Housekeeping

» This event is being recorded; Training will be available On Demand
after the event at the main training page

» If you have technical difficulties, please use the Q&A Pod to request
technical support

» Need confirmation of your participation today?

» Fill out the online feedback form and check box for confirmation email and
certificate
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SBR Guidance

» Section 1 — Introduction

» Section 2 — Soil Background Definition

» Section 3 — Establishing Soil Background

» Section 4 — Using Soil Background in Risk Assessment
» Section 5 — Geochemical Evaluations

» Section 6 — Using Geochemical Evaluations in Risk Assessment

» Section 7 — Environmental Forensics Related to Soil Background




SBR Guidance

» Section 8 — Conceptual Site Model and Data Quality ObJectlves
» Section 9 — Sampling | |
» Section 10 — Analytical Methods

» Section 11 — Statistics

» Section 12 — Regulatory Framework

» Section 13 — Existing Guidance and Studies
» Section 14 — Case Studies

» Flowcharts



https://bit.ly/3AJVXNL

Limitations of the SBR Guidance

« Does not provide specific soil background values for individual chemicals

« Does not replace existing regulatory guidance (check with oversight
agency)

« Does not provide in-depth details on sampling, and lab analytical methods,
statistics, geochemistry or forensics
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Training Topics

» Introduction

» Soil Background Definition

» Establishing Soil Background

» Using Soil Background in Risk Assessment
» Geochemical Evaluations

» Environmental Forensics




Definitions

» Natural Soil Background

» Anthropogenic Ambient Soil Background
» Default Soil Background

» Site-Specific Soil Background

» Soil Background Reference Area




Natural Soil Background

The amount of a substance, or family of closely related substances (for
example, similar element species or similar compounds) present in soil
due to geological characteristics, natural processes, or releases from
non-anthropogenic sources like forest fires.
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Natural Background and Confamination
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Anthropogenic Ambient Background
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Anthropogenic Ambient Background and
Contamination

Jo ANTHROPOGENIC AMBIENT BACKGROUND
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Definitions — Default Soil Background

» Generally established to be
Established by regulatory agencies for conservative; intended to be used
a larger area (e.g., state, region or unique to evaluate a large number of
geological area) that generally sites

shares_similar physica!, chemical, N » Can be established for both
geological, and biological characteristics natural and anthropogenic

ambient soil background
concentrations

~Section 2.3.1
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Definitions — Site-specific Soil Background

» Generally, a more accurate way to
Generally established by a responsible evaluate whether site chemical
party for an area of limited geographic concentrations are representative of
scope that represents one specific background since it is relevant
site (e.g., an incinerator cleanup site, a to a specific site in a_ limited

railroad yard cleanup site) geographical area.

_ » Can be established for both natural
~Section 2.3.2 and anthropogenic ambient soil
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Definitions — Soll Background Reference Area

» CSM provides context

Areas identified as appropriate for
collection of samples used to ultimately
determine a soil background
concentration or range and are also used
in ecological risk assessment

» Should be conducted in a location
similar to the site being assessed.

» Ecological background reference
area:

» Evaluate impacts on community

~Section 2.3.3 composition
» Selection of COPCs
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Poll Question

Does the state regulatory » Yes, both natural and anthropogenic

agency you work (most) in ambient
have a definition for natural » Yes, for natural only

and/or anthropogenic

ambient soil background? > No
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19

OUN
z
=
m
E - |§' ’ .
s 4 -
(-
m
ADOTONHDAL * 2
-
4 R e
= > R
3'“ A e
r >
E4 ;
m
=
>
- .
m
(7]
m
=N
rd
(=)
7=




; INTERSTATE :.-‘.;' AdVOnCing
"Rc Environmental
Lmonenom - | SOlUTiONS

Establishing Saoll
Background

CHRISSY PETERSON
EHS ")) Support

4 ERIS

—— e

ECOS

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES




Establishing Soil Background

» Background or contamination? P/\



https://creativecommons.org/licenses/by-nc/3.0/

ESTABLISHING DEFAULT SOIL BACKGROUND
BACKGROUND THRESHOLD VALUE (BTV)

Framework 1

CONDUCT A USE EXISTING

» Establishing SOLSTUDY .~ SOILSTUDY .~

Default Soil
Backg round DESIGN STUDY GENERALLY IS STUDY GENERALLY
SIMILAR TO MULTIPLE SITES SIMILAR TO MULTIPLE SITES?
DEFINE
STUDY AREA
i
CAN DATA BE
SRRING X ADJUSTED TO
- COMPENSATE? /
LABORATORY
ANALYSIS
|
STATISTICS
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Establishing Soil Background

» Options
» Conduct a background study
» Use existing study
» Background study and sites to be evaluated
should be similar
» Physical
» Chemical
» Geological

» Biological
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Considerations

» Section 3.2 — Conducting Background Study

» Section 3.6 - Established soil background
study

» Section 13 - Table 13-2 — Established Soil Studies

Table 13-2: Studies Summary Table

Date Author Title Hyperlink
Federal Agencies
March 2020 US EPA Region 4 Region 4 Urban Background Study - Inorganic Data https://semspub.epa.gov/src/document/04/11143730
April 2020 US EPA Region 4 Region 4 Urban Background Study - PAH Data https://semspub.epa.gov/src/document/04/11149437
July 2007 USEPA Gu.idance f?r Developing Ecological https://www.epa.gov/sites/production/files/2015-
Soil Screening Levels (Eco-55Ls) 09/documents/ecossl| attachment 1-4.pdf

Geochemical and Mineralogical Data for Soils of the Conterminous

10/25/2013 UsSGS X https://pubs.usgs.gov/ds/801/
United States

2003 USGS Conce-ntratlor]s of Po-h,rnuclear Aron’-latlc I-.I\,rdrocar.bor?s and Inorganic httos://pubs.usgs.zov/wri/2003/4105/report.odf
Constituents in Ambient Surface Soils, Chicago, lllinois: 2001-02
Distributi d Variati f Al icin Wi in Surf; Soils, With

3/15/2012 UsGS stribution and Variation ot Arsenic In ¥isconsin surtace Sofis, W\ < //pubs.usgs.gov/sir/2011/5202/0df/sir2011-5202 022412.pdf
Data on Other Trace Elements

1005 UsEs Background Conce.ntratlons of Metals in Soil from Selected Regions in httos://pubs.uss.gov/wri/1995/4018/report.odf
the State of Washington

