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Background Check:
The Why and How 
of Background 
Threshold Values



Risk-based Corrective Action (RBCA) 
Refresher

 Soil Sampling Scenario

 Statistical Tools & Background 
Threshold Value (BTV) Options

 State BTV Example (Oklahoma)

Regional BTV Example (DFW)

A little ‘Background’
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This presentation includes summary data from the 
above articles (https://doi.org/10.1002/vzj2.20294). Please 

refer to the articles for additional detail. 
Modern Geosciences © 2024

The Why

The How

https://doi.org/10.1002/vzj2.20294
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Risk Assessment

Lecture 1
Risk  =  Toxicity  x  Exposure

1 in

1,000,000

1 in

10,000

Risk Threshold

typically a 

regulatory standard

Chemical-specific

Properties

(URF, RfC, etc.)

Concentration at

Point of 

Exposure

Rate of Intake

(Exposure Frequency, 

Exposure Duration 

Assumptions)

Exposure routes

Ingestion, dermal contact, water, 

inhalation of vapors;

residential vs. commercial 

exposure



Exposure Pathway
• Inhalation
• Ingestion
• Dermal contact

Source (Release)
• Hazardous material released 

into the environment

Pathway

Receptor

Source

• Source controlled through removal 
or decontamination

• Ex: Source excavation, destruction, 
attenuation

Manage Risk

• Pathway controlled through 
institutional or engineering 
mechanisms

• Ex: Groundwater use 
limitation or engineered 
cap

Manage Risk

• Receptor controlled through use 
limitation or institutional control

• Ex: Commercial use restriction

Manage Risk

• Residential
• Commercial
• Construction worker

Receptor
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Risk

Risk Based Corrective Action



Background

11

Risk Based Corrective Action

Chemical

Concentration

R
is

k

C
o

s
t

Site Remediation Process

Risk Goal

Detection Limit

Cost

EPA – “A risk-based approach is consistent with the Administrator’s 
efforts to ensure that our environmental cleanup programs are based 
on the application of sound science and common sense and are 
flexible and cost-effective.” March 1995 (OSWER Directive 9610.17)



Two basic frameworks:
1- EPA: Soil Screening Guidance (1996+) 
▪ Based on Risk Assessment Guidance for Superfund (RAGS; 1989+)
▪ Generic Risk-Based Soil Screening Level (SSL) Formulas/Assumptions
▪ Today: Expanded to EPA Regional Screening Levels (RSLs)

2- ASTM: Risk-Based Corrective Action (1994+)
▪ ES-38-94 (1994), E1739 - Petroleum (1995-2024), E2081 – All Compounds (2000+)
▪ Default Tier 1 risk-based Formulas/Assumptions for screening (RBSLs)
▪ Site-specific Tier 2 (assumptions) or Tier 3 (update formula/model/other)
▪ Today: State-based program use of Tiered framework incorporating EPA SSL 

elements/EPA Guidance 
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RBCA 101Risk Criteria

Background
Both approaches mention the importance of 
background values, but do not provide them or 
formal approaches to developing “background.”



Screening value is the higher of the Risk Criteria or 
Background value. 
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ǂ Soil exposure models most commonly include soil-to-groundwater, inhalation 
of volatiles, dermal contact, and ingestion pathways. These are back calculated 
based on acceptable levels of carcinogenic (10-6) and non-carcinogenic risk (0.1).

RBCA 101

Risk Criteria
Lowest of all exposure model 
valuesǂ; published values by 
County, State or EPA (RSLs)

Background
Upper limit of expected background 

for the area being assessed. Some 
states offer values for point 
comparison – most do not



Why do we need Background?
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Example Scenario:
▪ You perform soil sampling to evaluate for a 

suspected regional lead concern.
▪ Take 5 samples of shallow soil and analyze for lead
▪ Get back results. Lead ranges from 22 to 27 mg/Kg.
▪ Do you have a release?  

Risk Criteria

Background

Screening Value

Need this
Need this
To get this



Example Scenario:
▪ You perform soil sampling to evaluate for a 

suspected regional lead concern.
▪ Take 5 samples of shallow soil and analyze for lead
▪ Get back results. Lead ranges from 22 to 27 mg/Kg.
▪ Do you have a release?  

