res 3 Front yard 1200 <4.5 2.5 14 86 26 500
PA-504-01(0-6)-081513 N312001-AT 8/15/2013 Res 3 Front yard 390 <4.8 1.8 21 41 26 240
PA-505-01(0-6)-081513 N312001-66 8/15/2013 Res 3 Back yard 1300 <5.3 5.5 53 170 33 1300
PA-506-01(0-6)-081513 N312001-68 8/15/2013 Res 3 Back yard 940 <4.6 4.1 28 94 17 780
PA-508-01(0-6)-081513 N312001-70 8/15/2013 Res 3 Back yard 580 <4.4 2.7 26 52 <11 400
PA-509-01(0-6)-081513 N312001-72 8/15/2013 Res 3 Back yard 1400 <5.0 4.7 40 120 53 830
PA-510-01(0-6)-081513 N312001-AU 8/15/2013 Res 3 Front yard 1700 <4.3 4.1 28 100 25 790
PA-514-01(0-6)-081613 N312001-73 8/16/2013 Res 3 Back yard 410 <4.3 2.1 23 59 <11 370
PA-515-01(0-6)-081613 N312001-75 8/16/2013 Res 3 Back yard 1600 9.2 7.4 22 140 29 1100
PA-471-01(0-6)-070913 N312001-16 71912013 Harrison Park | Back yard 1900 <5.4 7.2 46 230 40 2000
PA-472-01(0-6)-070913 N312001-17 71912013 Harrison Park | Back yard 940 <4.6 5.6 45 130 52 1100
PA-473-01(0-6)-070913 N312001-19 71912013 Harrison Park | Back yard 1700 <5.2 9.1 87 160 43 970
PA-474-01(0-6)-071013 N312001-22 7110/2013 Harrison Park | Back yard 2600 <5.1 3.5 34 130 180 870
PA-474-02(0-6)-071013 N312001-23 7110/2013 Harrison Park | Front yard 2200 <4.9 3.1 26 95 24 740
PA-475-01(0-6)-071013 N312001-24 7110/2013 Harrison Park | Back yard 3700 <5.0 6.6 53 160 55 1700
PA-476-01(0-6)-071013 N312001-25 7110/2013 Harrison Park | Back yard 2000 <5.0 8.5 34 170 32 1800
PA-477-01(0-6)-071013 N312001-26 7/10/2013 Harrison Park | Back yard 1700 <5.1 4.1 42 98 26 720
PA-478-01(0-6)-071013 N312001-AN | 7/10/2013 | Harrison Park Eg‘;?;(iﬁ:“ 1400 <4.3 17 220 230 42 1400
PA-479-01(0-6)-071113 N312001-98 7/11/2013 Harrison Park | Front yard 1200 <4.3 5.3 53 140 33 970
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Table 5. ELEMENTAL ANALYSIS RESULTS?
Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Field Sambple ID LIMS Sampling Sampling Sample Pb Sh Cd Cr Cu Sn Zn

P No. Date Area Description (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
PA-490-01(0-6)-081213 N312001-AH 8/12/2013 Little Italy Front yard 220 <4.4 1.6 19 33 <11 150
PA-491-01(0-6)-081213 N312001-Al 8/12/2013 Little Italy Front yard 260 <4.8 1.8 21 68 16 270
PA-492-01(0-6)-081313 N312001-AL 8/13/2013 Little Italy Front yard 260 <4.4 2.7 24 66 13 210
PA-493-01(0-6)-081313 N312001-AM 8/13/2013 Little Italy Front yard 190 <4.3 1.8 16 45 <11 170
PA-494-01(0-6)-081313 N312001-79 | 8/13/2013 Little Italy gfg yard common |5, <4.6 2.0 33 46 <12 170
PA-500-01(0-6)-081413 N312001-62 8/14/2013 Little Italy Back yard 760 <4.4 3.4 26 72 27 620
PA-501-01(0-6)-081413 N312001-AQ 8/14/2013 Little Italy Front yard 66.0 <5.2 1.4 22 28 <13 150
PA-511-01(0-6)-081613 N312001-AU 8/16/2013 Little Italy Front yard 210 <4.4 1.7 21 40 <11 170
PA-512-01(0-6)-081613 N312001-AW 8/16/2013 Little Italy Front yard 320 <4.7 1.7 19 37 <12 230
PA-513-01(0-6)-081613 N312001-AX 8/16/2013 Little Italy Front yard 170 4.2 1.4 31 45 <10 200
gnlégmer slag data — lower n.a.® n.a.‘ H. Kramer | Slag 10000° n.a.° n.a.° n.a‘ | 150000° | 2500° 17500°
:*a'ngreamer slag data — upper nac n.ac H. Kramer | Slag 20000° | na’ n.ac na® | 180000° | 10000° | 25000°
gbﬁ&“er slag data — n.a. n.a.‘ H. Kramer Slag 12000° n.a.® n.a.® n.a.c 160000 4000° 20000°

% Metals data for unsieved soil samples from STAT Analysis Corp by SW 846 6020 ICP-MS (EPA, 2014a and b).
® Data of slag material composition provided by H. Kramer (2014a), representing a typical average and range of values.
° n.a. = not applicable/available.
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Correlation Analysis Results

Spearman’s rank correlation coefficients determined for the soil samples in the Pilsen
neighborhood are presented in Tables 6a and b. Table 6a shows strong correlation of Pb with
Cd, Cu, Sn, and Zn for alley, railroad, and Res 1 soils and strong to moderate correlation for Res
2 and Res 3 soils. Strong correlation indicated these four metals were co-contaminants and were
likely added to soils from a single material or process (USGS, 2003; Thorbjornsen and Myers,
2007a). In contrast, Pb versus Cd, Cu, and Sn showed much weaker correlations, with less
statistical significance in Harrison Park and Little Italy soils. Moderate to strong correlation for
only Pb with Zn was observed in Harrison Park and Little Italy soils, supporting Harrison Park
and Little Italy as non-receptor sites with respect to Pb contamination in alley, railroad, Res 1,
Res 2, and Res 3 receptor areas.

Spearman’s rank correlation coefficients for Pb concentration versus Cd/Pb, Cu/Pb,
Sn/Pb, or Zn/Pb (Table 6b) indicated strong negative correlations for Res 3 and Little Italy and
moderate to strong negative correlations for Harrison Park. Ratios of Cd/Pb, Cu/Pb, Sn/Pb, and
Zn/Pb decreased with increasing Pb concentrations and suggested the presence of Pb with a
different relationship (or no relationship) to Cd, Cu, Sn, and Zn compared to alley, railroad, Res
1, and Res 2 soil areas. The general lack of correlation of Pb vs Cr and the strong negative
correlation of Pb vs Cr/Pb in most sampling areas indicated Cr was not associated with the Pb
contamination.

These correlation coefficients were useful in evaluating elemental relationships illustrated
in scatterplots in Figures 21-27.
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Table 6a. SPEARMAN’S RANK CORRELATION COEFFICIENTS (rs)?

Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Pb Pb Pb Pb
Alley Res 1 Res 3 Little Italy
Soils Soils Soils Soils
0.74 0.66 -0.65 0.51 n.a.b n.a’ n.ab
Sh (0.1530) (0.1562) (0.1646) (0.3056) T -y -y
~ - — _ n=2 n=1 n=1
n=5 n=6 n=6 n=6
0.94 0.69 0.65 0.30 0.52
Cd (<0.0001) (0.0068) (0.0048) (0.1809) (0.1196)
n=10 n=14 n=17 n=21 n=10
0.87 0.70 0.64 0.44 0.46
Cu (0.0005) (0.0057) (0.0017) (0.0445) (0.1839)
n=11 n=14 n=21 n=21 n=10
0.59 -0.66 0.08 0.24 0.35 -0.24
Cr (0.0556) | (0.1562) (0.7902) (0.2922) (0.1476) (0.5125)
n=11 n=6 n=14 n=21 n=19 n=10
0.89 0.85 0.49 0.78 0.45 0.87
Sn (0.0002) (0.0001) (0.0201) (0.0002) (0.0583) (0.3333)
n=11 n=14 n=22 n=18 n=18 n=3
0.97 0.80 0.90 0.68 0.77
Zn (<0.0001) (0.0006) (<0.0001) (0.0007) (0.0099)
n=11 n=14 n=21 n=21 n=10
% p-values given in parentheses;
n = number of sample results over detection limit used in evaluation;
strong correlations (-0.70 > rs > 0.70) at 95% confidence (p-value < 0.05) in colored text.
®n.a. = not applicable due to small n, number of samples.
Table 6b. SPEARMAN’S RANK CORRELATION COEFFICIENTS (rs)a
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois
Pb Pb Pb Pb
Alley Res 1 Res 3 Little Italy
Soils Soils Soils Soils
0.74 -0.70 -0.65 0.26 nab nab nab
Sh/Pb (0.1530) (0.1248) (0.1646) (0.6141) T T ay
= ~ — - n=2 n=1 n=1
n=5 n=6 n=6 n=6
-0.13 0.49 -0.35 -0.17 -0.84 -0.58 -0.84
Cd/Pb (0.7261) (0.3287) (0.2206) (0.4518) (<0.0001) (0.0055) (0.0024)
n=10 n=6 n=14 n=22 n=17 n=21 n=10
-0.38 0.66 -0.13 -0.12 -0.91 -0.81
Cu/Pb (0.2466) (0.1562) (0.6521) (0.5365) (<0.0001) (0.0041)
n=11 n=6 n=14 n=27 n=21 n=10
-0.17 -0.92 -0.93 -0.67 -0.90
Cr/Pb (0.6203) (<0.0001) (<0.0001) (0.0019) (0.0004)
n=11 n=14 n=21 n=19 n=10
0.12 0.49 -0.05 -0.55 -0.91 -0.47 -0.87
Sn/Pb | (0.7293) | (0.3287) (0.8633) (0.0087) | (<0.0001) (0.0473) (0.3333)
n=11 n=6 n=14 n=22 n=18 n=18 n=3
-0.35 -0.33 -0.08 -0.78 -0.49 -0.70
Zn/Pb (0.2981) (0.2420) (0.7094) (<0.0001) (0.0234) (0.0245)
n=11 n=14 n=27 n=21 n=21 n=10

@ p-values given in parentheses;
n = number of sample results over detection limit used in evaluation;
strong correlations (-0.70 > rs > 0.70) at 95% confidence (p-value < 0.05) in colored text.

®n.a. = not applicable due to small n, number of samples.
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Scatterplots

The application of log-log scatterplots of relevant concentration pairs and suspected
contaminant concentration versus elemental ratio plots was well documented by Seeley et al.
(1972) and others (Schiff and Weisberg, 1999; Myers and Thorbjornsen, 2004; Thorbjornsen and
Myers, 2006, 2007a and b; Machemer et al., 2007). The following log-log scatterplots using
elemental data from Table 5 (EPA, 2014a and b) were prepared and evaluated. Scatterplots of
Pb concentrations versus Sh, Cd, Cu, Cr, Sn, and Zn concentrations were paired with associated
scatterplots of Pb concentrations versus the concentration ratios of Sb/Pb, Cd/Pb, Cu/Pb, Cr/Pb,
Sn/Pb, and Zn/Pb. Pb, Cd, Cu, Sn, and Zn were evaluated because of their association with brass
and bronze foundries (Morris, 2004; H. Kramer, 2012 and 2014b). Pb versus Cu, Sn, and Zn
scatterplots included the composition of slag material that was provided by H. Kramer (2014a)
representing typical high, low, and average values (Table 5) and depicted by three points (red
downward triangles). Concentrations of Sb, Cd, and Cr for H. Kramer slag were not available.
However, because Cd is often associated with Zn-bearing scrap metal, Cd data patterns would be
expected to be similar to the Zn data patterns. Zn was also evaluated because of its association
with tire dust (Friedlander, 1973). Sb was evaluated because of its association with babbit and
solder products and the smelting of antimonial Pb and battery Pb. Babbit and solder products
were manufactured by Century, Loewenthal, and NL. Antimonial Pb and battery Pb smelting
were also conducted by Loewenthal. Cr was evaluated because of its association with the
historical use of leaded paint on homes and buildings.

The scatterplots of soil Pb concentration versus concentrations of Sbh, Cd, Cu, Cr, Sn, and
Zn illustrated relationships between the metals suggested by the correlation coefficients. The
scatterplots of soil Pb concentration versus the ratio of (Element X)/Pb illustrated consistency or
change in the ratio of (Element X)/Pb with increased soil Pb concentration, where (Element X)
or (X) is Sh, Cd, Cu, Cr, Sn, or Zn. As a general guide, if a major source of Pb (contaminant or
naturally occurring) did not contain a concomitant element, such as Sh, Cd, Cu, Cr, Sn, or Zn,
the (X)/Pb ratios would decrease as soil Pb concentrations increased, revealing a negatively
sloped trend with a moderate to strong correlation coefficient (rs). However, if a major source of
Pb contained a concomitant element, such as Sb, Cd, Cu, Cr, Sn, or Zn, the expected scatterplot
would show a relatively narrow range of (X)/Pb ratios and poor correlation (rs) with soil Pb
concentration. A relatively narrow range of X/Pb ratios (little variation in the y-axis) appeared
as random scatter or as a flat (horizontal) trend indicating X/Pb ratios were relatively constant
with increasing soil Pb concentrations (x-axis). Such patterns indicated little, if any, relationship
between (X)/Pb ratios and soil Pb concentrations, indicative of a major source of Pb containing
the element (X).

Scatterplots of Pb concentrations (mg/kg) versus Cd, Cu, Sn, and Zn concentrations
(mg/kg) of surface soils (0-6 inches) were paired with corresponding plots of Pb concentrations
(mg/kg) versus ratios of Cd/Pb, Cu/Pb, Sn/Pb, and Zn/Pb and are presented in Figures 21-27.
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H. Kramer baghouse dust results and H. Kramer slag data are shown in red for comparison. A
list of each set of plots for each soil area in generally increasing distance from H. Kramer

follows:
Figures 21a-f. surface soils.
Figures 22a-f. surface soils.

Figures 23a-f. Res 1 surface soils.
Figures 24a-f. surface soils.

Figures 25a-f. Res 3 surface soils.

Figures 26a-f. surface soils.

Figures 27a-f. Little Italy surface soils.
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Figures 21d-f. Alley composite surface soils (0-6 inches). Slag composition from H. Kramer (2014a).
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Figures 25a-c. Res 3 surface soils (0-6 inches). Slag composition from H. Kramer (2014a).
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Figures 25d-f. Res 3 surface soils (0-6 inches). Slag composition from H. Kramer (2014a).
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Correlation Analysis and Scatterplot Results by Soil Sampling Area

Spearman rank correlation coefficients, rs, (Table 6a) indicated at the 95% confidence
level (p-value < 0.05) strong positive correlations (|rs| > 0.7) of Pb with Cd, Cu, Sn, and Zn in
alley surface soils (0—6 inches). The Spearman rank correlation coefficent for Pb with Cr
indicated a moderate correlation (0.3 < |rs| < 0.7) at the 90% confidence level (p-value < 0.10).
There were few soils (n=5) from the alley with Sb concentrations above the reporting limit; those
soils did not present a clear pattern, and relationships between Sb and Pb were not statistically
significant (p-value > 0.10) at the 90% confidence level. These correlation coefficients
suggested that Pb was most strongly associated with Cd, Cu, Sn, and Zn; less strongly associated
with Cr; and probably not associated with Sb.

The scatterplots (Figures 21a-f) illustrate relationships suggested by the correlation
coefficients. Concentrations of Pb, Cd, Cu, Sn, and Zn in alley surface soils were less than
concentrations observed in H. Kramer baghouse dust and slag. Higher concentrations of Pb
generally corresponded to higher concentrations of Cd, Cu, Sn, and Zn and plotted in alignment
with H. Kramer slag and/or baghouse dust, suggesting a major source of Pb in the alley was
associated with Cd, Cu, Sn, and Zn. In particular, Pb and Zn in alley surface soils aligned well
with H. Kramer slag (Figure 21f). Concentrations of Sb and Cr in many alley surface soils were
similar to or exceeded concentrations found in H. Kramer baghouse dust, suggesting H. Kramer
emissions were probably not the primary source of Sb or Cr in the alley surface soils.

