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1.0 INTRODUCTION 

A human Moltt. scroeni:19 assossmont is tha initiill step used to evalunto tho potential lor risk 10 human 

hiJa:th at sites po!Cmlially inlluencod by Laboratory nctivilios nnd is pru1 of tho ER Proiect's approach to 

thl.t Resource Conscrvatio1'l and Recovery Act (RCRA) corrective nclion process. The lnsulllntion work 

. plnn (IWP) describes how the scrcRning assessmnnt relotcs to the ovcrnll couective action approach 

()mploycd by the ER Project (LANL 1998, G2060, ... Sccllon 3.2). Tho mo:~in purpose ol a screening 

nssessment is to provido a simplo but scienlilically sound rapprooch to stronrn1inino the assessment 

.. . pro~;P.ss. The use of a screening assessment within lhc context o1 cslimating poten\i<:~l risk at a sile Is 

·· ·--·entirely at the discretion otthe risk assessor. i.s .• a baseline risk assessment may be conducted at any 

site if the risk assessor deems it preloroblo lo a screening assessment. 

A screening a~sossment is most useful lor sites that have a limited numbor ol contominanls .. <~nd whore 

land use and potential oxposums aro lairly well dolined. How(!ver, a scmcning assessmenl may also be 

useful in identilying key conlaminants and exposure routes at a complex site. When co111nminont 

tmnspor1 am.l exposure assessment require complex modclin!J ollorts,,screening assessments ha~~L 

limited utility und a bnsoline risk m~sessmorit should be used. Boscd on tho rcsulls olthe screening 

assessment, a site may bo proposed for no <:~dditlonal evaluation ol polentiill human henllh risk~ tunhor 

sl1e invostigation requiring more sampling nnd a baseline risk assessment; rcmcdiallon; or a c.orrO<:Iive 

meosurcs slucl:,o (CMS). B_ecauso human haollh is ontv ono nspact ol site (!\l:lluation, tho determination of 

acco!Jiilblo human heallh risk does not translotolnto a final no turlhcr nclion (NFA) recommendation un\il 

other aspects oltho invesllgnlion (o.g., ocologlcal risk) are satislnctorily rctolvod. 

This molhodology document provides £Uidanco to Environmental Restoration {EA) Project risk assessors 

as they porform human heallh risk-based screening assessments at Los Alamos Nationn\ Laboratory (the 

Lnhorntory) silos. lrnplemcntulion ol this methodology will onsuro consistency in scrooning assessment 

activities. A human health risl\-bnsod screening assossmont may be tho only assossmE;nt ol potenlinl ris~ 

conducted for a site, bul could load to a baseline risk assessment il rosulls wnrrant ll. This guidnnco Is 

appliceblP. lo ev<:~luatingindividual poUmlial reloaso sitos (PRSs). consolitinlod PASs, aggregated PASs, 

watershed aggregates, or watersheds. In tnifJ document, thu term ~site" rotors to nil these oroas. 

2.0 SCREENING ASSESSMENT APPAOACB 

The ER Project's human heL!Uh risk·basod scroonlng assessmcn1 approach follows the procoss 

described in the New Mexico Environment Dcpartment•s (NM~o·s) Rlsk·Basod Decision Troo (NMED 

19:.18, 57761). u·~lso follows guidance presented In NMED's technical background documenl lor 

development of soil screunlng lcvois and the US Environmental Protection Agency (EPA) Region 6 

human heallh medium-specific screening levels (NMEO 2000, 68554; EPA 2000. 68410). 

A tundamental rcqulrementls that a screening assessment con not bo performed until the naturo i!.nd 

tJxtont ol contaminallon Dl a silo has boen dolormined. lni1iolly, d<Ua are asscssod lo dotcrmlno whothor 

the ex is ling dllla and information arc sulllclcnt in quantity and quality to conduct a human health 

screening assessment (LANL 1998. 62060, Section 3.2.1 ). Subsequently. Inorganic nr.d radionuclide data 

are compared to background or lalloUI concentrations based on ER Projer.t Standord Operating 

Procedures (SOPs) 15.12, Rov. !), Performing Background Value Comparisons tor Inorganic Chemicals. 

nnd 15. 13, Rev. 0, Porforming Background Value Comparisons for Radionuclides (LANL 1998, 59730). 

Organic chemicals are ovaluolod based on dotecllon stalus because backg•ound data do not oxlst. Tnose 

evaluations idonlily chemicals thnt are related to a release iJom n site and that may pose a potential risk 

to human health. Theso chemicals aro rclorrcd to as "chemicals ol potential concern" (COPCs). A human 
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health streening il.SS&ssmen! lor ~urlace .and near·surlaw soil ond sediment is then conducted on 1he 
r,oPCs idonlified by the data review. · 

2.1 Screening Actlon Levels 

The screening assessment proc11ss irwolvos comparing chemical and mdionuclide dota·to risk-based 
concentrations to delermit1e i! a po~~ntial for unaccepla!Jie risk to human henlth exists at the site (Section 
2.2). Th~ risk-based concentrations u!iod in this compmison arc refDrred to as screening action levels 
(S.A.ls). A SAL is the cnncentrat;on of a chemical or a radionuclide below which thero is no unaccept&ble 
risk to human health as defined by a set of exposwe •~ssumptions. A site conceptual model is developed 
prior to concJucting the scleening assessment in order to identify likely contaminant source areas and 
mechanisms cf transport, as well as lo onsure that the C>!posure pathways, exposure assumptions, and 
potential receptors match those used in the calcul.:~tion of the SAL The site conceptuel moljel represents 
links between the various aspects of lhP. slte in question and summarizes current understanding of the 
con!aminntion. The information is used lo determine the applir.abiHty of SALs at the site and whether an 
alternativo ;:tpproach is needed. For e:xampls, if ndditional, complex exposure pathways may be relevant 
in d£>nctibing the site exposure scenario (e.g., meat-ingestion or J;irinking-water pathways), the site 
conceptual model does not coincide with the SAL GSsumpllOns and a screening assessment is not 
sppsopriat~. In these instances. a sil£t·specific b::~seline risk'dose assessment is conducted. 