1088 UsEs Elzr;znt Concentrations in Soils and Other Surficial Materials of https://pubs.usgs.gov/on/ 1458/ odf/pp1458.00f

1984 USGS Element Concentrations in Soils and Other Surficial Materials of the https://pubs.uses.zov/pp/1270/pdf/PP1270 508.0df

Conterminous United States

INTERSTATE

:.|" D I 1984 USGS Geography of Soil Geochemistry of Missouri Agricultural Soils https://pubs.usgs.gov/pp/0954h-i/report.pdf
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ackground Geochemistry of Some Rocks, Soils, Plants, https://pubs.usgs.zov/pp/0574F report pdf
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Framework 1

» Establishing
Default Soil
Background
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ESTABLISHING DEFAULT SOIL BACKGROUND
BACKGROUND THRESHOLD VALUE (BTV)

CONDUCT A

SOIL STUDY /

DESIGN STUDY GENERALLY

SIMILAR TO MULTIPLE SITES

DEFINE
STUDY AREA

N
SAMPLING

LABORATORY
ANALYSIS

i
STATISTICS

ESTABLISH DEFAULT BTV TO USE IN
SCREENING RISK ASSESSMENT

USE EXISTING

SOIL STUDY /

IS STUDY GENERALLY
SIMILAR TO MULTIPLE SITES?

CAN DATA BE

X ADJUSTED TO
COMPENSATE?2 /




Define Study Areo

» Selection of soil background reference area
» Natural background — area not affected by human activities

» Anthropogenic ambient background - areas that have not been
impacted by local releases

» Upgradient/upwind
» Clearly document selection rationale
» Section 3.3




Framework 1

» Establishing
Default Soil
Background
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ESTABLISHING DEFAULT SOIL BACKGROUND
BACKGROUND THRESHOLD VALUE (BTV)

CONDUCT A

SOIL STUDY /

DESIGN STUDY GENERALLY

SIMILAR TO MULTIPLE SITES

DEFINE
STUDY AREA

SAMPLING

LABORATORY
ANALYSIS

i
STATISTICS

ESTABLISH DEFAULT BTV TO USE IN
SCREENING RISK ASSESSMENT

USE EXISTING

SOIL STUDY /

IS STUDY GENERALLY
SIMILAR TO MULTIPLE SITES?

CAN DATA BE

X ADJUSTED TO
COMPENSATE?2 /




Nelgglelllgle

» Sampling — Section 9

» Sam
» Sam
» Sam
» Sam
» Sam
» Sam

D

e depth — Section 9.2

e size — Section 9.3

ing methods — Section 9.4

ing design — Section 9.5

e collection methods — Section 9.6

e handling — Section 9.7

(/

Background
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ESTABLISHING DEFAULT SOIL BACKGROUND
BACKGROUND THRESHOLD VALUE (BTV)

Framework 1

CONDUCT A USE EXISTING

» Establishing SOLSTUDY .~ SOILSTUDY .~

Default Soil
Backg round DESIGN STUDY GENERALLY IS STUDY GENERALLY
SIMILAR TO MULTIPLE SITES SIMILAR TO MULTIPLE SITES?
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STUDY AREA
i
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|
STATISTICS
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Laboratory Analysis

» Same laboratory analysis between background site and site being
evaluated Table 10.2 Ayt mthods

Sources: (USEPA 202017%>), (Taggart 2002 #59).

» Section 10 —

Suitable for soil background studies if RLs

» Obtaining Reliable Analytical Data 10.2

USEPA Method 6010 | A digested sample is nebulized into an ICP where the metal atoms are ionized.

K marginally less expensive than ICF/MS but
USGS TOT(ICR/AES) | The metal ions are quantitated using AES.

> Ana Iyti Ca I Li m its - 1 O . 3 has elevated RLs for some metals (for

example, silver, thallium, and mercury).

Metals

» Preparation and digestion — Section 10.4 Suaie o s bckground s,

Adigested sample is nebulized into an inductively coupled plasma (ICP), where | ICP/MS typically has lower RLs than
USEPA Method 6020

the metal atoms are ionized The metal ions are quantitated using mass ICP/AES, so use of ICP/MS is preferred for

> Ana Iytica I test meth Od - Section 1 0 N 5 USGST20 (ICP/MS) spectrometry (MS). soil background studies (to lower the

nondetect frequency for some trace metals).

b8

=dry-agricultural-brown-soil
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Example - Analyfical Methods

» Section 10.4 - USGS vs USEPA Preparation Methods for Metals
» All digestion methods are not created equal!

» Total metals or environmentally available metals?

» May result in different concentrations depending upon the geological
characteristics and chemical nature of each analyte

» Results are generally not comparable

TTTTTTTTTTTTTTTTTTTT

Table 10-1. Sample preparation

Sources: (USEPA 2020"%%lx-) and (Taggart 2002 #6%s)

Chemical

Reference

Method

Summary

Comments

USEPA Method
30580 (Heating

Block Digestion)

Soil is preprocessed using a number of options (see the text of Section

10.4 for a full discussion). The preprocessed soil is digested at 90-95°C
on a hot plate or heating block. Digestion uses nitric acid, hydrogen

peroxide, and typically hydrochloric acid (HCI always used for ICP/AES

and can be used with some ICF/MS systems).

Suitable for soil background studies. Will dissclve all
environmentally available metals, but not
aluminosilicate-bound metals that are not

environmentally available.



ESTABLISHING DEFAULT SOIL BACKGROUND
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Default Background Threshold Value (BTV)

» Dataset distribution — Section 11.2
» Handling nondetects — Section 11.3

BTV is defined as a measure of
the upper threshold of a

representative background » Graphical displays (Q-Q Plot) — Section
population, such that only a

11.4

- » Identify & remove outliers — Section
small portion of background 115

concentrations exceed the

» Statistical software — Section 11.9
threshold value.