Scatterplots of Pb vs. (X)/Pb for alley surface soils are shown in Figures 2la-f.
Scatterplots of alley surface soil for Pb vs. (X)/Pb, where (X) = Cd, Cu, Sn, or Zn, did not appear
to correlate with Pb concentration and, for Cd/Pb and Zn/Pb, exhibited a relatively flat trend.
These patterns, along with rs and p-values (Jrs] < 0.4 and p-values > 0.2) indicating low
confidence in any correlation but strong positive correlations of Pb with Cd, Cu, Sn, and Zn,
were consistent with a major source of Pb in the alley being associated with Cd, Cu, Sn, and Zn.
Furthermore, Cu/Pb, Sn/Pb, and Zn/Pb in alley surface soils were almost entirely within the
range found in H. Kramer baghouse dust and slag. In particular, the ratios of Zn/Pb in alley
surface soils aligned near Zn/Pb ratios in H. Kramer slag (Figure 21f). The scatterplot of Pb vs
Cr/Pb revealed two distinct trends with negative slopes, suggesting Cr was not associated with
the predominant source of Pb in the alley surface soils.

Consideration of scatterplots and Spearman rank correlation coefficients indicated the
main source of Pb in the alley surface soils was strongly associated with Cd, Cu, Sn, and Zn. Pb,
Cd, Cu, Sn, and Zn are components used in the production of brass and bronze and were found in
H. Kramer baghouse dust and slag (H. Kramer, 2012 and 2014b; Morris, 2004). Because Pb, Cd,
Cu, Sn, and Zn concentrations in alley surface soils were lower than, and aligned with,
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concentrations in H. Kramer baghouse dust and slag, these elemental data were consistent with
Pb-bearing material originating from H. Kramer being mixed and diluted with area soil. Because
Pb, Cd, Cu, Sn, and Zn collectively are not characteristic of Pb-based paint, leaded gasoline,
automobile battery lead, or tire dust (Friedlander, 1973; Hurst et al., 1996; Calvert, 2004; Lee
and von Lehmden, 2012; Kaster, 2014), these potential sources of lead were not dominant in
alley surface soils.

Spearman rank correlation coefficients, rs, (Table 6a) indicated at the 95% confidence
level (p-value < 0.05) strong positive correlations (|rs| > 0.7) of Pb with Cd, Cu, Sn, and Zn in
railroad surface soils (0—6 inches). Relationships between Pb and Sb or Cr were not statistically
significant (p-value > 0.10) at the 90% confidence level. These correlation coefficients
suggested that Pb was most strongly associated with Cd, Cu, Sn, and Zn.

The scatterplots (Figures 22a-f) show relationships suggested by their correlation
coefficients. Concentrations of Pb, Cd, Cu, Sn, and Zn in railroad surface soils were less than
concentrations observed in H. Kramer baghouse dust and slag. Higher concentrations of Pb
generally corresponded to higher concentrations of Cd, Cu, Sn, and Zn and plotted in alignment
with H. Kramer slag and/or baghouse dust, suggesting a major source of Pb in the railroad soil
was associated with Cd, Cu, Sn, and Zn.

Scatterplots of railroad surface soils for Pb vs. (X)/Pb, where X = Cd, Cu, Sn, and Zn, did
not appear to vary with Pb concentration. These patterns, along with no indication of correlation
for Pb with Cd/Pb, Cu/Pb, and Sn/Pb (Table 6b) with a high degree of confidence (p-values >
0.15) but strong positive correlations of Pb with Cd, Cu, Sn, and Zn, were consistent with a
major source of Pb in the alley being associated with Cd, Cu, Sn, and Zn. Furthermore, Cu/Pb,
Sn/Pb, and Zn/Pb in railroad soil were within or close to the range found in H. Kramer baghouse
dust and slag. The scatterplot of Pb vs Cr/Pb revealed a weak pattern, and the associated
Spearman rank correlation coefficient indicated a strong negative correlation at the 95%
confidence level (|r] = -0.94, p-value < 0.05), suggesting Cr was not associated with the
predominant source of Pb in railroad surface soils. Although a generally negative slope was
shown in the scatterplot for Pb vs. Sb/Pb, the associated Spearman rank correlation coefficient
was not statistically significant at the 90% confidence level.

Consideration of scatterplots and Spearman rank correlation coefficients indicated the
main source of Pb in the railroad surface soils was strongly associated with Cd, Cu, Sn, and Zn.
Pb, Cd, Cu, Sn, and Zn are components used in the production of brass and bronze and were
found in H. Kramer baghouse dust and slag (H. Kramer, 2012 and 2014b; Morris, 2004).
Because Pb, Cd, Cu, Sn, and Zn concentrations in railroad surface soils were lower than, and
aligned with, concentrations in H. Kramer baghouse dust and slag, these elemental data were
consistent with Pb-bearing material originating from H. Kramer being mixed and diluted with
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area soil. Because Pb, Cd, Cu, Sn, and Zn collectively are not characteristic of Pb-based paint,
leaded gasoline, automobile battery lead, or tire dust (Friedlander, 1973; Hurst et al., 1996;
Calvert, 2004; Lee and von Lehmden, 2012; Kaster, 2014), these potential sources of lead were
not dominant in alley surface soils.

Res 1 Surface Soils

Spearman rank correlation coefficients, rs, (Table 6a) indicated strong positive
correlations of Pb with Cu, Sn, and Zn and a moderately strong positive correlation with Cd in
Res 1 surface soils (06 inches) at the 95% confidence level (p-value < 0.05). The Spearman
rank correlation coefficents for Pb with Cr and Sb were not statistically significant at the 90%
confidence level (p-value > 0.10). These correlation coefficients suggested that Pb was most
strongly associated with Cd, Cu, Sn, and Zn.

The scatterplots (Figures 23a-f) illustrate relationships suggested by their correlation
coefficients. Concentrations in Res 1 surface soils for Pb, Cd, Cu, Sn, and Zn were less than
concentrations observed in H. Kramer baghouse dust and slag. Higher concentrations of Pb in
Res 1 soils generally corresponded to higher concentrations of Cd, Cu, Sn, and Zn and plotted in
alignment with H. Kramer slag and/or baghouse dust, suggesting a major source of Pb in Res 1
soils was associated with Cd, Cu, Sn, and Zn.

Scatterplots of Res 1 surface soils for Pb vs. (X)/Pb, where X = Cd, Cu, Sn, and Zn, did
not appear to vary with Pb concentration and, for Cu/Pb and Zn/Pb, exhibited generally flat
trends. These patterns, along with no indication of correlation for Pb with Cd/Pb, Cu/Pb, Sn/Pb,
and Zn/Pb (Table 6b) with a high degree of confidence (p-values > 0.2) but moderately strong to
strong positive correlations of Pb with Cd, Cu, Sn, and Zn, were consistent with a major source
of Pb in Res 1 soils being associated with Cd, Cu, Sn, and Zn. Furthermore, Cu/Pb and Zn/Pb in
Res 1 soils were within or close to the range found in H. Kramer baghouse dust and slag. In
particular, the ratios of Zn/Pb in Res 1 surface soils aligned near Zn/Pb ratios in H. Kramer slag
(Figure 23f). The Pb vs Cr/Pb and Pb vs Sb/Pb scatterplots of Res 1 soils revealed negatively
sloped patterns. In addition, the Spearman rank correlation coefficient for Pb with Cr/Pb in Res
1 soils indicated a strong negative correlation at the 95% confidence level, suggesting Cr was not
associated with the predominant source of Pb in Res 1 soils.

Consideration of scatterplots and Spearman rank correlation coefficients indicated the
main source of Pb in Res 1 surface soils was strongly associated with Cd, Cu, Sn, and Zn. Res 1
surface soil scatterplots and Spearman correlation coefficients were similar to those for alley and
railroad surface soils, although concentrations and ratios were generally shifted lower. Pb, Cd,
Cu, Sn, and Zn are components in brass and bronze and were found in H. Kramer baghouse dust
and slag (H. Kramer, 2012 and 2014b; Morris, 2004). Because Pb, Cd, Cu, Sn, and Zn
concentrations in Res 1 surface soils were lower than, and aligned with, concentrations in H.
Kramer baghouse dust and slag, these elemental data were consistent with Pb-bearing material
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originating from H. Kramer being mixed and diluted with area soil. Because Pb, Cd, Cu, Sn,
and Zn collectively are not characteristic of Pb-based paint, leaded gasoline, automobile battery
lead, or tire dust (Friedlander, 1973; Hurst et al., 1996; Calvert, 2004; Lee and von Lehmden,
2012; Kaster, 2014), these potential sources of lead were not dominant in alley surface soils.

