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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’

REVIEW m

Importance of background threshold value development within
risk-based corrective action programs

Kenneth S. Tramm Jason T. Minter | Catherine A. Seaton

Abstract
Risk-based coemective action (RBCA) programs employ conservative models 10
develop defalt valoes foe soil screening, which simplify the risk asessment pro-

coss. However, for several naturally occurring metals ... ansenic and fead). these

arealistic

well below the documented|

published sereenir

background levels in soil. This can e

1o confusion among the regulated community

Assigned o Assocte Edior Stk Sen and inexperienced regulators, 35 it will inappropeistely ideatify naturally occurring|

conditions as a release (false positive or Type | error). An effective RBCA program|
requires the incorporation of defensible background threshold values (BTVs) in thel
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ophisticated risk.

15 that include detailed exposure
transport models on par with federal pr
conservative set of site-specific parameters
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ckground Threshold Values for Risk Assessment

KENNETH S. TRAMM?*, JASON T. MINTER. CATHERINE A. SEATON
Modern Geosciences, 5100 Thompson Terrace, Colleyville, Texas, 76034

ABSTRACT

Site investigations that anticipate soil screening within a Risk-Based Corrective Action (RBCA)
program will often require an wnderstanding of naturally occurring or ambient soil conditions.
Since most RBCA programs offer very limited. if any. pre-published values for naturally-occurrin
metals (c.g., arsenic and lead). it is imperative that the risk assessment process be informed by
defensible screening-level Background Threshold Values (BTVs). In the absence of representative
BTV, conservative screening levels from the RBCA process may incorrectly “screen in” ambient
conditions as a release (False Positive or Type I Error) when none has occurred. False positives
add unnecessary cost and confusion to subsequent investigation or remediation decisions. This
article demonstrates an effective approach 1o developing and evaluating soil datasets for BTV
development during any stage of the risk assessment process. While this article focuses on the
most common metals associated with Type I Errors (e.g.. lead and arsenic), the process to estimate
ould work for any organic or inorganic contaminants when sufficient data is available.
approach outlined in this article is intentionally conservative in nature to both increase
nd simplify the statistical steps needed for BTV estimation at earlier stages
of the risk assessment process

er Prediction Limit,

Key Terms: Background Threshol
Upper Simultaneous Limit

i Value, Risk-Based Corrective Action, U
 Tolerance Lin fetals

“Comesponding Author: Kenneth S. Tramm, PhD. PE. PG, CHMM
ktramm@modemgeosciences.com

INTRODUCTION
Environmental due diligence in the United States will often b
Site Assessment (ESA) to identify potential releases of hazardous substances or petroleum
products. I a concem is identified (ie.. potential impact from a release). this may lead to the
performance of a site investigation tailored to the most applicable Risk-Based Corrective Action
(RBGA) progiiny RECA progruns will use federnl (ie._ screening wsing EPA's Regional
ermine if a release is present or
¢ and transport models to

i with a Phase I Environmental

requites cd
develop pr
(e.g. soil §
the soil- thd

value insoil for metals such s ead (USEPA. 1906) e to how wlnnmnurd\\mhunouuncl cient
(Ks) is used for modeling purposes. While USEPA (USEPA. 1999) noted “soil scientists and
geochemists knowledgeable of sorption processes in nanural environments have long known that
generic or default partition cocfficient values found in the literature can result in significant crrors
when used to predict the absolute impacts of contaminant migration or site-remediation option.”
many state-based programs continue to use overly conservative Ka values for screening. As a

refer to the article

or addltlonal detail.
odern Geosciences © 2024
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Risk Assessment

Risk = Toxicity X Exposure

1in 1in
10,000 1,000,000
Risk Threshold
typically a Chemical-specific
regulatory standard Properties

(URF, RfC, etc.)