EA Project SALs have been developed !or both chemicals and radionuclides based on a r~sidential 
~xposura. AU screening evaluations are conducted only on this b:ts1s, i.e., there are no SALs mpreseming 
other exposure s~enarios. However. SALs are not necessarily protective oi ecological endpoints ar.d 
groundwater resources. SALs are intended for applita!Jon ro surface and neur·surlace soils and 
sediments and are generally applicable to a depth of approliimalely '10 to 12 fl. wMich accounts tor 
possible construction-related excavi\tion and/ot residential aclivities. Contaminants occu:ring at depths 
greater than 10 to i 2 It may require evaiLtaticns other thnn or in aodition to the SAL comparisons 
described below, e.g. transport to grol:ndw8ter, and ars at !he discretion of !he risk assessor. 

Chemical SALs 

Chemical SALs used in a screening assessment are based on chronic toxicity 11nd nol acute toxicity, A 
chemical SAL represents the concentration of a chemical that is assc-ciated with either a liletime excess 
cancer risk of one in one m!llion (10'6) lor carcinogens or a hazard quotient of one (1.0) lor 
noncarcinogens (EPA 1989, 08021: EPA 1990, 55594). These standards aro in agreement with EPA 
Region 6 human health medium-specific screening levers. but differ fmm NMED's technical background 
document for developing screening levels (EPA 2000, 68410; NMED 2000, 68554). The NMEO guidance 
uses a 1 o·~ cancer-risk level tor the soil scre:t:ning levol for each cl1emical carcinogen and an overall 
target le'll'el of 10-s cancer Eisk. Regardless. lhe methodology for calculating ct".emice!l SALs U5f.lS current 
toxicity vnluas, parameters, and eGu.&lions~ 

Generally, if bo1h noncarcinoge11ic and carcinogenic to>: icily r.riter:a have been estDblished lor a chemical, 
lhe criterion resulling in the lowest SAL is used in the screening assessment because 1f the lower value Is 
not exceeded by the site concentration, neither toxicity--et!ect category is ol concern. A screening 
asse!'sment tor chemical carcinogens uses the 1 o·fi ER Project SAltather than the NMED soil screening 
level based on a 10"5 

cancer risk. As a result, the NMED soil :;creening revel for a chemical may be a 
noncarcinogenic valuP. rather than a carcinogenic value (i.e., the value based on noncarcinogenic eflect 
may be lower than that based on 10'5 crmcer risk). For example. lhtl ER Project SAL for chlorof~rm, which· 
is a carcinogen. is 0.24 mglkg ba~ed on a 10'6 cancer risk, while the 10·5 level tor chloroform is 2.4 mglkg .. 
The NMED soil screening level for chloroform is 0.3e. mg/kg {NMED 2000, 68554) based on 
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noncDrcinogenlc ~llccts. NMEO uses the 0.36 mg/1\g valuo <Is a soil screening level bocause it is lowor 

than the 10"5 carcinogenic valuo ol2.4 mglkg. Thcrclorc, some COPCs are evaluated lor bolh 

carcinogenic o.nd noncercinogenic elfccls using lhe ER Project SAL (e.g., for chloroform 0.24 mglkg) nnd 

·the NMED soilscrconing levol {o.g., lor chloroform 0.38 mgfl(g), rosp(:ctivcly to fncilitn!o NMEO's roviuw 

of tho screening ilSSCssment. · 
-~ 

Rodlonuclldc SAls 

SALs for iad;onuclides nrc br.,sed on cJosP. rather thnn on cnrcinogcnic risk ~nd are cnlculatcd using the 

residualr.tdloactive materiols (RESRAO) computer codu dovclopcd by Argcnne Nnlionallnboratory for 

the US Department of Enargy (DOE) tnt hup;l/wch . .::•d.:ml.rm·J"~~wLil). The RESRA.O codAJms boon 

continually revised and improved since il was Issued In 1969. Tho RESRAO model and pammolers used 

to calculale SALs aro reviewed aunuolly (at the stan ol each now fiscal ycor tOclobor))· to del€llmine · 

wh1?ther tho values need to be updated. Because RESRAD may be revised one or more timos within a 

yenr, radionllclide SAls aro revised only il tho :atost vorsion ol tho RESAAO code alfects tho 

cnlculations. The ER P10ject starts using lhr: revised rndionuclida SALs (il ~my) at the beginninq Cll n liscal 

year; new voluos are nol rctroactlv·o. Tho most rcr.cnl manua! dt!Sclibing thc;use ollho RESRAD ccdo 

was published in July 2001 (Vu el al. 2001. 71420). · 

The dose limil u!;Od as lhe basis 1c;r radionuclido SALs ~~ n singla site is 1!i mrorn/yr above backgrou,ld 

(EPA 1997, 58693; DOE·AL_ 2000, 67153). Tho dose limit is consistent with regulatory guidance and 

sntisfios tho '"as low as rcasol"'ably achiov<lble'" (AlARA) principia Ia ensuro thal rildialion dose Is 

minimized (DOE;Al2000, 67153). As a rosull, sitos where rudiom.:clido concrmtmtions resullln a doso 

greater than i 5 mremlyr (I.e., sites whore rmlionuclidc cor.centrations arc groat or thDn SAL or whero . 

oxposuro 10 mulliplo radionuclides rc~ults in an mccocdanco ot the doso limilj are ovaluated tunhru. Tlie 

derivation and use ol SAL~ lor radloaclivo COPCs is dcscrihod by LANL (2001, 69663). · 

Standard residential doloull values similar lo those used lor chomicalSAL colculat!onsure incorporated 

into the RESRAD model with the doses summ,Jd over multiple pathways. Exposure puth•:;ays 

lne,;orpornted Into the calculation of radionuclido SAls me tho incidontnl ingestion ol soili lnhalntion ol 

porticulatos. radon, and hilium; ingestion ol homcgrc:;wn lruits and vcgelablos; and external irradiation. 

S!:!c<luso cortilin radlonuclidcs (particulmly strontium·90) known to occur Dt some sitos oro susceptible 10 

plant uptake, ingestion ol homegre>wn prcduco (fruits nnd vegetnblos) is included nmong the potential 

pathways cvoluotod in calculating radionuclido SAls. 