Why do we need Background?
15

Risk Criteria

Background

Screening Value

EPA 1996

“Generally, the ground water pathway will not pose a 

significant risk since many lead compounds are generally not 

highly mobile.”  - EPA 1994

“EPA regions should use a residential soil lead 

RSL of 200 parts per million (ppm)” – EPA 2024



Risk Criteria

Background

Screening Value

Example Scenario:
▪ You perform soil sampling to evaluate for a 

suspected regional lead emissions/release.
▪ Take 5 samples of shallow soil and analyze for lead
▪ Get back results. Lead ranges from 22 to 27 mg/Kg.
▪ Do you have a release?  

Why do we need Background?
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Under the hood

𝑆𝑆𝐿
𝑚𝑔

𝑘𝑔
= 𝐶𝑔𝑤 ∙ 𝐾𝑑 +

𝜃𝑤
𝐿𝑤𝑎𝑡𝑒𝑟

𝐿𝑠𝑜𝑖𝑙
+ 𝜃𝑎

𝐿𝑎𝑖𝑟

𝐿𝑠𝑜𝑖𝑙
∙ 𝐻′

𝜌𝑏(
𝑔

𝑐𝑚3)

𝑆𝑆𝐿
𝑚𝑔

𝑘𝑔
= 0.015 ∙ 𝟗𝟎𝟎 +

0.3 + 0.134 ∙  0

1.5

𝑆𝑆𝐿
𝑚𝑔

𝑘𝑔
= 13.5

𝑆𝑆𝐿
𝑚𝑔

𝑘𝑔
= 13.5 ∙  𝐷𝐴𝐹 𝑆𝑆𝐿

𝑚𝑔

𝑘𝑔
= 13.5 ∙  20

𝑆𝑆𝐿
𝑚𝑔

𝑘𝑔
= 𝟐𝟕𝟎

4.8.5 Determination of the Dilution Factor

“The SSL values in the download tables 

are based on a dilution factor of 1. If one 

wishes to use the calculator to calculate 

screening levels using the SSL guidance 
for a source up to 0.5 acres, then a dilution 

factor of 20 can be used.” EPA Default SSL 

DAF = 20. EPA RSL Guidance

No risk-based 
RSL here

Uses a 
DAF of 1

Kd = partition (or distribution) 
coefficient; cm3/g



Knowing Background informs when a 
release is suspected – or how large a 

source (release) may actually be.
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Source Size?

Affected Soil?

Are results > Risk Criteria or Background? 

(Need [REALISTIC] Background)

Metals 

Release

Are results > Risk Criteria or Background? 

(Not naturally occurring – no Background)

Chemical 

Release

Affected Soil

Affected Groundwater

Water Well



Back to work…
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Example Scenario:
▪ You perform soil sampling to evaluate for a 

suspected regional lead emissions/release.
▪ Take 5 samples of shallow soil and analyze for lead
▪ Get back results. Lead ranges from 22 to 27 mg/Kg.
▪ Do you have a release?  

Risk Criteria

Background

Screening Value
All concentrations in mg/kg; GWP = soil-to-groundwater value; HH = human health value
a – EPA RSL Calculator [CR of 10-6; NCR = 0.1]; May 2024
b – PADEP MSCs [CR of 10-5; NCR = 1]; Note: the CSSAB references 2013 USGS data– July 2022
c – TCEQ TRRP (§350) assuming source is <0.5 acre (Tier 1 PCL) [CR of 10-5; NCR = 1]; Apr 2024 and Texas-
specific Soil Background Concentrations (TSSBCs)
d – Hawaii EALs; BT= Batch Testing on a “site-by-site basis and discussed with HIDOH where necessary.”

TXc

GWP = 3.0, HH = 500

Median of 15

15

EPA RSLa

GWP = 14 (270), HH = 200

None

14 or (200?)