Spearman rank correlation coefficients, rs, (Table 6a) indicated strong positive
correlations of Pb with Cd, Cu, Cr, and Zn in Res 2 surface soils (0—6 inches) at the 95%
confidence level (p-value < 0.05). The Spearman rank correlation coefficient for Pb with Sn was
moderate at the 95% confidence level. The Spearman rank correlation coefficent for Pb with Sh
was not statistically significant at the 90% confidence level (p-value > 0.10). These correlation
coefficients suggested that Pb was most strongly associated with Cd, Cu, Cr, Sn, and Zn.

The scatterplots (Figures 24a-f) illustrate relationships suggested by their correlation
coefficients. Concentrations in Res 2 surface soils for Pb, Cd, Cu, Sn, and Zn were much less
than concentrations observed in H. Kramer baghouse dust and slag. Higher Pb concentrations in
Res 2 soil generally corresponded to higher concentrations of Cd, Cu, and Zn, and, to a lesser
extent, Sn. Scatterplots of Res 2 soil of Pb with Cd, Cu, and Zn, and, to a lesser extent, Sn,
aligned with H. Kramer baghouse dust and/or slag, suggesting a major source of Pb in Res 2
soils was associated with Cd, Cu, Sn, and Zn.

Scatterplots of Res 2 surface soils for Pb vs. (X)/Pb, where X = Cd, Cu, and Zn, did not
appear to vary with Pb concentration and, for Cu/Pb and Zn/Pb, exhibited generally flat trends.
These patterns, along with no indication of correlation for Pb with Cd/Pb, Cu/Pb, and Zn/Pb
(Table 6b) with a high degree of confidence (p-values > 0.4) but strong positive correlations of
Pb with Cd, Cu, and Zn, were consistent with a major source of Pb in Res 2 soils being
associated with Cd, Cu, and Zn. Furthermore, Cu/Pb and Zn/Pb in Res 2 soils were within or
close to the range found in H. Kramer baghouse dust and slag. In particular, the ratios of Zn/Pb
in Res 2 surface soils aligned near Zn/Pb ratios in H. Kramer slag (Figure 24f). The Pb vs Cr/Pb
scatterplot of Res 2 soils revealed a negatively sloped pattern, and the Spearman rank correlation
coefficient for Pb with Cr/Pb indicated a strong negative correlation at the 95% confidence level,
suggesting Cr was not associated with the predominant source of Pb in Res 2 soils. Furthermore,
Cr concentrations in Res 2 soils were similar to Cr concentrations in reference area soils
(Harrison Park and Little Italy).

Consideration of scatterplots and Spearman rank correlation coefficients indicated the
sources of Pb in Res 2 surface soils were strongly associated with Cd, Cu, and Zn and
moderately associated with Sn. A minor secondary source of Pb associated with Cr but not Cu
and Zn was indicated in Res 2 soils, which was not consistent with H. Kramer baghouse dust.
Res 2 surface soil scatterplots and Spearman correlation coefficients for Pb with Cd, Cu, Sn, and
Zn were similar to those for alley, railroad, and Res 1 surface soils, although concentrations and
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ratios were generally shifted lower. Pb, Cd, Cu, Sn, and Zn are components in brass and bronze
and were found in H. Kramer baghouse dust and slag (H. Kramer, 2012 and 2014b; Morris,
2004). Because Pb, Cd, Cu, Sn, and Zn concentrations in Res 2 surface soils were lower than,
and aligned with, concentrations in H. Kramer baghouse dust and slag, these elemental data were
consistent with the predominant source of Pb-bearing material originating from H. Kramer being
mixed and diluted with area soil. Because Pb, Cd, Cu, Sn, and Zn collectively are not
characteristic of Pb-based paint, leaded gasoline, automobile battery lead, or tire dust
(Friedlander, 1973; Hurst et al., 1996; Calvert, 2004; Lee and von Lehmden, 2012; Kaster,
2014), these potential sources of lead were not dominant in alley surface soils.

Res 3 Surface Soils

Spearman rank correlation coefficients, rs, (Table 6a) indicated strong positive
correlations of Pb with Sn and Zn and moderate correlations with Cd and Cu in Res 3 surface
soils (0—6 inches) at the 95% confidence level (p-value < 0.05). The Spearman rank correlation
coefficient for Pb with Cr was not statistically significant at the 90% confidence level (p-value >
0.10). These correlation coefficients suggested that Pb was strongly associated with Sn and Zn
and moderately associated with Cd and Cu. Correlation coefficients for Pb with Cd, Cu, Sn, and
Zn were generally weaker in Res 3 soils than in alley, railroad, Res 1, and Res 2 soils.

The scatterplots (Figures 25a-f) illustrate relationships suggested by their correlation
coefficients. Concentrations of Pb, Cd, Cu, Sn, and Zn in Res 3 surface soils were much less
than concentrations observed in H. Kramer baghouse dust and slag. Higher Pb concentrations in
Res 3 soils generally corresponded to higher concentrations of Cd, Cu, Sn, and Zn. Scatterplots
of Res 3 soils of Pb with Cd, Cu, Sn, and Zn aligned with H. Kramer baghouse dust and/or slag,
suggesting a source of Pb in Res 3 soil was associated with Cd, Cu, Sn, and Zn.

Scatterplots of Res 3 surface soils for Pb vs. (X)/Pb (where X = Cd, Cu, Cr, Sn, and Zn)
exhibited negatively sloped patterns. Pb vs Zn/Pb plots, for example, clearly illustrate the
change in Zn/Pb ratio with increasing Pb concentration. Negatively sloped strongly correlated
data indicate an increase in Pb concentration without a corresponding increase in Zn. Table 6b
shows no correlation of statistical significance (p-value <0.05) for Pb with Cd/Pb, Cu/Pb, Sn/Pb
(exception Res 2), and Zn/Pb (exception railroad) in alley, railroad, Res 1, and Res 2 soils.
However, Pb versus Cd/Pb, Cu/Pb, Sn/Pb and Zn/Pb in Res 3 were strongly correlated and
negatively sloped, suggesting a different predominant source of Pb from that observed in alley,
railroad, Res 1, and Res 2 areas. Furthermore, Zn concentrations and Sn/Pb and Zn/Pb ratios in
Res 3 soils were shifted lower than in alley, railroad, Res 1, and Res 2 surface soils.

The negatively sloped pattern of the Pb vs Cr/Pb scatterplot of Res 3 soils and the
Spearman rank correlation coefficient for Pb with Cr/Pb indicating a strong negative correlation
at the 95% confidence level also suggested Cr was not associated with the predominant source of
Pb in Res 3 soils.
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Scatterplots and Spearman rank correlation coefficients indicated the source of Pb in Res
3 surface soils associated with Cd, Cu, Sn, and Zn was much less dominant in Res 3 soils
compared to alley, railroad, Res 1, and Res 2 soils. Although Pb-bearing material associated
with Cd, Cu, Sn, and Zn impacted Res 3 soil, additional significant Pb-bearing source(s) with
considerably less associated Cd, Cu, Sn, and Zn were present in Res 3 soils. Because Pb, Cd,
Cu, Sn, and Zn concentrations in Res 3 soils were comparable to concentrations in Harrison
Park, the predominant source of Pb-bearing material was not likely from H. Kramer.

Spearman rank correlation coefficients, rs, (Table 6a) indicated moderate positive
correlation of Pb with Zn and Cu in Harrison Park surface soils (0—6 inches) at the 95%
confidence level (p-value < 0.05). The Spearman rank correlation coefficient for Pb with Sn
indicated a moderate positive correlation of Pb with Sn at the 90% confidence level (p-value <
0.10). The Spearman rank correlation coefficients for Cd and Cr were not statistically significant
at the 90% confidence level (p-value > 0.10). These correlation coefficients suggested Pb was
moderately associated with Zn, Cu, and Sn in the Harrison Park surface soils, notably weaker
relationships than in alley, railroad, Res 1, Res 2, and Res 3 soils.

