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BACKGROUND

Major U.S. Contaminated Sites:
e Cuyahoga River Fire - 1969
e Love Canal — 1978

e Times Beach - 1980

CAUTION
HAZARDOUS WASTE SITE

DIOXIN CONTAMINATION
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DEVELOPMENT OF MAJOR U.S.
ENVIRONMENTAL REGULATIONS

Number of Laws

Brownfields
SARA HswA
NWPA
ARPA
SMCRA
el CERCLA
SDWA
CPSA UMTCA
FWPCA
CAA HMTA RCRA
NEPA
FHSA FEPCA
MPRSA
PPPA
WSRA OSHA
1960 1970 1980 1990 2000
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GENERAL SITE REMEDIATION PROCESS

e SITE INVESTIGATION
+ |dentification
+ Delineation

e RISK CHARACTERIZATION
¢+ Human Health
¢ Environmental Receptors

e REMEDIAL ACTION
+ Remedial Action Objectives
¢+ Remedial Design
+ Remedy Implementation
¢ Operation & Management




DEVELOPMENT OF “INTERVENTION” VALUES
AND CLEANUP GOALS IN U.S.

e Initial sites managed through formal
Risk-Assessment under Superfund

e Not all sites are Superfund Sites — what
about small sites?

e Agencies needed simple process to
screen and prioritize

e Owners wanted simple cleanup goals
without formal risk assessment

e Values/goals specific for chemicals,
iIndustries, land uses, exposures, etc.

e Values are not mandated by law;
programs continue to offer flexibility




MANY U.S. INTERVENTION VALUE AND
REMEDIATION GOAL PROGRAMS

Federal Cleanup Levels (www.cleanuplevels.com)

USEPA Soil Screening Guidance (SSG) - This is a great source for soil screening levels (SSLs), information on
calculating site cleanup levels, and general guidelines for the use of levels at sites. GO

USEPA Region 9 Preliminary Removal Goals (PRGSs) - This source, called R9 PRGs for short, not only gives you lots of
soil cleanup values in table form but also has detailed technical information on calculating site-specific goals GO

USEPA Region 6 Medium-Specific Screening Levels (MSLs) - According to Region 6, these are very general and
should be used as screening levels only. Tables have toxicity info, physical parameters and soil screening levels. GO

USEPA Region 3 Risk-Based Concentrations (RBCs) - This site presents the R3 Risk-Based Concentrations (RBCs)
tables along with guidance on Monte Carlo, groundwater exposure point concentrations and assessing dermal
exposure to and risk from soils. GO.

USEPA Risk Assessment Guidance For Superfund: Part B, Preliminary Removal Goals (RAGS, Part B) - RAGS Part B
is the holy grail of cleanup levels. Simple document that gives the general risk (intake) equations used in a
guantitative risk assessment and the general equations for cleanup goals or PRGs GO

Federal Drinking Water Standards and Health Advisories - This has the national primary (MCLs and MCLGSs) and the
secondary drinking water standards. A must-have for sites with possibly contaminated groundwater. GO

MTBE Groundwater Clean-up Levels for LUST Sites - This is a really cool map of the states on EPA's website that
shows the current and proposed cleanup levels for MTBE in each of the states. GO

ERM


http://www.cleanuplevels.com/acronyms.htm#SSLs
http://www.epa.gov/superfund/resources/soil/appd_a.pdf
http://www.cleanuplevels.com/acronyms.htm#PRGs
http://www.cleanuplevels.com/acronyms.htm#PRGs
http://www.epa.gov/region09/waste/sfund/prg/index.htm
http://www.epa.gov/Region6/6pd/rcra_c/pd-n/screen.htm
http://www.cleanuplevels.com/acronyms.htm#RBCs
http://www.epa.gov/reg3hwmd/risk/human/index.htm
http://www.cleanuplevels.com/acronyms.htm#RAGS
http://www.epa.gov/superfund/programs/risk/ragsb/index.htm
http://www.cleanuplevels.com/acronyms.htm#MCLs
http://www.cleanuplevels.com/acronyms.htm#MCLGs
http://www.epa.gov/safewater/mcl.html
http://www.cleanuplevels.com/acronyms.htm#MTBE
http://www.epa.gov/swerust1/mtbe/mtbemap.htm

SEVERAL STATE SCREENING AND
REMEDIATION GOAL PROGRAMS

State-Specific Cleanup Levels (www.cleanuplevels.com)

Tennessee: Cleanup Criteria for Petroleum Contaminated Sites - TN's Division of Solid Waste Management has levels
for benzene and TPH in the document at the end of the GO link. For state site remediations, the division uses EPA
Region 9 PRGs for screening purposes. GO

Texas: State Cleanup Levels - This site is from PEL Labs (no, they have not paid us but we will take cash if they feel
generous) and calculates cleanup levels depending on media, source area and and land use. Cool toy to play with. GO