PAb

GWP = 450, HH = 500

None

450

HId

GWP = BT, HH = 200

BTV of 73

73



Why is TX GWP 
value so low?
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𝐺𝑊𝑆𝑜𝑖𝑙
𝑚𝑔

𝑘𝑔
= 0.015 ∙ 𝟏𝟎 +

0.16 + 0.21 ∙  0

1.67

TCEQ default GWP
Calculation

𝑆𝑆𝐿
𝑚𝑔

𝑘𝑔
= 0.015 ∙ 𝟗𝟎𝟎 +

0.3 + 0.134 ∙  0

1.5
EPA default GWP

Calculation

DAF = 1 DAF = 20

EPA 13.5 270

TCEQ 0.15 3.0

mg/kg

Kd Impacted by soil type and soil pH assumptions

Not Mobile
(DDT, DDD)

Slight Mobility
(PCBs, Arsenic)

High Mobility
(PFHxS, BTEX, TCE)

EPA

TX

890 (PA) 900 (LA, NJ, NM, ME, NC, ND, AZ, UT, etc.)

Kd

cm3/g

50

10

1

0

Adapted from 
HDOH 2007

1,000

20

Low Mobility
(TPH, Dieldrin)

Generally 
Immobile

10,000+ (WA, MI)Kd



Texas Kd Assumptions: Soil pH = 4.9; Sandy Soil
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TCEQ: pH of 
4.9 represents 
~3.2% of Texas

EPA: pH of 6.8 
represents 

~18% of Texas

Mean ( ҧ𝑥) - 7.44
Median- 7.85
SD (σ) - 0.95

Reference: Walkinshaw, Mike, A.T. O'Geen, D.E. Beaudette. "Soil Properties." 
California Soil Resource Lab, 1 Oct. 2022, 
casoilresource.lawr.ucdavis.edu/soil-properties/. 
https://casoilresource.lawr.ucdavis.edu/soilweb-apps/

Why important? At pH >7 lead “exponentially less likely to leach to 
groundwater vs below pH of 7.” (ORNL-5786; 1984) : EPA- “At pH values above 
6, lead is either adsorbed on clay surfaces or forms lead carbonate.” (EPA 1992; 
540/S-92/018); NRCS - Clayey soil has higher Cation Exchange Capacity (a 
measure of the soil's ability to hold positively charged ions) – less leaching 
potential (i.e., Pb+2)

TCEQ: Sand 
(2.9%)

EPA: Sandy 
Loam (17%)

Surface Soil: 
Sandy: 6%

Loamy: 43%
Clayey: 51%

USDA Soil Survey Manual (Agriculture Handbook No. 18); 2018

84%+ in 
just 5 

Classes

https://casoilresource.lawr.ucdavis.edu/soilweb-apps/


Is the TX 
Background 

value too low?

21



Texas Sources:
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1981: Up to 119 samples.

2013: Number of Texas observations (n = 

433).  Up to 3 samples at intervals from 

surface to 3.3 feet below grade.  

Up to 1,237 samples.

1981 USGS Dataset*
TSSBC uses the median value 
from this 119 sample dataset

(all at 20cm depth)

2013 USGS Dataset
More comprehensive data now 
exists to allow better state and 
localized regional background 

estimates.

USGS Data Series 801 available here: 
https://mrdata.usgs.gov/ds-801/ 

USGS Open File 
Report 81-197, 1981

2013 USGS effort
Extensive QA/QC and No samples collected:
1) within 200 m of a major highway;
2) within 50 m of a rural road;
3) within 100 m of a building or structure; &
4) within 5 km downwind of industrial 

activities such as power plants or smelters.

* TSSBC incorrectly cites 
USGS PP 574-F from 1975

https://mrdata.usgs.gov/ds-801/


Modern ©2024

23

1981 vs. 2013– Visualizing False Positives

Note: 1981 Lead SDL was 10 mg/Kg.  Histogram includes 19 NDs as ½ SDL.

Yes. A median “Background” is too low. 

G
W

P
: 3

B
kg

: 1
5

G
W

P
: 3

B
kg

: 1
5
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False Positive – Municipal Impact

$10,000
$6,000

$55,000

$1,000

$200,000
$250,000

$200,000 $120,000

$1,100,000

$20,000

$4,000,000 $5,000,000

$1

$10

$100

$1,000

$10,000

$100,000

$1,000,000

$10,000,000

Austin Grand Prairie Fort Worth Carrollton San Antonio Dallas

Annual Cost 20-Year Impact



Is there a better way 
to represent 
Background?