» BTV value — Section 11.7
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Default Background Threshold Value (BTV)

Table 11-3. Summary of values used to represent BTV

» Section 11.7 & Appendix A

Value Acronym Description
» Description of
Statistica| Va|ues used | Mot Value below which a specified percentage of observed background
Upper percentile
as BTVs applicable | concentrations would fall
» Potentials for false Upper confidence . ) |
. UCL Upper limit of 95% confidence interval
negatives and false imit
positives
Upper prediction ™ The value below which a specified number of future independent
limit measurements (k) will fall, with a specified confidence level

Upper tolerance

UTL The UCL of an upper percentile of the ocbserved values

limit

Upper Value below which the largest value of background observations falls with a
USL

simultaneous limit specified level of confidence
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Default Background Threshold Value (BTV)

» Upper percentile
» High false positive error rates when a large number of comparisons are made; generally, not used for default BTVs

» Upper confidence limit (UCL) of the mean
» High false positives Generally, not appropriate to use for BTVs; generally, not used for default BTVs
» Upper prediction limit (UPL)
» High false positive error rates when a large number of comparisons are made; generally not used for default BTVs

» Upper tolerance limit (UTL)

» Appropriate to use when a large number of comparisons are made; most often used to establish default BTVs

» Upper Simultaneous limit (USL)

» High false negative rates since USLs are an upper limit of the maximum value; generally not used for default BTVs

2 ictufe=dry-agricultural-brown-soil
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ESTABLISHING SITE-SPECIFIC SOIL BACKGROUND
DATASET & BACKGROUND THRESHOLD VALUE (BTV)

Framework 2

CONDUCT A

SOIL STUDY /
» Establishing
SitE'SPECiﬁC DESIGN STUDY TO REFLECT
- SPECIFIC-SITE SITUATION
Soil Background

USE EXISTING

SOIL STUDY /

IS STUDY SIMILAR ENOUGH TO
SPECIFIC-SITE SITUATION®¢

DEFINE
STUDY AREA

CAN DATA BE
SAMPLING ADJUSTED TO

COMPENSATE
i 2

LABORATORY
ANALYSIS

N
STATISTICS
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Site-specific Soil Background

Table 11-5. Assumptions, advantages, and disadvantages of common two-sample tests
Source: ASTM E3242-20 (ASTM 2020 "), Table X4.2.

. . . . Test Statistic Objectives/Assumptions Advantages Disadvantages
» Site-specific soil background dataset

Quantile test « Objective is to test for differences in the right tail « Nonparametric: No « May require a large number of
(largest values) of the site and background assumption is required measurements to have adequate
concentration distributions regarding the distributions power to detect differences in site

> Ce ntra I te n d e n Cy « Nondetects are not among the right tail (largest of the site and and background concentrations

values) in the pooled set of site and background background « Test may be inconclusive if
concentrations. concentrations. nondetects are present ameng

» Is there slight but pervasive contamination? | m—
» Statistical tests to compare datasets — Section 11.8 e
» Site-specific background threshold value P—

background

» Upper end

» Are maximum concentrations within the range of background? ~section 11.8
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Site-specific Background Threshold Value (BTV)

» Dataset distribution — Section 11.2
» Handling nondetects — Section 11.3

BTV is defined as a measure of
the upper threshold of a

representative background » Graphical displays (Q-Q Plot) — Section
population, such that only a

11.4

- » Identify & remove outliers — Section
small portion of background 115

concentrations exceed the

» Statistical software — Section 11.9
threshold value.

» BTV value — Section 11.7
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Site-specific Background Threshold Value (BTV)

» Upper percentile
» High false positive error rates when a large humber of comparisons are made

» Upper confidence limit (UCL) of the mean

» Generally not appropriate to use for BTVs
» Upper prediction limit (UPL)

» High false positive error rates when a large number of comparisons are made
» Upper tolerance limit (UTL)

» Appropriate to use when a large number of comparisons are made

» Upper Simultaneous limit (USL)

» High false negative rates since USLs are an upper limit of the maximum value
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Poll Question

Is it appropriate to use the UCL of
the mean as the BTV ?
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Outline

» Default soil background & risk
assessment

» Site-specific soil background & risk
assessment

» Soil background & remedial goals
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Regulatory Agency

» Coordinate with the regulatory agency

» Each regulatory agency has
» Definitions for soil background
» Requirements (may differ from what is in the guidance)
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USING SOIL BACKGROUND IN RISK ASSESSMENT
SCREENING RISK ASSESSMENT SITE CONCENTRATION <
RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV

Framework 3

SITE-SPECIFIC RISK ASSESSMENT

GEE\?ACLU?T’:'S,? ; SITE CONCENTRATION <
(INORGANICS) SITE-SPECIFIC RISK-BASED SOIL VALUE
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FURTHER ACTION
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NO
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USING SOIL BACKGROUND IN RISK ASSESSMENT
SCREENING RISK ASSESSMENT SITE CONCENTRATION <
RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV

Framework 3

SITE-SPECIFIC RISK ASSESSMENT
SITE CONCENTRATION < ‘

GEOCHEMICAL
VALUATIO
{

SITE-SPECIFIC RISK-BASED SOIL VALUE

9

VIRONMEN
FORENSICS

(ORGANICS)

SITE CONCENTRATION <
SITE-SPECIFIC SOIL BACKGROUND

FURTHER ACTION
NEEDED

NO
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Representative Site Concentration

» Site concentration vs. background threshold value
(BTV)
» Maximum

» If the BTV is a USL, the maximum must be used (upper
boundary of dataset maximum)

» Sample size is inadequate
» Large variability in site data

» 95th percentile
» Not appropriate to use with a BTV based on a USL

» In some cases, appropriate to use instead of maximum, but only if
the BTV was calculated using a similar statistic

» Large datasets representing a single population




Representative Site Concentration

» Site concentration vs. background threshold
value (BTV)

» Similar statistics for the site concentration and BTV
» 95t percentile site concentration vs. 95-95 UTL BTV

» Not appropriate to compare a 95 UCL of the §
mean site concentration to BTV
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ESTABLISHING DEFAULT SOIL BACKGROUND

FI"O m eWO I'.|< ‘| BACKGROUND THRESHOLD VALUE (BTV)

» Establishing T / SIS yZ
Default Soil

Backg round DESIGN STUDY GENERALLY

IS STUDY GENERALLY
SIMILAR TO MULTIPLE SITES?

SIMILAR TO MULTIPLE SITES

DEFINE
STUDY AREA

SAMPLING

CAN DATA BE
X ADJUSTED TO

| COMPENSATE? /
LABORATORY

ANALYSIS
i

STATISTICS

* INTERSTATE

ESTABLISH DEFAULT BTV TO USE IN
SCREENING RISK ASSESSMENT
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Screening Risk Assessment

USING SOIL BACKGROUND IN RISK ASSESSMENT
SCREENING RISK ASSESSMENT SITE CONCENTRATION <

> DEfa u It SOi I baCkg rou nd RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV

» Site concentration vs. risk-based soils
= SITE-SPECIFIC RISK ASSESSM
screening values e

SITE-SPECIFIC RISK-BASED SOIL VALUE

» Site concentrations vs. default BTV ?