Utah: Estimating Numeric Cleanup Levels for Petroleum-Contaminated Soil at Underground Storage Tank Release
Sites - This document covers Utah's guidelines for Recommended Soil Cleanup Levels (RCLs) related to Underground
Storage Tanks. Presents levels for TPH and BTEX. Numbers are for gasoline constituents and a little hard to find: go
to the end of the document to Tables 10 - 12. GO

Virginia: Voluntary Remediation Program Risk Assessment Guidance - Virginia's Department of Environmental Quality
has atiered procedure similar to other states. They have Excel tables with information on toxicity, exposure factors,
etc. to use in your calculations. They also have tables for soil levels (residential - vip25.xls, industrial - vip29.xls),
groundwater values, and some surface water info. For the list of available tables and direct links: GO.

Washington: RAIS Federal Guidelines Retrieval System - This search engine brought to us on RAIS's web pages
presents a service to readers, letting them search for many different kinds of goals for the waters of Washington. GO
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http://www.cleanuplevels.com/acronyms.htm#TPH
http://www.cleanuplevels.com/acronyms.htm#TPH
http://www.cleanuplevels.com/acronyms.htm#PRGs
http://www.state.tn.us/environment/swm/srpsop.pdf
http://www.pelab.com/SCLs/TCLSearch.asp
http://www.cleanuplevels.com/acronyms.htm#RCLs
http://www.cleanuplevels.com/acronyms.htm#BTEX
http://undergroundtanks.utah.gov/leakingtanks/remediation/rclrevis.PDF
ftp://ftp.deq.state.va.us/pub/vrprisk/screen/vrp25.xls
ftp://ftp.deq.state.va.us/pub/vrprisk/screen/vrp29.xls
http://www.deq.state.va.us/vrprisk/tables.html
http://risk.lsd.ornl.gov/guide/guide_wasearch.shtml

USEPA SOIL SCREENING LEVELS (2004)
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USEPA REGION 9 - PRGs (2004)

key: EFajizCancer Elope Factor oral, inhalation RfDeoji=Reference Dose oral, inhalation i=IRIE p=PPRTY c=California EPA n=MCEA h=HEAST x=“+ithdrawn r=Route-cxtrapolation cazCancer PRG nez Moncancer PRG ca® [where: ne PRG < 1003 ca PRG)
2™ [where nc PRG < 10X ca PRG) +++=Mon-Standard Pethod Applicd [(See User's Guide] sat=Soil Eaturation [(See User's Guide] max=Ceiling limit [Eee User's Guide] DAF=Dilution Attenuation Factor [Eee Uszer's Guide] CAZ=Chemical Abstrack Services