25



EPA 1992 (EPA/600/R-92/128)
Wilding, L. P. 1985
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EPA’s thoughts…
“Spatial variability of soil is not an academic question. It is a real 
landscape attribute; our unwillingness or inability to identify it in no 
way decreases its magnitude or existence. . . . As scientists we 
must document the magnitude and form of soil variability; 
accommodate its existence in models of soils; and transmit 
accurately the expected pattern and implication of spatial changes 
to users of soil resources. Soils are not material specific; many soil 
properties are not single valued, many are transient, and many are 
not randomly distributed but rather systematically time and 
spatially dependent. The dilemma is that soils are not isotropic 
media but rather they are strongly anisotropic laterally and 
vertically.”

            -Larry Wilding (Texas A&M; 1976-2003)



· EPA 1995 (EPA/540/F-94/030)
· Interstate Technology Regulatory Council (ITRC) 

2022 (Soil Background and Risk Assessment)
· EPA 2022 (ProUCL 5.2 User Guide; 5.1 Technical Guide)
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Background Threshold Value

Where do we get 
“background?”

▪ ITRC: BTV = A single value used to 
represent soil background (easier to use 
in screening).

▪ EPA: The BTV is “representing an upper 
threshold of the background 
population…” BTVs “should be estimated 
by statistics representing the dominant 
background population represented by 
the majority of the data set.”



Statistical Tools
Parameter

Mean ( ҧ𝑥) Arithmetic average; a measure of central tendency
Note: For right skewed distribution Mean > Median.

Median (M)

Middle observation of the distribution; 50th percentile; 
half of data are above and Below. Not influenced by 
extremes of contaminant distribution. Measure of 
central tendency.

Mode
The value that occurs most often in the distribution; a 
measure of central tendency

Standard Deviation (σ) an estimate of the degree of variability within a 
distribution, indicating how much the values typically 
vary from the average value or mean

Coefficient of 
Variance (CV)

provides a quick and useful indication of the relative 
degree of variability within a data set. 

Relative Percent 
Difference (RPD)

|𝑅𝑃𝐷| =
ҧ𝑥 − 𝑀

ҧ𝑥 + 𝑀
2

∙ 100
Relative difference between the mean and median. EPA – “If 
the mean is approximately equal to the median, then the data 
are distributed symmetrically.” 10% RPD goal.

EPA 2006, 2020 and ITRC 2022
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𝑀 =
𝑥(

𝑛 + 1
2 )

2 𝑀 =
𝑥

𝑛
2 + 𝑥

𝑛
2 + 1

2
n is odd n is even



Statistical Tools
Confidence Limits

Upper Confidence Limit (UCL): The upper boundary (or limit) of a confidence interval of a 
parameter of interest such as the population mean. Not 
suggested for use in evaluating background values.

Upper Prediction Limit (UPL): The upper boundary of a prediction interval for an 
independently obtained observation (or an independent 
future observation).

Upper Tolerance Limit (UTL) A confidence limit on a percentile of the population rather 
than a confidence limit on the mean. In other words, a 95% UTL 
with coverage coefficient 95% represents a 95% UCL for the 
95th percentile.

Upper Simultaneous Limit (USL): The upper boundary of the largest value within a specified 
level of confidence. Only applied when no outliers are 
suspected in the dataset.

EPA 2020 and ITRC 2022

29

95% 𝑈𝑆𝐿 = ҧ𝑥 + 𝜎 ∙ 𝑑2𝑎
𝑏



Normal (Gaussian) Distribution

95%

UCL

95%

UPL
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ҧ𝑥 + σ (~84%)

Mean ( ҧ𝑥) ҧ𝑥 + 2σ (~97.5%)

ҧ𝑥 + 3σ (~99.9%)

Mean, Median & Mode are equal in perfect theoretical 
gaussian distribution and denoted by μ (mu)

Carl F. Gauss
1777-1855

Concentration (mg/Kg)

Fr
e

q
u

e
n

cy
 (o

n
e

-t
ai

le
d

 t
e

st
) 95%

UTL
95%

USL

Utilizes one-tailed test evaluation
and empirical rule [68-95-99.7]

68%

95%

α = Usually 5%
Acceptable Type I Error 
Rate (“False Positive”)

Typical 
Background (BTV) 
Estimation Tools



Real World Distributions
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EPA 1992, EPA 2020, Medium.com 2023

Commonly seen in soil 
background studies

Median is a poor statistic within 
naturally right-skewed datasets.

