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. plan (IWP) describes how the screening assessment relates 10 the overall cotrective aclion approach L

assessment is to provide a simple but sci

“entirely at the discretion of the risk assessor, 1.6., 4 basctine risk assessment may be conducted at any
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1.0  INTRODUCTION

A human healih Scleening assessment is the initial step used 10 evaluate the potential lor risk o human A
hoatth at sites potentially influenced by Laboratory activilies and is pan of the ER Project's approach to ‘ B
the Resource Conservation and Recovery Acl (RCRA) coneclive aclion process. The Instaliation work 4

smiployed by the ER Project (LANL 1998, 62060, Section 3.2). The main purpose ol a screening

' ientitically sound approach 1o strearnlining the assessment
process. The use of a screening assessment within the context of eslimating polential risk at a site is

sito if the tisk assessor deems it preferablo 10 a screening assessmenl.

A screening assessment is most useful for sites that have a limited number ol contaminants and where
tand use and potential exposures are lailly well delined. Hoviever, a screening assessment may also be :
usefu! in identilying key contaminanis and exposure routes a1 a comptex site. When conlaminant '
transport and exposura assessment require complex modeting etlors, screening assessments have
timited utility and a baseline risk assessmenl should be used. Based on the results of the screening
assessment, a site may be proposed for no additional evaluation ol potential human health risk; turther
she investigation requiring more sampling and a baseline risk assessment; remediation; or a corrective
mensures sludy (CMS), Becauso human heallh is only ono aspect ol site evaluation, the determination ol
accoptable human health risk does not transtate into a final no funher action (NFA) recommendation until
other aspects ol 1he investigation (e.g. ccological risk) are satislactorily resolved.

This methodology document provides guidance 10 Environmental Restoration {ER) Projoct risk assessors
as they porform human healih risk-based screening assessments at Los Alamos National Laboratory (the
Laboratory) siies. Iinplementation of this methodology will onsure consistency in screaning assessment
activities. A human health risk-basod screoning assossment may be tho only assessment ol potential risk
conducled for a site, bul could lead 1o a baseline sisk assessment if resulls viarrant il. This guidance Is
appliceble lo evaluating individual potential reloase siles (PRSs), consolidatad PRSs, aggregaled PRSs,
watarshad aggregates, or walersheds. In this document, the term “site”™ refers o ali these areas.

2.0 SCREENING ASSESSMENT APPROACH ' : ' '

The ER Project’s human heallh risk-based screening assessment approach lollows the procoss
describad in the New Mexico Environment Department’s {NMED's) Risk-Basad Declsion Treo (NMED
1998, 57761). it also follows guidance prescnied in NMED's technical background document lor

development ol soil screening leveis and the US Environmental Protection Agency (EPA) Region 6

human health medium-specific screening levels (NMED 2000, 68554; EPA 2000, §8410).

A fundamental requirement Is that a screening assessment cannot be periormed until the nature and . K
exlant ol contamination al & site has been dalormined. Initially, data are assessad to determine whelhor

the existing data and information are sullicient in quantity and quality to conduct a human heatth ' LI
screening assessment (LANL 1998, 62060, Sectiun 3.2.1). Subsequently, inorganic and radionuctide data

are compared to background or lalfout concentralions based on £R Projent Standard Operating

Procedures (SOPs) 15.12, Rev. 0, Perlorming Background Value Comparisons tor Inorganic Chemicals,

and 15.13, Rev. 0, Porlorming Background Value Comparisons for Radionuclides (LANL 1898, 59730).

Organic chemicals are ovaluated based on dotection stalus because backgiound data do not exist. Tnese

evaluations identily chemicals thal are related to a release {rom a site and that may pose a potential risk

to human health. Thesa chemicals are relerred to as “»chemicals of potential concem™ (COPCs). A human
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healih screening assessment tor surface and near-surlace soil and sediment is then conducted on the
COPCs identiked by the data review. ’

2.1 Screcning Action Levels

The screening assessment process involves comparing chemical and radionuclide datato risk-based
concentrations to determine if a potential for unacceptanle risk to human health exists at the site (Section
2.2). The risk-based concentrations used in this compatison are refetred to as screening action levels
(SALs). A SAL is the concentration of a chemical or a radionuciide below which there is no unacceptable
risk 10 human health as defined by a set of exposuie agsumptions. A site conceplual model is developed
prier to conducting the screening assessment in order 1o identity fikely conlaminant souwrce areas and
mechanisms cf lranspon, as well as to ensure that the exposure pathways, exposurg assumplions, and
potential receptors matcti those used in the caloulation of the SAL. The site conceptugl model represents
links between the various aspecis of the site in quastion and summarizes current understanding of the
contamination. The information is used to delermine the applicability of SALs at the site and whether an
alternative approach is needed. For exampls, if additional, complex exposure pathways may be retevant
in desciibing the site exposure scenariv {0.g., meal-ingestion or drinking-water pathways), the site
conceptual model does not ceincide with the SAL assumptlions and a screening assessment is not
appropriate, In these instances, a site-specific baseline risk/dose assessmenl is conducted.

ER Project SALs have been developed lor both chemicals and ridionuclides based on a residantial
exposure, All screening evaluations are conducied only on this basis, i.e., there arg no SALS represeming
other exposure scenarios. However, SALs are not necessarily proteclive of ecolagical entpoints and
groundwater resources. SALs are intended for application o surface and near-surface soils and
sediments ant are yeneraily applicable 1o a Cepth of approximately 10 to 12 ft, which accounts for
possible construction-related excavation and/or residential activities. Contaminants occurring 2t depths
greater than 10 to 12 It may require evaluations other than or in addition ta the SAL comperisons
described below, .. fransport 1o groundwater, and are at the discretion of the risk assessor.

Chemicnl SALs

Cherical SALs used in a screening assessment are based on ¢hranic toxicity and not acute toxicity. A
chemical SAL represents the concentration of a chemical that is asscciated with either a liletime excess
cancer risk of one in one million {10°®) for carcinogens or a hazard quotiant of one (1.0) for '
noncarcinogens (EPA 1989, 08021; EPA 1890, 55594). These standards aro in agreement with EPA
Region 6 human health medium-specific screening levels, but difter from NMED's technical background
document for developing screening levels (EPA 2000, 68410; NMED 2000, 68554). The NMED guidance
uses a 10" cancer-risk tevel for the soil screening level for each chemical carcinogen and an overall
target level of 10°° cancer sisk. Regardless, the methodology for calcutating chemical SALS uses current
toxicity values, parameters, and equstions.

Generally, if both noncarcinogenic and carcinogenic toxicity criteria have besn established lor a chamical,
the criterion resulting in the lowest SAL is used in the screening assessmerd because if the lower value is
not exceeded by the site concentration, neither toxicity-ettect category is of concern. A screening
assessment for chemical carcinogens uses the 10° ER Project SAL rather than the NMED soit scresning
leve! based on a 10°° cancer risk. As a result, the NMED soil screening level for a chemicat may be a
noncarcinogenic value rather than a carcinogenic value (i.e., Ihe va'ue based on nencarcinogenic eflect
may be lower than that based on 10 cancer risk). For exampie, the ER Project SAL for chioroform, which
is a carcinogen, is 0.24 mg/kg based on a 10°® cancer risk, while the 10™ leve! for chiorolorm is 2.4 mg/kg. |
The NMED soil screening level jor chlorotorm is 0.38 mgkg {NMED 2000, 68554) based on

35]
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noncarcinogenic eflects. NMED uses the 0.38 mgikg value as a soil scmehing level because it is lower
than the 10° carcinogenic value ol 2.4 mgikg. Therelore, some COPCs are gvaluated lof both
carcinogenic and noncarcinogenic elects using the ER Project SAL {e.g., for chiorolorm 0.24 mgikg) and

-tha NMED soil screoning level {e.g., {or chiorolorm 0.38 mgikg), tespectively to facilitale NMED's review

of tho screening assessment.

T~

Rodlonucllde SALs

SALs lor radionuclides are based on dose rather than on carcinogenic risk ind are calculated using the -
residual radioactive materials (RESRAD) compuler code doveloped by Argtﬁnne National Laboratory for
{he US Depaniment of Enargy {DOE] (at Ip:tiwebead.ant.poviestads), The RESRADR code has beon
continuatly revised and improved since it was issued in 1989, The RESRAD model and paramalers used
10 calculate SALs are revicvied annually {at the start o each new fiscal year {October)) to deteimine
whether the values need to be updated. Because RESRAD may be revised ono or more times within a
year, radionuclide SALs aro revised only if tho iatest varsion of the RESRAD code alfects the
calculations. The ER Project starts using the revised radionuclide SALS {it any) al the beginning ol a liscal
year; new valugs are nol retroactive, The most recent manua! describing the'use of the RESRAD cedo
wias published in July 2001 (Yu el al. 2001, 71420). '

The dose limit used as the basis lor radionuctide SALS at a single site is 15 miemfyr above background
(EPA 1997, 58693; DOE-AL 2000, 67153). The dose limit is consisient with regutatory guidance and
satisfics tho “as 10w as teasonably achiovable” {ALARA) principle to ensure thal radialion dose Is
minimized (DOE-AL 2000, 67153). As a resull, sites vihere radionuclide concentrations resull in a dose
greater than 15 mremiyr (l.e,, sites whore radionuclide concentrations are greater than SAL or where
cxposure o mulliple rationuclides results in an axceedance of the dose timit) are ovaluated turthar. The
derivation and use ol SALs lor radioactive COPCs is described by LANL {2001, £9683).