SAls nnd PRGs 

E'o'on though tho numeric valuos rnay be tho snmo, SALs and prcliminmy remediation goals (PRGs) 

generally ~re usod for dilfcrent purposes anti tho terms .-.rc not intmchnngcublo. A SAl is used in tho 

early stages ol the: RCRA corrective action process to idcnlily chemicals that may prcsen' a 'hrom to 

human heolth and, lherclore, may warrant furthOr in11ostigation. SAL~. unliko PRGs, nro not cleanup '-' 

values. PRGs or other cleanup criteria are used nllotor slagcs ol tho corrective action process to 

evaluate remedial allernativos nnd drJiermlne il remediation at a site has been successlul. Although, the 

human health screening model lor canyons hils screening votuos (called PRGs) lor several addilio.nal 

exposure scenarios and Incorporates exposure palhways in addition to ihose ustld to calcurote SAls.for 

mesa-top sites (LANL 1998, 62049). tho scroenin{l nsscssmonl approach Is similar tor mesa tops and 

canyons. 

/ 
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2.2 Screening Assessment 

The screening assossment consists of lour componm1ts: scoring, 5cwen~ng evalu<~tion (comparison with 
SALs). uncer1ainty analysis, and interpretation. If a b<!seline risk nssessrnent is conducted, the screening 
compmison with SALs may he incorpor~ted ~nto the risk n~sessmenl or the CQrnp.orison wilh SAls is 
elirn~nated and all COPCs identilied by the data reviC'w :lte evaluated in the baseline risk assessment. 

2.2.1 Seeping 

The scoping .sec! ion of a screening assessment sets thH stage lor later components and follows a parallel 
evaluation lor assessing potential ecological n~k. The ecological scoping checklist can be a useful tool for 
human heallh screening. as well. Tre sc;oping S{:Ction should mclude a discussion of bolh current and 
future land u!:>e~ for a site as the key element that identities appropriate receptors and exposure 
pathways. Potenlia! land uses, transport and exposure pathways. and a review of the site history 
(focufiing on release mechanisms, potential contaminants, and receiving media), are also important 
comp~nents of the scoping section. 

In addHion, the site conceptual model is compared to exposure pathways and assumptions in order to 
document !hat the SAls me applicable to evaluating potential human heallh risk allhe site. The seeping 
section also should state whether the site is accessihle and whether it is a secure area with limited and 
monitored access nnd egress; II should also be stated whether the area is e,.;pected to be used 
~xclusively for laboratory operations in the future, or the~e rs :J po5sibility ot other land·usa scenarios for 
the site (e.g., recreational or residential). Ttlesf! elemer.ts of the scoping seclion arn criticallc supporting 
th3 uncertainty analysis and interpretation discussions ol a screening assessment (Sections 2.1.3, 
Uncertainty Analysis. and 2.1.4, Interpretation). 

2.2.2 Screening Evaluation 

The scruening evaluation portion of a scm>.!ning asso%ment compares either the m&.'Wimum detected 
concentration vr, if a sutticient numbtlr of samples have bBen collected {usually 10 or more samples), lhe 
95% upper confidence limit (UCL) olthfl arithmetic mean concentrution of ench COPC with !he 
appropriate SAL. Other Approaches ior estimating a representative concentration also may be used, 
including use of the mean concentration, the weigl1tE:d avem~je. and the median concentration; the 11a1ue 
used must bs representative of potential exposure and justified by the available data. 

Comparisons to SALs for carcinogenic, noncarcinogenic, and r;:;dioruclide COPCs are pertmmed 
separatEJiy: 

• Carcinogens 

• All chemical carcinogens are compar~d with lheir respeclive SALs. 

Apri/2002 

Each ER Project SAL represents a 1 o·6 (one vn one million) incremental excess cancer risk to 
an individual. The total incremental excess canGer lisk (sum of cancer risk for all carcinogenic 
COPCs) is compared to a 1 0'5 cancer risk level (NMEO's target risk level for carcinogens). In 
order to conclude that there is nf) potential ur.1~·cceptabte risk to human health the NMED 
target rls!< level ol10"6 should be rnct. However. EPA has indicated a target risk range tor 
carcinogens ot10'4 to 10'6 (EPA 1990, 55594}. II NMED's 10·$ target risk level is exceeded 
but is within the EFA largef ris~ range, further evaluation may ba warranted to determine 
whether potenrial unacceptable risk to human heallh exists at a site. 
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• . Noncarcinogans 

• If the sitg has only t~nc noncarcinogenic COPC. it is compared with the SAL 

• II twc or more CQPCs are noncarcinogenic, r.;:.-.;h COPC is chmpared witn 0.1 ollts 

respective SAL 

Each ER Project SAL ls'oquiva!ent to a hazard quotient of 1.0, whi.ch represents the 

concentration at or below which no human heaHh ha2ard.l~ ~xpected~ The ratio ol the ·.· 

oxpo5ure concentr<~lion lor each noncarcinogenic COPC to its.rospoctive SAL or hozard 

quotient and tho sum of individuol ratios or hazard Index lor noncarcinogenic COPCs must bo 

loSS tht~n or cqui.voiEnl to 1.0, 'in order to conclude that there, is no potential unacceptable 

hazard to human health. 

• Rodionuclides 

• All rndior.uclidos are compared with their respective SAls. 

Each ER Project SAL rcprcscnls D dose of 15 mrcmlyr. The total do~e for all radionuclides 

dotcctecl obo\'c background!lalloullevels must bo less than or equivalenllo 15 mrem/yr to 

salely conclu\le that there is no poten\ial unacceptable doso. 

Those comparisons oro basod on guidance hom NMEO (NMED 2000, 68554}, EPA Region 6 (EPA 2000. 

6841 0), and DOE {DOE·AL 2000, 67153).11 the abovo cilndilions aro met, tho site needs no funhor 

evaluation. As a wsult ot lhe SAL comparison, ~ach COPC taUs inio one of the lollowlr.g categories: 

grenter than SAL, no SAL. ,;; less than/equal to SAL. 

o~.: •Grealor thon SAL'"IncJicaios lhat the representative conccnlra!lon (o.g •• the maximum detected 

conceniratlon.or the 95% UCL ol !he mean com:cntration) is greater th~n the SAL or 0.1 SAL, or the 

· hozard.indax: totnllncremon!nl cane or risk, or total do so oro greater than the nppropriale targot 1ovollor a 

given chemical category. Any COPC In this category is ovaluatod further within the screening assossmanl 

·or as pnrt or n bnsollno risk assessment. 

