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Overview

Method 1340 — In Vitro Bioaccessibility Assay for Lead and Arsenic in Soil

Method 6200 — X-Ray Fluorescence Spectrometry for Elemental

Concentrations

Method 3060 — Alkaline Digestion for Cr(VI)

ASTM / EPA Collaborative Methods

Guidelines on Validation of Non-Regulatory Methods

Guidelines on Sample Collection and Processing of Waste
Additional Methods
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Method 1340 — In Vitro Bioaccessibility Assay for Lead
and Arsenic in Soll

Standard Operating Procedure for an In Vitro Bioaccessibility Assay Soil Bioavailability at Superfund
for Pb and As in Soil Sites: Guidance

This page contains context and links to soil bioavailability

= = = 0 = <l uidance documents. On this page: elated Soil
Validation Assessment of the In Vitro Arsenic Bioaccessibility Assay ““" “ Bioavailability
. . . . - .. . . * Mefals Pages
for Predicting Relative Bioavailability of Arsenic in Soils and Soil- -« -

Arsenic

like Materials at Superfund Sites (OLEM 9355.4-29 April 20, 2017)

* Human Health

* Guidance

Guidance for Sample Collection for In Vitro Bioaccessibility Assay metals i
for Arsenic and Lead in Soil and Applications of Relative Guidance or bualuating the
Bioavailability Data in Human Health Risk Assessment Use in Human Health Risk Assessment

This guidance document provides: 1) a recommended process for deciding when to collect site-
Fact Sheet_ Relative Bioavailabilit and I n Vitro BioacceSSibilit Of specific information on the oral bioavailability of metals in soils for use in human health risk
. y y assessments; 2) a recommended process for documenting the data collection, analysis and
. . implementation of a validated method that would support site-specific estimates of oral
Le ad I n SOI | bicavailability; and 3) general criteria for EPA to use in evaluating whether a specific
bioavailability method has been validated for regulatory risk assessment purposes.

Fact Sheet: Relative Bioavailability and In Vitro Bioaccessibility of

Arsenic in Soil
https://www.epa.gov/superfund/soil-bioavailability-superfund-sites-guidance 3
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Why a Method for Pb and As Bioaccessibility?

Determining bioavailability for soil contaminants is important for
understanding site-specific risk

Previous in vivo method — cost prohibitive

Versatile, efficient .~
calculation of RBA

Method 1340 (in vitro) — reliable, rapid,
reproducible, considerably less expensive

— reduces the clean-up costs at contaminated

hazardous waste sites Potential Pb-based 3

paint contamination )
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Why a Method ... (contd.)

« Commonly found together at sites and accurately
measuring their RBA has a significant impact on
the risk assessment and on the selection of
cleanup levels.

« Does not require the use or sacrifice of animals.
and the reduced cost per sample allows risk
assessors to obtain a more representative number
of samples per exposure unit.

 Incorporation of As into the already existing
method for Pb means that laboratories already
have experience performing the assay.

U.S. Environmental Protection Agency

Current Understanding  Emerging Questions

sible High Bioaccessibility?
 Examples

\ Calcium-As04 = Asllll) sorption
y Yukonite
1 Ca bridging and/or
\  Schwertmannite = COPrecipitation
Tooeleite

Nearly amorphous
Fe(lll) oxides = Fe (ferrihydrite)
Gibbsite

Scorodite (hematite)

: AN
Iron Arsenatesi D i

Highly crystalline Fe

As(V) sorption
Realgar
Sulfides N As substituted

; i Arsenopyrite
/ Jarosite

Least Bioaccessible Low Bioaccessibility?
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Updating Method 6200 — X-Ray Fluorescence
Spectrometry for the Determination of Elemental
Concentrations in Soil and Sediment
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Do the collective

Updating Method 6200 (contd.)

sample have
Relative Standard
Deviation (RSD})
<35%7

« XRF can guide real-time, in-field choices, set NO VES
decision unit (DU) boundaries, and evaluate
sample processing. [ e [}
 Technological progress enabled broadening b o,
of elements, rapid, low cost, and r l £
nondestructive analysis - detection limits for After 10 total THEN
most of trace elements are usually below o e
regulatory levels. \THEN -
« Does not produce analytical waste, low
energy consuming, safe and easy to conmanics | Use xR data for
operate.
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Method 3060 — Alkaline Digestion for Cr(VI)