Standard sesidential default values similar lo thuse used lor chemical SAL calculations are incorporated
into the RESRAD model with the doses summed over multiple pathways. Exposure puthiays
incorporated into the calculation of radionuclide SALs are the incidental ingestion of soil; inhalation of
particulates, radon, and witium; ingestion of homegrown huits and vegetables; and exiernal irradiation.
Because certain radionuclides {particularly strontium-20) known 1o occur ot some sitos are susceptible 10
plant uptake, ingestion ol homegrewn producs (ruits and vegetables) is included among the potential
pathways evalusied in calculating radionuclido SALS. '

SALs ond PRGS

Even though the numeric valuos may be the some, SALS ant preliminary remediation goals (PRGs) -
generally are used lor ditierent purposes and the lerms are not interchangeable, A SAL is used in the
carly stages of the RCRA correclive action process to identily chemicals that may present a threat io
human health and, \herelore, may warrant further investigation. SALs, unliko PRGs, are not cloanup =
values. PRGs or other cleanup critaria are used al later stages ol the corrective action processto
evaluale remedial alieratives and determing il remediation at a site has been successiul, Although, the
human health screening medel lor canyons has scrooning velues {called PRGs) for several additional
exposure scenarios and incorporates exposure pathways in addition to those used to calculale SALs for
mesa-lop sites (LANL 1998, 62049), the screening assessment approach Is simitar for mesa 1ops and
canyons,
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2.2 Screening Assessment

The screening assessment consists of four components: scoping, screening evatuation (comparison with
SALs), uncertzinty analysis, and interpretation. it a beseline risk assessment is conducted, the screening
comparicon with SALs may be incorporated into the risk assessment of the comparison with SALS is
eliminated and all COPCs identitied by the data review ate evaluated in the baseline risk assessment.

2.2.3 Scoping

The scoping section of a sereening assessment sets the stage !or laler componentis and tolipws a paraliel
evalualion {or assessing polential ecological nak. The ecolegical scoping checklist can be a usefut ool for
human health screening. as well. The scoping section should include a discussion of buth current and
future land uses for a site as the key element that identities appropriate receptors and exposurs
pathways. Potential land uses, transport and exposure pathways. and a review of the site history
{focusing on release mechanisms, potentiat contaminants, and receiving media), are also important
components of the scoping section.

In addiiion, the site conceplual model is compared to exposure pathways and assumptions in order to
document that Ihe SALs are applicable 1o evaluating potential human health risk al the site. The scoping
section also should state whether the site is accessible and whelher it is a secure area with timited and
monilored access and egress; it should also be stated whether the area is expected to be used
exclusively for Laboratory operations in the future, or there s 2 possibility of other land-use scenarios for
the site {e.g., recreational or residential). These elements of the scoping section are esitical tc supporting
the uncertainty analysis and interprelation discussions of a screening assessment {Sections 2.1.3,
Uncertainty Analysis, and 2,1.4, Interpretation). ’

2.2.2  Screening Evaluation

. The screening evaluation portion of a screening assessment compsies either the mavimum detected
concentration ur, if a sutficient number of samples have been collected {usually 10 or more samples), the
95% upper conlidence limit {UCL) of the arithmetic mean concentration of each COPC with the
appropriate SAL. Oher approaches for estimating a representative concentration also may be usad,
including use of the mean concentration, the weighted average, and the median concentration; the value
used must be representative of polential expasure and justitied by the available data.

Comparisons o SALs for carcinogenic, noncarcinogenic, and radionuclide COPCs are perdormed
saparately:

+ Caicinogens
+ All chemical carcinogens are compased with their respective SALs.

Each ER Project SAL represents a 10 (one in one million) incremental excess cancer risk {0
an inclividual. The total incrementat excass cancer «isk {sum of cancer risk for ail carcinogenic
COPCs) is compared to a 10° cancer risk level (NMED's target risk leve! for carcinogens). In
order to conclude that therg is no potential unasceplable risk to human health the NMED
target rsk level of 10°® should be met. However. EPA has indicated a target risk range tor
carcinogens of 10 to 10°® {(EPA 1990, 55594). I NMED's 10°° target visk level is exceedad
but is within the EFA target risk range, further evaluation may bg watranted o determine
whether polential unacceptable risk to human health exists at a site.
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» Noncarcinogens
| o Il the site has only one noncarcinogenic COPC, it is compared with the SAL.

+ Il twc or mote COPCs are noncarcinogenic, each COPC s compared with 0.1 ol its
respective SAL. : .

Each ER Project SAL is ‘equivatent to a hazard quotien! ot 1.0, which represents the
concentration al or below which no human health hazard I expecled. The tatio of the -
exposure concentration lor each noncarcinogenic COPC 1o its tospoclive SAL or hazard .
quolicnt and the sum of individual ralios or hazard index for noncaicinogenic COPCs must be

* Jess than or eguivalent to 1.0, In order o conclude that ther6 is no potential unaccoptable
hazard 1o human health. '

» Radionuclides

+ Al radioruclides are compated with Iheir sespective SALs.

Each ER Srojec! SAL represents a dose of 15 miem/yr, The lotal dose for all radionuclides
detected above background/ialioul tevels must be less than or equivalenl to 15 mremiyr to
salely conclude that there is no potential vnacceptable dose,

Those comparisons are based on guidance trom NMED (NMED 2000, 68554), EPA Region 6 (EPA 2000,

© 68410), and DOE {DOE-AL 2000, 67153). Il the above canditions are met, the site needs no furthar

evaluation, As a result of the SAL comparisen, each COPC latls inio one of the tollov/ing categories:
grenter than SAL, no SAL, £t less than/equal lo SAL. ' s

conceniralion or the 85% UCL of the mean concenlration) is greater than the SAL or 0.1 SAL, or the

- hazard index, tota! incremental cancer rigk, or lotal dose ara gtealer than the appropriale target level lor a

given chemical category, Any COPC in ihis category is evaluated lurther within 1he screenlng assossinenl

‘or as port of a basoling risk assessment.

“No SAL" Indicates no SAL cutrently Is available for comparison. For many of these chemicals, it may be
appiopriate to use a SAL based on toxicologicalimolecular structural information for similar chemicals
(i.e., a surrogate) or to calcutate a SAL based on available toxicity informalion. Tho calculated SALs must
be reviewed and approved by the ER Project Risk Assessment Team and submitiod to the adminisiralive
authority for reviaw, It SALs for sunogate chemicals are used in the screening evaluation, tha rationale lor
their use must be presented in the screening evaluation. Commonly used surrogate chomicai3 are listed -
in an attachmant 1o this document.

Samples ate routinaly anatyzed for several inorgenic chemicals (o.g., calcium, magnesium, potassium,
and sodium) that are essential nutrients and for which SALS have not been developed due to a lack ol
sufficlent low-dose 1oxicity information. These chemicals occnsionally are delected at concenlrations
greater than background and therafore may be tetalned as COPCs. Howover, il the concentrelions are
only slightly elevated (e.g., less than tviice the background value) above background levels, EPA's Risk
Assessment Guidance for Superiund (RAGS), Part A, indicates thal essential nulrients can be eliminated

" wilhout further evaluation (EPA 1989, 08021). The potential importance of these chemicals as toxicants

can be assessed based on human nuikcitional requirements. The evaluation of essential nutrients may be

* presented at sevoral polnts within a report. However, the Resourcy Consérvalion and Recovary Acl

" (RCRA) Facility Investigation (RFI) outline does niol allow e slimination o} COPCs other than by

background comparison and deleclion stalus within the data reviow section, Therelore, tor consistency
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purposes the evaluation of nutrients should be presented in the screening evaluation section of a
screening assessment.

“Less than SAL™ indicates that the representative COPC concentration {e.g., the maximum detected
concentration or the 95% UCL of the mean concentration) is less than the SAL or 0.1 SAL, or the hazard
index, total incremental cancer risk, or total dose are less than the appropriate target leve! lor a given
category of chemicais. The COPCs in this category generally do nol pose an unacceptable risk to human
heatth and ara not evaluated further. '

Chemicals that are not detecied in any sample generally are not included in a screening assessment
when sample-specitic detection imits do not exceed the contraci-required detection limits {CDRLs) tor
EPA Contract Laboratory Program anatytical methods or equivaient methnds presented in the analytical
statement of work (LANL 1995, 49738). Exceptions may be invoked if & detection fimit is greatsr than
background for inorganic chemicals or the detection limit is greater than SAL for organic chemicais and
the inorganic or crganic chemical is suspecied 1o be present at a site. Factors to consider when
determining if chemicals reponied as "nondetects” ate 1etained as COPCs in the screening assessment

include

site process knowledge that the chemical or related chemicals were used,

« the presence of related chemicals or chemicals of a degradation chain;

s the magnitude of the discrepancy between the detection limit and SAL (if the deteclion Emit is close to
the SAL, the chemical may be relained, but if the detection limit is several times less than the SAL,
the nhemical may be eliminaled),

o the number of samples collected (anaiyzing only a few samples may no! defing the nature of
conlamination; therefore scme chemicals may not be eliminated); and

« the applicability of the SAL assumptions at tha site in question.