Median is <50% of 
expected values

Concentrations

Concentrations

Uncommon in 
natural distributions

Right-tailed

Left-tailed



USGS 1961-1984 Studies
(Shacklette)

 1-Local data always preferred – but rarely available for general screening. 

 2-State/Local agency data – next most preferred

 3-USGS or similar – best alternative if you do not have Local/State data

What Data?
32

USGS 1975-1997 Studies
(NURE-HSSR)

Soil (blue), Sediment (Red)

NRCS 1978 - 1993 Study
(Holmgren)

USGS National Geochemical Survey
1997-2004 (Holmgren)

NRCS 2003-2008 Study
(Wilson)

USGS 2013

Maps adapted from 
Smith, D.B. et al. 2012 
(Geoscience Frontiers)



We proposed three key criteria:

 CV of dataset

 R (correlation) of the Q-Q Plot

 Relative Percent Difference (RPD) between Mean and Median (for USL use)

Which BTV Estimator?
33

EPA & States commonly use a CV ≤1 for 
acceptance of UPL or UTL. This new 

approach adds more requirements before 
consideration of any BTV Estimator.

Note: utilize ½ of the detection limit for non-detected samples – up to 15% of dataset. Beyond this, other 
statistical methods would apply – and require regulatory concurrence.



EPA: It is suggested that all relevant statistics be 
computed using the datasets with and without low 
probability occasional outliers. ProUCL 5.1TG

Step 1: Select data (USGS No. 801)

Step 2: Process within EPA’s ProUCL and 
review the BTV output (at left)

Step 3: Evaluate censoring:

 -Q-Q Plot appearance and R

 -CV result

 -RPD of Mean and Median

Step 4: Select most inclusive BTV meeting 
Normality Performance Goals.

Example: Oklahoma USGS Data
34

2013 USGS Data



EPA: It is suggested that all relevant statistics be 
computed using the datasets with and without low 
probability occasional outliers. ProUCL 5.1TG

Step 1: Select data (USGS No. 801)

Step 2: Process within EPA’s ProUCL and 
review the BTV output (at left)

Step 3: Evaluate censoring:

 -Q-Q Plot appearance and R

 -CV result

 -RPD of Mean and Median

Step 4: Select most inclusive BTV meeting 
Normality Performance Goals.

Example: Oklahoma USGS Data
35

2013 USGS DataAll concentrations in mg/kg



Quantile-Quantile (Q-Q) Plots

Stackexchange.com 2024
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▪ 2D plot of theoretical quantiles that 
serves as an “exploratory” tool to 
understand possible outliers and 
data distributions

▪ X-axis presents  percentiles/quantiles 
of the distribution (6 bins in ProUCL)

▪ Y-axis presents measured 
concentrations

▪ Breaks and jumps can suggest 
subpopulations or outliers

Right-
skewed

Freq. 
Histograms

Q-Q
Plots



Example TX lead dataset Q-Q Plots 

Outliers?

Censoring Lead 
Data Sets

CV=0.771
R=0.657

CV=0.41
R=0.966

37

Typical right 
tailed dataset

Note: CV allows use of 
UPL (≤1), but R is not 

acceptable (≥0.7 needed) 
for BTV development

Note: CV allows use of 
USL (≤0.5) and R (≥0.95) 

allows use of USL

Look familiar? This is 
from EPA for USGS data 
in TX, censoring where 

we suggested too.

https://www.epa.gov/superfund/usgs-background-soil-lead-survey-state-data 

https://www.epa.gov/superfund/usgs-background-soil-lead-survey-state-data


Example: Oklahoma USGS Data
CV: 0.676
R: 0.748
RPD: 18.24 U

P
L
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TL
:  

 
29

.1
7

CV: 0.466
R: 0.895
RPD: 13.04 U

T
L:

   
28

.0
2

CV: 0.42
R: 0.94
RPD: 10.47 U

T
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CV: 0.336
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RPD: 7.68 U

S
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.2

Here, UPL was the best 
BTV Estimator

38
2013 USGS Data
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ProUCL creates 6 quantiles and plots in ascending order with median at 0

Curves up suggest right-tailed 
(skewed) data (expected)

Look for gaps as sign of 
possible outliers
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Example: Oklahoma USGS Data
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2013 USGS Data

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.5 1 1.5 2

Q
-Q

 (
R

)

CV

Normality Quadrant Graph - Oklahoma

Lead (all)

Lead (<100)

Lead (<50)

Lead (<45)

Lead (<30)

NQGs help visualize 
data usability and 
censoring benefit.

95% UTL

95% USL

95% UPL



Example: Oklahoma USGS Data
40All Data

ҧ𝑥: 16.09
M: 13.40
RPD: 18.24%
CV: 0.68
R: 0.75

2013 USGS Data

BTV Options:

UPL – 

UTL –    X

USL –    X    
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(#
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n

<100
ҧ𝑥: 15.49

M: 13.40
RPD: 14.47%
CV: 0.49
R: 0.88

<50
ҧ𝑥: 15.27

M: 13.40
RPD: 13.04%

CV: 0.47
R: 0.9

<45
ҧ𝑥: 14.88

M: 13.4
RPD: 13.04%

CV: 0.42
R: 0.92

<30
ҧ𝑥: 14.2

M: 13.15
RPD: 7.68%
CV: 0.34
R: 0.98 Median Mean

U
P

L:
 2

2.
1

U
T

L:
 2

2.
8

U
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L:
 3

1.
2

U
P

L:
 3

4
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UPL from the 
full dataset

Frequency Histogram
Improvement with 

censoring
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Conterminous US: Lead BTVs

2013 USGS Data

Up to 27 mg/KgYes!

Does this look like Background in 
TX, PA, or most of US? 

Note: DE & RI 
utilize one adj 
state data point.



42

Conterminous US: Arsenic BTVs

2013 USGS Data

Note: DE & RI 
utilize one adj 
state data point.
Florida: mean of 
detections used 
(too many NDs 
for BTV est. under 
this method)



How about data for 
regional areas?

43

You bet ! – try to keep your dataset ≥20 samples; 40+ even better 
– be aware of parent material changes

Note: Because of analysis method differences for USGS Data, we 
suggest mean value for Aluminum and 95% UCL for  Barium, 
Chromium, and Vanadium – if EPA Methods required for risk 

assessment. Expect Mercury to be biased low.
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2013 USGS Data

Example – Arsenic (5cm)

Let’s look at 
Dallas-Fort 

Worth Area!DFW



Modern 2024

45
2013 USGS Data Example: DFW Area

DFW BTVs
As: 19.5 mg/kg
Pb: 36 mg/kg



www.moderngeosciences.com.com

Modern Geosciences
Kenneth S. Tramm, PhD, PE, PG, CHMM

ktramm@moderngeosciences.com

682-223-1322 x204

5100 Thompson Terrace

Colleyville, Texas 76034

@moderngeoModern Geosciences

Thank you!
Questions?



2013 USGS Data Set – Lead Concentrations
47

Modern ©2024

5 cm 0 samples ≤ 3 mg/kg

A 1 sample ≤ 3 mg/kg

C 3 samples ≤ 3 mg/kg

All Dark Blue exceeding 

Texas’ Background value

Near 100% False Positive 
(Type I Error) rate expected 

in several regions Where is 3 
mg/kg?

Where is 15 
mg/kg?



2013 USGS Data Set – Where is cPCL (3 mg/kg) met?
48

5cm: 24.7
A: 18.4
C: 2.8

Modern ©2024

5cm: 3.1
A: 3.4
C: 2.8

5cm: 13
A: 1.6
C: 2.4

Lead

Sample No. 11759
“Sand deposits, undivided”

Just north of: 

Monahans Sandhills 
State Park

Source: TPWD

4 of 1,237 samples meet cPCL (0.3%)

None would meet the 30-acre 
source assumption → 1.5 mg/Kg
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