TOXICITY VALUES COHTAMIHAHT PRELIMIHARY REMEDIATIOH GOALS (PRGE) S(Z'L SCREEHING LEVELS
W orkin "Oirect Contact Exposure Pathways" “FAfaration to Ground Wwater”
SFo RfDOo SFi [1in]] O akr. CAS Mo Residential Indus=trial Ambient Air Tap wWater DAF 20 DAF 1
1[mafkg-d]  [mafkg-d) Wmatkg-d]  [malkg-d) C roilr Soil [mafk.qg) Soil [malkyg) [ugim™3] [ugf] malkal [malka)l
5.TE-03 4.0E-03 i &TE-03 ro40E-0F o 01 zoseo-1a-1 | Acephate 3 6E+01 ca* | 2.0E+02 ca* Y.FE-01 ca* 7.7E+00  ca®
T.TE-03 i 2.BE-03 iy s-07-0 | Acetaldehyde 1TAE+D1 ca* 23E+01 |ca* | B7E-01 ca* 1 . 7E+00 | ca
2.0E-02 i 2.0E-02 r ol zdzse-zz-1| Acetochlor 12E+03 nc 1 .2E+04 nc | 7.3E+01 nc | F.3E+02 | nc
A.0E-01 i 3.0E-01 roy s7-ed-1 | Acetone 14E+04 | nc  S4E+04 nc  33E+03 noc SSE+03 nc |GE+01 | 5.0E-0O1
E.0E-04 h 5.0E-04 r od 535 |Acetaone cyanabydrin 4 9E+01 nc  48E+02 | nc | Z29E+00 nc 289E+01 | nc
1.7E-02 r 1.7E-02 iw ts-05-2 | Acetonitrile 4 2E+02 | nc  1.8E+03 nc  GB2E+01 nc 1.0E+02 nc
5.0E-04 i 5.TE-06 iy wr-oz-z | Acrolein 10E-01 | no | 34E-01 nc | 2AE-02 noc 4.2E-02  nc
4. 5E+00 2.0E-04 i 4.5E+00 i 2.0E-04 r ol Teeese |ACrylamide 11E-01  ca 38E-01 | ca 1.5E-03 ca 1.5E-02 | ca
5.0E-01 i 23E-04 i o1 e | Acrylic acid 289E+04 | nc |1.0E+03 max 1.0E+00 nc 1.8E+04 nc
54E-M 10E-03 b 24E-01 i STE-04 iy w1z | Acrylonitrile 2AE-01  ca* 49E-01  ca*  2.8E-02 ca* 39E-02 | ca*
1.0E+00 10E+D0 ¢ y "CAL-Modified PRG" 55E-02 ca 12E-01 | ca  B.VE-03 ca 14E-02 ca
&.1E-02 1.0E-02 i &.0E-02 r 10E-02 r o1 1savz-eo-z| Alachlar BOE+00 ca 2A4E+01 | ca S4E-02 ca S4E-01 | ca
1.5E-01 i 1.5E-01 r 04 A595-34-5 | Algr Q2E+03 noc  9.2E+04 nc | 9.5E+02 no S5E+03 | nc
1.0E-0F i 1.0E-03 r vl -z | Aldicark GAE+01  nc  B2ZE+02 nc | 3.7E+00 nc | 36E+01 | nc
1.0E-0% i 1.0E-0F r o4 edi-zi-d | Aldicark sulfone EAE+01  nc  B2E+02 nc | 3.7E+00 nc 3.6E+01 | nc
1.TE+1 3.0E-05 i 17E+O1 i 3.0E-0% r ol zes-eo-z | Aldrin 289E-02 ca* 1.0E-01 | ca  39E-04 ca|40E-03 ca |40E-01 2.0E-02
2.5E-01 i 2.5E-01 r 01 T4EEI-Ed-E |AII\_.-' 1.5E+04 | nc | 1.0E+03 max 91E+02 nc 91E+03 nc
5.0E-03 i 5.0E-0F r o4 etz LAy alcohal SJAE+0Z2  nc  3AE+03 nc | 1.8E+01 nc 1.8E+02 | nc
2.8E-04 r 2.8E-04 i w1 or-os-1 |Alhd chloride 1.7E+01  nc  1.8E+02 | nc  1.0E+00 nc 1.0E+01 | nc
1.0E+00 P 14E-03 P vaza-a0-5 | AlUminum Y EE+04 nc 1 .0E+05 max S1E+00 nc 3.6E+04 | nc
4.0E-04 i zoz5a-73-¢ | Aluminum phosphide SJAE+01 nc  41E+02 | nc 1.5E+01  nc
F0E-04 i FOE-04 r 0l evdss-za-d | Amcdro 18E+01  nc 18E+02 nc 1E+00 nc 1 AE+01 | nc
A.0E-03 i A0E-0F r o1 sza-zes | Ametryn S5E+02 no  55E+03 nc | 3.3E+01 nc 3.35E+02 | nc
2.0E-04 n 2.0E-04 r o1 zi-z-s | AmMinodinitrotoluene 12E+01  nc  1.2E+02 nc | V.3E-01 no | V.3E+00 | nc
T.0E-02 h T.OE-02 r o1 se-r-5 | m-Aminophenol 4 3E+03 | nc |4.3E+04 nc | 26E+02 nc 26E+03 nc
2.0E-05 h 2.0E-0% r o4 sed-za-5 |4-Aminopyridine 1.2E+00 nc  1.2E+01 nc | 7.3E-02 nc| 7.3E-01 | nc
2.5E-03 i 2.5E-0F r ol zEesa-ei- | AMitraz 1.5E+02 nc  1.5E+03 nc | 9E+00 nc 99E+01 | nc
M PhysChem £ Soils / Air-H20 s PRG TABLE 2004 / 1ER E

U.S. EPA. 2004. Preliminary Remediation Goals Table, 2004. Regiao 9
On-line:http://www.epa.gov/Region9/waste/sfund/prg/files/O4prgtable.pdf

ERM



Key U.S. Programs - EPA Region 9
Preliminary Remediation Goals (PRGS)

Preliminary Remediation Goals (PRGS) are tools for evaluating and cleaning up
contaminated sites. They are risk-based concentrations that are intended to
assist risk assessors and others in initial screening-level evaluations of
environmental measurements. The PRGs contained in the Region 9 PRG Table
are generic; they are calculated without site specific information. However,
they may be re-calculated using site specific data.

PRGs should be viewed as Agency guidelines, not legally enforceable
standards. They are used for site "screening" and as initial cleanup goals if
applicable. PRGs are not de facto cleanup standards and should not be
applied as such. However, they are helpful in providing long-term targets to use
during the analysis of different remedial alternatives. By developing PRGs early
In the decision-making process, design staff may be able to streamline the
consideration of remedial alternatives.

i
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EPA REGION 3 - RBCs (2006)
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Key U.S. Programs - EPA Region 3
Risk-Based Concentrations (RBCs)

The Region lll toxicologists use RBCs to screen sites not yet on the NPL,
respond rapidly to citizen inquiries, and spot-check formal baseline risk
assessments. The primary use of RBCs is for chemical screening during
baseline risk assessment.... The exposure equations come from EPA’s Risk
Assessment Guidance for Superfund (RAGS), while the exposure factors are
those recommended in RAGS or supplemental guidance from the Superfund
program.... Simply put, RBCs are like risk assessments run in reverse. For a
single contaminant in a single medium, under standard default exposure
assumptions, the RBC corresponds to the target risk or hazard quotient.