Concentration at
Point of
Exposure

Rate of Intake
(Exposure Freguency,
Exposure Duration
Assumptions)

Exposure routes
Ingestion, dermal contact, water,
inhalation of vapors;
residential vs. commercial
exposure




,,__...._—-————— » Residential
N
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Risk Based Corrective Action

Source (Release) ,» Manage Risk

e * Receptor controlled through use
* Hazardous material released e limitation or institutional control
. 0 P4 . . .
into the environment ‘  Ex: Commercial use restriction

Manage Risk
. - controlled through

institutional or engineering
mechanisms

* Ex: Groundwater use Ss
limitation or engineered
cap

Exposure Pathway

* Inhalation
* Ingestion
e Dermal contact

> Manage Risk
Receptor - [Souirce controlled through removal
or decontamination

- m—\ * Ex: Source excavation, destruction
Emercla attenuation

N * Construction worker el
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Risk Based Corrective Action

Chemical
4 Concentration

E Reéepfér j

Risk Goal

Risk
Cost

Site Remediation Process

EPA - “Arisk-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 1
= Today: Expanded to EPA Regional Screening Levels (RSLs) e

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 frameworkincorporating EPA SSL

- elements/EPA Guidance

N\
Q
N
~
.

\>.

~

wonen

Backgrd

12

: T ) D A ‘ @ e
RBCA 101 - -

&EPA Soil Screening Guidance:
User’s Guide

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

/ _,,_--‘/



Risk Criteria

Lowest of all exposure model
valuest; published values by

Background

Upper limit of expected background

County, State or EPA (RSLs) for the area being assessed. Some

states offer values for point
comparison — most do not

Screening value is the higher of the Risk Criteria or
Background value. -

N t Soil exposure models most commonly include soil-to-groundwater, inhalation
Syl of volatiles, dermal contact, and ingestion pathways. These are back calculated

\ b based on acceptable levels of carcinogenic (10°) and non-carcinogenic risk (0.1).

=



Why do we need Background?

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 backresults. Lead ranges from 22 to 27 mg/Kg.
* Doyou have arelease?

Risk Criteria Need this

Need this
_ To get this

Background

Screening Value

T e
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Why do we need Background?

Example Scenario: —
" You perform soil sasmpling to evaluate for a o SO
suspected regional lead concern.

= TahSoil Screening Guidance: }lyze for lead APPENDIX A | |-

(((((

" GejTechnical Background _[to27mg/Kg. | | .. cicssis LI

" DoDocument erA1996 | “EPA regions should use a residential soil lead

_ mersames | RSL of 200 parts per million (ppm)” — EPA 2024 [prsamsesane

s

-
N7
24 ppore®
D AND EMERGENCY
January 17, 2024

. . . — — — — — ‘ivh____l——ﬁz-—-‘
Risk Criteria TG P dm ¢ i 11 not |
Background mI cncerally, grouna waltcr painway will not posc a
- —_— o] significant risk\since many lead compounds are generally not |

Jeen’s ra e o highly mobile.”\ - EPA 1994 |

I I I I I I I I I I I I I I
”

7440-47-3  Chromium (total) 390 b 270 € 381 21
16065-83-1  Chromium (II1) 74,000 ° S —9 9
18540-29-9  Chromium (V1) ' i

57-12-5 Cyanide (amenable) \

7439-92-1 Lead 400 K Bk L L

K A screening level of 400 mg/kg has been set for lead based on Revised Interim Soil Lead Guidance forrcERCLA Sites and
RCRA Corrective Action Facilities (U.S. EPA, 1994).



o 1 United States
N Environmental Protection
\’ Agency

Environmental Topics v Laws & Regulations »

Risk Assessment

Report a Violation v

About EPA v

K,;+

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

ou () + o0, (1) 1]

4.8.5 Determination of the Dilution Factor Lels _ o ( m?
“The SSL values in the download tables
o mg 0.34+0.134 - 0
are based on a dilution factor of 1. If one SSL|1—=] =0.015 - |900 +
wishes to use the calculator to calculate kg L5
screening levels using the SSL guidance mg
for a source up to 0.5 acres, then a dilution | - uo SSL (k > = 13.5
factor of 20 can be used.” EPA Default SSL | _ © g
|| DAF = 20. EPA RSL Guidance Fre mg\ _ . mg\ — _
Regional Screening Levels EPA_REE'OHB’RBCTE‘ SSL kg — 13.5 DAF SSL kg - 135 20
(RSLS) Region 9 PRG Table. | Resident Industrial Res
Regional Removal iﬂ:::i:ﬂi:: Soil Soll :
Lead Compounds (malkg) | key | (malka) | key | (ug SS], mg =270
~Lead Phosphate 8.2E+01 c¢ 3.8E+02 c 23l kg
|~Lead acetate 26E+00 ¢ 11E+01 ¢ 39L _ _ .. _ . _  _.._ _. . I - —
sl | 634 and Compounds {20E+02YG B8O0E+02 G 15E-01 G 15E+01 G | 1.5E+01 .
~Lead and Compounds (with other s 1T0E707 G
~Lead subacetate 14E+01 ¢ 60E+01 ¢ 26E-01 ¢ 11E+00 ¢ 21E+00 ¢