Method Parameters

* High pH (~13) and high carbonate

* Liquid : solid ratio = 20 mL/g

 Borosilicate glass or quartz extraction vessels
« Stir samples at 90-95°C for at least 1 hour

» Adjust pH to 7.5 with nitric acid

Analysis

* 7196A Visible Spectrophotometry

* 7199 lon Chromatography

* 6800 Speciated Isotope Dilution Mass Spectrometry

U.S. Environmental Protection Agency



Challenges of Existing Method 3060

* Incomplete Cr(VI) Extraction

o USGS studies show extraction of Cr(VI) is not quantitative compared to

X-ray absorption near edge structure (XANES) spectroscopy results.
 Difficult to Operate

o Does not address heterogeneity or particle size.

o Addition of MgCl, causes immediate precipitation of hydroxides and
carbonates.

o Interferences due to phosphate.

o Large amounts of chromite/magnetite coat stir bars which interferes with
their function and may affect extraction efficiency.

U.S. Environmental Protection Agency




Potential Updates - Method 3060

Particle Size
o Smaller size
Extraction Vessel

Extracted Cr(VI) —>

modified after Mills et al. (2017)

chromium sample

Decreasing Particle Size —>
Increasing Extraction Time —>
Increasing Liquid to Solid Ratio —>

o High pH/high carbonate extraction fluid dissolved

borosilicate glass
o PTFE extraction vessels
Liquid to Solid Ratio

o ~1000 (50x that of 3060A prescribed ratio)

Extraction Time

o Dissolution of mineral phases and exchange processes

may be kinetically limited (48 hours)

U.S. Environmental Protection Agency
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Interlaboratory studies for D8174-18, D8175-18

O

ASTM / EPA Collaboration

Modernizing Ignitable Liquids Determinations rule finalized in 2020,

Incorporated D8174 and D8175: RCRA ignitability characteristic regulation

Based on ASTM D3278-78 (Small scale closed cup), D93-79/D93-80
(Pensky-Martens)

Maintain method-defined elements - cup dimensions,
materials of construction, sample size, heating rate g

Standards need interlaboratory studies to generate pFECISIOI‘\ = '

Statements

SW-846 methods team working with National Enforcement
Investigations Center laboratory, D34 committee

U.S. Environmental Protection Agency
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https://www.epa.gov/hw-sw846/final-rule-modernizing-ignitable-liquids-determinations

Updates to SW-846 Method Validation Guidance

- “Guidelines on Validation of Non-Regulatory Chemical and Radiochemical
~NlewPrr
o\ Methods”, EPA/600/B-22/001 nhttps://cfpub.epa.govisi/si_public_record_Report.cim?dirEntryld=354570&Lab=I0

« Based on memos written in 1992:
https://www.epa.qgov/hw-sw846/guidance-methods-development-and-methods-validation-
resource-conservation-and-recovery-act

* Benefits of revision:

v Better define EPA’s expectations of data to support publication of methods
v’ Standardize evaluation of method performance
v’ Streamline project planning

« References:
Guidelines for evaluation of multi-laboratory validation data (e.g., AOAC, ASTM, EPA)

U.S. Environmental Protection Agency 12



https://www.epa.gov/hw-sw846/guidance-methods-development-and-methods-validation-resource-conservation-and-recovery-act
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=354570&Lab=IO

Sample Collection and Processing of Waste
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Sample Collection information Document — Attachment A