To summarize, the Table should generally not be used to set cleanup or
no-action levels at CERCLA sites or RCRA Corrective Action sites, to
substitute for EPA guidance for preparing baseline risk assessments, or to
determine if a waste is hazardous under RCRA.

i
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RBCA Tool Kit - Underground Storage Tanks

RBCA Tool Kit for Chemical Releases, Version 1.3b

Exposure Pathway Flowchart

Source Media

Affectod
Surficial
Soils
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L

Exposure Media
On-sita
- Sail .
Commercial
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Ingestion
Atmospheric _
Dispersion Cutdoor Air
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Inhalation of Vapor
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Groundwater | Ingestion
Transport
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[ SOURCE | mEzrTEZTZA)p | RECEPTOR |

Receptors
Off-zited

NA

A,

MA

Off-siwe2
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Commands and Options

[ Main Screen ) [ Print Sheet ) Help )
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STATE PROGRAMS - UTAH LUST ISLs

TIER 1 SCREENING LEVELS AND CRITERIA INITIAL SCREENING LEVELS (ISL.)

Fier 1 Screening Levels (SL) are applicabie onily wihen the following site
conditians nre met;

I. Wo buildings, properiy boundaries, or piility Moes within 30 feer of the highesr
measured coneentration af any contaminant thal i greater than the Initiz!
Sorcening Levels but fess than or egual fo the Tier I S1x AND,

2. No water wells or sorfoce water within 500 feet of the highest measured

roncenrration af any conlaminasl thet is greater than the Iritial Sereening Levels
baat fess theare or egual io the Tier 1 S1s.

CONSTITUENT {Hlt]{JlENrI]]'lEI;']'H R n;::.} I::’L ugﬂl_:piii}ll;v ATER ﬁ[tb];:i .
(gL (e b (/i) (mgkgh

Beneene 0.3 0.9 (005 0.z
Toluene 3 25 1 9

Eihyhenzene 4 23 .7 L]

X vienes 10 142 19 142
Waphihalene 0.7 51 1.7 51

el ot 0.2 0.3 0z 0.3
T'PH-{zasoline (11] 1500 i 150
TPH-[Mesgl 1) S{MD 1 500

Ol and Grease
(TRPH) 10 10000 10 1000
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SERVICE COMPANY OFFERS COMPENDIUM OF
FEDERAL SCREENING & CLEANUP VALUES

Chemical

Acenapthens
Acephate
Acetaldehyde

Acetocklor

Acetone [2-Propanonc]

Acetone cyanchydrin

Acetonitrile
Acetophenone
Acifluorfen
Acrolein
Acrylamide
Acrylic acid

Acrylowitrile
Alacklor

Alar

Aldicarb
Aldicarb sulfome

RESIDENTIAL S0IL

INDUSTRIAL 50IL

Linked Publication Date

Region 3 | Region & | Region 9 Soil_ Region 3 [Fofi=n 2 e Region 9| F

FRGs MsLs PRGs 3(::;:::3 FRGs ::;‘:'r ?::‘:::' PRGs
markq markq markq markq markq markq maqrkq markq
4. 7E+03 3TE+03 3TE+D3 4 TE+03 E.1E+D4 38E-D4 3.3E+04 2.9E+04
REE+01 2.0E+02
1.1E+01 1.1E+01 23E+ 2.EE+01 2.3E-01
1.6E+03 1.2E+03 1.2E+03 2.0E+04 4 1E+D4 14E+04 1.2E+04
T.0E-04 T.0E-04 1.BE+02 T.2E-02 9.2E-05 1.0E+05 1.0E+05 E.OE-03
49E-01 4.9E-02
E.2E-02 4 2E-02 2.0E-02 2.3E-03 1.8E+02

T.8E+03 1.7E+03 1.0E+05 1.7E+03 1.7E+03
3AE+01 1.0E-01 1.0E-01 BAE+02 34E-01 37E-01 J4E-01
14E-01 1.1E-01 1.1E-01 EA4E-01 1.3E+00 4 2E-01 38E-01
2.9E-04 2.9E+04 1.0E+05 1.0E+05 1.0E+05
1.2E+00 2. 1E-01 Z1E-01 h.3E-00 h.2E-01 B.AE-01 4 3E-01
&.0E-00 E.OE-00 E.OE-+00 3EE+01 TAE+01 24E+01 2.1E+01
1.2E+04 9.2E+03 A.2E+03 16E+0R 1.0E+06 1.0E+05 9.2E+04
T.8E-01 E.1E+01 E.1E+01 1.0E+03 20E+03 E.2E.D2 E.2E+D2
T.8E-01 E.1E+01 E.1E+01 1.0E+03 20E+03 E.2E.D2 E.2E+D2
28E-02 29E-02 2.49E-02 4.0E-02 1.7E-01 24E-01 1.1E-01 1.0E-01
1.6E+04 1.0E+05

T« 1

$22 for the

Excel File
We can accept
checks, money
orders and
Paypal. Your
purchase will help
us pay for the
bandwidth of this
site, hosting costs
and maybe a
pizza for us
grunts working on
state values.




