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R4 LEAD-CONTAMINATED SOIL INVESTIGATIONS 

 Region 4 has been involved in several large-scale urban lead soil investigations 

 Drawing from these experiences, we’ve worked to: 

 Develop best practices for collecting soil samples 

 Develop, field test, and improve XRF capabilities for analyzing soil 

 Better understand urban background conditions 

 Document, share, and improve our approaches 



FORMER CHATTANOOGA 
FOUNDRIES 

 60+ foundries historically 
located in Chattanooga.   

 Foundries generated spent 
sand and baghouse dust 
over many decades. 

  



FORMER 
CHATTANOOGA 
FOUNDRIES 



PREVIOUS EPA 
INVOLVEMENT 

2011: resident presented at ER with lead 
poisoning 

2011: EPA removal assessment 

2012-2013: EPA removal at 84 residences 
in Read Avenue area 

Limited geographic area 

Extent of contamination beyond removal 
areas (if any) unknown 

 



 During removal action, EPA became aware that additional areas may be 
similarly impacted 

 Recon 

Anecdotal 

 TDEC raised concerns about lead-contaminated foundry waste potentially 
located in other residential areas 

 TDEC data from Brownfields and local development projects, state voluntary 
oversight program 

 Tennessee Department of Health data indicating a relatively high % of 
children with elevated blood lead (in some neighborhoods compared to 
surrounding areas).   

 

UNFINISHED BUSINESS? 



QUESTIONS:  
POTENTIALLY LARGE URBAN LEAD SITE 

Is there a 
“CERCLA release” 
(vs. anthropogenic 

background)? 

Can this situation 
be addressed 
under CERCLA? 

What is the 
potential scope 
and severity? (Is 
Pb everywhere?) 

Is this a removal 
or remedial 
situation? 
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OBJECTIVES OF THE SITE 
INVESTIGATION 

 Establish urban Pb background levels 

 Identify sampling locations 

 Collect data to support decisions: 

 Identify need for time-critical removal 

 Determine eligibility for NPL (HRS 
scoring) 

 “Rule in” or “rule out” each area for 
further response 

 Utilize SI data for ER, Risk Assessment 
and future RI (avoid resampling yards) 

 Use best practices in sample collection, 
preparation, analysis 
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SELECTING 
STUDY AREAS 

Analyzed 
information from 
several sources: 

TDEC data 

EPA data from 
previous studies 

Historical 
figures; 

foundries 

Department of 
Health blood 

lead information 

Demographic 
and census data 



DOWNTOWN 
CHATTANOOGA 
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EXISTING DATA 



Historical Information 



ADD CENSUS TRACTS 
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BLOOD LEAD 
LEVELS BY 
CENSUS 
TRACT 
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RESULT: 
IDENTIFICATION 

OF SEVEN 
PRIORITY AREAS 



ESTABLISH CHATTANOOGA URBAN 
BACKGROUND LEVEL FOR LEAD 

• Used SAP/QAPP template 
from larger R4 urban 
background study 

• 5x5 mile grid; 50 
randomly selected cells 

• Excluded flood plain 
areas, study areas, known 
industry 

• Piloted “best  practices 
sampling and analytical” 
methods 



BEST SAMPLING & 
ANALYTICAL PRACTICES 

 Sought lessons learned from similar Region 4 sites 

 Sought lessons learned from other regions 

 Region 8 – Pueblo Smelter Site 

 Region 10 – Bunker Hill Site 

 Considered new OLEM Guidance 

 Sieving 

 In Vitro Bioavailability 

 Considered draft Region 4 XRF Field Operations 
Guide  



OLEM LEAD SIEVING DIRECTIVE 

Recommendations for Sieving Soil and Dust Samples at Lead Sites  

for Assessment of Incidental Ingestion 



OLEM LEAD SIEVING DIRECTIVE 

Lead TRW recommends  < 150 μm particle size. 

Incidental ingestion greater for fine particles.   

Dermal adherence greater for fine particles. 

Increased contaminant concentration, mobility, and bioavailability in 

fine particles. 

 

 



DERMAL ADHERENCE 







SIEVE OF STACKED MESH (#10 AND #100)  
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DISAGGREGATION AND DRYING 
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FINE FRACTION  
<150 MICRONS 



FOUNDRY SAND: SIEVED VS UNSIEVED 

Unsieved Sieved 

603 1016 

837 1832 

1434 4021 

1245 2300 

591 936 



FIELD FUME HOOD 



SAMPLE COLLECTION: INCREMENTAL 
SAMPLING METHODOLOGY (ISM) 

Why ISM? 

Superior method to derive an 
unbiased estimate of the mean 
concentration of a given area (i.e. 
yard) 

 

One ISM sample is collected for each 
yard (yard = exposure unit) 

 

Each sample is comprised of 30 same-
sized aliquots, and produces one result 
that represents the entire yard  

 

Statistically defensible data on which 
to base decisions 



COLLECTING SAMPLES: TIME & EFFORT 

One 30-point sample from a residential 

yard takes about 8 minutes to collect  



ANALYSIS: R4 XRF FIELD OPERATING GUIDE (FOG) 

Standardized 
methodology for 

collecting high-quality 
field data 

Generates real time 
QA/QC measures 

Provides real-time 
data 

Multiple readings 
lead to reproducible 
results (especially in 

conjunction with 
sieving protocols) 
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QA DATA ENTRY IN FIELD 



CORRELATION XRF VS LAB DATA: 
LEAD 
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ATTRIBUTION 
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SOP FOR IN VITRO LEAD AND ARSENIC 
TESTING RELEASED DURING PROJECT 





BIOAVAILABILITY INFORMS RISK &  
CLEAN-UP GOALS 



RESULTS AND OUTCOMES 



URBAN LEAD BACKGROUND 



Lead Urban Background Results 



XRF provides reliable, 
reproducible & 

defensible data for this 
project (n = 300+) 

XRF will be used for 
decision making at the 
site going forward with 

minimal laboratory 
confirmation 

Additional efforts to 
streamline process 

tested & implemented 

Lessons learned used to 
revise the FOG 

XRF USE GOING FORWARD 



33 soil samples were 
analyzed for lead 

bioavailability 
IEUBK default BA = 30% 

Chattanooga site soils BA 
= 29-50%; avg. = 36% 

↑BA will ↓health-based 
remedial level 

Site specific cleanup 
levels: < 400 ppm to well 
below background levels, 

depending on target 
blood lead level used in 

model: 360 ppm 

LEAD BIOAVAILABILITY 



SAMPLING 
COLLECTION 
AND 
PROCESSING 

ISM has been adopted by the team 
as the method for sample collection 

All samples are dried before analysis 
by XRF 

Developed protocol to determine 
when sieving is necessary going 
forward (greatly reduces field effort) 



PROJECT STATUS 

Time-critical removal action to address 
worst yards first (tiered approach used to 
prioritize residences); 

SI complete;  

Determined to be eligible for the 
National Priority List and listed  in 2017 

Data was used in the Remedial 
Investigation and Baseline Risk Assessment 

Field methods used in SI 
refined/improved and continued into RI 
phase 
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QUESTIONS 
 Tim Frederick 

 frederick.tim@epa.gov 

 404-562-8598 
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