These factors also can be used {o determine if a chemical whose sample-specific detection limits ware
clevated {e.g., due to matrix interference) is retained or eliminaied as a COPC. When a chemicai that has
" been reported as act detected is retained as a COPC, the mmaximum detection Kmit for that chemical is
used in the screening assecsment. The supporting rationale tor eliminating or retaining a chemical with
detection imits greater than a SAL is documenied on a chemical-by-chemical basis.

223 Uncertainty Analysis

The uncenainty anelysis presents a qualilative assessment of issues thal potentiaily may aftect the
results of the screening evatuation and assists in interpretation of the results. The analysis includes
issues related to data quality, receptors and exposure pathways, SAL development, exposure and toxicity
assessments, and surrogate chemicals used in the SAL comparisons. The uncertainty analysis also
evaluates COPCs retained by the screening evaluation 1o deiermine whether they are eliminated or
carried forward to a risk assessmen! or corfective action, and details the sationale to eliminate any
COPCs based on process knowledge {or other sound reasons). A qualitative discussion justifying the
elimination or retention of COPCs that were ot screened should also be included. The uncertainty
analysis can result in the additien or detetion of COPCs.

Areas of uncertainty that may need to be discussed include but are not limited 10

» the definition ¢f the physical setling (likelihood 1hal the receplor and pathways are appropriate);
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._.' ﬁaia quality iséﬁés. shch as lab qualifiers indicaling high/low blés or uso of protessional iudgmem:
. . énatyﬁca! methods used, | .
. cnvironmental transport models;
« _ chemicals that have detection limits that exceed their respective SALS;
. * toxicity values used (e.g., use ol any surrogaie chemicals in calculation of SALS);-
. -iﬁtakelexposure- patamelers ahd their assumed values;

«  multiphs pathwoy exposure assumplions; and

_ dillerences in tho toxic endpoinis (target organs) among noncarcinogens. :

224  Interpretation

The shierpretation podtion of the screening assessment summarizes the resulls ol the human health -
scraening assessmenl with respect to the uncertainty analysis, The uncenainly analysis peimits the
formulation of conclusions regarding the potential risk to human izzeplois and the conlidence inval in tho
assessment rasulls. The interpretation portion also identifies COPCs that are rotained by the screening
evaluation ond cvaluates the subsequent sieps for lurther evaluation. For example, @ COPC above its
SAL may indicate that subsequent action ai the sile is warranted {e.g., romediation) of it may represent
thal no potential unacceptable sisk 1o human health exists under actua! site conditions. |l the laiter is true,
an analysls of the data that shows nu unacceptable risk may be presented. i a risk assessment is not
conducted, a comparison to values reproscnling @ mose sealistic exposure scenario, .9., a site worker or
recreational user, may be apjiropriate. The results of the compatison are then used to justity no lurther

. acllon if concentrations indicél_le no potential unacceptable risk. '

) |

2.3 . Evaluation of Chemicals Not Relsted to a Process Release

Ceriain classes of chemicals, e.g., polycychic aromatic hydrocarbons (PAHS) and peslicides, which have
been detecled in soil, often are not ralated 10 a release lrom the PRS and therclore ara not necessaiily
the tesponsibllily of the ER Project. Non-process relaled souices in the lorm of 'rupnll from asphalt-paved
araas and rootiops and/or Incomplete combustion associated with forest fires, vehicle axhaust,and
simitar events can resull in PAH depaosition in the soif, Pesticides may ho present at a site as a resull of
herbicldesfinsecticides applied during soutine facility meintenance (past and/or prosent). In other cases,
residues lrom mainlenance aclivities, such as paint chips trom bridges and buildings, may be present in
the soll and result in elevated levels ol inorganic chemicals. In some cases, the presence of non-procoss
rolated chemicals {inorganic and organic) may aflect ER Project site decisions and invastigators-may
choose Io ireal those chemicals soparately. -

It kealed separatoly, non-process related chemicals should ba discussed in Section 2.3.5, Revisod Site
+ Conceptual Model, ol the risk assesement. “The conceptual model should describe where the chemicals
" oceur, how Lhay ase distribuied over the site, and vihat potential sources may be responsible lor their
presence. Informalion on site history, operational processes, and the possible use ol appropriale local
data 36ts {e.g. samples collecled upgradient or upsiream trom Laboratory aclivilies) ara presented to
suppstt tho rationale for identitying the chemicals that result from non-process related aclivities/sources.
It the potential risk irom non-process related chemicals Is evalualed using a comparison with SALS, the
2ssossment 25 wall as tha rationale for their elimination should be presented in Section 2.4.2.1{c),
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Unceriainty Analysis, of the screening assessment; this compatison should be separate trom the
screening evaiuation of process-related COPCs, Estimated potential sisk may be based either on the
maximum delected concentration or a representative coneentration that is appropriaie for the ares over
which an individual might be exposed (e.g., arithmetic mean or 95% UCL of the mean). Aternalively, a
risk assessment that presents both total potential risk (process refated and non-process related) and
pelential incrementai, process- related risk may be conducted.

3.0 DERIVATION OF SALS FOR NONRADIOLOGICAL CHEMICALS

The approach described is intendad to ensure consistency in the calculation of SALs and in their
application for evatuating specific media. Independent calculztion of SALs that incorporates updated
toxicity values in raal time rather than on periodic updales from outsitie sourcas is also acceptable,
However, any deviations from the procedure described in this document mey be mads onty with approval
from the ER Project Risk Assessment 2nd peer review leam leader and the agministiative authority.

The equations and parameler values presentad in this methodology are consistent with thoss of NMED
and EPA Region 6 in the derivation of their soil screening leveis and medium-specific human health
screening levels, respeciively (NMED 2000, 68554;EPA 2000, 68410). Lead is the exception 10 the SAL
calculations described in this document because EPA-approved toxicity values for lead have not been
published. The SAL tor lead is 400 mg/kg, which represents the soil lead level thal limits exposure of a
child to ne more than a 5% chance of exceeding a 10 pg/dL blcod lead tavel (EPA 1994, 59509). The
SAL was calculated using EPA’s Integrated Exposure Uptake Biokinetic (IEUBK) modet (EPA 1984,
59894}, tn addition, because ceriain inorganic and organic chemicals have relatively low toxicity, 8 non-
risk based maximum concentration of 10° (100,000) mg/kg is used when the calculated risk-based SAL
exceeds this concentration. COPCs that have SALs of this nature include benzoic acid, chromium I, and
dimathyt phthalate,

Thie ER Project’s primary resource for calculating SALs is NMED soil screening level guidance. i
chemical information is not available from NMED guidance, the project follows EPA Region & guidance.
While the ditferences between the guidance documents are small, there is a modification in the SAL
calculations depending upon the inlormation available. Eventually, as the NMED guidance becomes
sefined and expanded to inchide all relevant chemicals, it will become the ER Project's sole resource for
calculating SALSs. ‘

The ER Preject has adopted the approaches of NMED and EPA Region & ior three reasons: (1) as a
quallty azsessment took to check values that the ER Project caiculates; (2) Lo allow other risk assessors,
who ase tamiliar with the NMED and Region 6 approaches, a greater understanding of the ER Project’s
guidelines and procedures; and (3) 10 provide continuity within the ER Project for calculating SALs.