SUMMARY OF FEDERAL SCREENING AND

CLEANUP VALUES FOR ARSENIC IN SOIL

Soil Residential Industrial Inhalation Migration to Migration to
EeGlEier Ingestion Exposure Exposure Fugitive Groundwater | Groundwater
Prc? ram y (mg/kg) (mg/kQ) (mg/kg) Particulate DAF 20 DAF 1
J (mg/kg) (mg/kg) (mg/kg)
EPA Soil
Screening
Levels (SSL) 0.4 - - 750 29 1
EPA Region 9
PRGs
- 0.39 1.6 - 29 1
EPA Region 3
RBC
= 0.43 1.9 - - -

ERM



SUMMARY OF FEDERAL STANDARDS AND
SCREENING VALUES FOR ARSENIC IN WATER

Water Source | EPA Drinking | EPA Region 9 | EPA Region 3
(Exposure) Water MCL PRGs RBC
Drinking 50 0.045 0.045

(Tap) Water
(ng/L)

Agua
Subterranea
(ng/L)

i

ERM



WHY SO MANY PROGRAMS?

Risk Communication

Human Health
Risk
Assessment

Ecological Risk
Assesiment

Risk
Management

Page 20 \9
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MANY INPUT VARIABLES IN
CALCULATION PROCESS

Coleta e Avaliagcao de Dados Avaliacdo da Toxicidade

Compostos

de Interesse

Avaliacao da Exposicao

p = i Risco Calculado
> Exposicao x Toxicidade
USEPA, 1989 — HHEM Part A — EPA/540/1-89/002

i

ERM



FORMAL RISK ASSESSMENT STEPS
(USEPA,1989)

1.

2.

Collect and evaluate data (determine compounds of concern)

Exposure assessment (ldentify potential receptors, exposure
point concentrations, and intakes)

Toxicity assessment (rely on regulatory databases)
Calculation of risk values — carcinogenic and
noncarcinogenic (combines chemicals, exposures and

toxicities)

Use process to calculate risk-based cleanup values

-

ERM



WHAT TYPES OF EXPOSURE EXIST ?

Iu

ERM



WHAT TYPES OF EXPOSURE EXIST ?

ERM



POINT OF EXPOSURE CALCULATION

Model - Volatilization from groundwater to outdoor air

fora do local = :: na local

|

Page 25 \9
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POINT OF EXPOSURE CALCULATION

Model - Volatilization from groundwater to outdoor air

[ 9 ) = [ arf
I7E |: |_HJ§ ':HJ! —ar 'I :|_ C* amh EH .pj | DJ“ XH..'I‘? )-C]_U! l:ﬂ’! _kg
F gy amb : 1A% “rr T | ' 3
\mg/kg—solo) C, U,x8, \mo, +kp +Hy0, Nk m—g
ou
f o3 . 3
FFE |_ﬁ'.'g.-ﬁ'.l —ar) — Cr..'m.':- - le-:’;" )'C].D! cm _kg
ar, comrhy : \ T 3
\mg/kg— solo) C oo, m-g
onde:
C, oms - concentracio de vapor em ambiente aberto (mg/m”);
C': - concentragBo retida no solo superficial (mg/ka);
I’F’I - maior comprimento da area fonte paralela a diregao do vento (cm);
fal -densidade do solo {g!cmﬂ;
E‘Far - altura da zona de mistura do ambiente aberto (cm);
L;,, -velocidade do ar acima da superficie do solo na zona de mistura do ambiente aberto (cm/'s);
i - § = . = .
D" - cogficiente de difusao efetiva na zona nao saturada {cm%‘s;;
Hﬁ,Irlr - coeficiente efetivo da Lei de Henry {a:m—m‘gfmn::l]l;
e, - contelido volumétrico de dgua na zona ndo saturada (cm>-agualcm -solo);
k, - coeficiente de partic3o solo-agua (cm*-agualg-solo);
Hﬂ: - conteddo volumétrico de ar na zona ndo saturada {cm3—aricm3—suln};
T -tempo médio do fluxo de vapor (anos);
d - menor profundidade da zona de solo superficial (cm).
i L. s

1o £ —NE - fator de conversao.