SITE CONCENTRATION <
SITE-SPECIFIC SOIL BACKGROUND

FURTHER ACTION

NO

NEEDED FURTHER ACTION

CONSIDER BACKGROUND
FOR REMEDIAL GOALS




Screening Risk Assessment

USING SOIL BACKGROUND IN RISK ASSESSMENT

- M T‘ ’ SCREENING RISK ASSESSMENT SITE CONCENTRATION <
> Slte concentratlons vs' Defa u It B RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV

» Representative site concentration -
generally maximum

SITE-SPECIFIC RISK ASSESSMENT
SITE CONCENTRATION <

> Point by point basis SITE-SPECIFIC RISK-BASED SOIL VALUE
» Site concentrations < default BTV ?
SITE CONCENTRATION <

SITE-SPECIFIC SOIL BACKGROUND

» No further action
» Site concentrations > default BTV
» Move on to Test for Proportions NEEDED

CONSIDER BACKGROUND
FOR REMEDIAL GOALS

FURTHER ACTION

NO
FURTHER ACTION




Screening Risk Assessment

USING SOIL BACKGROUND IN RISK ASSESSMENT

» Test for proportions el e el
» U.S. EPA's ProUCL software
» Rate of exceedances of default BTV it ittt

SITE-SPECIFIC RISK-BASED SOIL VALUE

significantly different than zero? ¢

»No, dataset represents background; SITE CONCENTRATION <
. SITE-SPECIFIC SOIL BACKGROUND
no further action J

» Yes, dataset does not represent
background; move to site-specific risk NEEDED
assessment CONSIDER BACKGROUND

FOR REMEDIAL GOALS

FURTHER ACTION

NO
FURTHER ACTION




ESTABLISHING SITE-SPECIFIC SOIL BACKGROUND
DATASET & BACKGROUND THRESHOLD VALUE (BTV)

Framework 2

CONDUCT A

SOIL STUDY /
» Establishing
SitE'SPECiﬁC DESIGN STUDY TO REFLECT
- SPECIFIC-SITE SITUATION
Soil Background

USE EXISTING

SOIL STUDY /

IS STUDY SIMILAR ENOUGH TO
SPECIFIC-SITE SITUATION®¢

DEFINE
STUDY AREA

CAN DATA BE
SAMPLING ADJUSTED TO

COMPENSATE
i 2

LABORATORY
ANALYSIS

N
STATISTICS
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SITE-SPECIFIC BACKGROUND DATASET FOR SITE-SPECIFIC BTV FOR
SITE-SPECIFIC RISK ASSESSMENT SITE-SPECIFIC RISK ASSESSMENT
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Site-specific Risk Assessment

» Complementary tests — both should be performed
» Test for presence of different types of contamination

» Site-specific soil BTV
» Upper end comparison

» Are site concentrations within the distribution of soil background?
» Is there localized contamination (hotspots)?

» Site-specific soil background dataset

» Central tendency comparison
» Is there slight but pervasive contamination?




Site-specific BTV

USING SOIL BACKGROUND IN RISK ASSESSMENT
SCREENING RISK ASSESSMENT SITE CONCENTRATION <

> Site Concentraticns VS- SitE'SPECiﬁC BTV RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV
» Representative site concentration - generally

maximum SITE-SPECIFIC RISK ASSESSMENT
] ) ) SITE CONCENTRATION <
> POI Nt by pOI nt ba SIS SITE-SPECIFIC RISK-BASED SOIL VALUE

» Site concentrations < site-specific BTV | ¢

SITE CONCENTRATION <

SITE-SPECIFIC SOIL BACKGROUND

» Compare site dataset to site-specific soll
background dataset

» Site concentrations > site-specific BTV FURTHER ACTION

NEEDED

NO
FURTHER ACTION

» Move on to Test for Proportions

CONSIDER BACKGROUND
FOR REMEDIAL GOALS




Site-specific BTV

USING SOIL BACKGROUND IN RISK ASSESSMENT

> Test for proportions RISK.BASED SOIL SCREENING VALUE OR DEFAULT BTV
» US EPA's ProUCL software
» Rate of exceedances above site-

SITE-SPECIFIC RISK ASSESSMENT

specific BTV significantly different e ENENTATION
than zero? | ?
» No, dataset represents background; | SITE CONCENTRATION <
Compare site dataset to site-specific soil SRSt ool BRnonD
background dataset
» Yes, dataset does not represent FURTHER ACTION NO
background; geochemical evaluation & . SRR

environmental forensics T ——

FOR REMEDIAL GOALS




Site-specific Soill Background Dataset

» Site dataset vs. site-
specific background
dataset (table 11-1)

» Compare dataset
distributions

RIS

NMENTAL RESEARCH
UTE OF THE STATES

Table 11-1. Commeon distributions of environmental data

Distribution Basic Properfics Statistical Analysis
Curve P Methods
N
;f N l Data distribution is not skewad and Anzlyze data set using parametric
/ orma centered arcund the mean statistical mathods
_/ h.
Analyze data set usmg lognormal
\ D fistribution is skewed and log statishical methods only f data
"\ L ] wransformine the data s a cannot be model=d by the normal
Y Ognorma distributi : Pt or gamma distributions and the
] s on data sct is not small (<15-20
R —— samples) and highly skewed
\
| L~ Gamma Data distnbution is skewed and Analyze data sct usmg pamma
| A <\x madeled by the samma  distribution statistical methods




Site-specific Soill Background Dataset

» Site dataset vs. site- o=
specific background g e
dataset (sect. 11.4) 1 3 |
» Compare datasets using : H«?

graphical plots
» Quantile-Quantile (Q-Q Plots)  » Normal @:a Pl

» Histogram

» Box plot % w

» Percentile plot
» Probability plot :

-2 -1 0 1
Theoretical Quantiles (Standard Normal)




Site-specific Soill Background Dataset

» Site dataset vs. site-
specific background

Table 11-2. Outlier tests

2020)[146], Table X4.1.