3.1  Toxiclty Values

Toxicily values (reference doses [RID] and cancer slope {actors) associated with chronic exposure are
preterentially used for calculating SALs. The preferred sourcs of toxicity values is EPA's Integrated Risk
Information System (IRIS) lecated on the World Wide Web site at hup:/fwww.cpn.goviris, EPA's Health
Eflects Assessment Summary Tables (HEAST) are used as a source of toxicity vaiues ii-values are not
published in IRIS (EPA 1987, 58968), Finally, provisional toxicity values may be obained for some
chemicals and routes of exposure from EPA's National Center for Environmental Assessment (NCEA).
NCEA publishes issue papers on certain chemicals® toxicity values for use by EPA ragional offices.
However, the NCEA provisional valugs have not been subjected to tigorous scientific review and
theretore cannot be used with the confiderce of values obtained from IRIS or HEAST. The NCEA valugs
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A o Co :
are used In calcutating SAL values for periorming scrzening assessments because {1) they reftect the
state of knowledyn within NCEA at the time of their publication and therefore incorporate a level of raview
beyond paer-teviewed publications and (2} incorporale several uppet-bound exposure eslimales and
consurvatively biased submodels for demmal absorpticr.and dusl resuspension. Therelore, the uncertainty
associated wilh the provisional toxicity value is balanced by 8 bias toward protecling the public. 1f
provisionai values are used in SAL calcutations for chemicals that are potential risk-drivers,
ronsequences 10 the conlidence of the screening docision are discussed in the uncertainty analysis of the
screening assessment. '

' EPA specifies separate toxicity values fos ingestion and inhalation intake routes, Toxicily values lor

metals are not extrapolaled between ingesticn and inhatation exposure routes, when a value has been
published for one 1oute only, due to the polential difterences in absorplion elliciencies between these
intake routes. Because absciption of organic chemicals more clusely approximates 100% tor both
ingestion and inhalation, roule-to-route extrapolation Is performed for erganic chemicals. il extrapolated
toxicity vatues {between ingestion and inhalation exposuto routes) are used in SAL calculitions lor
chemicals that are polential risk-drivers, eflects ob ihe conlitence ot the screening decision are
discussed in the report,

EPA toxicity values lur chemical ingestion also ate used 10 evaluate risks associaled with dermal

_ absorption, Deponding on the chemical and on the method of administiation in 1ho studies liom which

oral foxicily valuos are derived, oral toxicily values may rellect varying absorption elficiencies from the
gastrointostinal (Gi) tracl into the bloodstioam. Because specitic information on absorption elliclency is
rarely availabla, oral loxicity values used lo evaluate sisks associated with dermal absorplion are not
adjusied lo account lof the chemical-specific oral absorption friction associoted with the oral oxicily
value, Using ora! toxicity values without adjustiment for G1 absorption elliciency may resull in an under- or
overestimate of intake via the dermat pathway. However, this unceriainty is balanced by the conservative

‘assumplions incorporaled inlo the dermal absorption model, as discussed in Section 3.2.3, Modeling

Inhatation and Dermal Pathways, in this document,

The relative bicavailability of a chemical in the Gl iract is not incorporated into the SAL caiculalions for the

' soil ingeslion pathway. In general, chemical bipavailability in soll is lower than in wvealer due 1o the lime

required for a chemical 1o desorh trom a soil particle and/or dittuse trom within pores in the soil particle.
Desoiption rates are also genorally tonger for soil contamination than lor “spiked” lood used in laboralory
toxicity sludies because desorption rates are correlaled with the length of time that a chemicat has been
sotbed. Some Iraction of a chemical adsorbed onto soil may desorb al so slow a rate as to be etlectivoly
unavailable during the wransit fime through the Gl tracl. Factors such as chemical lorm, soil-particle
diamelor, goochemical factors, and Individual nuiritional status atlect the degree of bioavailability lrom

" soil, The assumption ol equivalent bioavailability from soil and fiom the administration vehicle used in the
- toxicity studies on which many toxicity values are based le.g., food or watar) resulls in an overestimalo ot
" uptake from soil ingestion. '

Soma chemicals that are routinely analyzed for and detected do not have EPA-approved or provisional
toxicity values. The approach lo this Issue is to identity a similar chemical for which toxicity values are
available and incorporate il in the scresning assessment as a surrogate. Similarily may be based on
chernical structure of thal it is a degradation product of the chemical. ldentification ot an appropriate |
surrogato vatue, and whether ihe evaluation is perfotmed within the context ol a screening assessmenl or
o risk assessment, is a chemical-specific and assessment-specilic decision that is bayond he scope ar'ip
purpose of this document. Sursogates and the assumptions affecting thelr choico and use are b
documented in each repor, where applicable (see the attachment lo this document). i
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3.2 Exposure Scenaries, Media, and Pathways

The SALs represent a residential exposure that is generally more protective than other exposure
scenanos, 2.g., industrial or recreational. Therefore, sites screened and released on the basis of a
residentin! 'and use are alse safe for ::creational and commercialfindustrial activities. The restrictions of
the SALs with respect to media and depth were mentioned in Section 2.0. Exposure palirvays tor
chemical SALs include ircidental ingestion of soil, inhaiation of particulates and vapors in ambient air,
and dermal absorption of chemicals in soil, If ¢ther pathways are thought to be important for a given
site/receptor, chenical SALs might not be applicable and further analysis is warranted in a baseline risk
assessment. The pathway for ingesting homegrown vegetables and fruit is not typically included in the
-assessment of chemical carcinoyens and noncarcinogens and is net included in the NMED methodology
or in any EPA regional soil scresning methodologies.

Exposure equations and parameter values jor SAL calcuiations are provided in this document {Section
3.4, Szreening Action Level Equations and Patameter Values). The primary sources of exposute
parameters used in SAL calculations are EPA's standard default exposure factors {(EPA 1891, 58893) and
EPA's exposure factors handbook, Volumes 1, 2, and 3 (EPA 1897, 66558, £6597, 66598). Parameler
values are intended tu provide estimaies of the “reasonabie maxirnum exposure” lor a resident
incorparating the pathways listed above, Many of these exposure paramaters describe the inlensity,
frequoncy, and duration ot exposure. For the dermal absorplion oxposure route, parametar values tor
exposed body surtace area, soi! acherence factor, and skin absorpticn factors were obtained from EPA
Region 6 {EPA 2000, 68410) and on the World Wide Web at hiip:/iwww.epa.govfeanth116/6pdivera c/pd-
whereen.htm. EPA Ragion 6 obtained these values from a draft version ol EPA’s dermal risk assessmeant
guidance. Although the guidance is stitl in intetim dralt form and has not been released for general use,
these parameler values reflect current EPA guidance for evaluating the dermal exposure route based on
EPA review of relevant published research and are unlkely tc change.

3.3 .Modellng Inhalation and Dermal Pathways

3.3.1  Inhalatlon — Volatile Organlc Compounds

The concentration of volatile organic chemical vapors in the ambient air breathing zone associated with
volatile organic chemicals in sile scils is caiculaled using a steady-siate volatilization model. The modsl
used is Hwang and Falco's volatilization factor {VF) model, originally described by EPA (1991, 58234).

The version of the VF modet that is used lor calculating SALs is presented in the user's guide and
technical background document of EPA’s soil screening guidance documents (EPA 1996, 58917, EPA
1996, 58902). The prisnary difference between versions of the VF mode! is that the output of a separate
air dispersion model (hased on 1 yr of melecrclogical data) has replaced the earlier box modsl
component. From a table of dispersion model output crdercd by atea and regional location, users select a
value mos! applicable to the site under consideration for use in their assessment.

The VF mode) assumas an elfectively infinite depth of contaminaled soit and no cover of clean soil. The
first assumption may contribute to overestimates of risk for sites with a relatively smail volume of
contamination because calculated volatile organic chemical emissions aver a chronic exposure period of
many years can easily violate conservation of mass, The assumption of no cover potentially resulls in an
underestimation of the diffusion path leagth, which consequently increases the estimate of fiux to the
atmosphere. However, the ambient air VF model is used to screen siles for residential land use and
situalions in which a building may be constructed over the alfecled soils. indour air volatile organic
chemical concentrations al a site may be considerably higher than in ambient air. Thus, the conservative

April 2002 10 ER2001-0883



M

hinsos associated with applying the VF model to ambient iir impacts are balanced 'by the modal’s o

potential application 1o siles vhere indoor air impacts may be of concern.

The VF model is valid lor sites vhe:e a volatile organic chemical is piesent at concentrations below 5oil
particle, pore wates, and pore air saluration pliases, For conditicns in which soif is saturated with one of
more viganic chemicals, a SAL calculated using the VF model outpul is no! reliable, The screening valug
tor a volatile arganic chemical under Ihese conditions is tlie soil satuiation concentration {(Csat). This
vaiue is used lo identily the possible presence of nonaqueous phase volatile organic chemical liquid

(which may result in greater likeihood of off-site migralion) and is nol associated with loxicological
endpoints.

Because VF moue) output is aot reliable above the Csat of a volatilo organic chemical, the ER Project
recommends using the Csat value lot initially screening volatile organic chemicals in saturated soil
conditions iind when the calculated value fiom the vii-model exceeds Csat. The pussibility ol enhanced
migralion in the enviienmani is assessed when site concentialions of a volatile organic chemical exceed
the Csat value and the volatite organic chemical exists as @ nonaqueous phase liquid. All volatile organic
chemicals with site concentralions greator than Csat are suhsequontly evaluated tor potential risk by
comparing concentitions to a SAL calculated using only the soil ingestion and dermal absorplion
pathways. The elimination of the inhalation pathwvay trom this SAL calculation, and the uso of Csat 1o
idontity volatile organic chemicals tor which migration Is an enhanced concern, is consistent with EPA soil
screening guldance, EPA Region 6 soil scicening guidslines and NMED guidance (EPA 1956, 58917;
EPA 2000. 68410; NIMED 2000, 68554). Supponting documentation los climinating the inhalation pathway
under saturated soil conditions is provided in EPA’s soil screening guidance document (EPA 1995,
59902).