s

\-

No risk-based
RSL here




e source (release) may actually be.
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Source Size?

T Chemical Metals
Release Release m

it 1)

Affected Soil?

/

@‘@ Affected Soil Water Wel

Affected Groundwatej)

Are results > Risk Criteria or Background? Are results > Risk Criteria or Background?
(Not naturally occurring — no Background) (Need [REALISTIC] Background)

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




Back to work...

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 backresults. Lead ranges from 22 to 27 mg/Kg.

= Doyou have arelease?
A [ ) |

Risk Criteria GWP =14 (270), HH = 200 GWP = 450, HH = 500 GWP = 3.0, HH = 500 GWP = BT, HH =200

Background None None Median of 15 BTV of 73
Screening Value 14 or (200?) 450 15 73

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 (Tier1+PCL) [CR of 10-5; NCR = 1]; Apr 2oz¢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.”



1,000

50

20
10

Adapted from
~ HDOH 2007

10,000+ (WA, MI)

Not Mobile
(DDT, DDD)

Generally
Slight Mobility Immobile
(PCBs, Arsenic)

Low Mobility N

(TPH, Dieldrin)

High Mobility
(PFHxS, BTEX, TCE)

EPA default GWP
Calculation

TCEQ default GWP
Calculation

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

19

___________________________________________________________________________________________________________

Impacted by soil type and soil pH assumptions

m 0.34+0.134 - 0 DAF = DAF =
SSL ( g) = 0.015 - [900 +[ ” ! 20
kg 1.5 EPA 13.5 270
m 0.16 +0.21 - O TCE 0.1 .0
GWSoil ng = (0.015 - |10 + [ ] Q > >
kg 1.67 mg/kg |
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Soil pH = 4.9; Sandy Soil

Mean (X) - 7.44
Median- 7.85
SD (o) - 0.95

Texas pH by Area

84%+ in
| justs
Surface Soil: [ #f =& ' Classes
Sandy: 6% '
Loamy: 43%
Clayey: 51%

EPA: pH of 6.8
represents

60000 TCEQ: pH Of ,_,18% Of Tean

Area (km?)

EPA: Sandy
Loam (17%)

4.9 represents

40000

~3.2% of Texas

20000

TCEQ: Sand
Illlllunllllllll““""“l . (2.9%) ;/\\

3.7 39 41 43 45 47 49 5.1 57 59 61 63 65 67 69 7.1 7.3 75 7.7 79 81 83 85 87 89 91 93 95
;JHﬁ.ll.]

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)

I
e B % % e B
% Sand

‘California Soil Resource Lab, 1 Oct. 2022,
casoilresource.lawr.ucdavis.edu/soil-properties/.
https://casoilresource.lawr.ucdavis.edu/soilw:



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




Texas Sources:

1981: Up to 119 samples.

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

(all at 20cm depth)

2013 USGS Dataset

exists to allow better state and
localized regional background
estimates.

USGS Open File
Report 81-197, 1981

* TSSBCincorrectly cites
USGS PP 574-F from 1975

2013 USGS effort

Extensive OA
1) within 200 m of a major highway;

nd No sampl
) \ B 2) within 50 m of a rural road;
“ jf/ 3) within 100 m of a building or structure; &
4) within 5 km downwind of industrial
activities such as power plants or smelters.

More comprehensive data now / .

22

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

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.