Source: Developed from (USDON 2002)[36], Table B-3, and ASTM E3242-20 (ASTM

dataset (Table 11-2) St
Test Assumptions Advantages Disadvantages
. Dixon’s test  « Sample size = 23 * Available in commonly The uzer must consider the
> O utl Ie rs ¢ Measurements without ountliers used software, including highest or the lowest measured

Discordance
test
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are normally distributed.

¢ There i3 only a single
suspected outlier. which can be
either the smallest or largest
value.

¢ 3 < Sample size = 50.

¢ Measurements without outliers
are normally distributed.

¢ There i3 only a single
suspected outlier. which can be
either the smallest or largest
value.

USEPA’s ProlUCL.

¢ Fecommended in many
guidance documents,
inchiding USEPA s
ProlUCL.

¢ Available in commonly
used software.

value as a potential cutlier prior
to the test.

Assumption of normality 1s
rarely applicable to
envircnmental field data.

In cases of skewed or
asymumnetric data distributions,
the test has a tendency to falsely
flag the tail value as an outlier.

The user must consider the
highest or the lowest measured
value as a potential outlier
before the test.

Assumption of normality is
rarely applicable to
envircnmental field data.

In cases of skewed or




Site-specific Soill Background Dataset

» Handling non-detects (Sect. 11.3) i ge o

» Kaplan-Meier Method
(RO S) Symmetric distributions = (a). (b). and (c): right-triangular distribution = (d).

» Regression on order statistics

Figure 11-1. Examples of assumed nondetect distributions and their corresponding

> MaX|mum LIkElIhOOd EStlmate substitution values.
(MLE)




Site-specific Soill Background Dataset

» Site dataset vs. site-
specific background
dataset (Table 11-5)

» Two sample hypothesis
testing
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Table 11-5. Assumptions, advantages, and disadvantages of common two-sample tests

Source: ASTM E3242-20 (ASTM 2020)[146], Table X4.2.

Test Statistic

Objectives/Assumptions

Advantages

Disadvantages

Cmantile test

Wilcoxon
rank sum
(WE.S) test
also referred
to as the
“Wilcoxon-
Mann-
Whitney test”™
or “Mann
Whitney U
test™)

Objective is to test for
differences in the right tail
(largest values) of the site and
background concentration
distributions.

Nondetects are not ameng the
right tail (largest values) in the
pooled set of site and back-
ground concentrations.

Objective is to test for
differences in the medians of
the site and background
concentration data.

All nondetects are associated
with a single detection limit.
The detection limit is less than
the smallest detected
concentration.

At least 30% of both the site
and background concentrations

Nonparametric: No assumption
15 required regarding the
distributions of the site and
background concentrations.
Belatively simple to conduct the
test.

Mo distribution assumptions are
HEeCessary.

May be used in conjunction with
tests that focus on detecting
differences in the mean or
median of site and background
concentrations.

Nonparametric: No assumption
is required regarding the type of
distributions of the site and
background concentrations.

Can be applied to datasets with
less than 50% nondetects.

More robust with respect to
outliers than parametric two-
sample tests, such as Student’s -
test.

May be vsed in conjunction with

May require a large number of
measurements to have
adeguate power to detect
differences in site and
background concentrations.
Test may be inconclosive if
nondetects are present among
the largest data values in the
pooled set of site and
background data.

Not applicable to cases with
less than 50% of detected
valoes.

May conclude that site and
background concentrations are
derived from the same
population when
concentrations in right tail
differ significantly. so it 13
important to complement the
test with tests that focus on




Site-Specific Risk Assessment

» Site concentrations < site-

USING SOIL BACKGROUND IN RISK ASSESSMENT

SpeCifiC BTV a nd Site-speCific SCREENING RISK ASSESSMENT SITE CONCENTRATION <

RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV

dataset

» No further action needed

SITE-SPECIFIC RISK ASSESSMENT
GEOCHEMICAL
EVALUATION

» Site concentrations > site- T é’“
specific BTV or site-specific e —

FORENSICS SITE CONCENTRATION <

d ata Set (ORGANICS) / SITE-SPECIFIC SOIL BACKGROUND

» Geochemical evaluation or
environmental forensics

CONSIDER BACKGROUND
FOR REMEDIAL GOALS

SITE CONCENTRATION <

FURTHER ACTION

NO

FURTHER ACTION




Remedial Goals

USING SOIL BACKGROUND IN RISK ASSESSMENT
SCREENING RISK ASSESSMENT SITE CONCENTRATION <

> Slte Concentrations not representative Of RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV
soil background (Section 4.4)

SITE-SPECIFIC RISK ASSESSMENT

SITE CONCENTRATION <
SITE-SPECIFIC RISK-BASED SOIL VALUE

» Site-specific BTV | ¢
» Compare site dataset and site- SITE CONCENTRATION <
. . SITE-SPECIFIC SOIL BACKGROUND
specific soil background dataset to
determine areas that require a
response action FURTHER ACTION

NEEDED

» Establish remedial goals

NO
FURTHER ACTION

CONSIDER BACKGROUND
FOR REMEDIAL GOALS




Poll Question

a) Minimum

What site concentration is most
often used to compare to a BTV? b) Maximum
c) 95 UCL of the mean

If the BTV you are using to d) 95t Percentile

compare to site concentrations is a
USL, what site concentration is
appropriate to use?
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USING SOIL BACKGROUND IN RISK ASSESSMENT

FrCI m eWOrk 3 SCREENING RISK ASSESSMENT SITE CONCENTRATION <

RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV

SITE-SPECIFIC RISK ASSESSMENT
G:\iflﬂimml- SITE CONCENTRATION < |
(INORGANICS) / SITE-SPECIFIC RISK-BASED SOIL VALUE
EN\;I::;)E Nh::i;TAL SITE CONCENTRATION < |
(ORGANICS) / SITE-SPECIFIC SOIL BACKGROUND

FURTHER ACTION
NEEDED

NO
FURTHER ACTION

CONSIDER BACKGROUND
FOR REMEDIAL GOALS




Geochemical Evaluations

5 Geochemical

» Section 5 provides an overview of geochemical e
evaluations. pr——

Evaluations

5.1 Geochemistry Is
Not Statistics

» Case studies in Sections 14.4, 14.5, and 14.6 et
highlight the different ways that geochemical Evaluations.
evaluation can provide a reality check during the 53 Genera
development of a background data set. —

5.4 Nondetects

5.5 Key Geochemical
Processes

5.6 Extracting

Background Data from
Existing Data

TTTTTTTTTTTTTTTTTTTT



Geochemical Evaluations

» Section 14.4: Statistical outlier = naturally elevated concentration;
retained.