= Representative-Soil-Sampling-Devicess
®  Designationx . Spil-Sample- Penetration-
Trypeof-Samples Soil Typex - A
Surface-soil: Bulk-zoil samples-are-easily-obtained 1 Area/Volumes Depths T — 15. Passive Samplers
that samples are taken to exactly the same depth on- |asyovel Seoop. ﬂln?ifn?ﬁ Surface, seilcanbe Selecting pathogen samplers and sampling methods depends on the site-specific questions that
Soilisanatw | contamination-a-sterile-spatula-canbeused to-scraps | Spoen Trowel, Unconselifated® | copesivesangy- | 510412 shallow LB heed to be addressed. Since samples for active pathogen sampling methods, described in
tte | contamination-can-glzo-occur-betwesn samples, whi | SFedes arlopze-soils subsurfaces Callects bl P A o
ﬁmclma hinethe. th-wra i l:.t T ¢ -Eaywodec Previous sections, are collected from single points in time, the data are representative “snapshots
ofthe followt | Soil-adherine e thonlat E;tsm o et tobet] e _ Orzazic ___ of the pathogens. Thus, multiple sampling might be used to describe how pathogen conditions
from the initi Oﬂ _asdhme‘msmﬂ_ P ) 1?.13]1 !fu:fdm eCtobe T | mCuting Suplng | pconselidateds | Do 10010900 can’s Surfaces +EB vary over time. Passive pathogenic sampling devices are incubated within the sampled
tramsfers -and | O Surtace soil sample usually imdergoes sieving | horizon(s)s = environment for weeks (typically 15 - 90 days) and depend on the formation and collection of
abilityto-sup; to:famti);ﬁt.e-sli‘i':ﬁa.--C.a:re-should-he-talmn-so-that-th ] Cousolidated or o 051020 com- . o Easytousd biofilms that grow on surfaces or within a solid matrix. The passive samplers provide a more time-
Factorsaffect | o o270 PO il--s?}:ﬂf ol samples havedowe | e | Docomeliateis | COSNEO | gimeters Surfaces «sBracisecon integrated sample of pathogens from the sampled environment. In active monitoring a pathogenic
pathogens are R‘{m" ; ';le o1k o a':fhml dsnmljllp .y a“'e__'?"_'( FoTE—— — - R air sampler physically draws a known volume of air through or over a particle collection device
'&'L‘;ﬁ‘mpm sah.lrai::llcor gpm 1::(;1} roﬂ:an- dnl'}lgiz}e n;:]}]. b:ﬂ * Bult-Planters Unconsolidateds | “obesivesellss | 131e 5o =*Luzzcore which can be a liquid or a solid culture media or a nitrocellulose membrane and the quantity of
maisture, tem ) samurated. A i & earrbe ; . I : h nt is measured (for example in CFU/m® of air). Passive monitoring uses settle
. ical- mwelv-sterili e -di For- = Custing Cylinder- Coasolidated-or- Qrganic, A- S0k 55 e 3 =+ Soilcoresz pathogens prese P! s g
R IS . ..Eﬁgﬁ eﬁ'er.h‘li'zl]}s:m}.medﬁomg d"fﬁcf"lts _for. Sub_ie‘_lm (Soil Punchys Uncensclideted= | horizons o IiGam’s Surfaces efﬁ;:;zmh'-l plates, which are standard Petri dishes containing culture media, that are exposed to the air for a
5§ = Prowzoans - Time effact contro ust :10“0 dg_grmpme_s:g?‘“g c:f' ';Eg‘ —Esywm: Jiven time in order to collect biological particles, which settle out and are then incubated. Results
[ = Nematode « Other-chem Prmes:_““ pre: th.e.re - 9“5];; - Em ghul:. w5l Corer- Comolidmedor | gy o | 25p0m@EN | ppepams | +PrEciecn are expressed in CFU/plateftime or in CFU/m2/hour. Passive sampling provides a valid risk
— — ) scraped-away with-a-sterile-spatula. and then-subcor | tyama)s Uncenselidateds 30t0-60 cm-(heightys ~Exytocde gssessment as it measures the harmful part of the airborne population that falls onto a critical
Soil Sampling Strategies: Size, Number-and Type-of-Samples | jn-5-sterile-plastic-bag-or sleeves-and-should be-anal ++Canusedin i i
- - — — e 2o 5 e . surface (French et al. 1980; Matysik et al. 2009; Napoli et al. 2012; Mills et al. 2014). Table A-9
= Soil Sample-Collection-—-| +Identification-and selectionofsamy | and-outside biological contaminant may significantl sEapem | ovides advantages and challenges of commonly used passive samplers