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

1981 vs. 2013- Visualizing False Positives

Frequency
= ] 8] =
= = ] =

=

Lead Concentrations - Texas (USGS 1981)

\----'

Frequency

o)
(=)
o

=
o]
o

=
o
o

Ul
o

Lead Concentrations - Texas (USGS 2013)

Note: 1981 Lead SDL was 10 mg/Kg. Histogram includes 19 NDs as %5 SDL.

23

Modern ©2024



f:'\ False Positive — Municipal Impact

24

$10,000,000 $4,000,000 $5,000,000
$1,000,000 %5:100,000 $250,000
o $200,000 $120,000 $200,000 :
$100,000 :
. $55,000 $20,000
$10,000 ' $6,00
$1,000 $1,000
$100
S10
fﬁ = (o1 — -

Austin  Grand Prairie Fort Worth Carrollton  San Antonio Dallas

\ GEOS | B Annual Cost M 20-Year Impact







EPA’s thoughts...

“Spatial variability of soil is not an academic question. It is a real | gm  preparation of Soil Sampling
i i : 1t : P P Is: li
landscape attribute; our unwillingness or inability to identify it in no Toohnioies and Shategies

way decreases its magnitude or existence. . . . As scientists we
must document the magnitude and form of soil variability;

________________________________________________________

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 |\ ONVEER NN

media but rather they are strongly anisotropic laterally and
EPA 1992 (EPA/600/R-92/128)
Wilding, L. P.1985

vertically.”
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Background Threshold Value

= ITRC: BTV = A single value used to B The L
represent soil background (easier to use U5 EitjRbingSeckground Laed
in screen in g). In some cases, published background levels may exist

that can be applied to a specific site. The following ...

- E PA: Th e BTV iS 6 re pre sen ti n g an u p pe r published data sources may be consulted:

» Background sample results from other nearby
WER

th res h Ol d Of th e b dC kg roun d CERCIA site mvestigations

. . * Local surveys by other Federal or State agencies
pOPUIatlon... i BTVS “ShOUId be eStlmated (e.g., US. Geological Survey (USGS?._ Soil fu.
.- . . Conservation Service (SCS)) =
by statistics representing the dominant + University studies B ;
] » Tables or databases with natural concentration
ranges and averages i local or regional soils |, ..
background population represented by ranges and averages in local or reg k
- the majority of the data set.” : @

- EPA 1995 (EPA/540/F-94/030)

Where do we get B . interstate Technology Regulatory Council (ITRC)

“background?”

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




EPA2006,2020 and ITRC 2022 StatiSticaI TOOIS
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Parameter

Mean (x) _ di=1X; Arithmetic average; a measure of central tendency
= n Note: For right skewed distribution Mean > Median.

Middle observation of the distribution; 50th percentile;

1 .
Median (M) u — x(%) X (g) 1y (g n 1) half of data are above and Below. Not influenced by
- M = > extremes of contaminant distribution. Measure of
nis odd nis even centraltendency.
The value that occurs most oftenin the distribution; a
Mode

measure of centraltendency

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

Standard Deviation (o) jz?l(xI _ %)
| 2is

n—1

Coefficient of oV — o provides a quick and useful indication of the relative

Variance (CV) X degree of variability within a data set.

Relative Percent RPD| = (J? — M) 100 Relative di.fference .between the mean and median. EPA - “If
1~ lx + Ml the mean is approximately equal to the median, then the data

Difference (RPD) 2 are distributed symmetrically.” 10% RPD goal.




Statistical Tools

Confidence Limits

Upper Confidence Limit (UCL):

95% UCL = % + [t (%)]

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):

1
95% UPL=%+[t 0+ |1+~]

The upper boundary of a predictioninterval foran
independently obtained observation (or an independent
future observation).

Upper Tolerance Limit (UTL)

S%UTL =x+ (k- o)

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% representsa 95% UCL for the
95th percentile.