The scatterplots (Figures 26a-f) illustrate relationships suggested by their correlation
coefficients. Higher Pb concentrations in Harrison Park soils generally corresponded to higher
concentrations of Cu, Sn, and Zn. Scatterplots of Harrison Park surface soils for Pb vs. (X)/Pb,
where X = Cd, Cu, Cr, and Sn exhibited generally negatively sloped patterns. These patterns,
along with moderate to strong negative correlations (Table 6b) for Pb with Cd/Pb, Cu/Pb, Cr/Pb,
Sn/Pb, and Zn/Pb at the 95% confidence level (p-values < 0.05) and moderate positive
correlations of Pb with Cu, Sn, and Zn, indicated any Pb associated with Cd, Cu, Cr, Sn, and Zn
was less dominant and/or more variable in Harrison Park soils compared to alley, railroad, Res 1,
and Res 2 surface soils. These relationships agreed with Harrison Park soil sample locations
being spread over a much larger area than any of the other areas and with a variety of industries
having operated there. Furthermore, because concentrations of Cu, Pb, and Zn were mostly
greater than in Little Italy soils, additional significant sources of Pb associated with Cu and Zn
were suggested in Harrison Park soils. The negatively sloped pattern of the Pb vs Cr/Pb
scatterplot of Harrison Park soils and the Spearman rank correlation coefficient for Pb with
Cr/Pb indicating a moderate negative correlation suggested Cr was not associated with a
dominant source of Pb in Harrison Park soils.

Little Italy Surface Soils

Spearman rank correlation coefficients, rs, (Table 6a) indicated strong positive
correlation of Pb with Zn in Little Italy surface soils (0-6 inches) at the 95% confidence level (p-
value < 0.05). The Spearman rank correlation coefficients for Cd, Cu, Cr, and Sn were not
statistically significant at the 90% confidence level (p-value > 0.10). These correlation
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coefficients suggested, except for Pb with Zn, notably weaker relationships than in alley,
railroad, Res 1, Res 2, and Res 3 soils. Scatterplots (Figures 27a-f) illustrate the relationships of
Pb with Sb, Cd, Cu, Cr, Sn, and Zn.

Scatterplots of Little Italy surface soils for Pb vs. (X)/Pb, where X = Cd, Cu, Cr, and Zn,
exhibited generally negatively sloped patterns. These patterns, along with strong negative
correlations (Table 6b) for Pb with Cd/Pb, Cu/Pb, Cr/Pb, and Zn/Pb at the 95% confidence level
(p-values < 0.05) indicated a source of Pb associated with Cd, Cu, and Zn was not dominant in
Little Italy soils. The negatively sloped pattern of the Pb vs Cr/Pb scatterplot of Little Italy soils
and the Spearman rank correlation coefficient for Pb with Cr/Pb indicating a strong negative
correlation at the 95% confidence level also suggested Cr was not associated with the
predominant source of Pb in Little Italy soils.

DISCUSSION

Results for alley, railroad, Res 1, and Res 2 soils were consistent with materials
originating from brass and bronze production (H. Kramer, 2012 and 2014b; Morris, 2004), as
observed in the previous study (NEIC, 2012), where Pb was associated with Cd, Cu, Sn, and Zn.
Furthermore, the high correlation between these metals suggested they were added to the soils
largely from the same or similar material or process rather than as independently distributed
constituents, similar to findings for Pb and Zn in Chicago soils by the USGS (2003). These
strong to moderate correlations suggested Cd, Cu, Sn, and Zn were co-contaminants in Pb-
contaminated soils from a source with a relatively consistent Pb composition.

In contrast, the correlations of these metals were not consistent with Pb-based paint,
leaded gasoline emissions, tire dust, or battery lead as significant sources of Pb in alley, railroad,
Res 1, Res 2, or Res 3 soils. Although the composition of coal fly ash varies depending on the
composition of the coal burned (Valentim et al., 2009), a previous study showed that Pb was
approximately three orders of magnitude lower (1000x) in Fisk coal fly ash than in H. Kramer
baghouse dust and contributed minimal lead to the ambient air (NEIC, 2012). Because of this
and because a unique particle type of amorphous, alumino-silicate spheres exhibited by coal fly
ash (Kutchko and Kim, 2006) was not observed by SEM in any of the soil areas, coal fly ash was
not a dominant source of Pb in the Pilsen area. The PRP producing coal fly ash was Fisk.

Metals most associated with Pb-based paint included Cr (Novotny et al., 1998). Strong
associations of Pb with Cr were only observed in Res 2 soils, and Cr concentrations were
comparable to reference soil concentrations. Strong to moderate correlations of Pb with Cd, Cu,
Sn, and Zn suggested any contributions of leaded paint with associated Cr were not dominant in
alley, railroad, and residential soils. Because associations of Cd, Cu, and Sn in paint are rare,
non-industrial Pb from leaded paints historically used on homes and buildings in the Pilsen area
were not dominant sources of Pb in alley, railroad, residential, and Harrison Park soils. Non-
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industrial Pb-based paint exhibits a unique layered morphology (Union Pacific, 2008), and Pb-
based paint particle types were not observed by SEM in any soil areas.

Metals associated with leaded gasoline emissions include Pb, Zn, Cu, and Cd in
decreasing abundance (Ter Haar et al., 1972; Lee and von Lehmden, 2012), and Sn was not
typically associated. Although correlations of Pb with Zn, Cu, and Cd were strong in alley,
railroad, Res 1, and Res 2 soils, correlations of Pb with Sn were also mostly strong (moderate in
Res 2). Furthermore, concentrations of Zn were generally greater relative to those of Pb
(Zn/Pb>1), in contrast to their relative abundances in leaded gasoline emissions. In Res 3 soils,
Pb also correlated strongly with Sn. These correlations and relative concentrations of metals, in
addition to strong to moderate correlations of Pb with Sn, suggested vehicle exhaust from the
historical use of leaded gasoline was not a dominant source of Pb in alley, railroad, and
residential soils. Following emissions from combustion of leaded fuel, Pb is found primarily in
the atmosphere in the form of Pb halide salts (Van Borm et al., 1990; Liu et al., 1995). Pb
sulfates are subsequently formed from reaction of the halide salts with sulfate present in the
urban atmosphere. PbBr; salts typically occur as agglomerates of fine particles with diameters
ranging 100s of nanometers (Biswas et al., 2003). Leaded fuel combustion particles types were
not observed by SEM.

Tire manufacturers use metal oxides as activators during vulcanization. Although Pb-
oxide was used historically, Zn-oxide is now used exclusively (Friedlander, 1973; Kaster, 2014;
State of California, 1996). Zn is often associated with dust from tires and in considerably greater
abundances than other metals, including Pb. Sn and Cu have not been associated with tire
manufacturing.  Significant correlations between Cu, Sn, Pb, and Zn in alley, railroad, and
residential soils suggested tire dust was not a dominant source of Pb (or Zn) in these soils. The
PRP associated with tires was Tire Grading.

Sb concentrations were typically very low, often not detectable in any of the soil areas,
and Sb correlations with Pb were not observed. Low Sb concentrations and lack of correlation
with Pb were not consistent with babbit (Sn with Cu, Sb, and Pb), antimonial Pb, and battery Pb
manufacturing (Prengaman, 1995; Calvert, 2004; ASTM, 2014) as dominant sources of Pb in the
soil areas studied. The PRPs that manufactured these products included Century, Loewenthal,
and NL.

Scatterplots of Cd, Cu, Pb, Sn, and Zn concentrations in alley and railroad surface soils
(Figures 21 and 22) showed significant relationships between these metals, as was also
indicated by their correlation coefficients that revealed mostly strong to moderate, positive
correlations (Table 6a). Significant relationships between Cd, Cu, Sn, Pb, and Zn suggested
these metals had been contributed to the alley and railroad surface soils largely from the same or
similar material or process rather than distributed independently from a variety of sources. Such
a finding was also made for Pb and Zn in Chicago soils by the USGS (2003). These results were
also consistent with H. Kramer processes as observed in the earlier study (NEIC, 2012). Cu, Pb,
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Sn, and Zn are associated with copper-alloy production at H. Kramer, and Cd, often associated
with Zn, is commonly liberated during metal recovery from scrap metal processing as conducted
at H. Kramer (Morris, 2004; Manahan, 2005; Omenazu, 2011; H. Kramer, 2012 and 2014b). Cd
is also commonly associated with zincite (Mindat, 2011; Webmineral, 2011) which was present
in railroad soil (Figure 6b). The relative concentrations of Cd, Cu, Pb, Sn, and Zn were
consistent with baghouse dust and slag from H. Kramer. Furthermore, decreasing concentration
trends of these elements in alley, railroad, Res 1, Res 2, and Res 3 soils with distance of the soil
area from H. Kramer and alignment with H. Kramer baghouse dust and/or slag (in particular, Pb
and Zn in alley surface soil aligned with H. Kramer slag) were consistent with dilution and
mixing in these soils by materials produced at H. Kramer. These results for the alley and
railroad soils were in agreement with the Pb isotope ratio results.