VF and Csat model equations, and parameler values for SAL calculations, are documented below.-
Pacametar values for site-related lactors such as soil porosities, density, and amount of organic £arbon
aro default values recommendad in EPA's soil screening guidance (EPA 1886, 58917). Chemical-specilic
parameter values are required lor chemical diftusivily in air and waler, Honry's Law conslant, solubility in ‘
walter, and organic carbon partition coelficient. The sourcas thal are used 1o oblain thaseo values, in otdor
of priositization, aro (1) EPA's soil screening guidance (EPA 1996, 58817; EPA 1896, 59902) and (2)
EPA’s Superfunc chemical data matriz (EPA 1986, 64708). Other relerences that raay be employed it
data are unavailable in the primary referencos include the *Handbook ol Environmental Fale and

Exposute Dala for Organic Chemicats” (Howard 1980, 59892), EPA's subsuriace contamination toferenco

guide (EPA 1990, 59926), and EPA’'s Superlund oxposuie assessment manual (EPA 1988, 59501), .

2,32 Inhalslion-Fugitive Dust

The concentration of dust in air above contaminated soils and seciment is calculated using a screening-
level soit resuspension model, EPA's patticulate emission factor {PEF) mode). This modal originally was
described in "Rapid Assessment ol Exposute (0 Particulate Emissions from Suriace Contamination Sites”
{EPA 1985, 59903). The version ol tho PEF model that Is used for calculaling ER SALs is presented in
the user’s guide and technical backgreund document of EPA's soil s2ieening guidance documents (EPA
1996, 58917: EPA 1996, 59902). The primary difterence between the two versions of the PEF mods! is
thal the oulpul of @ soparale alr dispersion model (baseo on 1 yr of meteorolugical dala) has replaced the
earlier box model component, From a table ol disparsion model outpu! ordered by area and regional
location, users select a value mosi 2pplicable o the site under consideration for their assessment,

The PEF model used lor screening the dust inhalation pathway is based on wind erosion ol surlaces that
have an unlimited reservoir of partictes. The model calculates the concentration of respirahle parlicles in
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the air due 1o wind erosinn, Depending on site seil conditions, there may not be an un'imited supply 6t
particles of this size available throughout the exposure period, which may overestimale the intake via dusl
inhaiation. A limitation of the modet is that it does not address particulate resuspension caused by
mechanica! forces. Therelore, fugitive dust concentrations calculated using this model are not applicable
for aclivities such as construction. If 8 construction scenano is used during site assessment, an
alternative approach for estimating airborme dust concentrations is selected in coordination with the
administrative authority,

The PEF model equations and parameter values for SAL calculations are documented in Section 3.4,

Screening Action Level Equations and Parameter Vealues, of this document. Parameter values for the

PEF model, including the dispersion term (Q/C), vegetative cover, and wind speeds are default values
recommended in EPA's suil screening guidance (EPA 1998, 58217). No chemical-specific parametet

values are required in the PEF mode},

3.3.3 Dermal Absorplion

-The amount of sil residing on a unit area of skin is described using an adnerence lactor (AF), A layer of
s0il is assumed 10 cover 100% of a specitied body sutlace area corresponding to the AF. The iiterature on
AFs recognizes that they are dependent upon body pan, soil type, particle size, soil moisture content, and
other variables, Intormation fnr quantdying these variables often is unavailable single default values are
used for the AFs when SALSs are calculaied (0.2 mg/{:m2 tor a child and 0.07 mg/cm2 lor an adult) (EPA
2060, £8410).

Dermal absorplion from soil is evaluated using a skin absorplion [actor (ABS) 10 model desorptior of a
chemical from =3, absorption ihrough skin, and transier 1o the bloodstream. According o EPA Region 6
soil screening guidelines, a default ABS value for semivolatile organic chemicals is 0.1 (EPA 2000,
£8410). NMED guitdance also uses a default ABS value for organic chemicals of 0.1 and a default ABS of
0.01 tor inorganic chemicals {NMED 2000, 68554). Chemical-specific ABS values obtained from EPA
Region 6 guidance {EPA 2000, 68410) are used in SAL calculalions tor tiie lollowing chamicals: arsenic
{0.03}); cadmium {0.01); chiordane {0.04); 2,4-dichlorophenoxyacetic acid {2.4-D) {0.05); p.p™
dichlorodiphenyltrichioroethane/ p,p-dichlorodiphenyldichicroethytene/p,p'- ,
dichlorodiphenyldichlorosihang {DDT/DDD/DDE) (0.03}; hexachlorocyclchaxane (findane) {0.04); 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCOD} (0.63); PAHs (8.13); PCBs (C.14); and pemachivicphenol (0.25).

The approach used 10 mode! dermal absorplion incorporates several conservativa assumptions that may
result in an overestimation of actual absorption. The ABS value reflects an assumption that absorption is
independent of concentration and does nof change with time. A chemical is assumed to be 100%
availatle tor absorption frem adhered soil. For example, no loss of valatile or semivolatile cheimicals is
assumed to occur due 1o volatilization when soil is present on the skin.

The dermal absarplion pathway aiso includes assumptions that may result in an over- or underestimation
of absorption. As described in Section 3.1, oral loxicily values are not corrected for Gi absorption
efiiciency resulling in the potential lor over- or underestimating risk through the dermal pathway. An
additional assumption is that skin is presumed to ¢ intact; abrasions or culs on tha skin surface that
could result in greater absorplion on an individual basis are not considered. These two assumplions that
may underestimate dermal risk are balanced by the conservative assumptions already discussed in this
seclion and do not compromise the protective guality of SALs.
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-. e 3.4 . SAL tquailons and Parameter VMO&?

Equations 1 and 2 are used 10 calculate SALs jor noncarcinogenic and carcinogonic chemicals,
1especlively, via diiect soll ingestion, inhalation of chemical vapors of airborne dust, and dermal
-absorption from soll. Table 1 gives parametess for these LJuations.

" Combined Exposures for Noncarcinogenic Chemicals In Solil

C-= THQx BW_ x AT, G B
EF» ED. x 1 " IRS, + ] xSA“k.i\F, xARS) l x. IRA,
A A - T
ST IARD, 0t mgrkg ) (R, 10" e /kg RMD, "~ (VF orPEF)
Note: Use VE, for volatde chernicals ond PEF for mnvoluﬁo chipmicals,
Cémblncd Exposures lor Cmclnogeni;: Chemtcals in Soll
C= : TR x AT, 2
o - x‘f[ IFS,, xCSE,) ( STS,, X ABSXCSE) +(inm=,,, % csn:,)‘:
S | 10°mg/kg ) l 10°mp/kp ) (VF, or PEF) J

Note: Use VFy tos volatile chemicaly and PEF lor nonvolatilp CAEMICALS,

Because conlact rales may be dilleren for children and adults, carcinogehic 1isks during the lirst 30 yr of
lite are calculated using age-adjusted factors ("udj). Use of age-adjusled factors is especially important
for soil ingeslion exposures, which are highet during childhood and decrease with age. However, for
purposes ol combining exposutas across pathways, additional age-adjusted lactors are used for
inhalation and dermal exposures. ‘

Equation 3 is used {mg-y1)/tkg-day), for ingestion:
ED, xRS, (ED, —=ED_ ) % IRS,

2 F5=""3w, BV, @
Equation 4 I5 usod (mg-yr}/{kg-day), for darmal conlact: _
. 'srs,,, _ED g\,:;‘ x SA, | (ED, - ED%:V .AF, x SA,). @
~ Equation 5 is used (m’-yr)/(kg-day), for inhalation:
- IhE, = o X RA (D, ZED.) x IRA,) (5)

BW, T BW,

e
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O

THQ
TR
ATe
ATq
ABS

AFe
BwW,
CS&,
CSF,
EF
ED,

If Saqy
InhFeg,
IRA;
I1RS:
PEF
RID,
],
SA
5FS.

VF,
BW,
ED,
AF,
IRS,
SA,
IRA,

Tahie 1
Patameters Used in the SAL Equations

chemical SAL in soil {mg/kg)
target hazard quotient

1argel cancer fisk

avetaging ime {carcinogen)
averaging time {noncarcinogen)
skin absorplicn lacior

. adherence facler-child

body weight-child

cancer slope taclor~oral
cancer slope lactor-inhalation
expuswre hequency ‘
exposure duration-child
age-adjusted ingestion tactor
age-adjusted inhalaiion taclor
inhalation rate~child

soit ingestion rate—child
particulatd emission factor
relerence dose-—oral
reference dose-inhalation
exposed sudace area—child

age-adjusted skin contact faclar
for carcinogens

volatilization fectar for scil
body weight-adult

exposure duration -residential
adherence facior--adult

sofl ingestion rate-adult
exposed surface area-adult
inhalation ratc-adult

1

10®

70 yr x 365 days

exposure duration (ED) x 365 days
organic = 0.1

inorganic = 0.01*

Chemical-specilic vatues {Seclion 3.3.3 of this
document}

0.2 mgiem®

15 kg

(mgikg-day)” (sce Section 3.1 of this document)
(mgfkg-day} ' (soe Section 3.1 of this document)
350 daylyr

Eyr

114 mg-yr/kg-day

17 m>yrkg-dey

10 m%/day

200 mg/day

{m/xg} {see below)

{mgikg-day) (see Section 3.1 of this document)
{mgikg-day) {se2 Section 3.1 of this document)
2800 cm?/day

361 mg-yr/kg-day

{m*kg} (see below)
70 kg '
3oy’

0.07 myicm®

100 mg/day

5700 cm?/day

20 m*/day

*Absorplion values for inorganit chemicals not used it the SAL is calculated using EPA Region 6 guidance.
Exposure turalion Ior litetime resicent is 30 years. For carcinogens. the exposutes are combined for child {6 yr} and adult (24 yr).