Upper Simultaneous Limit (USL):

95% USL =%+ o - db,

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
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Normal (Gaussian) Distribution

Mean (x) X + 20 (~97.5%)
l 95%
Carl F Gaus | Typical }CL

Background (BTV)
Estimation Tools

1777-1855 X + 30 (~99.9%)

r

-

Frequ €NCY (one-tailed test)

Concentration (mg/Kg) / ‘ka Usually 57%
= X G (-84%) Acceptable Typel Error

Mean, Median & Mode are equal in perfect theoretical Rate (“False EQSItIVE”)

gaussian distribution and denoted by u (mu) Utilizes one-tailed test evaluation
~ and empirical rule [68-95-99.7]




Real World Distributions

Median is a poor statistic within

Right-tailed

Mode

Frequency

background studies

Median
Mean

Commonly seen in soil

Right Skewed Distribution:

(Q3-Q2) > (Q2- Q1)

31

naturally right-skewed datasets.

» High

Concentrations

Median is <50% of (a) Right-skewed distribution

expected values

Frequency

Mode
Median

Mean

Qa3

Left Skewed Distribution:

» High

Low

Concentrations
(b) Left-skewed distribution

B Left-tailed -

T e

(Q2- Q1) > (Q3-Q2)

Q1

Q2

Q3

Uncommon in
natural distributions
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What Data?
* 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

USGS 19611984 Studies NRCS 1978 - 1993 Study S
J A M-\ ; -'.( . :o ] ) ";‘"
[ ~(Holmgren) YR S B .':.;
e - l’i"
‘e '... P A ..&::
i LI, el
- ¢ '. *ee e .- '.?
et kA | s T
[(¢] sample Sites ;

N. America Albers Equal Area Conic

NRCS 2003-2008 Study

, (Wilson)
PR ® Pond/lakelplaya Guam and p * “.“a‘”‘""
L;,-\ \ | s} s°i|. N.Mananas:ls. . .
SGS 1975-1997 Studi S s # | e Moromesa Maps adapted from

(NURE-HSSR)
Soil (blue), Sediment (Red)

USGS National Geochemical Survey Smit yD.B. et al. 2012
1997-2004 (Holmgren) Geoscience Fronj:_tf;f;)/,,



Which BTV Estimator? N

We proposed three kev. criterias EPA & States commonly use a CV <1 for
S ’ - acceptance of UPL or UTL. This new

* CV of dataset approach adds more requirements before
* R (correlation) of the Q-Q Plot consideration of any BTV Estimator.

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

Table 1: BTV Estimator Selection

BTV L Minimum .

Estimator Description Sample Set Normality Performance Goals

UPL Most COHSGI’VE}'[IVG, Least 8 e R 0of >|0.7| and CV of <1.0
Inclusive

UTL Mod.erately COIlSGl’VE:ltIVG, 8 e R 0of >/0.85| and CV of <0.85

Moderately Inclusive

USL Least Conservative, Most 20 e R 0of >]0.95| and CV of <0.5

Inclusive e [IRPD| of x and M <10%

Note: utilize ¥ of the detection limit for non-detected samples — up to 15% of dataset Beyond thlS other
- statistical methods would apply — and require regulatory concurrence. ~



Oklahoma

Oklahoma USGS Data U *

Step 1: Select data (USGS No. 801)

Lead
A [} ° ,
Censoring] None | <100 | <50 | <45 | <30 Step 2: Process within EPA’s ProUCL and
n 333 22 309 225 214 oview the B QUTD at left)
. ] Total Number of Observations| 333 Number of Distinct Observations| 164
Min 3.3 4 ~ Minimum 5.3 First Quartile]  10.9
o) econd Largest edian :
Max 12 S d Larg 109 —— |V [=To ] 134
aximum ird Quartile :
—] 122 — Third Quartile] 17.4 d R
p /
Mean 16.0 T4 T —__—sp| 1087 |!
. e @TETTICIONL OF Variation,» 0.676 I Skewness| 5.42
Median 13.40 *T K MearW 2664 | — SD of logged Data|  0.432
RPD 1824 | 1
al Values for Background Threshold Values (BTVs) | an
std d 10.870 ance Factor K (For UTL)]  1.79 | d2max (for USL)|  3.582
CV 0.676 0. Normal GOF Test TV meetlng
R 0.748 0 Shapiro Wilk Test Statistic 0.595 Normal GOF Test
- 1% Shapiro Wilk P Value 0 Data Not Normal at 1% Significance Level
BTV Estimators Lilliefors Test Statistic  0.203 Lilliefors GOF Test
1% Lilliefors Critical Value, 0.0566 Data Not Normal at 1% Significance Level
0
95%UPL 34.05 2 i Data Not Normal at 1% Significance Level l:atistics be
95%UTL | 35.55 WS . /
S ————Rackground Statistics Assuming Normal Distribution 1 without low
95%USL | 55.03 4gdd 95% UTL Whk,_95% Coverage 35.55 90% Percentile (z)]  30.02
~95% UPL (1) 34.05 95% Percentiie (z)| 3397 B 5-1TG