Scatterplots of Pb concentration (mg/kg) versus Cd/Pb, Cu/Pb, Sn/Pb, and Zn/Pb
(Figures 21 and 22) allow comparisons between elemental ratios in alley and railroad surface
soils and in H. Kramer baghouse dust and slag. The range of Cu/Pb ratios in alley and railroad
surface soils corresponded well with the range of Cu/Pb ratios in baghouse dust and slag.
Furthermore, Sn/Pb ratios largely corresponded with the range of Sn/Pb ratios in baghouse dust
and slag. Although Zn/Pb and Cd/Pb ratios in alley and railroad surface soils were markedly
lower than those observed in baghouse dust, Zn/Pb ratios were more similar to slag ratios for the
alley and railroad surface soils.

While the Zn/Pb and Cd/Pb ratios in alley and railroad soils appeared to be inconsistent
with Cu/Pb and Sn/Pb ratios and the Pb isotope ratio measurements, this apparent discrepancy
may be explained by differences in the processes of elemental and isotopic fractionation. An
important property of Pb is that its isotopes do not fractionate during natural or anthropogenic
(smelting) processes (Doe, 1970; Bollhéfer and Rosman, 2001; Shiel et al., 2010). Because of
this and the consistency in the primary raw material used for Pb alloying (H. Kramer, 2011,
Omenazu, 2011), the Pb isotope signature of H. Kramer slag would be consistent with that of H.
Kramer baghouse dust. Therefore, slag and fume emissions (baghouse dust is largely condensed
fume, and fume is the process exit gas) from the same melt would have indistinguishable Pb
isotope ratios. Slag from H. Kramer would have Pb isotope ratios similar to those observed in
the baghouse dust. In contrast to Pb isotope behavior during smelting, fractionation of elements
during smelting occurs with the more volatile elements (with lower boiling points) enriched in
furnace emissions compared to slag waste (DHEW, 1969; Ketterer, 2006; H. Kramer, 2014b).
Greater differences between the boiling points of elements result in greater fractionation of those
elements during smelting (Table 7). With much lower boiling points and greater volatility, Zn
and Cd would enrich fume emissions (and baghouse dust) relative to Cu, Pb, and Sn compared to
the slag waste left behind in the melt (DHEW, 1969; EPA 1977). Thus, slag from H. Kramer
likely contained lower abundances of Zn and Cd relative to Pb than those found in baghouse
dust. However, because Pb/Cu and Pb/Sn ratios in alley and railroad soils were mostly
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consistent with those in baghouse dust and because Cd and Zn were both low boiling point
metals relative to Pb, elemental fractionation was the most probable explanation.

Table 7. BOILING POINTS OF METALS
Additional Characterization of Lead in Soils
Pilsen Neighborhood, Chicago, lllinois

Metal Boiling Point (°C)?
Cd 765
Zn 907
Pb 1740
Sh 1750
Sn 2270
Cu 2567
Cr 2672

#CRC (2013).

Furthermore, smelting-related elemental fractionation was well supported by the SEM
observations of an abundance of Pb-bearing particles consistent with the composition of brass
and bronze foundry slag in alley, railroad, and residential soils. Multi-phase, angular particles,
micrometer-scale and greater, are characteristic of slag material (CLEMEX, 2008; Pistorius and
Kotzé, 2009; Perederly et al., 2012; Bernal et al., 2014; Piatak et al., 2014). The composition of
non-ferrous slag is dominated by Fe and Si with lesser amounts of Al and Ca (Piatak et al.,
2014). Slag from a brass and bronze foundry contains high Cu and Zn relative to Pb (EPA,
1995; Shen and Forssberg, 2003). Pb-bearing particles of slag with relative responses for Cu,
Pb, and Zn were consistent with the composition of slag from brass and bronze foundry. While
slag produced at H. Kramer would have Pb isotope ratios similar to those in baghouse dust, soil
containing slag from H. Kramer may exhibit Pb isotope ratios along a mixing line with Pb
isotope ratios of baghouse dust at one end. Pb isotope ratios of the railroad soils in which slag
was observed at the time of sampling (EPA, 2014a) plotted along such a line (Figure 20).

SEM results also indicated micrometer-scale Zn-oxide particles in railroad soil similar to
baghouse dust particles. In particular, railroad soil collected near the brick furnace building with
historical cracks in the walls and roof that may have allowed release of furnace emissions dust
(Omenazu, 2011). The absence of SEM observations of micrometer-scale Zn-oxide particles in
residential soils may have been due to the occurrence of dissolution over time (Cernik et al.,
1995; Wilcke and Kaupenjohann, 1998; Manceau et al., 2000; Voegelin et al., 2005).
Dissolution textures and lack of crystallite morphology associated with micrometer-scale Zn-
oxide particles in railroad soil was indicative of dissolution weathering resulting from exposure
to moisture. Micrometer-scale Zn-oxide particles with greater solubility and greater surface area
to volume (based on smaller particle size, 1s-10s um) would solubilize much more readily than
silica-rich slag particles (1s-100s pum), with significantly less surface area to volume ratios
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(Alexander, 1957). Zn/Pb ratios in residential soils were considerably more consistent with slag
than baghouse dust.

Comparison of Soil Areas

Comparison of the Res 1, Res 2, and Res 3 soils was facilitated by including the alley,
railroad, Harrison Park, and Little Italy data sets together in a series of plots with the Res 1, Res
2, and Res 3 data sets superimposed in those plots separately (Figures 28-32). A brief summary
is provided for the following sets of plots showing Res 1, Res 2, and Res 3 soils data in series
with increasing distance by soil area from H. Kramer and in relationship to the alley, railroad,
and reference area soils:

Figures 28a-b. Cd and Pb concentrations and Pb concentrations and Cd/Pb ratios in surface
soils of the Res 1, , and Res 3 areas compared to surface soils of the : :
, and Little Italy, and H. Kramer baghouse dust and H. Kramer slag.

Figures 29a-b. Cu and Pb concentrations and Pb concentrations and Cu/Pb ratios in surface
soils of the Res 1, , and Res 3 areas compared to surface soils of the : :
, and Little Italy, and H. Kramer baghouse dust and H. Kramer slag.

Figures 30a-b. Sn and Pb concentrations and Pb concentrations and Sn/Pb ratios in surface soils
of the Res 1, , and Res 3 areas compared to surface soils of the : :
, and Little Italy, and H. Kramer baghouse dust and H. Kramer slag.

Figures 31a-b. Zn and Pb concentrations and Pb concentrations and Zn/Pb ratios in surface soils
of the Res 1, , and Res 3 areas compared to surface soils of the : :
, and Little Italy, and H. Kramer baghouse dust and H. Kramer slag.

Figures 32a-b. Cr and Pb concentrations and Pb concentrations and Cr/Pb ratios in surface soils
of the Res 1, , and Res 3 areas compared to surface soils of the : :
, and Little Italy, and H. Kramer baghouse dust and H. Kramer slag.

Figure 33. Comparison of Pb isotope composition in alley, railroad, Res 1, , Res 3,
Harrison Park, and Little Italy soils.

Figures 34a-f. Comparison of high energy portion of EDS spectra (7.5 to 15.5 keV) collected
from typical Pb-bearing, multi-phase particles in soil from the alley, railroad, Res 1,
, Res 3, and Harrison Park.

Figure 35. Comparison of Zn and Pb concentrations in Res 1, , and Res 3 surface soils
relative to H. Kramer baghouse dust and slag (simplified from Figure 31a).

For concentrations of Pb vs. Cd, Cu, Sn, and Zn, railroad surface soils aligned well with
alley surface soils. Three railroad surface soils with the highest Pb and Zn concentrations
aligned with H. Kramer baghouse dust, suggesting the presence of abundant baghouse dust in
those soils. Those soils were collected near reported baghouse dust storage/transport stations,
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and one of them contained Zn-oxide particles consistent with baghouse dust as observed under
the SEM.