·No SAL. lndicc;tos oo SAl curu:mtly Is availaiJie lor comparison. For mnny ollhcse chemicals, it may be 

appropriate to use a SAL based on to)(icologicaVmolecular structuml infer motion lor similar chemicals 

(l.o., a surrogate) or to calculate a SAL based on available toxicity inlormallon. Tho calculated SAls must 

be reviewed and approved by the ER Proiecl Risk Assessment Team nnd submiuod to the mtmlniSirallve 

nulhority for review. 11 SALs for suuogate chemicals are used In the screening evaluation. tho rationale lor 

lhcir use must be presented in the screening evaluation. Ct~mmonly used surrogate chomicalJ aro listed · 

In an attachment to this document. 

Samples nro roulinoty nnalyzed lor several inorganic chemicals (o.g., calcium, magnesium, potassium, 

and sodium) that nre essential nutrients and for which SAls have not been developed due to a lack ol 

sufficient low·doso toxlcily lnlormalion. These chemicals occasionally arc dclected at concenlrotions 

greater than bncMtound and therefore may bo retained as COPCs. However, if tho concilntralions ar.e 

only slightly elevated (e.g., less than twice lt'le background value) above background levels, EPA's Risk 

Assessment Guidance for Superfund (RAGS), Part A, indicates thal esscn1ial nulrients can be eliminated 

· \'.tilhGut further evaluation (EPA 1989, 08021). Tho potential importance of thcso chomlca!s as toxicants 

csn be assessed based on human nulrilionat requirements. The evaluation of essenlial nutrients may be 

·' presented at sevoral points within a report. However, ~he Rcsourcu Consentalion nnd Recovery Acl 

· (RCRA) Facility lnvostigetlon (RFI) outline does not allowJilo elimination ol COPCs othor than by 

background comparison ond de lee lion slatus within the data reviow section. Thcrelore, lor consistency 
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purposes the evaluation of nutrients F.hould be presented in the screening evaluation section of a 

screening assessment. 

"Less than SAL'" indicaies that the representative COPC concenrration (e.g .. the maximum detected 
concentration or the 95% UCL of the m~::an concentration) is less than the SAL or 0.1 SAL. or the hazard 

index, total incremental cancer risk. or total dose arc less than tl)e appropriate target level lor a yiven 

catl';'gory of chemicals. The COPCs in this category generally do not pose an uMcceptable risk to human 

heallh <tnd aro not evaluated furlher. 

Chemicals that are not detected in any sample generally me no: included in a screening assessment 

when sample-specific detection limits do not exceed th!-) conlracl·required detection limits (CDRLs) tor 

EPA Contract laboratory Program <Jnalyllcal methods or equivalent methods presented in the analytical 

stiltement of work (LANL 1995. 49738). Exceptions may bo inv(lked if a detection limit is greater than 

bacl\ground for inorganic chemicals or 1he detP.ction limit is groatcr !han SAL for organic chemicals and 

!he inorganic or organic chsmical is suspected to be present at a site. Factors to consider when 
determ~fling if chemicals report~d as "nonderects'' are retninad as COPCs in the screening assessment 

include 

• site process knowledge that the chemical or related chemicals were used; 

• the present a of tela ted chemicals or chemicals of a degradation chain; 

• the magnitude of the discrepancy between !he detection limit ant! SAL (if the detection limit is close to 

the S.AL, the chemical may be retained, but if the detection limit is several times less than the SAL, 

the r.hemical may be eliminaled); 

• the number of samples collected (anaiyzir.g only a few samples may not define !he nature of 
contamination; therefore scme chemir.<1ls 1nay no1 be ~liminatad); and 

• the applicability of tho SAL assurf1plions at the site in Question. 

These factors also can be used to determine il a chemical whose sample-specific detoctioll limits Wflre 
~levated (e.g., due to matrix interference) is retained or eliminated as a COPC. When a chemical that has 
been reported as not detected is retained ns a COPC, the m<~ximum detection limil1or that chemical is 

used in the screening nsse1;sment. The supporting rationnlo 1or eliminating or retaining a chemical with 
detectirn limits greater than a SAL is dot:umented on a chemical·by·chemical basis. 

2.2.3 Uncertainty Analysis 

The uncertainty analysis presents a qualitative assessment of issues that potentially may affect the 

resulls of the screening evaluation and assists in interpretation of the resulls. The analysis includes 
issuf)S related to data quality, receptors and exposure pathways, SAL development, exposure ond tOldclty 
assessments, and surrogate chemicals used In the SAL comparisons. The uncertainty analysis also 

evaluates COPCs retained by the screening evaluation lo deiermir-e whGther they are eliminated or 

carried tor .... ard to a risk assessmer11 or corrective action, and delails the rationale to eliminate any 

COPCs based on process .knowledge (or other sound reasons). A qualitative discussion justifying the 

elimination or retention o1 COPCs that were not screened should also be included. The uncertainty 

analysis can result in the addition or deletion or COPCs. 

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

• the definition of the physicai set1ing (likelihood that the receptor and pathways are appropriate): 
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-·· ... ~- . .. (foia quality issues, such as litb ~uoliHcrs lncficnling high/low blas or uso of prolc~sionol judgment: 

analy1ical methods used; 
.. · 

cnvironmentnt tr~n~port models; 

• _ chemicols that hove detection limits tho\ uxcocd lhoir r(!spectivc SALs: 

• toxicity valuos used (e.g., usc ol any surrogaie chemicals In calculation of SALs); 

• · intake/ellposure parameters and their nssumod valuos; 

• mul:ipl.: pathway exposure assumptions: and 

• _ djlferences in tho tollic endpoints (targot orgons) among noncarclnogeos. ,_. 