- = 095%USL| 55.03

99% Percentile (z)

2013 USGS Data



Oklahoma USGS Data u N

Step 1: Select data (USGS No. 801)

Lead
A [} ° ,
Censoring] Nome | <100 | <30 | <45 | <30 Step 2: Process within EPA’s ProUCL and
n 333 | Spdeb—a20l 205 | 214 iew the BTV output (5t left)
- ) Total Number of Observations| 333 Number of Distinct Observations| 164
Min 5.3 1 Minimum| 5.3 First Quartile.  10.9
o) Second Largest| 109 Median| 134

Max 127 > Maximum| 122 Third Quartile| 17.4 d
Mean 16.09 15 Mean, 16.09 SD| 10.87 R

di _ Coefficient of Variation 0.676 Skewness 542
Median 13.40 | 13 Mean of logged Data  2.664 SD oflogged Data  0.432
RPD 18.24 L Critical Values for Background Threshold Values (BTVs) | an
std d 10.870 | 7.{ Tolerance FactorK (For UTL)| 1.79 | d2max (for USL)|  3.582
CV 0.676 0. Normal GOF Test TV meetlng
R 0.748 0 Shapiro Wilk Test Statistic 0.595 Normal GOF Test

_ - . 1% Shapiro Wilk P Value 0 Data Not Normal at 1% Significance Level
BTV Estimators Lilliefors Test Statistic.  0.203 Lilliefors GOF Test
1% Lilliefors Critical Value| 0.0566 Data Not Normal at 1% Significance Level

95%UPL 34.05 28 Data Not Normal at 1% Significance Level e g
95%UTL | 3555 | 2 — fatistics be

2 il MR 9! Background Statistics Assuming Normal Distribution without low
95%USL | 55.03 | 44 95% UTL with 95% Coverage| 35.55 90% Percentile (z)]  30.02

95% UPL (1)  34.05 95% Percentile (z)) 33.97 JL5.1TG
95% USL 55.03 99% Percentile (z) 41.38 =
0 Data

All concentrations in mg/kg



Freq. 3 6

Histograms

light-tailed:truncnorm(-1.5, 1.5)

Quantile-Quantile (Q-Q) Plots

= 2D plot of theoretical quantiles that
serves as an “exploratory” tool to
understand possible outliers and
data distributions

Sample Quantiles
1

0 1
Theoretical Quantiles
heavy-tailed:laplace() heavy-tailed:laplace()

= X-axis presents percentiles/quantiles Zi/ .

of the distribution (6 bins in ProUCL)
u Y_aXiS presents measured right-s kwldobt(‘2 8) . right-skewed:beta(2, 8)

concentrations o | @ 3
= Breaks and jumps can suggest - 1

subpopulations or outliers : S

left-skewed:beta(8, 2) left-skewed:beta(8, 2)
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Example TX lead dataset Q-Q Plots ib
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Theoretical Quantiles (Standard Normal)

All Horizons Pb <41

Q-Q Plot for All Horizons Pb - ftiainrh Q-Q Plot for All Horizons Pb <41
f °~~\rj1%r(=1523 40 oo iaaﬁf: 45
[ Sd=11 o= Sd=5936
| e 4
' Correlation, R = 0.657 ' Correlation, R = 0.966
’I g
Il Best Fit Lin [l Best Fit Line
' B B
I
'l
o Note: CV allows use of ! Note: CV allows use of
c 15 .
8 UPL (<1), but Ris not 1 USL (<0.5) and R (20.95)
[}
- acceptable (20.7 needed) I allows use of USL
~ for BTV development o
= of P H Typical right
H tailed dataset
I
!

IS
=1

30

centration (mg/kg)

20

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

lead con

we suggested too.