ERM



General Equation for Chemical Intake
(Portuguese definitions)

EF
ED
BW
AT

mg/kg-dia

mg/L ou mg/kg
L/dia ou kg/dia
dias/ano
Ano
kg
Dias

- IRxEF x ED
BW x AT

Ingresso ou quantidade de contaminante que ingressa no

organismo humano por um Caminho de Exposigao
Concentragdo do contaminante no meio enfocado
Taxa de contato com o meio enfocado
Frequéncia de Exposicéo
Duracao da Exposicao
Peso Corporal

Periodo de Exposicéo

ERM



TOXICITY VALUES - EXAMPLE

ey SFoi=Cancer Slope Factor oral, inhalation RfDoi=Reference Dose aral, inhalatiorg i=IRIS p=FFPRTY c=California EFA n=MNCE#
ca™ fwhere nc PRG = 10X ca PRG) +++=Maon-Standard Method Applied (See User's Guide) sat=5oil Saturation (See User's Guide) ¢

TOXICITY VALUES

CONTAMINANT

' zkin
SFo RfDo SFI RfDi 0 abs. CTAS MO
1mogfkg-o)  (mofkg-d) 1mgdkg-d)  (modkng-d) T =ails
8.7E-03 4.0E-03 EE.TE-DS v 4.0E-03 0.4 w0se0-13-1 | Acephate
7.TE-03 i 2.BE-03 W w070 | Acetaldehyde
2.0E-02 2.0E-02 04 mzse-221 | Acetochlor
9.0E-01 9.0E-01 W E7-E4-1 Acetone
8.0E-04 8.0E-04 o 265 | Acetone cyanohydrin
1.7E-02 1.7E-02 y mass | Acetonitrile
5.0E-04 5. 7E-06 W wroz-: | Acrolein
4.8E+00 2.0E-04 4.5E+00 i 2.0E-04 01 reoet | Acrylamide
5.0E-01 2.96-04 04 0 L Acrylic acid
5 4E-01 1.0E-03 2 4E-01 i &.7E-04 y w1 | Acrylonitrile
1.0E+00 1.0E+00 c y "CAL-Modified PRG"
8 1E-02 h 1.0E-02 8 0E-02 r 1.0E-02 o1 serzens | Alachlor
1.6E-M1 1.6E-M1 01 mae-ea-5 | Agr
1.0E-03 1.0E-03 0 nene-z | Aldicark
1.0E-03 1.0E-03 o w354 | Aldicarb sulfone

ERM



GENERAL EQUATIONS FOR CARCINOGENIC
RISK AND ACUTE HAZARD QUOTIENT

Risco=1 xSF

Risco - Risco Carcinogénico

I mg/kg-dia Dose de Ingresso para o Cenario de Exposigao “n”

SF (1/ mg/kg-dia) Fator de Carcinogenicidade
HO=—2
RfD,

RfD - Quociente de Perigo nao Carcinogénico

I mg/kg-dia Dose de Ingresso para o Cenario de Exposigao “n”
RfD mg/kg-dia Dose de Referencia para a Via de Ingresso “i”

ERM



VARIABLES AFFECTING INTERVENTION VALUE
OR SCREENING LEVEL DEVELOPMENT

Geography
Climate

Geology/hydrogeology

Land use/exposure
scenarios

Chemistry properties/
Interactions

Data sufficiency - statistics

i Textural and |7 T
. oCm— . compositional |t 5
:

y£ variation

Toxicity value resources/ e

accuracy

£ I_);?
30+ U

Depth (m)

Model input parameters

/ ‘
jZone of
{fracture

I concentraticn

N 1 U

ERM




DETAILED DATA ENTRY - SIMPLE RBCA MODEL

BCA SITE ASSESSMENT Input Parameter Summary |
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B gt (e 70 LL] £ 70 M Asrbient s vsloc iy im mising Toms (=]
Epomrs durafor (v 0 a EL] = ] S Br e o heignt e
Jncaragivg Grre lor v e (v 20 = 1 F, Sresl parfodaks s on reks g )
Erpomrs lrequsay HmET) 350 250 L b Thichores m of m B ciesd 1 crincs poiln o)
Erpomrs reguerar ko de el ssponrs 350 250
g g rabs of ser (Lidm) 2 ' [T Teos B0] Doaris § e e o]
I aon rabs of ol (g dey] L] 200 =0 o P Complary Tors Sickosen
ir martacs mren Herrral) S 2] k] 2] ] h, W imbons Tore thickos m
501 bo mhir e mos Fackor ' S S0l b bk ey
SrirrIring e pomams Erme s v nl) a = ™ mcion orgenic oo
SrirTIing s ri PEsqus pay (severdayT LH] LH] LH] 5 S0l tobel porasl ity
Wb s 1 i el g (LT o s K, Wl Fysdrmdic comductivily
Sir marfacs mren kor meimETing ETeE) 3000 BI00 k. W impr ks iy
g aion rabs of fieh dkghT LT Ly  Depiio grosrcabsr
‘ot bed [ul= fracior. (wnit s ¥ S Dep i ko lop of o Be cled soln
bam Depi o e ol albeched soils
O T T e T ELTITAl Tt hmiw  Thiches ms of mBscied 1als
EESTTE i el gren it r B
Gronree e | g o ‘i rasrcial A A
Sl Lo b0 4G s ke b | g oy Piorss A A 0, W ot o e oo e
&, W oot o e o e