2.2.4 Interpretation . __ .. 

The !.•.ierprelallon portion of the screening assPssmcnt surnmmi2cs tho results ol tho human health · 

screening assessment with u~spect to the uncorlainty analysis. Tho unccnainly analysis permits tho 

formulatlon of conclusions regarding lho potonliat risk 10 human •c.·:eplo:s ond tho conliclcnce lnvol in ~ho 

assessment results. The interpretation ponion also identifies COPCs that am retained by the screening 

evaluation ond cvoluatcs the subsequent steps lor lurther ov~tu:Uion. For example, u COPC nbovo lts --­

SAL may lndicote that subsequent action o~ tho site Is warranted (e.g .. romedialion) or it may represent 

that no potonlial unoccoptable risk to human health exists under actual s11e condmons. litho lonur Is true, 

an analysis of·the da:a thr:l shows rio uoocceptoblo risk may bo prosontod. lf a rlsJ( assossmcni Is not. • 

conducted, a comporison to \iatues roprosonling a moro raalistic exposure scenario, e.g., a site worker or 

recreational user, may be npilropriole. The results. or tho comparison are then usod to lustily no further 

at lion il concentrations indicrile no pot~nllnt unacceptable risk. · 
. . \1 

·'. 
2.3 · E'lnluntlon cf Chcmtcals Nol Related to a Process Rctcnsc 

Certain classes ol chemicals, &.g., polycyclic aromatic hydrocarbons tPAHs) and pesticidos. which have 

been dctoclcd In soil, oflon nro not relalcd to o release lrom the PAS and lhoroloro arn not necessarily 

tho responsibility of the EA Project. Non·proccss relalcd sources in thQ lorni o:· 'runolllrom asphalt-paved 

areas and rooltops and/or lncomplcto combu!>tion associated with torc£t tires, vohlclo .lxh~ust, and · · 

similar events can resullln PAH deposition in the soil. Pesticides may bo present at a sitfl as a rosull ot 

herblcldeslinsecticldes applied during routine facilili' rnninlcnonce (post Md/or proscnt). In other cosos, 

rasidues hom maintenance activities, such as pain: chips hom bridges and buildings. may be present in 

lho soli and resullln etevaled levels ollnorganlc r.hcmicals. In some cases, the presence of non-process 

related chemicals (Inorganic and organic) may aflect ER Project silo decisions and lnvestigators.may 

chooso lo lreallhoso chemicals sop~raioly. 

:• It treated sopilr&lloly, non-process related chemicals ~hould uo discussed in Section 2.3:5. Rcvisod Site 

Conce~tual Model, ollhe risk ossessmenl The conceptual model should describe whore the chemicals 

~; occur. how they aro distribuu3d O\Jer lhc sile, and whn\ potential sources mny bs responsible lor their 

,, prasence. Information on slle history, oper'!lional proccsse~. and \ho possible use ol appropriate local 

,, data -:iCIS (e.g •• samples collected upgrndiont or upstream !rom laboratory activities) ara presenled to 

sup~:t thil rationale tor identifying tho chemicals that result from non-process related aclivitios/sources: 

., II the potential risk·ff~m non·process mlnlod chemicals Is rNaluiltcd using a comparison with SALS. the 

assossmont as w'lll as lho rallonato tor their elimination should bo presented In Se<:\lon 2.4.2.1{c), 

,, 
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Uncertainty /'.natysis, olthe screening assessment; this compari~on should be separate from the 
screening evalua!ion ol process-related COPCs. Estimated potent in I rlnk may be based either on the 
maximum dillected concentration or a representative concentration that is appropriate for the ares over 
which an individual might be exposed (e.g., arilhmetic mean or 95~;, UCL of the mean). Allernt:~lively, a 
risk assessmenlthat presents both total potential risk (process related and non·process related) and 
potential incremental, process-related risk may be conducted. 

3.0 DERiVATION OF SALS FOR NONRAOIOLOGICAL CHEMICALS 

The appioach described is intended to ensure consistency in the calculation of SALs and In their 
application lor evaluating specific media. Independent calcuiFlion ol SAls that incorporates updated 
toxicity values in ~eal time rathe1 than on periodic updates from oulside sources is also acceptable. 
Howev~r. any devi.:tions from the procedure described in this document may be made only with approval 
from the ER Project Risk Assessment and peer review team leader and the administrative authority. 

The equatlons and parameter values presented in this methodology are consistont wilh those of NMEO 
and EPA Region 6 in the derivation ol their soil screening levels and medium-specific human health 
screening levels, respectively (NME:"D 2000, 68554;EPA :?000, 68410). Lead is th& exception to the SAL 
calculations described in this document because EPA-approved toxicity values for le&d have not been 
published. The SAL lor lead is 400 mgikg, which represents the soil lead level that limits exposure of a 
child to no more than a 5% chance of exceeding a 10 pg/dl blood lead !uver (EPA ,994, 59509). The 
SAL wns calculated using EP/~'s lr.1egrated Exposure Uptake Biokinellc {IEUBK) model (EPA 1994, 
59894). In addition, because certain inorgonic and organic chemicf!ls have relatively low toxicity, a non· 
risk based maximum concentration ol 105 (1 00,000) mglkg i!i used when the calculated risk-based SAl 
exceeds this concentration. COPCs that have SAls of this nature include benzoic acid, chromium Ill, and 
dimethyl phthalata. 

Tho ER Project's primary resource lor calculating SAls is NME:D soil screening revel guidance. If 
chemical information is not available from NMED guidance, the project follows EPA Region 6 guidance. 
While the differences between the guidance documen's are small, there is a modification In the SAL 
calculations depending upon the inlormation available. Eventually, as the NMED guidance becomes 
refined and expanded to include all relevant chemicals, it will become the ER Project's sole resource lor 
calculating SALs. · 

The EA Project has adopted the approaches or NMED and EPA Region 6 ror three reasons: (1) as a 
quality a~,sessment tool to check values that the EA P10ject calct.•lates: (2) to Allow other risk assessors, 
who are familiar with the NMEO and Region 6 ~ppro<sches. a greater understanding of the ER Project's 
guidelines and procedures; and (3) to provide continuity within the EA Project lor calculating SALs. 