» Section 14.5: Statistical outlier = potentially impacted concentration;
removed.

» Section 14.6: No statistical outliers. Max. lead concentration
potentially impacted; removed.




Geochemical Processes Controlling Element

Concentrations in Soll

» Adsorption on clay, iron oxide, manganese oxide minerals
» Solubility

» Presence of evaporite minerals (arid soils)

» Presence of mineralized zones

» Effects of bioconcentration

» Physical weathering of rock (vs. chemical weathering
products)

» Effects of low redox in hydric soils




Adsorption on Mineral Surfaces

» Clays (Al)
Ba2+, Cd2+, 7n2+

» Iron Oxides (Fe)
HAsO,%", H,AsO,~
H,VO,~, HVO,*

» Manganese Oxides (Mn)
Co2+, Pb2+




Geochemical Evaluations

10000 1

1000 7

100 3

10 A
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Geochemical Evaluations

10000

1000 1

100 7

10 -

Cobalt (mg/kg)
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Geochemical Evaluations -;E

COUNCIL

3

+ AHOUVIND3Y «

{ Back

» Section 6 of the SBR guidance describes the use of S ———
geochemical evaluations during risk assessment: Evaluations in Risk

Assessment
» During COPC selection S Ui Cesehemicas
» During risk characterization. Evaluations in Risk

Assessment

6.1 Using Geochemical

» In either case, the geochemical evaluation is typically  |[Bassyssidais
provided as its own stand-alone chapter or as an 82 Using
appendix to the main report. Geochemical

Evaluations During
Risk Characterization

6.3 Considerations
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Geochemical Evaluations

» When should geochemical evaluations (and environmental
forensics) be considered during your project?

» FARLY in the project life cycle — e.g., when the CSM and DQOs are being
developed.

» Be sure to analyze your background and site samples for the
reference (major) elements, in addition to the trace elements of
concern.




Poll Question

: : : Adsorption on clay, Fe oxide, Mn oxide minerals
Which are potential geochemical oh .pl h :]' .
mechanisms controlling element Effys'tca r's_a e gto tr_oc

concentrations in soil? ects of bloconcentration

(choose all that apply) Solubility

Effects of low redox in hydric soils
Presence of mineralized zones
Presence of evaporite minerals (arid soils)
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USING SOIL BACKGROUND IN RISK ASSESSMENT

FrCI meWOrk 3 SCREENING RISK ASSESSMENT SITE CONCENTRATION <

RISK-BASED SOIL SCREENING VALUE OR DEFAULT BTV

SITE-SPECIFIC RISK ASSESSMENT

GEOCHEMICAL
EVALUATION SITE CONCENTRATION < |

(INORGANICS) SITE-SPECIFIC RISK-BASED SOIL VALUE

SITE CONCENTRATION <

ENVIRONMENTAL
FORENSICS / SITE-SPECIFIC SOIL BACKGROUND |

(ORGANICS)

FURTHER ACTION
NEEDED

NO
FURTHER ACTION

CONSIDER BACKGROUND
FOR REMEDIAL GOALS




Environmental Forensics Definition

» " A well-established discipline that
considers scientific and nonscientific
information to interpret the potential
sources and ages of certain chemical
compounds detected at a site, typically at
anomalous concentrations”

Environmental
Forensics

Organic
Compounds
Groups

Background
Considerations in
Risk Assessment




Principles of Environmental Forensics Application

Apply to “forms of contamination that are
“ compositionally complex, being comprised
PAHS of scores of different chemicals, some with
OOO related chemical structures and similar but
not identical chemical properties.”

“the complexity of these contaminants not

PCBs only provides a basis to distinguish among
different sources of the same contaminant
Cl, but also, and of relevance herein, to

distinguish contamination from background,
partficularly at low contaminant
concentrations.”

9]

© ~Section 7.1
O
0 ‘Cl‘

Dioxins (PCDDs) and Furans (PCDFs)

polychlorinated dibenzo-p-dioxin polychlorinated dibenzofuran




Don’'t try this at home...

“Using environmental forensics to determine whether a
contaminant is representative of background requires
an exgert who is knowledgeable about these methods
and the chemistry of the contaminant being evaluated.”

N Section 7.1

No single approach applies to all sites.
No two datasets are the same

No two sites are the same




What and Where¢ — Chapter 7

» Chapter 7 — Environmental Forensics Related to Soil S
BaCkg I‘OU nd soil Background

» 7.1: Introduction 7Emronmental
» 7.2: PAHs (detailed, focus; 4-5 pp) soil Background
» 7.3: TPH (brief; <1p) 7. Introduction

7.2 Polycyclic
Aromatic
Hydrocarbons

» 7.4: PCBs (detailed; 4-5 pp)
» 7.5: PCDDs/PCDFs (detailed; 4-5 pp)
» 7.6: PFAS (emerging; ~1p) Bty )

: Remote Sensing (brief; ~1p) 7.4 Polychlorinated
Biphenyls (PCBs)

7.5 Polychlorinated
Dibenzo-p-Dioxins
and Dibenzofurans
(pcoD/F)

7.6 Perfluoroalkyl
Substances (PFAS)

~ INSTITUTE OF THE STATES 7.7 Remote Sensing



What and Wheree¢ —
Chapter 14 and Appendix C

14 Case Studies
14 Case Studies

14.1 Minnesota
Pollution Control
Agency (MPCA) Soil

» Chapter 14- Case Studies sockroun coe

14.2 Former Firearms

Training Range Soil

» 14.7: PAHs from leaked petroleum versus contaminated fill Bockground Case

Study

( n 1 p) _ . 14.3 Region 4 RARE

Urban Background
Study

> Appendlx C % \, E 14.4 Geochemical

Evaluation Case Study
—Statistical Outlier is
an Uncontaminated
Soil Sample

» (~50 references on PAHs and PAH forensics)