Planning/Preparation- | +-Sample-containersof the propersiz | intarferences from non-target substances in the-samy "S5t C or Cobesivesgilss | 2o llam@ing oL o | +#Bredsecon P g g y pa plers.
and ProcessT "Q’u.a.litv'contol-samples{e.g. field Core-Samplers Unconsolidateds 30-to-60 cm-(heightys =+Easy-tocle
duplicates, performance evaluatios | Sample:Storage: Preservation-Method -and-Maxi =Cmueln Table A-7. Advantages and Challenges of Passive Samplers
*Bound field logbaok, writing instn ; e [—— ; | Advantages Challenges
and permanent markers), camera-z * +sinalyses should be pmfomed 355000 .ESP%SME «Eaytouss| « Sampling devices are relatively easy to « Sampling devices require several days of placement in
batteries | ﬁe_ld,-sample-c_]:talact&rmcs-can-and-\wﬂi-change ‘T |™ Auger{manualiz Unconsolidateds Cohesive-woilss 250 15om-longs To-Glome - Canha.mile deploy and recover. the sampled environment and require two mobilizations
»Appropriate paperwork (e.g..-Chan prior to-analysis.| soiles » Sample collection over an extended period to the site to install and then retrieve the sampling
and-Calibration forms)f e:Storage-at-4°C should not-exceed-3-momnths of time might be desirable at certain devices.
+Sample-labelsz »sSamples-should be stored in-darkness (to-avoidgr | _ o Variable {ipto-10- +Exytousel  conditions compared to single, grab- * The solid matrix of most passive microbial sampling
Sampling Process Most pathogenic - Theetackad mor . ™ EplirSpoca-or Canzolidazad or- Cohesivesolls | o ondupto - | = wPrecisecon|  sample collection of pathogen. devices is a surrogate; thus, differences may exist
test-end points mezsured-are often th HE?PIES slho :ild‘ngf _;.#;%E::homgﬂw Tube-Samplers Unconselidated= | andbardseiles |y e wilargecoresd |, pageive sampling devices can concentrate between pathogens colonizing the sampling device and
volume-of-soil per-test)-can-be-differ samples doT QU A ENASTORIC oL ssCamuselinf 0 eaminants. native material.
P ) 45 1 not-drr-out-or b i 1 d =+ Eazy-tonse|
should be stored immediately-and re |_~*S2mples must not-dry out or become waterlogge ® Shelby Tube: Comsolidstedor | Cohesiveseils | Variablefupto10 | oo e con
should-be tested-azsoon-as-possible: | Containers-for-Soil-Samples-Collected = Somplers Unconsslidsteds | smdpardsallsn | cm(die)s Femte ~Large cores ; "
: Pt * - bedrocks UEECO® Fyen though the implementation might vary between different types of passive samplers, nearly all
o influence the biological-activity.= Container Material of Construction-and Type= Sar w+Canuselin S S < 4 .
Sample-size: The mimimum volume (or mass)-of soil required de - e — Surtace] _ share certain common characteristics, the most important of which is the presence of a barrier
site-conditions, and the tests tobe-conducted. ~A few-examples-of u Biston Samplerse | ConEOlidzizd or- soils, wetsodls, | anallon: «Holdsmois between the sampled medium and the collecting medium. The barrier defines the rate at which
F Unconsolidated -clay, dry- Shallo . . S . . :
characteristics-are-indicated below HDPE bucketz neons = m;: il subsurfaces mzterizl=in analytes are collected at a given concentration, which is crucial for quantitative analysis. An
Bulk Density: Soil with-high bulk-density(e.g., sandy soil-orc - e [ p——— —Eamman effective sampler should eliminate or minimize the effects of external factors (such as the velocity
Tequire 2 greater mass-of sample-compared to-low bulk-density '?:t!g:mc'”é’ | conalitaras comseivesose | (E2)ad12mlong] | Surfeca collectedy  Of the sampled medium at the face of the sampler, humidity, and temperature) on the sampling
forest-soil).f L . . (GeaBrabe™)z il%’!;'ﬂf'wﬂes'm' Subsurface: "C]UN_"_L@“I]_Z rate. In practice, the barrier usually falls into one of two categories: (1) diffusion or (2) permeation.
?;j’;:::;]ﬁ:f;‘;‘t‘e;m’mﬁiﬁzﬁ:ﬂﬁfﬁ;‘fﬁ?; oy o SLLAs LIEVel Schematic diagrams of the two types of samplers are given in Figure A-3. The sampling process is