In Pb vs. Cd, Cu, Sn, and Zn concentration scatterplots, Res 1 surface soils also aligned
with and overlapped alley and railroad surface soils, except for a general offset to the right and
lower right, with little overlap of Harrison Park soils (Figures 28a-31a). In the Pb vs. (X)/Pb
plots (where X = Cd, Cu, Sn, and Zn), Res 1 soil (X)/Pb ratios coincided with those of the alley
and railroad soils, ranging down to the lower ratios in the Harrison Park soils. Res 1 soil (X)/Pb
ratios did not correlate with increasing Pb concentrations (Figures 28b-31b).

Although Res 2 surface soils aligned with alley and railroad surface soils in Pb vs. Cd,
Cu, Sn, and Zn concentrations plots, they only overlapped alley and railroad soils slightly in the
center of the plot. In contrast to Res 1 soils, however, a much greater offset to the right and
lower right existed, with significant overlap of Harrison Park soils and an extension of Res 2
soils to the lower left, overlapping with Little Italy soils. In the Pb vs. (X)/Pb plots, Res 2 soil
(X)/Pb ratios ranged from the lower ratios of the alley and railroad soils and ranged down to the
middle ratios in the Harrison Park soils. The ratios did not correlate with increasing Pb
concentrations.

Although Res 3 surface soils also aligned with alley and railroad surface soils in Pb vs.
Cd, Cu, Sn, and Zn concentration scatterplots, in contrast to Res 2 soils, the alignment was offset
and Res 3 soils did not overlap alley and railroad soils. Furthermore, Res 3 soils nearly entirely
overlapped Harrison Park and Little Italy soils and did not extend toward alley and railroad soils.
In the Pb vs. (X)/Pb plots, Res 3 soil (X)/Pb ratios coincided with those of the Little Italy and
Harrison Park soils and decreased with increasing Pb concentrations.

In contrast, Pb versus Cr scatterplots (Figures 32a-b) for alley, railroad, Res 1, Res 2,
and Res 3 soils overlapped Harrison Park and Little Italy soils. Pb versus Cr/Pb plots also
overlapped Harrison Park and Little Italy soils. Correlations of Pb and Cr in all but Res 2 soils
were not statistically significant, and all Pb versus Cr/Pb plots were strongly correlated and
negatively sloping, suggesting Pb contamination was not associated with Cr in the alley, railroad,
Res 1, Res 2 and Res 3 soils.

Canar et al. (2014) performed basic statistics, conducted ANOVA (analysis of variance),
and evaluated ranked means of Cd, Cu, Pb and Zn to compare alley, railroad, Res 1, Res 2, and
Res 3 soils. These findings were in agreement with Pb versus elemental ratio [(X)/Pb] plot
observations in that Pb contamination in Res 3 soils differed from that in alley, railroad, Res 1,
and Res 2 soils but was not differentiated from Little Italy soils.

These data patterns suggested a general shift to lower Cd, Cu, Sn, and Zn concentrations
and lower (X)/Pb ratios with increased distance from H. Kramer. These findings were
corroborated by similar trends of shifting Pb isotopic compositions with increased distance from
H. Kramer observed in the Res 1, Res 2, and Res 3 soils.
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Figure 33 shows the offset in Pb isotope ratios in the Res 3 soils relative to alley and
railroad soils and H Kramer material compositions. These shifts with increased distance from H.
Kramer in the isotopic and elemental composition of the alley, railroad, Res 1, Res 2, and Res 3
area soils were strong indicators that these soil areas were impacted by Pb from H. Kramer, and
that the Pb impact diminished with distance from the facility.

Shifts in elemental concentrations and Pb isotope ratios in the alley, railroad, Res 1, Res
2, and Res 3 soil areas with increased distance from H. Kramer indicated a diminishing impact to
these soil areas by Pb with distance from a location coinciding with that of H. Kramer and
Century. Other studies have documented similar patterns of decreasing metals with distance
from a smelter (Manceau et al., 2000; Glass, 2003). As distance from H. Kramer increased
(from alley to railroad, Res 1, Res 2, and Res 3) the elemental relationships generally weakened
as indicated by Spearman correlations coefficients of Pb with Cd, Cu, Sn, and Zn (Table 6a) and
as exhibited by scatterplot patterns. This pattern was in agreement with plots presented by Canar
et al. (2014) in which Cd, Cu, Sn, Pb, and Zn concentrations decreased as a function of distance
from H. Kramer. This weakening elemental relationship was accompanied by a gradual shift
from the Pb isotope mixing line with increased distance from H. Kramer in the predominant
downwind direction to the northeast. In addition, SEM data revealed a subtle change in Pb-
bearing particle composition. Soils from the alley, railroad, Res 1, and Res 2 generally exhibited
Pb-bearing particle composition consistent with slag and in which Zn typically exhibited a much
greater spectral response than Pb. In contrast, Res 3 and Harrison Park soils exhibited Pb-
bearing particles consistent with slag in which Pb typically exhibited a much greater spectral
response than Zn and Cu. Figures 34a—f show comparison of relative spectral responses of Cu,
Pb, and Zn in typical Pb-bearing, multi-phase particles in soils from the alley, railroad, Res 1,
, Res 3, and Harrison Park areas. The difference in Pb-bearing particle composition in
these soil areas was related to an increased distance from H. Kramer and was consistent with the
shift in Zn/Pb soil ratios with distance from H. Kramer in the predominant downwind direction.

Figure 35 is a simplified version of the series of plots in Figure 31a comparing Zn and
Pb in Res 1, Res 2, and Res 3 soils to each other and to H. Kramer baghouse dust and slag data.
In the lower left of the plot, Res 3 soils, which are farthest in distance from H. Kramer, plot at
the lower concentrations of Pb and Zn. In the center of the plot, Res 1 soils, which are closest in
distance from H. Kramer, plot at the higher concentrations of Pb and Zn. Res 2 soils, which are
intermediate in distance from H. Kramer, generally plot at slightly lower concentrations of Pb
and Zn than Res 1 and also include some lower concentrations of Pb and Zn similar to Res 3.
Ranked means of Pb and Zn in Res 1, Res 2, and Res 3 soils (Canar et al., 2014) were in
agreement with Pb contamination in Res 3 soils differing from that in Res 1 and Res 2 soils.
This plot shows a strong relationship between Pb and Zn and distance from H. Kramer, a strong
indicator that these soil areas were impacted by Pb from H. Kramer. In this case, distance from
H. Kramer in the predominant downwind direction was a unique discriminator differentiating H.
Kramer from several other PRPs, in particular, Loewenthal and NL (Figure 1).
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The overall pattern for the three sets of data displayed in Figure 35 is the reverse of that
required for Loewenthal and NL to be implicated as predominant sources of Pb in Res 1 and Res
2 soils. In addition, comparisons of alley and railroad soil data patterns with Res 1, Res 2, and
Res 3 soil data patterns in Figures 28-31 also indicated the opposite of that required for
Loewenthal and NL to be implicated as predominant sources of Pb in alley and railroad soils.
Because Century and H. Kramer were located next to each other, distance from H. Kramer was
not a discriminator for these two PRPs. However, low Sb concentrations in area soils and poor
correlations between Sb and Pb eliminated Century babbit manufacturing as a dominant source
of Pb in area soils because Sh was a major component of babbit material (EPA, 2014a).
Furthermore, strong correlations between Zn and Pb in alley, railroad, Res 1, and Res 2 soils
excluded Century’s small-scale solder manufacturing as a dominant source of Pb in area soils
because Zn was not a significant component of most solders (King et al., 2005).
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Figures 28a-b. Comparison of Cd and Pb in alley, railroad, Res 1, Res 2, Res 3, Harrison Park, and Little Italy surface soils. Note progressive general shift
(left to right) of Res 1, Res 2, and Res 3 soils from alley and railroad soils to Harrison Park and Little Italy soils.
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Figures 29a-b. Comparison of Cu and Pb in alley, railroad, Res 1, Res 2, Res 3, Harrison Park, and Little Italy surface soils. Note progressive general shift
(left to right) of Res 1, Res 2, and Res 3 soils from alley and railroad soils to Harrison Park and Little Italy soils. Slag composition (H. Kramer, 2014a).
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, and Res 3 soils from alley and railroad soils to Harrison Park and Little Italy soils. Slag composition (H. Kramer, 2014a).
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Figure 34a. High-energy portion of an EDS spectrum (7.5 to 15.5 keV) collected from a Si-oxide phase in a typical angular Pb-bearing, multi-phase particle
in soil from the alley (N312001-01). Relative spectral responses where Cu>Pb and Zn>>Pb were consistent with composition of slag from brass and bronze
foundry (EPA, 1995; Shen and Forssberg, 2003).