< Back

14.5 Geochemical
Evaluation Case Study
—Statistical Outlier Is a

Appendix A. Upper Contaminated Soil
Limits Used to Sample
Estimate Background

Threshold Values 14.6 Geochemical

Evaluation Case

. Study—Contaminated
Appendix B. Index Soll Sample Is Not a

Plots Statistical Outlier

Appendix C. Additional 14.7 Environmental

Sources of Information Forensics Case Study

for PAHSs in Soil —PAHs from Leaked
Petroleum Versus

TTTTTTTTTTTTTTTTTTTT
Contaminated Fill



"Background Issues” that Might Require Application

of Environmental Forensics

» Assessment of sites in urban areas
with historical regional impacts
(e.g., PAHs)

» Three hypothetical scenarios

1. Concentrations below risk-based
screening levels

2. Concentrations generally uniform but
istracljdle/exceed risk-based screening
evels

3. Both a site release and
regional/background “haze” of same
COPCs at concentrations above risk
assessment threshold

PAH

PAH

PAH

PAH

PAH




"Background Issues” that Might Require Application

of Environmental Forensics

» Assessment of sites in areas impacted
by wildland fire (e.g., PAHSs)

» Three hypothetical scenarios

1. Concentrations below risk-based
screening levels

2. Concentrations generally uniform but
istracl:ldle/exceed risk-based screening
evels

3. Both a site release and
regional/background “haze” of same
COPCs at concentrations above risk
assessment threshold
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Four “Forms” for Forensic Analyses

(e.g. for PAHSs)

» Diagnostic Ratios
» Pattern Recognition

» Spatial/Temporal analysis of PAH patterns/ diagnostic ratios
and/or concentrations

» Quantitative Source Apportionment
» PCA, CMB, PMF

» Guidance briefly describes each of these applied to PAHs and
provides references to literature (Appendix C)




Environmental Forensics- PAHS —

Chemistry Overview: Low and High Molecular Weight

» Polycyclic Aromatic Hydrocarbons

» Contain more than 1 benzene ring structure
» 2-3 rings — low molecular weight

naphthalene anthracene

» 4 or more rings — high molecular weight

benzo(a)anthracene benzo(a)pyrene




Environmental Forensics- PAHS —

Chemistry Overview: Isomers

- Examples of pairs used for diagnostic ‘
CCD ot

o Isomers — anthracene
- Same molecular formula, slightly

different structure ‘.g ““

- Similar environmental fate

fluoranthene pyrene

- Differences in ratios attributed to source ‘ “

benzo(a)anthracene chrysene




TABLE 2. List of PAHs Recommended for Analytical Measurement to Quantify “Total
Environmental Forensics- PAHS ——
PAH CAS* Molecular Weight {pg/maol)
° ° . Maphthalene 1203 128.17
ChemISTl’y OVGI’VIGW O”(Yl gI’OUpS C1-Naphthalene: og— - 142.20
Acenaphthylene 208965 152.2
Acenaphthene 83324 1534.21
C2-Naphthalenes - 156,23
Fluorene BOTT 166,22
C3-MNaphthalenes - 170,23
Anthracene 120127 178,12
Phenanthrene BS01R 178,23
CH3 C1-Fluorenes - 180,25
C4-Maphthalenes - 18428
C | -Phenanthrene/anthracenes - 192,26
C2-Fluorenes - 19427
Pyreme 1 29000 20226
Fluaranthene 205440 2022
C2-Phenanthrene/anthracenes - 206,29
C3-Fluorenes - 20830
ll:'l-P:.-'n,:m,'."ﬂuuran1h<:m:5 - 216, 250
] _meﬂqy| ngphfhcﬂene C3-Phenanthrene/anthracenes - 220,32
Benzia)anthracens 56553 22825
Chrysene 218019 228,29
C4-Phenanthrenes/anthracenes - 234,23
C-Benzanthracene/chrysenes - 242.32
C H 3 Benzola)pyrens 0328 252,31
Perylene 198550 252,31
Benzolepyrene 192972 252.32
Benzolbifluoranthene 259402 252,32
Benzolk )fluoranthenc 207089 25232
C2-Benzanthraceneg/chrysenes - 256.23
Beneolghi)perylens 191242 276.23
C3}-Benzanthracene/chrysencs - 270,36
2-methyl naphthalene Indeno(1,2,3-cd)pyrene 193395 276.23
Dibena(ahjanthracens 3703 2TR.35
C4-Benzanthracene/chrysenes = 284,58

* For Cff PAHs CAS 1s not available,



Environmental Forensics- PAHS —

Sources

Pyrogenic (high temperature combustion)
Can dominate particulates/ ash, soot in urbon areqs
anthropogenic background

-

Petrogenic (oil/geologic) — m
Biogenic (low temperature) ’E’

Decomposition of plant debris) '




Environmental Forensics: PAHs- Diagnostic Ratios

Relatively more abundant
in petrogenic source

Ratio Value/Range Reported Source
<0.1 Petrogenic
AN/(PO+AN)
>0.1 Pyrogenic
anthracene

Table 7-1. Diagnostic ratios used to assess PAH sources
Source: Scott A. Stout, NewFields Environmental Forensics Practice, LLC.

<04 Petrogenic phenanthrene
FL/(PY+FL) 0.4-0.5 Petroleum combustion 0 “
>0.5 Coal & biomass combustion ‘.O C‘
<02 Petrogenic fluoranthene pyrene
BaA/(CO+Bad) 0.2-0.35 Coal combustion O w
=0.35 Petroleum combustion Oee
chrysene

05 petrogenic benzo(a)anthracene
INDY{GHI+IND) 0.2-0.5 Petroleum combustion “
=0.5 Coal & biomass combustion .OO
See text for cautions regarding use of diagnostic ratios. PAH abbreuia.tiuns.: AN-anthracene; PU-phenanthrene.: FL- O

fluoranthrene; PY-pyrene; BaA-benz{alanthracene; CO-chrysene; IND-indeneo[1,2,3-cd]pyrene; GHI-benzo[g, h.ilperylene. |n d en O -l 2 -C d) pyr ene b enzo gh ) p eryl ene




Environmental Forensics: PAHs- Diagnostic

Ratios

Table 7-1. Diagnostic ratios used to assess PAH sources
Source: Scott A. Stout, NewFields Environmental Forensics Practice, LLC.