very-moist, more-soil should be-collected than if the soil-at-a-si | S5 bucket-with-push-fit lidsc stemjAugermith | e Cohesivesoils: | po o Surface to- «+Saturatad-: Similar for both categories of samplers.
Impnriﬁeé:-lf-the-site-soil-contajns-signj.ﬁca.ut-amou.ut-of—la.rge 3;1{&:.;;11!::&1:2:[- and soft bedrocks bedrocks collected:
or-plant Toots, then more-soil-should be-collected Y
Nature, Extent,-and Distribution-of Pathogens: Pathogen m:
the-surface soil with-greatest-concentrations in the top fewcent | Polyethylene bago . o Cobesive-soils,- N + Eagytouse
are-taken-at-depth-(e.g.. -0 -to-30-cm) to-meet the-soil volume Tec Rotary (solid: Unconselidated= frozen soils, 2nd- | 15-ce-andlarzers :u:fa:]z]-m- =+Faster than
homogemzation the pathogen-concentrations in the test-sample stam]Angers soft-bedrocks b ks * 'ﬂ‘mg
longer represent the-site. - A better-approach-would be to-collec
that represent the-depth-of contammation-{e.g., 0-to-5-cm). T Teflonbagz _ - _ _ _ _ _ _ —
Number: The mumber-of soil samples-to-collect dependz-onthe s =Field-Analytical- F1e1d-|:_|0rtable-m§trtm1er_lta.t_mn‘prm'nde:_-useﬁﬂ-_}pfn_:rrmatlou-for-cntlca
desired level of certainty, and site-specific considerations-such-as - - - Methods:z 3CTeening-or-semi-quantitztive-data-during the initial screening phase
heterogeneity-of the-soil, test Tequirements, -and the-size-and-hom Glass wide-mouthed jars-with- PPE -and Emergency Equipment=
and location of les-can be-determined using two-dimensi polyethylene/polypropylene-caps-or HDPE- T ER&; § — — v —E Molecular Diffusion
transect, two-stage, and grid sampling) or three-dimensional sam) | lidso *#NB3-{or better) Respirators {enough for all team members plus-extras)]  »+Basic 245 Figure A-3. Schematic diagram of passive samplers: (a) Diffusion, (b) Permeation.
Type-of-Soil-Samples--Point, Composite-and -Bulk: Point-Sam Plasticwid ihed-ars with-plastic- - ++Eye-protection, -goggles{face shields if required)| »sEmergency-expc
individual blocks-of soil removed from one-location by 2 samplir and%HD\;lE iﬁ@laﬁﬁé?;'ﬁﬂ;ii:fi;ccﬁlpga »:DispozablaMitrile-glovesy *+Working-conumt
liﬂmgl.?i'wmmllﬂﬁ'?f'h\n'Ur'tl?]lﬂre‘ptlﬂﬁl'iﬂmplh?-““""hm‘mg'i polypropylene, polysty 1—_1&1 o HIDPE. and. #-Feusable-and disinfect-able leather or heavy-gloves| ssEmergency Tesp: A-38
OCATIONs are poole: 'cgether; £ pooled-zample15-8 COMPpoETe 3 £ ] £ . Srra-myife - . e ] N 1 - -
(e.g.,=1L) point-samples that consists-of more than-one-individw | polystyrens)z +Protective su.ltls ECTNS, _C_U}:iif?{li-_of_fﬂ-t }m“:Jth—_ﬂ_dEdlEﬂtEd ﬁelld ga{mﬁnﬁw. _ _ . |
by-a: ling-device and-often-collected to-satisfy the large volu
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Additional Methods

Method 3110 — Extraction of Seafood for Arsenic Species

Method 6870 — Arsenic Speciation Analysis in Seafood Using IC/ICP-MS

Method 6850 — Perchlorate in Water, Soils, and Solid Wastes Using High
Performance Liguid Chromatography/Electrospray lonization/Mass
Spectrometry (HPLC/ESI/MS)

Method 6860A — Perchlorate in Water, Solls, and Solid Wastes Using lon
Chromatography/Electrospray lonization/Mass Spectrometry (IC/ESI/MS)

... and several others.

15
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Reminder about SW-846 Methods

Use of the latest version of SW-846 methods
Choose an appropriate and reliable method

The user must be able to demonstrate that the method generates data that is
appropriate for its intended use

In situations where it may not be appropriate to use the latest method in SW-
846, earlier versions may be used.

“Measurement objectives”, Not on measurement technologies

Performance Based approach because it enables the method flexibility
necessary for the analysis of complex RCRA wastes.

Seeks approval of their project plan before applying any method on a specific
project.
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Questions?

https://www.epa.gov/hw-sw846
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