Derivation of the Volatilization Factor

Equation 6 is used to derive the VF for veiatilo organic chemicals used lo calculate SALs; parameters are
presenled in Tabie 2.
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‘_Q_) ) (3.14 X Da x TY*
-C

VF, =1 2% pox D, x 10 (m'lcm‘) | (8) .
where: )
©,' D) +0,'**D, }in®
AT pK, 40, +OH
"Table 2
Porameiers Used In Derivation of Velatllizatlon Factor

VF, = volatilization factor . (mkg)

Da = apparen! diftusivity {cm?/sec)

QIC = inverse ol mean concentration al the center ol a 68.18 glm"'_-sec pet kg!m"

' 0.5-ac® source o

T = exposure interval 9.5 x 10° sec

pp = drysollbulk density : 1.5 gfem®

@, = alrfiled soll porosity (Luflws) . 0.18%0r n - Oy

©, = woterlited soll porosity {Luawdlsod 0.26° ,

D, = diflusivity in alr {cmsec) chemical-specilic '

W = dimensionless Henry's Law constant . chaemical-speciflc

D, = dilusivity in wator {cm/sec) ' chemical-specilic

n = total soil porosity {Lpue/Lsos) 1 0.43 or 1 - (pe/ps) -

ps .~ soll panicte donsity 2,65 glem® .

Ko = soliwalor pariilidn coelliclenl {cm°/g) -. Kocloe (Chemical-specilic)

Ko = soil organic carbon/water paition coellicient (Lkg) chemical-specific

fe = fraction organic carbon content of solt 0.0015" (g/g)
Hoto: H! . Henry's Law Constant -

univorsal gas consiant x tempaigiLio

*The Q/C velue usad in the derivation ol the volatitization tactor is 68.81 g'mi-sec per hg'm’ il EPA Region 6 gudance is usod.
*Tho nir lilied 508 porosily (B,) value used In 1ho dosivation of the volalifization lactor i3 6.2B st EPA Rogion 6 guidance ks used.
*Tho water iSed $0i porosity {6, ) valup used in the dutivation of the volotiization Incicr s 0.26 It EPA Req'on B guidanco is used.

< Tho hraclion ciganic cotbon conlent of 50d (1x ) vatue used inthe de tvation of the valatilization factor ks 0.008 {g/p) it tho Rogion 6
guidanca Is used. _ . . -

.

Derlvation of the Soll Saturation Concentration | ' o7

Equalion 7 Is used le derive the soil saturation congeniration (Csal) for organic chemicals; parameters

-~

sal =i—(1(,,p,+9, +H'©,) Yy
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Table 3
Parameters used in the Derivation of the Soil Saturation Concentration (Cy,y)
sat = sbil saturation concentration {mafka)
S = solubility in water {mg/) chemical-specific
Ky = solt-waier parition coefficient {crn’/g) Kecloe (Chemical-specific)
Kee = scil organic carbonfwater panition coefficient (Ukg)  chemical-specific
1o = ftraction organic carben content of soil 0.0015* (o/g)
pp = dry soil bulk densily 1.5 g/om®
e, = water lilled soil porosity {Laawrkson) 0 28°
H' = dimensionless Heasy's Law constant chemical-specitic
O, = airfilled soil porosity {L/lsoi 0.18%orn ~ @,
Nole: Henry's Law Constant
H = Universal gas sonstant x tempgrature

*The laction organic carbon content of soil (L, ) value used in the derivation uf the volatitization faclor is 0.006 {g/g) i EPA
Region B guldance is used.

5 The water filied soil porosity (6. ) valuo used in the darivelion of the volalilization tactor is 0.26 if EPA Reglon 6 guldancs is
used.

< Thu gir filted soil poresity (8,) value used in the derivation of the votatilization factor 15 0.28 it EPA Region 0 guidance is vsed.

See Section 3.3.1 for guidance on the application of the seil saturation concentration for ceveiopmént oa
SAL for volatile organic chemicals.,
Derivation of the Particulate Ernission Factor

Equation 8 is used to derive the particulate emission {actor (PEF) for non-velatile organic chemicals and
inorganic chemicals for use in the calcuiation of SALs; parameters are presented in Table 4.

PEF(m’fkg) = Q N 3,600 sec/h . @
: C 0.036x(1-V)x (Uy/U) x F(x)
. Table 4
Paramelers used to Derive the Parliculate Emission Factor

PEF = pariculate emission factar 1,36 x 10° m*/kg"
Q/IC. = inverse of the mean concentration at the zenter of a 0.5-ac’ source  93.77 g!m’-sac per kglm"

v = lraction of vegetative cover 0.5 {unilless)

Usn = meanannual wind speed , 4.89 misec

U: = equivalen! thresho!d value of wind spoed at 7 r . 11.32 m/isec
#{x} = {funcrion dependent on UL/, (derived using EPA 1885, 52903) 0.194 {unitless)

* A PEF velue of 1.316 x 10" is calcuiated using the deiault parameter veluas in EPA Region 6 guidance.
5Tho QVC value used in the derivation of the particttate emission ‘aclor is 90.8 g/m™-sec per kgim? it EPA Region 6 guidance is
used.
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4,0 DERIVATION OF SALS FOR RADIOLOGICAL CHEMICALS

-,

P I
¢

This section summatizes the approach used 1o calculate ER Pioject SALS for radionuctides in soils. The
£R Preject document, *Dezivation and Use of Radionuclide Screening Action Levels,” provides much
mose detail on the derivation of the radionuclide SALS, including the RESRAD run with all input
paramoters and a table of SALs (LANL 2001, 69683).

Ol

TAeA
h

RESRAD incorparates ihe dose assessment methodology described in DOE Order $400.5,Radiation
Prctection ol the Public and the Environment” and is used to snplemenl residual radioactive malerial
quidelines contained in this DOE Order (DOE 1990, 58880). As stated in o DOE Albuquerque Operations
Office (DOE-AL) memoraritum regarding the release of real propeny with insidual radioactive matorials,
"DOE requires the use of RESRAD compuler models lor evaluating potential doses resulting from the
presence ol residual contamination” {DOE-AL 2000, 67153).

-1

I
P,

4.1 Target Dose Limit

DOE-AL has published guidance addiessing the seleciion of annuat dose limits for dose asscssmanis
under its jurisdiclion: *DOE-AL stafl will approve proposed releases of real property whore the modeled
dosa is up to and including 15 miemlyr. Proposed releases resulting in doses grealor than 15 mremiyr
require concurrance with DOE-HQ™ (DOE-AL 2000, 67153). A 15-msem/yr 1arget dose fimit is consistant
with published EPA guidance (EPA 1997, 58693) and is wel below ihe basic dose limit of 100 miemdyr
abava background aslablished in DOE Crder 5400.5 (DOE 1950, 58980). The EPA has delormmed Ihata
target dose limit of 15 mrem/yr equales to an apprommaio incrcased litetime cancor risk o 10, and *is
consistent with levels gencrally consitered protective in other governmental actions, particularly
regulntions and guidance developed by EPA in olher radiation contral programs” (EPA 1697, 58693).
Theralore, the ER Project uses a target dose limit ¢! 15 micmiyr to calculate radionuclide SALs.

4.2 Exposure Scenarlo, Medla, and Pathways

As with the chemical SALs, the radionuclide SALS represent a residential eajiosure that is protective of
othor land-use oplions, Radionuclide SALS are designed to predict the maximal on-site soll dose over
lime and do no! account lor radionuclide migralion with surlace water and/or infiltration 10 groundwater,
Radlicnuclide migration with water may be ol equal or greater concern as soil dose at some canyon-
bollom sites and al mesa-top sites whore polentially contaminated water was discharged, Thetolore, at
these lypos of sites in particular, radionuclide SALs may nced 1o be supplemented with an evaluation of
migration potential.