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

2013 USGS Data

Oklahoma USGS Data

Normal Q-Q Plot

Q-Q Plot for OK Pb <30
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Here, UPL was the best
BTV Estimator °

(

Concentration (mg/Kg)

|

Ordered Observation

!

@ OKPbAI

Curves up suggest right-tailed

@ OKPb<100

(skewed) data (expected)
Look for gaps as sign of
possible outliers

-1 0 1
Theoretical Quantiles (Standard Normal)

@ OKFb<50 © OKPb«45 @ OKPb<20

ProUCL creates 6 quantiles and plots in ascending order with median at o

@ o

OKPbAI
N =333
Mean = 16.09
Sd=10.87
Slope = 8.164
Intercept = 16.09
Carrelation, R =0.748

OKPb<100
N =331
Mean = 15.49
5d=7.641
Slope =676
Intercept = 15.49
Carrelation, R = 0.881

OKPb<b0
N =329
Mean = 1527
5d=7.119
Slope = 6.395
Intercept = 15.27
Carrelation, R = 0.835

OKPb <45
N =325
Mean = 14.88
5d=6.251
Slope =5.782
Intercept = 14.88
Carrelation, R = 0.921

OKPb <30
N=2316
Mean =142
Sd=4764
Slope = 4672
Intercept = 14.2
Caorrelation, R = 0577

M Best Fit Line

CV: 0.676
R:0.748
RPD: 18.24

CV:0.493
R: 0.881
RPD: 14.47

CV: 0.466
R: 0.895
RPD: 13.04

CV:0.42

R: 0.94
RPD: 10.47

CV: 0.336

R:0.977
RPD: 7.68

More Conservative BTV Estimator Applied




Normality Quadrant Graph - Oklahoma

Oklahoma USGS Data U ?

Lead (<30) — “
/® Lead|(<50)
Lead (<45) % Lead <1oo:.., 95% UPL
95% UTL
Lead (all) ——X —
NQGs help visualize
data usability and
censoring benefit. 2
Y 0.5 1 1.5 2 i ,
cv
= 2013 USGS Data




n Oklahoma USGS Data @ v

M: 13.15
RPD: 7.68%

, Lead Concentrations (Oklahoma)
CV:0.34

R: 0.98 UPL from the
full dataset BTV Options:
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UTL—U
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Improvement with
censoring

. . 2013 USGS Data |
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CONCENTRATION (MG/KG) Frequency Histogram 1
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Lead BTVs

Does this look like Background in

34 TX, PA, or most of US? 103
38 22 62 55
32 32 -
40
28 38
39 37
39
41 33
40 43 44
46 48
45 50 52
34 e >0
42 41 Lead (mg/Kg)
Note: DE & Rl 33 i
utilize one adj 41 38
state data point. 45
13

Up to 27 mg/Kg

. 103 //

2013 USGS Data
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Conterminous US: Arsenic BTVs
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24 16 |
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Note: DE & RI
utilize one adj .y
state data point. ' 13
Florida: mean of
detections used
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How about da
regional ar

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.

You bet ! - try to keep your dataset 220 samples; 40+ even better

— be aware of parent material changes
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N Example - Arsenic (5¢m)

EXPLANATION
As - Top 0- to 5-cm
PERCENTILE mg/kg

90 to 100 10.4t0 166

801090 8310104 _'“ " - S nmped K| [P |9 | 2) | 2 /\: | e | M | S ‘ 7

70t0 80 701083 ‘o o8 A Posio O v N ¥ ; S -
’ ) J 9 o A Br.anwpmmﬁ a 190/

601070 60107.0 . o = X 59T or0nto \

5010 60 521060  ye sl d . . " 2 o > &

40050 431052 ¥ o . " . science for a changing world ¥ EMiss Syracuse

30to 40 351043 > 5 - " . R o - 7 v 3

201030 271035 N : < EXPLANATION Seetbh ,

101020 191027 & As - Top 0- to 5-cm fitcheners %

0010 @6t019 PERCENTILE ma/kg AN

90 to 100 10.4to 166 science for a changing world

.
830  Outlier, concentration  *
L4 '

8010 90 83t0104 USGS > Mineral Resources > Online spatial data

70to 80 70t083 =

6010 70 60t07.0 Site ID: PA 4220

501060 521060 CONN}
40 to 50 431052 Click here to view all data for the sample site PA4220 \ ®

30to 40 351043 Other suggested links: ‘

2010 30
101020

271035
191027
<06t 1.9

Click here to access geochemical and mineralogical data for
soils of the conterminous United States

Click here to view / download data for all sample sites
(published as USGS Data Series 801).