3.1 Toxicity Values 

Toxicity values (reference doses [RIDJ and cancer slope taclors) associated with chronic exposure are 
preferentially used for calculating SALs. The prefetred source of toxicity valuas is EPA's lntegratad R!sk 
Information System (IRIS) located on the World Wide Web site at hup://www.cpn.gov/iris. EPA's Health 
Effects Assessment Summary Tables (HEAST) are used as a source of toxicity \lalues If values are no1 
published in IRIS (EPA 1997, 58968). Finally, provisional tox~city values may be ob:nined for some 
chemicels and routes of exposure from EPA's Natior.al Center for Environmental Assessment (NCEA). 
NCEA publishes issue papers on certain chemicals' toxicity values for use by EPA regional offices. 
However. the NCEA provisional values have not been subjec~e-d to rigorous scientific review and 
therefore cannot bo used with the confidence of values obtainod from IRIS or HEAS"r. The NCEA values 
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ore used ln cnk:uln\ing SAL values lor perlormlug sw:enln{) assessments because ( 1) they rellectthe 

stnto.~l knowlndyn within NCEA nt the lime o1111cir publicntion Llnclthcrcforo incorporoto a lcvol of roviow 

beyond pccr-reviowt)d publications and (2) incorporate sovcrnl uppor-bound cxpo!luro estimates ana 

consurvativc1y biased suumodcls lor do1mal al>sorp\ic;:.nnd <!ustrcsuspcnsion. Therefore, tho unccrtain1y 

nssodntcd with the p1ovis1onal toxicity value is balanced by n bins toward p~o\ecting the public. If 

ptOv;!;ionnl values are used in SAL ca1culatioll!~ for chemiciils lhat aro polcntinl risk·drivcrs, 

r.:onsE·quenccs to the conlidcnce of the screening decision nrc disr.usscd in lhc uncertainty analysis ol the 

screening assessment. · 

EPA specifies sepnmto toxicity values for ing<>stion nnrJ inhnl~lion irunk~ routes. Toxicity vnlucs for 

:natal!; are not extrapolated bctw(Jen ingcsticn nnd inholillion cxposurn routes, when o value has been 

published tor one route only, dt;c to the potential diflcroilccs in ausorplion olliciencies between those 

intake routos. Because nbsorplion of organic chemicals mom CJ[Jscly upproximntos 100% lor both 

ingestion and inh;1lalion, :ou\o·lo-routc cxlrapol~lion ls pcrfmmcd tor organic chemicals. II cxtmpolatcd 

toxicity valuos {between ingestion and inhalation exposuro routes) ilre used in SAL cnlcu1L!:ions lor 

chemicals thnt 01~ potcnt~lrisk·dlivers. cllccts on the contic!cnce ot the screening decision arc 

discussed In tho ropor1. 

EPA toxicity vntues lor chemicnl ingestion also arc usod to evntunto risks nssociatcd with dormul 

absorption. Ocponding on lh9 chemic ill and on tho method of adminlslro:ion in tho studios lrom whieh 

ornlloxicily values ure dorivod, omltoxicily volucs may rcllcct varying absorption olficlencios from the 

gastrointoslinal (GI) tract into tho bloodsttoam. Bccnusc spcci!ic.: intormulion on absorption clliclen':·Y Is 

rmcly avnilabln, oral lox icily values used 1o ovaluato risks associated with dormnl nbsorplion are not 

ndjusted to nccount lor the chemicol·spocific orol nhsorption b;iction nssocialt!d with the oral to)(icily 

vnlua. Using oral toxicity values without adiustmont for Gl absorption ollicloncy may resullln an under· or 

overestimate of intake via tho dermal pathway. Howevor. this uncurtainly is balanced by the conservative 

assumptions lncmporatcd into tho dormul absorption model, as lliscusscd In Section 3.3.3, Modeling 

lnhalntion and Dermal Pa\hwnys, in this doc;umont. 

The relative bionvnilnbility ol a chnmical in lht) Gllract is not incorpomtcd inlo tho SAL caiculalions tor the 

soil ingcsllon pnthway. In gcneri!l, chemical bioavailability in soil is lower th;m in water duo to tho time 

wquired lor a chemical to dcsorh hom a soil particle and/or dittuse hom within pores in tho soil particle. 

Desorption rntos are also gt?norally longer lot soil contnminotion than lol' "spiked" food usod in laboratory 

toxicity studies because d&sorption rates arc correlated with lho length ot time that a chemical has been 

sorbed. Some lrnction of n chemical adsorbP.d onto soil moy desorb at so slow a rnte as to bo etlectivoly 

una~JDilablo during the lransit lime through the Gl tracl. FaciOIS such as chemical form. soll·particle 

diomo\or, goocMrnicnl factors. and Individual nulriliom.l smtus a fleet the degree ol bloavall<~bility I rom 

soil. The assumption ol equivalent bioavoilability hom soil nnd hom the .administration vehicle used in the 

toxicity studies on which mnny toxicily values mo bnscd ~e.g., food o: wator) results in an overcstimato ot 

•· uptako from soil ingestion. 

Some chemicals thot are routinely nnalyzcd lor and cletcctcd do not hava EPA•approved or p~ovisionol 

toxicity values. The approach lo this Issue is to idcntily n simi!nr chemical lor which loxicit~· vnlues are 

nvaitable and incorpornte it in tho screening 01sscssment as t1 sunogate. Similarily may be based on 

chemical structure or that it is a degrat.lation product of tho chemical. Identification ot an a~propriat& "I' 
sunognto value. and whethor tho evaluation is p&rlormcd wilhin thn context ol a screening assessmeri~. or 

n risk asse~smcnl, is a chemicnl·spociflc and asscssmcnt·spccilic dcr.ision that is hayood tho scope arid 

purpose of this document. Surrogate!. and tho nssumptions affecting their choico ond use ore 1
1;, 

documented in each report. where applicabl~ (see the attachmellllo this document). ;1 ~ 
. . . I 

I. ,. 
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3.2 Exposure Scenarios, Media, nnd Pathways 

n.e SALs represent a re.o;idential exposure that is gonoral!y more protective than other exposure 

scenarios. e.g., industriAl or recreational. Therefore, site:. scre€ned and released on the basis of a 

residerilin! :<1r.d use are alsc safe lor l(;creational and commercial/industrial activities. Tho restrictions of 
lhe SALs with respect to media and dupth wer~ mentioned ln Section 2.0. Exposure pathways for 

chemical SALs include ir'cidental ingeBiton ol soil, inhalation of partlculatos and vapors in ambient air, 

and dermal absorption of chemicals in soil. If other pathways are thought to be important lor a given 

site/receptor, chemical SALs might not he applicable ~nd lurther analysis is warranted in a baseline risk 
assessment. 1'he pathway for ingesting homegrown vE:getables ;md !ruit is not typically included in the 

. &ssesr.ment of chemical !:arcinoyens and noncarcinogens and is nol included in the NMED methodology 

or in any EPA rEgional soil screening methodologies. 