Bom o T e W ol S ek

S rieg A T ZabchaiE  Comeea B
imk: Ciarsurnphion A -ﬁml—w EIE) [ RE R

Bopsat'c Liks Fmbsciion ik L. o rdat’on 1ma s P
s M oundaion medrmier s P
TaE = Bl fing i soochangs ras s Pk
I mect | g or. i (D=l S et o rercial La  ®ondston ficknern s k.
Tas  Cepiba botior of keunda o miek s P
Dadr A El o ndaton dech: sl or s Pk
St ol n frm Surfsos Soln 1o rercial ik ik & Indaari idoor dikerer el precoms Y Pk
‘Wolaifamior frr S0k e ik ik o, Coarwec Bve 1T low frough sish i Pk
‘Wolnifamior fmr Groundwaier e ik ik
T T
oo T T G dealer ey Tons dsph ok,
‘Wolnifanor fmr Sub rfiscs ol Femre ik ik [ Fés | o chem b ' i Bt rais Y
‘Wolaifamior fmr Groundwaler [ i i e G b Dlarcy vl ediy s
Ve GErdeaier ssmags veladie s
Errea el =0 T LTI TR K, St bt e B oot i B Y )
[T a Pk Pk I G deaier graderi s
el lsadHir g o oL r de b e ior ik ik ik S, Wkl g deser B Tore Y
Cisidoor wr irkalaton m o ior a Pk Pk S, Dep i of groundsulsr § oues Do s
L= = b B o iy 1 weale e b fr g Ui s
[T oot ITTE R 1 o B AE ok T ™ mmicfion orgaric awrbor i wber-besaring 1l Y
P, GErdeaier g s
Elode gemdaar conpidersd s
[T rmoor s et T SRR T TERm] e T Tormtar ]
Tart —BarH Grrane ias TRt Eradye nan ERlansinaie 2N
Cisidoor wir vl il o rrodsl Pk, @ Lor g dnal dirpsrmvily ) Pk ik el i
Indoor air vola il o ot Pk, a Tearsvarps dirpsrs iy s k. ik Pl )
el ln e g rreadal Pk, o Wt cal o wpm rre R s P ik Pl )
Uit 20 nfsmustion riodsl (SARY for s nchais 1 Pk, e T gl Dusgooy Mok, | @b Duidooe sy el
Bir dflufion icior Pk, a Tearsvarps Srpers'on o Ficiee | ) Fok. ik el )
Girce_rivem e of 1ot harmsak o hact or ik, - Wt cal o wpm rr or cos B s k. ik Pl )
AL LS iy e o LN LN LN . Lol
[ Teos Wr e DR SRR T
FOTE: Fiklm ok appitcabls T Grios waer Sowmis ok
W,  WidihalGW plums miSW dechangs Pk
oy Thichons o of GW plurs o SW dinchangs k.
O G deaber-io-priscs s dlufon i cor Pk

ERM



CONCLUSION:
SUMMARY OF PHASED USE OF REGULATORY VALUES

1. Do impacts exist above NO
' ?
background concentrations” VES
2. Are applicable or relevant NO
screening levels exceeded?
3. Can screening levels serve as YES
appropriate cleanup levels?
A. Yes - Implement cleanup to VES NO

existing standards
B. No — Develop site-specific
cleanup goals
4. Assure sufficient data during
cleanup to warranty effective
remedy
Page 32 \9
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GENERAL SITE REMEDIATION PROCESS
CONSULTING PRACTICE - EXAMPLES

e CHARACTIZATION
+ |dentification
+ Delineation

e RISK CHARACTERIZATION
¢+ Human Health
¢ Environmental Receptors

e REMEDIAL ACTION
+ Remedial Action Objectives
¢+ Remedial Design
+ Remedy Implementation
¢ Operation & Management




EXAMPLE 1 - USE OF INTERVENTION VALUES
FOR SCREENING PURPOSES

Phase Il ESA - property transaction
(Brazil)

Ten borings and wells for sampling

Soil showed pyrene and chrysene
at one location — below agency
intervention values

Groundwater showed select VOCs
& PAHSs at low concentrations —
below agency intervention values

Site suitable for sale with no
remedial action

T vazis

ERM



EXAMPLE 2 - USE OF SCREENING VALUES FOR
REMEDIATION PURPOSES

e Leaking underground storage tank

site (USA) o T
e Gasoline VOCs above State “Initial )

Screening Levels (ISLs)” in soil and

groundwater »

e Remediation to achieve ISLs rather oy
than risk-based levels for site

e Target ISLs include 1 mg/L TPH,
0.005 mg/L benzene, and 0.2 mg/L
MTBE

e
e Owner proposing MNA; adjacent
land owner litigating for active ‘W//
remediation %

Eﬁ!