Figure 34b. High-energy portion of an EDS spectrum (7.5 to 15.5 keV) collected from an Fe-oxide phase in a typical angular Pb-bearing, multi-phase
particle in soil from the (N312001-BV). Relative spectral responses where Cu>Pb and Zn>>Pb were consistent with composition of slag from brass
and bronze foundry.

Figure 34c. High-energy portion of an EDS spectrum (7.5 to 15.5 keV) collected from a typical angular Pb-bearing, Si-oxide particle in soil from the
area (N312001-99). Relative spectral responses where Pb>>Cu and Pb>Zn were not characteristic of slag composition from brass and
bronze foundry.

Figure 34d. High-energy portion of an EDS spectrum (7.5 to 15.5 keV) collected from a typical angular Pb-bearing, multi-phase particle in Res 1 soil
(N312001-DE). Relative spectral responses where Zn>>Pb were consistent with composition of slag from brass and bronze foundry.

Figure 34e. High-energy portion of an EDS spectrum (7.5 to 15.5 keV) collected from a typical angular Pb-bearing, multi-phase particle in soil
(N312001-CC). Relative spectral responses where Zn>>Pb were consistent with composition of slag from brass and bronze foundry.

Figure 34f. High-energy portion of an EDS spectrum (7.5 to 15.5 keV) collected from a typical sub-angular Pb-bearing, multi-phase particle in Res 3 soil
(N312001-AU). Relative spectral responses where Pb>>Cu, Zn were not characteristic of slag composition from brass and bronze foundry.
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relative to H. Kramer baghouse dust and slag (simplified from Figure 31a). Note the lower
concentrations of Pb and Zn to the lower left in Res 3 soils which are farthest in distance from H.
Kramer and the higher concentrations of Pb and Zn to the upper right closest in distance to H.
Kramer. Slag composition (H. Kramer, 2014a).
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SUMMARY AND CONCLUSIONS

Analytical results of alley, railroad, residential, and reference soils from the Pilsen
neighborhood were compared to results of TSP filters, H. Kramer baghouse dust, and H. Kramer
slag data, and to distance from H. Kramer in the predominant downwind direction. These
comparisons allowed potential sources of Pb in these soils to be included or excluded.

Results were consistent with brass and bronze foundry materials (emissions dust or slag)
as predominant sources of Pb in alley, railroad, Res 1, and Res 2 soils because of the following:

1) Micrometer-scale (1-10 um) Zn-oxide particles found in railroad soil were similar to
micrometer-scale Zn-oxide particles observed in baghouse dust from H. Kramer.

2) Relative elemental concentrations indicated similar relative abundances of Cu, Pb, and Sn
in H. Kramer baghouse dust and in alley and railroad soils near H. Kramer.

3) Correlation analysis and scatterplots indicated cadmium (Cd), Cu, Sn, and Zn were co-
contaminants with a predominant source of Pb in alley, railroad, Res 1, and Res 2 soil.
Cu, Pb, Sn, and Zn are associated with brass and bronze production, and Cd is a common
contaminant associated with Zn recovery from scrap metal.

4) The predominant morphology (angular), size (1s-100s wm), and composition of Pb-
bearing particles (iron [Fe]- and silicon [Si]-oxides, multi-phase particles) in alley,
railroad, Res 1, and Res 2 soils were consistent with slag material from industrial
processes such as smelting.

5) The predominant relative spectral responses of Cu, Pb, and Zn (Cu, Zn > Pb) in these slag
particles and the presence of Pb-bearing Cu-oxide, Sn-oxide, and Zn-oxide particles were
consistent with compositions of brass and bronze foundry slag and in agreement with
Zn/Pb ratios in alley, Res 1, and Res 2 soils being similar to H. Kramer slag composition.

6) Lead isotope ratios measured in particulate matter collected on TSP filters were
isotopically similar to Pb isotope ratios measured in H. Kramer baghouse dust. In
addition, four alley soil samples exhibited Pb isotopic compositions consistent with the
TSP filters and H. Kramer baghouse dust.

7) Pb isotope ratios in alley, railroad, Res 1, and 2 soils exhibited a broad range and linear
trend, suggesting mixing of a source of Pb isotopically consistent with the TSP filters and
H. Kramer baghouse dust with soil containing a historical baseline Pb isotope signature.
Res 1 and 2 soils generally exhibited a greater contribution from the baseline Pb isotope
signature with increasing distance from the H. Kramer facility.
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8)

A general shift to higher ?®Pb/*’Pb ratios; lower Cd, Cu, Sn, and Zn concentrations; and
lower (X)/Pb ratios with increased distance from H. Kramer was indicated by the relative
compositions of Res 1, Res 2, and Res 3 soils. Shifts in these data with increased
distance from H. Kramer were strong indicators that these soil areas were impacted by Pb
from H. Kramer with diminishing Pb impact with distance from the facility.

Results were not consistent with the following as predominant sources of Pb in alley,

railroad, Res 1, Res 2, Res 3, and Harrison Park soils because of the following:

9)

10)

11)

12)

13)

14)

15)

16)

Although correlation analysis and scatterplots indicated Res 3 soil was impacted by Pb
associated with Cd, Cu, Sn, and Zn, the predominant source of Pb was not consistent
with H. Kramer materials.

Because of minimal Pb from fly ash in ambient air dust and because a unique particle
type of amorphous, alumino-silicate spheres exhibited by coal fly ash was not observed
by SEM in any of the soil areas, the only PRP producing coal fly ash, Fisk, was
eliminated as a dominant source of Pb in the soils.

Pb, Cd, Cu, Sn, and Zn collectively are not characteristic of tire dust, suggesting tire dust
was not a dominant source of Pb (or Zn) in these soils. As the only PRP associated with
tires, Tire Grading was eliminated as a dominant source of Pb in the soils.

Associations of Cd, Cu, and Sn in leaded paint are rare, and Pb-based paint particle types
were not observed by SEM in any of the soil areas. Thus, non-industrial Pb from leaded
paint historically used on homes and buildings in the Pilsen area was not a dominant
source of Pb in alley, railroad, residential, and Harrison Park soils.

Pb, Cd, Cu, Sn, and Zn collectively are not characteristic of leaded gasoline emissions,
and leaded fuel combustion particles types were not observed by SEM in any of the soil
areas. Thus, vehicle exhaust from the historical use of leaded gasoline was not a
dominant source of Pb in alley, railroad, residential soils, and Harrison Park soils.

Babbit, solder, antimonial Pb, and battery lead manufacturing by Century, Loewenthal, or
NL were excluded as dominant sources of Pb in the soils because Sb soil concentrations
were low; correlations between Sb and Pb were lacking; Sbh-bearing particle types were
not observed by SEM in any of the soil areas; and Pb, Cd, Cu, Sn, and Zn collectively are
not characteristic of babbit, solder, antimonial Pb, or battery lead materials.

Loewenthal and NL were differentiated from H. Kramer as potential sources of Pb by the
pattern of Pb, Cd, Cu, Sn, and Zn soil concentrations relative to distance from H. Kramer.
This pattern was not consistent with Loewenthal and NL as predominant sources of Pb in
alley, railroad, Res 1 and Res 2 soils.

The predominant morphology (angular), size (1s—100s pum), and composition of Pb-
bearing (Fe- and Si-oxides, multi-phase particles) particles in Res 3 and Harrison Park
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soils were consistent with slag material from an industrial source (not leaded gasoline
emissions or leaded paint). The predominant relative spectral responses of Cu, Pb, and
Zn (Pb > Cu, Zn) in these Pb-bearing particles were not characteristic of brass and bronze
foundry slag compositions. The Pb isotope ratios in two Res 3 soils suggested significant
Pb in those samples was not consistent with material from H. Kramer.
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