Ratio Value/Range Reported Source
<0.1 Petrogenic
AN/(PO+AN)
>0.1 Pyrogenic
<0.4 Petrogenic
FL/(PY+FL) 0.4-0.5 Petroleum combustion
>0.5 Coal & biomass combustion
=0.2 Petrogenic
Babd/(CO+BaA) 0.2-0.35 Coal combustion
=0.35 Petroleumn combustion
=0.2 Petrogenic
INDY{GHI+IND) 0.2-0.5 Petroleum combustion
=05 Coal & biomass combustion
See text for cautions regarding use of diagnostic ratios. PAH abbreviations: AN-anthracene; PO-phenanthrene; FL-
fluoranthrene; PY-pyrene; BaA-benz{alanthracene; CO-chrysene; IND-indeneo[1,2,3-cd]pyrene; GHI-benzo[g, h.ilperylene.

—

Petroleum Petroleum Grass/wood/coal
0.9 combustion combustion
0.8
0.7
=
S Milwaukee Grass/wood/coal
jt 0.6 combustion
g ]
S0s < Lond
. ondon
<
fas]
0.4 L]
0.3
Mixed sources
02
01 Petroleum
0

02 0.25 0.3 0.35 04 0.5 0.55 0.6 0.65 0.7

0.45
Fla/(Fla+Pyr)

Note: London data from Vane et al. (2014) for comparison only.

Fig. 3. Isomeric ratio plot of BaA/(BaA + Chr) and Fla/(Fla + Pyr).

(Siemering & Thiboldeaux, 2021)
(discussed in Section 3.3)




Environmental Forensics: PAHsS -Pattern

Recognition

» To Look for:

Increasing Molecular Weight — Boiling Point

» Relative abundance of 4-6 ring it sl | c A
PAHs vs 2-3 rings ﬂ\ i ll
ERN PTY |
[ il .ﬂ” I‘IHH HH ” - ”_ -
» Pattern of alkyl homolog groups EEE L SRR FEREEEEREE |»;;;-:.. S00335535598]
(skewed vs. hump) !

1 Urban Dust (SRM1649a)

 -n”ﬂn_n---H H-Innﬂﬂ i II\\H;|IH Iﬂlli

225 )- _,':_ S A - E-1- i:..’-.'--




Environmental Forensics: PAH Pattern

Recognition Example

“Skewed" versus “Bell- ’Szgrgggf?rgg‘rgifgfg g'»'ff_gﬁg‘;g’gfen T “Combustion-derived
shaped” PAH P AHS parhcle; in soils that
homolog profiles can are attributable fo
be easily recognized Road Asphalt A anthropogenic
through qualitative . /\ ambient soil
inspection if alkylated ” H H H background are
PAH data are ?TT_:;-; f¥icenies 'ﬂ ”H”H“HH H vy ﬂ‘f dominated by 4- to 6-
available ring PAHs, which can
(Section 7.2.1.1) CIKArTtst fpaae) be readily

I\\ I I I distinguishable from

-nnﬂn_TT_-H ﬂﬂﬂﬂ T ” ”Hnn Iﬂ - an ImpOCf of

28ccCIRRE3A2EEEE] petroleum, such as

M 1
(A)road asphalt and (B) urban dust (NIST SRM1649a). Dark blue bars dlesel fUGI
represent USEPA priority pollutant PAHs; light blue bars represent SeCﬁOn 72 1.1
alkylated PAHs often used in forensic assessments; red lines depict (A) ( e )
bell-shaped and (B) skewed homolog profiles (see (Stout et al.
2015)[369] for additional details).

Source: Stout, Uhler, and Emsbo-Mattingly 2004
Figure 7-1. PAH histograms for materials that can contribute to anthropogenic ambient

™ i : .
IRONMENTAL RESEARCH soil background.
TUTE OF THE STATES




Environmental Forensics: PAHS -

Spatial/Temporal Analysis

- Comparison of lateral vertical extent

- ldentify hot spots/sources compared to diffuse
background haze

- Consider historical uses of site/ adjacent sites

- Case Study (Section 14.7)

PAH

PAH

PAH




Environmental Forensics: PAHS - Quantitative

Source Apportionment/ Principal Component Analysis (PCA)

PCA is the most common quantitative
technique

See references for
CMB: (Chemical Mass Balance)
PMF: (Positive Matrix Factorization)

>

“PCA is a mathematical method that
transforms a large number of possibly
correlated variables into a smaller
number of uncorrelated variables called
‘principal components.” The principal
components are ranked by the amount of
variance in the data that they explain.
Factor score plots (next slide) are visual
projections of the PCA. Factor scores that
plot close to one another share similar
chemical compositions. Factor scores
that plot far apart have different
chemical compositions”

» Chapter 7.4.3




Environmental Forensics: PAHS - Quantitative

Source Apportionment/ Principal Component Analysis

Graph of factor scores for ~350 sediment
samples (left) =

creosote and
urban
., | Background
“| mixing

—

PAH patterns shown on right (parent PAHs
only)

LMW PAHSs in gray

HMW PAHs in black

o s

“ creosote o
Beathering

PC2

A = moderately weathered creosote y ; e
B = more heavily weathered creosote

C= combustion-sourced urban H
background ol D _ D 5 STwees

PCA plot shows most samples as mixtures
of weathered creosote (B) and urban

a rﬁ'hropogenic bac kg round (C) Source: Reprinted with permission from (Stout and Graan 2010)[364]. Copyright 2010,
American Chemical Society.

Figure 7-2. Principal component factor score plot.
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Poll Question

Relatively higher concentrations of
Compared to a petrogenic high molecular weight PAHs (4+ rings)
signature, a pyrogenic PAH Relatively lower concentrations of
signature is typically more alkylated (C2,C3, C4) homolog

characterized by which of the groups
following? Higher anthracene/(anthracene+
phenanthrene) ratios

All of the above

W &
R ok TR g X
3z PR ‘,

A N

https://www.publicaomaiﬁpictﬁres.net/en/view—image.php?image=212244&picture=dry-agricuItural-brown-soil
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Still Questions?e

ITRC: Soil Background & Risk Assessment

For answers: hitps://sbr-1.itrcweb.org/

Soil Background and Risk Assessment

EenHANCED BY Google
« INTERSTATE

1

ADOTONHDAL *

COUNCIL

* AMOLVINOIY +

Welcome

AROUEIRE Soil Background and Risk Assessment _soil Background  kisk

1Introduction

2 soil Background
Definition

3 Establishing Soil
Background While there are already guidance documents regarding soil background, there is not a “one-stop-shop’ document that provides
comprehensive and widelv accepted quidance on the state of the science on this topic. This ITRC auidance document fills the
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Thank Youl

Stay Updated on ITRC's Activities
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