EH!

i

\

%
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EXAMPLE 3 - USE OF SCREENING VALUES FOR
REMEDIATION PURPOSES

e Remediation of canal sediment
via dredging (USA)

e Two meters of sediment
containing TPH and oil & grease

e Cleanup levels were State LUST
Program guidelines: 100 mg/kg
TPH and 300 mg/kg O&G

e Quality assurance required
visual confirmation at 100 foot
(30 m) intervals

e Laboratory analysis every 2,000
feet (670 m)

Page 36 \9
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EXAMPLE 4 - DEVELOPMENT OF SITE-SPECIFIC
REMEDIATION GOALS FOR GROUNDWATER

e Brazil industrial site impacted by chlorinated solvents in shallow and
deep groundwater

e PCE and breakdown products exceed intervention values

e NoO current groundwater ingestion or direct contact with soil or
groundwater

e Site-specific risk assessment performed; showed unacceptable risks to
“site workers” and “construction workers”

e Potential site-specific cleanup levels calculated using risk assessment
formulas with results 2 to 3 orders higher than agency intervention
values

e Remediation planning underway — difficult to predict if risk-based
targets can be achieved

i

ERM



EXAMPLE 4 - DEVELOPMENT OF SITE-SPECIFIC
REMEDIATION GOALS FOR GROUNDWATER

Compounds of Concern (COC)

Groundwater

Risk/HI > Threshold in Remedial Goals * Remedial Goals * Concentration Range in
On-Site Groundwater? * (Site Worker) ® (Construction Worker) Source Area’
(mg/L) (mg/L) (mg/L)
Ammonia No -— o —
Arsenic No - = —

Iron No -—- == —
Manganese No -—- == —
Chloroform Yes 18.7 18.4 9to 24

Chloroethane No - - —
Vinyl Chloride (adults) Yes 20.4 4.6 1.3t0 6.8
1,1-Dichloroethane No -—- — —
1,1-Dichloroethene No == — —
cis-1,2-Dichloroethene Yes - 124 18 to 105
trans-1,2-Dichloroethene No — - i
1,1,1-Trichloroethane No e — —
Trichloroethene Yes 24 0.360 27t07.9
Tetrachloroethene Yes 30.8 44 10 to 85

ERM




EXAMPLE 5 - USE OF SITE-SPECIFIC
REMEDIATION GOALS FOR SOIL

e Brownfield redevelopment
of Superfund site (USA)

e Plan for mixed commercial
and residential use

e EPA provided risk-based
“Decision Framework” for
potential land uses

e Some soil contained Pb
and As above residential
targets (commercial use
allowed w/o remediation)

Delivering sustainable solutions in a more competitive world
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EXAMPLE 5 - USE OF SITE-SPECIFIC
REMEDIATION GOALS FOR SOIL

e Plan for affected soill
removal from residential

areas to commercial areas ,'i"- {

e Cleanup complicated by
historical (clean) fill over
Impacted soll

e Quality assurance during
removal was key to
successful remediation

e Remediation completed
2006 — development in S A , W) |
progress - SR

1 {
|
o
N
)
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EXAMPLE 5 - EPA DECISION FRAMEWORK

P S ———
e b el malivn 5ol naiss
l'l'u.
i
[ 1 L | ru-rm-uﬁl—TMH_gn ]
Exmhaia e sl ferie | Evahamia radve s &
el recen | :r J_im ] n|—|1|:|;|i-l|uu|.
+ TT me ikl
l wEE ES
VES el PG = PR VES k] T _
wl warwl
hlwy © « PORGT | I Bay < 3 PR "]
|'|:l Hi |
Aera ¥
-l-aﬁlﬁ;! Mt 4 bl eiplabrle 'I'I:-H.H B nd etk
o ou | - I Lo o =7
irang vhdy - rrean dala -
— T EE T
2]

PRGs (no cover soil): As 73 mg/kg and Pb 650 mg/kg
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EXAMPLE 5 - PLAN FOR SELECTIVE SOIL
R

EMOVAL TO ENABLE REDEVELOPMENT
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EXAMPLE 5 - MAP OF AREAS REQUIRING SOIL
REMOVAL BASED ON ARSENIC & LEAD

P
.i{._ ;‘_‘;{"'};

.-'
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EXAMPLE 5 - MAP AFTER REMEDIATION GOALS
WERE ACHIEVED

= v - o
L |

~05/08/2006
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