Tho exposure pathways used o calculate radionuclide SALs are incidental soil ingostion; inhalation of
particulates, radon, and tritium; external inadiation; and ingestion of homegrown produce. Unigue
oxposura pathways lor a gascous form ol lritium {as water vapor) include ambient inhalation of tiiliated
water vapor and absorplion of lritiated water vapor through the skin. Ingestion ol hemegrown produce is o
pathway thal is commonly evaluated in radionuclide dose assessmenis bul generally is excluted in 3
screening-level chemical risk assassment calculalions (e.g., plant mgcshon is not included in the soil-
screening criletia published by NMED and EPA Regions 3, 6, and 8). In keeping with common praclice
and because certain radionuckides (particularly strontium-80) known to occur at some sites are
suscoplible to plant uptake, ingestion of homegrown produce is included among tho palhways the ER
Projec! uses 1o calculate radionuclide SALS. .

The primary sources of exposure parameters used in radionuctido SAL calculstions are EPA's standard

_dafaull exposure lactors and EPA’s Exposure Faciors Handbook (EPA 1991, 56140; EPA 1997, 68596,
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6E597, 66508). The parameler values are inlendad 0 provide an estimate of the “reasonabls maximum
exposure” lor a residential exposure scenario incorpol sting the pathways fisted abeve (EPA 1991,

56140).

4.3 Key Input Parameters and Assumptlons

To determine il radionuclide SALs are applicable 1o a particular site it is necessary o deteimina i the
assumplions underlying their calculation are consistent with the site conceptual model. The site
conceptual model includes what is known or assumed regarding the spatial distribution of radionuclides in
soil, the potental for radionuclice migration over time, and charucleristics of the applicable receplor
population. If polentialiy imponant sile-specific ransport or exposure pathways are not included in ihe
derivalion of the radionuclide SALS, a cornparison of sito data 1o radionuclida SALs either may be
inappropriate of require site-specific calculation of screening values that are representative of the site. If
screening is determined 1o be inappropriate tor a site, a sile-specific dose assessment is conducted.

Radionuclide migration from a contaminated site may occur by dissolution in surtace or groundwater,
erosicn of soil, resuspension as airborne particulate, bictic uptake, and/or volatilization as a vapor.
Radionuclice migration 1o an oft-site location is not incorporated in the calculation of radionuclide SALs
nor does RESARAD directly suppont such evaluations, Although poteritial off-site radionuclide
corzentrations ar2 generally lower than those observed on the sile, modeling remote concentiations over
time may be imporiant because of {1) public concerns, (2) diltecerd outes and/or intensilies of exposure
than are considered for on-site receptors, and (3) regulatory reguirements 10 assess off-sile impacts. An
example of a potentially substantial off-site impact is uptake of strontium-80 by planis rooted in
ceniaminaled soil and the subsequent redistribution in leat liter of in fine paniculates if the ptant or plant
material burns. Appendix K of Yu et al. (2001, 71420) provides guidance for evaluating off-site migration
using RESRAD output.

Certain parameters are critical to detining site condilions and how these conditions may change over
time. These parameters generally are subject to great site-specific valiability, such as the size, thickness,
and soil erosion rate of the contaminated zone; the evapotranspiration coetficient at the site; and the site-
related soil particulate concentiation in air. In addition, the length of the modeling period can influence
radionuciide SALs for ¢certain radionuclices associaled with ingrowth of radioaciive progeny. These
parameter values have been defined so that the calculation cf ragionuclide SALs effectively fesults in
static soil conditions {LANL 2001, 69683). As a result, radicnuclides in soil are modeled so that they do
not leach from the contarninated zone or become depieted due te erosion.

Although the contaminated zone is modeled as stalic with respect to radionuclide loss through eresion
and leaching, RESRAD accounts for raden and tritium diffusing as gases from cortaminated soil (lost to
the atmosphere). As a result, the modeled tritium dose declines rapidly over time. Radon isotopes,
howevar, will be in equilibrium with their parent nuclides; changes over time for dose rates through radon
inhatation will depend on site-specific conditions with respect to the contentrations of these parent
nuclides. Radon dose rates alsc can be inlluenced by many radon pathv/ay-specific parameters that
govern the ditfusion ot radon through soil and into a building. Tritium ditfusion fsom soil ag water vapor
(resulting in the inhalation dose) is greatly atfected by the absolute humidity ot the air above the
contaminated zone (a local value for absolute humidity is used in radionuclide SAL calculations) (LANL
2001, 69683).
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5.0 - EVALUATION OF COPCS RETAINED 8Y THE SCREENING ASSESSMENT - - Y

i the scl‘eening assessment demonstrates accoptable risk, the site needs no further evaluation lor - _
potential risk to human hzalth. Il there is a peiential unacceplable risk hased on the screening } K5
assessment, a risk management decision must bg made whether to conduct » basobo tisk assessment, £
proceed wilh an accelerated action, or inaugurate a CMS ol the site. All COPCs idontilied and retained by

or othenwise eliminaled in the scieening assessmont may be excluded in a site-specific 1isk assessment, k
This is an appropriate course of action Il 1 is appasont {rom the screening assessmont that chemicals

10% of the total risk, hazard, and’or dose). These chemicals should be discussed in the uncerainty .
seetion ol the risk assessment with regard to their conlribution 1o risk but ara not user! in the risk
calculations. In other cases, many chemicals may be present at a site or a few chemicals may be presont
slightly below their SALS, in vhich case it may be prudent 1o inctude them in a baseline risk assessment, ‘
Such decisions are made on a silo-by-sile basis and in consultation with the administative authority. T
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Surrogate Chemicals in the Screening Assessment



Some chemicals da not have a published toxicity value (i.c., cances slope tactor or releence dose) in the -
US Environmental Protection Agency's (EPA's) integrated Risk Inferimation System (IRIS) database,
Healh Elfects Assessment Summary Tables {HEAST), or Nationa! Cenler for Envitonmaontai Assessmenl
{NCEA) publications. As part of the scicening arsessiment, the risk assessor may either qualilatively
discuss the presence of the chemical and the implicatiesis of the absence ol Ihe cnemical from the risk
estimate or evalual the chemital quantitatively. If it is determined that o baseline risk assessment is
appropriate, the chemical is retained as @ chemical of potential concein (COPC) and evaluated as part of
the potential overall risk.

The quantiiative evaluation may involve the calculalion of a scieening action level (SAL) using loxicity
dala rom sousces other than those described above along with the equations and patameters presented
in this methodo'ogy. Alteinatively, Ihe SAL of an appropriately similar chemical based on toxicity and/or
chemical structuse, i.e,, 2 surogate, may be used in she screening assessment. Subsequenily, a
discussion ol the uncertainty related lo the use of a surrogale is necessary for a risk management
decision. The use ol a surrogale may cavse an under- or overestimalion ol risk.

The chemicals piesented in Table A-1 have been detected but do not have SALs because adequale
toxicity intarmation is not available. Trese chemicals can potentially be evaluated using the SALS for
similar chemicals listed in the tabile. This list is not intended to be all-inclusive.

Table A-1
Chemicals with Inadequale Toxicily Information and Cornresponding Surrogate Chcm!cnls
” Surrogate
Chemical Chemical Rationale
acennphihylene acenaphthene steuciure similnrity
2-amino-4 6-inliotoluens | 2,6- dinirololuene structure simitarity

4-amino-2,6-dinitrolorone

2.6 dinitrotcluong

struciure similarity

benzo{g.h.liperylane

pyiene

structure similarity

endosullan |

ondosulinn

Endosutian 1 is nn isomet of endosulfan

ondosulfan §

1 entosullan

Endacylian s an Isomor of endosullan

cndosulian sullale

endosullan

Endosulfan sullate is tho primary metnbolite ol

endosulian
endrin aldehyde endrin Endrin nidehydo is an Imputity and tiieakdown
protluct of endin
anthin kelone endiin Endiin hetone is the primory metabotite of endrin

2-hexanone

2-butanone

structuro siniitarity

Isopropylicluene

Isoprepylbenzone

structure similarty

2:melhyisaphthalene

naphthatene

struciure similarity

3-ninoaniline

2-nitrogniling

stiucturo simitarity

4.nltroaniline

2-nitroanilline

struciure shnilarity

2-nitopheno!

4-niliophenol

sleucture similarily

phenanihiene

anthiaceng®

stuclure similasity

*HRMED uses pyrens as p sunogate lor phénunthrene based on stiwctural sienilarily,
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aconaphthylene The surrogate chemical is acenaphihene. The difference between the twe chemicals is
a double bond lecated on the 5-carbon ting {Figure A-1). The double bond strengthens the structure
making acenaphthylene less reaclive than acenaphthene,

2-amino-4,6-dinitrotoluene The surtcgate chemicat is 2,6-dinitrotoluene. The ditference between the two
chemicals is the addition of an amino group {NH_), the position of that aminc group and e position of the
ritro group {NO,) (Figure A-2). Because there are Tewer sites for reactions 10 occur on the surrogate 2,6-
dinitrotoluene, the surrogate will be less reactive than 2-amino-4,6-dinilrotoluene.