Exposure equations and parameter values for SAL carcula\ions are provided in this document (Secllon 

3.4, Screening Action Level Equ<!tions and Parameter Values}. The primary sources of exposure 
parameters used in SAL calculations are EPA's standard defaul1 exposure factors (EPA 1991, 59893) and 
SPA's exposure 1actors handbook, Volumes 1, 2. and 3 (EPA 1997, 66596. €6597, 66598). Parameter 

values are intended tu provide estima18s of the ·re<lsonabie maxirr.urn e>•posure~ lor a resident 

incorporating the pathways listed above. Many of thr.se exposure parameters describe the inlensity, 

frequoncy, and duration of exposure. For lhe dtirmal absorption oxposure route, paramet.er values lor 

expl;lsod body surface area, soil adherence factor, and skin absorptic.n factors were obtained from EPA 

Region 6 (EPA 2000, 6841 0) and on the World Wide Web at hHp:l/w\\'w.~.:pa.go\'lc:Lrlh lt6/6pdlrcra .. clpd· 

nlsm·en.htm. EPA Rf!gion 6 obla~nad these valu!ls hom a draft version or EPA's dermal risk assessment 

guidance. Although the guidance is still in interim dralt form and has not l:leon released tor general use, 

these pa;ameter values reflect ~~wren! E.PA guidance lor evalualir.g thP. dcrm;ll exposure route based on 

EPA teview of relevant puhlished research and ore unlikely to change. 

3.3 Modeling Inhalation and Dermal Pathways 

3.3. 1 lnhala!lon- Volatile Organfc Compounds 

Tl'1e cuncentralion of vo:atile organic chemical vapors in the ambient air bJr.Jalhing zone associated with 

vola!ile organic chemicals in site soils ~s calculated using a steady·slate vola!ilization rnodel. The model 

used is Hwang and Falco's volatilization tactor (VF) model. originally described by EPA (1991, 58234). 

The version of the VF model that is used tor calculating S.A.ls is presenled in the user's guide and 

tcchnicnl background document of EPA's soil screening guidance documents (EPA 1996, 58917; EPA 

1996, 59902). The primary djlterence btltwoen versions of the VF mudel is that the output of a separate 

air dispersion model (h<Jsed on 1 yr ot meteorological data) has replaced the earlier box modo! 

component. From a table of dispersion model output ordere:d by mea and regiollRilocaHon. users select a 

vatue most applicable to the site under consider<'~~ ion for use in their ass~ssment. 

The Vf model assumes an elfectively infinite depth of contaminated soil anti no cover of clean soil. The 

first assumption may contribute to overeslirr.ales o1 risk for sites with a relatively small volume of 

contamination because calculated volatile organic chemical f:missions over a chronic e)(posLJre period of 

many yems can easily violate conservation of mass. Tt1e assumption of no cover potentially results in an 

underestimation of the diffusion path lenglh, which consequenlly increases the estimate of flux to the 

atmosphere. However, th~ ambient air VF modP.l is usEd to screen sitos for residential land use and 

situations in which a building may bn constructed over the alfecled 50ils. lndour air volatile organic 

chemical concenrrations at a site may be considerably nigher than in ambient air. Thus, the conservative 
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binsos a~sociatnd wilh applying tho VF model to ~mhicnl uir impncls ore· balnnc~d by the modal's 

potontinl ~pplir.otion to silc~ whore imJoor nir impacts "!!llY be of concern. 

Tho VF modal is vo;lid lor silas whe:e n volatile organic chemical is present at conc&ntrnlions below Gail 

particle, pore water, ancJ poro air solurntion phases. For contlitions in which soil is sntura\ed with one or 

more (JI9tl0ic chemicals, a SAL calculated using tho VF model output is not reliable. The screening value 

lot a volatile org<mic chP.mical undm these conditions is the soil saturation conccnlration (Csot). This 

vaiui> is used to idcntily tho possible pres once ot nonnquoous phnsc votatlle organic chemical liquid 

(which may resul\ in groater likelihood of oll·!iilo migration) and is ootnssociated with toxicological 

endpoints. 

I. 

Because VF modal output is not reliable nbove thf: Csal ot .o volatile organic chemica~ 1he ER Project 

recommends using the Csal value lor initially screening \/Oinlilo organic chemicals in saturated soil 

concJitions &md when the cn:cutntr:d value hom the Vi"·m·ottcl exceeds Csn1. The possibility ol enhilnccd 

migration in lhe envl1onmnnl is asses sod when site concentrations ol a volatile organic chemical exceed 

the Csa\ value and the vola:ite organic chemical exists as a nonnqucous phr~sc liquid. All volatilo nrganic 

chemicals wilh site conccntmlions grc;~tor thnn Csat are sunscquontly r:vnluated tor potential risk by 

c:omparino concenlralions to a SAL calculated using only the soil ingestion and dermal absorption 

pathways. Tho o!iminntion of the lnhnlntion pathway hom this SAL c~lculnlion, ond tho uso ol Cso\ to 

idontify volatile oruanic chemicols lor which migration Is an e:nhanced concern. is consistent with EPA soil 

scrr::cning guldonco, EPA l=tcgion 6 soil screening guidelines and NMED guidance (EPA 1996, !i8917; 

EPA 2000. 68410; NMEO 2000, 66554). Supporting documentation lor oliminnting tho inhalation pathway 

under saturntod sorl conditions is provided in EPA's son scrconlng guidance document (EPA 1996, 

59902). . 

VF and Csat model equnlions, and parnmc\cr value~ for SAL calculations, nro documented below. 

P:1mmctar values for site-related tactors such as soil porosities, dP.n!iily. nnd nmount ol orgunic r.arbon 

mo dcfnult valuas recommended in EPA's soil screening guidance (EPA 1996, 58917)_ Chemical·specllic 

parameter values nre required lor chomicill diflusivily in nlr nm..l wnler, Honry's law constant, solubility in 

woter, and organic cmbon partition coefficient Tho sources that me used 10 obi~ in thoso values, In ordor 

o1 priorilizntion, aro (1) EPA's soil scrucning guidance (EPA 1996, 56917~ EPA 1996, 59902) and (2) 

EPA's Supcrtum:: chemical dn\a malrh: (EPA 1!.196, 64708). Other rcloJCncos that roay be employed it 

data are unavnilablo in the primury references include the "HondllMk ol Environmonlal Fale and 

Exposure Oala lor Organic Chemicals" (Howard 1990. 59892}, EPA's subsurfRce con!aminauon roferr:inco · 

guide (EPA 1990, 59926), and EPA;s Superlund oxposuto as!>cssmcnt rnDnual (EPA 1988, 59901) •. 