830

Qutlier, concentration

in mg/k
S - Click here to visit the website for Arsenic (As), which contains

an interpretive discussion of the patterns observed in the
distribution maps.

¢

Let’s look at
Dallas-Fort
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2013 USGS Data

DFW Area <%

STATISTICS AND BTV RESULTS
Modern utilized BTV methodology consistent with multiple TCEQ precedents and published guidance
for defensible data within this area of Texas consistent with 30 TAC §350.51(1). Below are the statistics

for the selected soil sample data sets.

Table 2: Area USG

Qrsenic and Lead Data

‘ | LN |
Interval n X o M g CV R 4 Min Max RPD UPL UTL USL
Arsenic 1 |
All Intervals 48 7.92 4.69 7.3 1 0.6 097 | o059 24.3 8.08 15.87 17.62 2“1‘
As <18 47 7.57 4.07 7.2 0.5 099 | 09 17.5 4.96 14.46 16.0 19.49
- -
Lead - : =
All Intervals 48 17.1 6.45 186 ' 0.4 0.99 2.8 28.2 8.13 28.04 30.45 36.08
Remarks - - - e

All concentrations in mg/kg

Normality Quadrant Graph - DFW

1.000 Lead (All) ° ¢ .Alsenir (<18)

0.900 Arsenic (All) |

0.800

Q(R)

0.700

Q

0.600

0.500

0.400
0.000 0.500 1.000

cv

Q-Q Plot for DFW TX As <18

>

DFW BTVs

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

-
Q-Q Plot for DFW TX Pb All

45

Credits:City of Fort Worth, Texas Parks & Wildiife, Esri, HERE, Garmin, SafeGraph, FAO, METI/NASA,
USGS, EPA, NPS.
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Thank you. %
Questions?

Modern Geosciences

Kenneth S. Tramm, PhD, PE, PG, CHMM
ktramm@moderngeosciences.com

682-223-1322 X204
5100 Thompson Terrace

. . Colleyville, Texas 76034
IN Modern Geosciences X @moderngeo

www.moderngeosciences.com.com
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2013 USGS Data Set - Lead Concentrations

All Dark Blue exceeding
Texas’ Background value

5cm |0 samples < 3 mg/kg

A |1sample < 3 mg/kg

C |3 samples <3 mg/kg

Near 100% False Positive
(Type | Error) rate expected
in several regions

. Where is 3

Where is 15 3

\ AL ADVISOR mg/kg Modern ©2024
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2013 USGS Data Set — Where is cPCL (3 mg/kg) met?

. ||-
= - . . . - -
- ) - * - .
3 o’ .
‘ - l. . -
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SR L 7 ’ LA
Sample No.
- “Sand deposits, undivided”
Source: TPWD | | | T

Just north of: R .2, O 5cmi247

. . A:18.4
Monahans Sandhills 8 C.s

State Park

Legend

@ soil sample 3.0
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o .4 0f1,237samples meet cPCL(0.3%) |  —  Modern ©2024
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QUESTIONS?

3 i The Why and How
of Background Threshold Values




—~ iﬂfO erisinfo.com

~~
ER S -~ blogs and videos - ALL IN ONE PLACE 0 1-866-517-5204 = info@erisinfo.com =

ABOUT PRODUCTS & SER SCRIVA CONTACT

Newsletter
Webinars
Podcasts

News & Updates
Videos

| Leaming Resources

users and unlimited templates

FG\:\Ilmlted possibilities.

LEARN MORE

LEADING THE INDUSTRY FORWARD
IN ENVIRONMENTAL & PROPERTY DUE DILIGENCE
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THANK YOU

ar

erisinfo.com/webinars

The Why and How
of Background Threshold Values
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