4-amino-2.6-dinitrototuene The surrogate chemical is 2.6-dinitrotoluene. The difference between the two
chemicals is the addition of an amino graup (NH.) (Figure A-2). Because therg are lewer sites for
reactions 10 occur on the surrogate 2,6-dinrotoluene, the surrogate will be less reaclive than 4-amino-
2,6-dinitrotoluene.

benzo{g,h,i}perylene The surrogate chemical is pytene. The difference betvieen she two chemicals is the
addition lwo benzane rings {Figure A-3). The additional benzene rings add tability to Jhe structure
making the suriogate pyrene more reactive than benzo(g,h.iperyiene,

endosulfan § The surrogate chemical is endosultan. Endosuitan 1 is an isomer of éndosullan, These
chenicals have the same chemical weight and the same molecules. The melting point of endosultan and
endosulfan 1 s 106°C and 108°C, 1espectively. A compatison of structure is presented in Figure A-4.

endosulfan il The surrogate chemical is endesullan. Endosultan Il is an isomer of endosultan. These
chemicals have the same chemical weight and the same mmolecules. The melting point of endosulan and
endosulfan I1is 106°C and 207°C. respeclively. A compatison of struciure is presented in Figure A-4,

endosulfan sulfate The surrogate chemical is endosutfan. Endosultan is converted to endosulfan sulfate
and endosuifan dint in laboralory animals. Endosultan and its primary metabotits, endosullan sullate,
exhibil similar toxicities and are both believed to be responsible for the toxicity observed in animals. The
dose that kills 50% of treated laboratory animals (LD50j for endosultan is lisied i the Merck Index as 43
mg/kg lor male rats and 18 mglkg for femzle rats; endosultan sulfate was not listed. The Registry of Toxic
Effecis of Chemical Substances (RTECS) lists only one cialion for endosulfan sullate, which is titled
“Analyticat Reference Standards and Supplemental Data: The Pesticides and industrial Cremicals
Repository” (USDHHS 1987, 70943). This source listed the LD50 value of endosultan sulfate as 18 mgfkg
for rats. While there were no specifics given on the gender nf the rats, this LD50 supports the statement’
that endosulian suliate is toxicologically similar to endosulfan (ATSDR 1997, 56531.3). The use of
endosullan as a surrogate for endeosuitan sulfate could lead to an oveiestimation of the risk posed by
endosullan sulfate because the other primary metabelite {endosutfan diol) could be mainly sesponsible for
the loxicity instead of endosulfan sulate. The use of endosulfan as a surrogate for endosulfan sultate is
not Jikely to lead to an underestimate of the risk because the two chemicals exhibit similar toxicitias
{1.D50s) observed in animals. A cornparison of struclures is presented in Figure A-5,

endrin aldehyde The surrogate chemical is endrin, Endrin aldehyde is an impurity and breakdown
procuct of Endrin. Photochemical isomerization of endrin was observed after exposure of thin tayers of
solid endrin on glass to sunlight (ATSDR 1997, 56531.3). Minor amounts of endrin aldehyde were formed
" in this teaction. Endrin is also sensitive to trensformation by heat, yielding primarily the pentacyclic ketone
and endrin aldehyde at temperatures greater than 230°C (ATSDR 1997, 56531.3). A comparison of
structures is presented in Figure A-6.

endrin ketone The surrogate chemicat is endrin, Endrin ketone is a breakdown product of endrin.
Photochemical isomarization of endrin, primarily ta the penlacyclic ketone commonly cailed endrin

April 2002 ' A2 ‘ ER2001-0883




Human Health Screening Methodelogy

xetone, was cbsorved atter exposure of thin layers of solid endrin on glass to sunlight (ATSDR 1997,
56531.3). Resulls of seasonal studies indicated that this isomerization proceeds with a hal-lile 01 510 9
days in intense summer sunlight, with compiete conversion o endrin kelone in 1510 19 days. A
comparison of strucluies Is presented in Figure A-6.

2-hexonone The surtogate chermical is 2-butanone. The dilletence between the two chemicals is thal 2-
hexanone has a longer chain with two catbon and lour hydrogen atoms. Under the same condilions,
thase chemicals scact similatly. 2-hexanone vill be less stable due to the elongated shape causing a
polai&ty difiorence behween the oxygen and the carbon in the numbet six pesition (Figure A-7).

4-1sopropyltoluene The surcogaie chemical is isopropylbenzene lnsed on structural similarity. The
dilerence between the two chemica's 1$ a carbon molecule in the number 1vo position tor 2-
isopropyholugne (Figure A-8). Isoprepyltoluene is more reactive becavee the additionpl carborn aliords an
agdditional reaction sita.

2.melhylnsphthalene The surrogate is naphithalene based on struciural similarily. The diflerence
between the hwo chemicals is a carbon molecule in the number three position for 2-methyinaphihalene
(Figure A-9). 2-methylnaphthatene is miote resclive because the additional carbon atlords an addilional
reaction site. '

3-nitroanlline The surrogale chemical is 2-nitroanilina based on structural similarity. The difference
between the two chemicals is the position of the nitro group (NO:) (Figure A-10). Under the same
conditions, these chixmicals react similarly.

4-nitroanitine The surrogate chemical is 2- niltoanitine based on skuciural similarity, The dillerence
batween the 1wo chemicals is the position of the nitro group {(N0D;) (Figure A-10). Under te samr'
conditions, these chemicals reacl smlarly

2-altrophenel The surogale chemical is 4- -nitropencl based on structural similarity. The dilterence
b-uwveen the two chemicals is the posilion of the nitro group {NO;) {Figure A-11). Under the same
conditions (hese chemicals react similarly,

phenanthrene The surrogate chemical is anthiacene based on struclurai snmalamy The ditlerence
between the two chemicals is the position ol the benzene tings (Figure A-12), Under the same condilions.
these chemicals react similarly, Phenanthrene is more polar and therelore more reactive than
anthracene. NMED uses pyrene as a surrogale (Figure A-13).
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Acenaphthene Acenaphthylene
(Surrogate)

Comment: The difference between the two chemicals, a
double bond located on the 5-carbon ring, is indicated by
an aTrow.,

" Figure A-1, Structure comparison between accnaphthene and acenaphthylene
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2,6-DNT
(Surrogate)

2-Amino-4,6-DNT

Figure A-2.

4-Amino-2,6-DNT

Structure comparison among 2,6-ONY, 2-amino-4,6-DNT, and 4-am_!_no-2,6'DN‘l'
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Pyrene Benzo(g,h,i)perylene
(Surrogate)

Commment: The difference between the two chemicals, two
additional benzene rings, is indicated by an arrow.

Figure A-3. Struclure comparison between pyrene and benzo(g,h,ijperylene
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Cl /0
a
Endosulfan | :
(Surrogate) .
O\ _
o =0 00\
S§o

S 7 ~Z
Endosulfan 1 Endosulfan 11

Figure A-4, Structure comparison ameng endosullan and Isomers endosullon | and
cndosulfon i - -
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(2)

T
(3

C!

ci ..-'-"'u

s==0

Endosulfan
(Surrogate)

(1)

(2)

[}

Ci

Cct

Endosulfan Sulfate

Comment; The differences between the twe chemicals, (1)
the number of oxygen molecules off the sulfate on the
eight-sided ring, and (2) the shape of the six-sided ring, 1s
indicated by arrows.

Figure A-5,

Apri 2002
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Strueture comparison between endosulfan and endosulfan sulfate
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a, g T

Cl

ci cl _ T

Endrin
(Surrogate)

<7 @

, /e

.0 c
Endrin Aldehyde Endrin Ketone
Figure A-6. Structure comparison among endrin, endrin aldehyde, and endrln ketone

e

- ER2001-0883 . AQ : T Apiit 2002

NIt
H

a~r
LI I ae R N4

v

B o
“Smd 7

O »



Human Health Screening Methodology

[}

[m]
2-Butanone 2-Hexanone
(Surrogate)

Comment: The difference between the two
chemicals, two carbon and four hydrogen atoms,
is indicated by an arrow.

Figure A-7. Struciure comparison between 2-butanone and 2-hexanone
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Isopropylbenzene 4-150ﬁropy]tbluene T
(Surrogate) » |

- Comment: The difference between the two
chemicals, a carbon molecule and two hydrogen
molccules in the number two position, is indicated
with an arrow,

Figure A-B. Structure comparison between isopropylbenzene and 4-Isopropyliolucne
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A /

Naphthalene 2-Methylnaphthalene
(Surrogate)

Comment: The difference between the two
chemicals, a carbon molecule and two hydrogen
molecules in the number three position, is indicated
by an arrow.

Figure A-9. Structure compatison between naphthalene and 2-methylnaphthplene
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3-Nitroaniline

l ,\ HiMy
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L

2-Nitroaniline

(surrogate)
Ny
° N | /
1 -
o
4- Nitroaniline

Structure comparison pmong 2-nilroaniline, 3-nitroaniline, and 4-nliroaniline
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Figure A-12.
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Anthracene ~ Phenanthrene
(Surrogate)

o

Structure comparison belween anthracene ond phenanthrene
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