3.3.2 lnhnlntlon-Fuglttvo Oust 

Tho concentrnlion of dust in air above contaminated soils and secimcnl is colculatod using n scrconlng· 

levels oil rosuspension model, EPA's particulale emission factor (PEF) model. This modo I Ofiginally was 

described in "Rapid Assessment ol Exposure lO Par1iculalo Emissions from Surlace Contaminalion SltesR 

(EPA 1965, 59903). Tho version ollho PEF model that Is used tor c"lculaling ER SALs is prcsontr:d In 

tho user's guido nod technical background document of EPA's son RCrocning guidance documents (EPA 

1996, 56917; EPA 1996, 59902). Tha primary diflr::•enco between lho two versions of the PEF model is 

that tho output of a sopnratc ·olr dispersion model(bnscri on 1 yr of meteorological daln) has roplacod :he 

cilrllcr box model component. From o table ol dispersion model output ordered by area ond regional 

location, users select n v:llue most cpplicnble 10 \he site under considcrntion tor thoir assessment. 

The PEF model used for screening the dust inhalation pathway Is based o.n wind erosion of surtaces that 

havo an unlimilod rcsQrvolr of por1iclos. 1'he model cnlcu1atcs tho conconlratlon ol respirable parliclas in 
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. Human Heallfl Screcming Molhodalogy 

the air due to wind erosion. Depending on sitD soil conditions, !here may not be an un!imited supply of 
particles of this size available throughout IM ex~osute period, which m<~y m•eroslimato the intake via dust 
inhalation. A limi!a!ion of the model is that il does not address porticulate rt·suspension cuu-"ed by 
mechnnieal forces. Theretore, fugitive dust concentmtions calculated using this rnodcl are not applicable 
for activities such <lS construction. If o construction scenario is used duri11g site assessme111, an 
allern3tlve approach for estimating airborne dusl conconlrations is ~elected i.n coordination with the 
administrative aulhority. 

The PEF model equations and parameter vnluos for SAL calcul&,ions are documented in Section 3.4, 
Screening Action Level Equations and Parnrneter Values, ol :his document. Pmameter values for the 
PEF model, including the dispersion term (0/C), vegeta!lve cover, and wir.d speeds are defaull \'a lues 
recommended in EPA's soil screening guidance (EPA 1 !:96. 5891 n No chemical-specific parameter 
values are required in the PEF model. 

3.3.3 D£rm~l Absorption 

The amount of soil residii1g on a unit area of skir1 is dflsc•ined usin9 an adherence laclot (AF). A layer ol 

soil is assum&d to cove~ 100% of a SJ)CCilied body su!1oce a1ea corresponding :o the AF. The literature on 
AFs recognizes that they are dapendent upon body part, soil type, particle size. soil moisture r.onlent, and 
other variables. lnformnl!on f1:1r quanl;iying these variables often is unavailable single default values are 
w;ed lor the AFs when SAls are calculal&d (0.2 mg/cm2 1or a child nnd 0.07 mg/cm2 lor an adult) (EPA 
2000, 66410). 

Dermal absorption from soil is cvaiLialed using a skin absorption !actor (ABS) to model desorption of a 
chemical from !'Oil, absorption lhrough skin, and transfer to 1t1e blood~tream. According to EPA Region 6 
soil screening gu1delines, a default ABS value for 5emivolatile organic ch~mlcals is 0.1 (EPA 2000, 
£8410). NMED guidance also uses a default ABS value lot organic chemicals of 0.1 ana a default ASS ot 
O.Dl lor inorganic chemicals {NMED 2000, 68554). Clwmica!·specific ASS values obtained from EPA 
Region 6 guidance {EPA 2000, 68410) are used in SAL calcu!a1ions tor ti1e lollowing chemicals: arsonic 
{0.03); cadmium (0.01); chlordane (0.04); 2,4-dichlorophenoxyacetic acid (2.4-D) (0.05); p,p'· 
dich!orodiphenyltrichloroethane/ p,p'·dichlorodiphenyldichlcroethylene/p,p'· 
dich!orodiphenyldichloroethane (DDT/DOD/DOE) (1:.\.03}; hexachlorocyclonc)c.ane (lindane) (0.04); 2,3,7,8· 
tetmchlorodibenzo-p-dioxin (TCOD) (O.G3); PAJis (0. ~ 3); PCBs (0.14); and pontachloicphenol (0.25}. 

The approach used to model dormal absorption incorpo1ates several conservative assumptions that may 

result in an ovr.:restimation of actual absorption. The ABS value reflects an assumption that absorption is 
independent of concentration and does not change with :ime. A chemical is assumed to be 100% 
available ror absorption !rem adhered soil. For e:>carr.ple, no toss of vnlatile or semivolatile chemicals is 
assumed to occur due to volatilization wr.en soil is present on the skin. 

The dennal absorolion pathway also includes assumplions th3t may result in an over· or underestimation 
of absorption. As described in Section 3.1, oral loxicit~· values are not corrected lor Gl absorption 
ef:iciency resulting in the potenliallor over· or underestimating risk through the dermal pathway. An 
addilional.assumprion is that skin is presumed to be intacl; abrasions or culs on tha skin surface that 
could result in greater ab~orption on an individual basfs are not considered. These two assumptions that 
may underestimate dermal risk are balanced by the conservative assumptions already discussed in this 
section and do not compromise the protective quality of SALs. 

Apri/2002 12 ER2DO 1·0883 



-----------.. ~, 

H~Amlln Hcnlrh Screening M£!1lrodology 

--------------------------------~--

3.4 SAl Equntlons nnd Parameter Vntuc-s " 

Equations 1 and 2 arc used to calculnto SAls lor noncnrcinogcnic nnd cmcinogonic chemicals, 

rcspochvely, via dilcct so!\ ingestion, inhalation ot chcmical·mJ..lors or nirborne dust, anti dermal 

-obsorption from soil. Tnblc , uives parameters for lhcse ~~uations. · 

Combined ExpoGurcs for Noncnrclnogcnlc Chr:mtcols In SoU 

c = THQ x rnv .. x 1\ T. __ , ~ <1> 

EF l~l) [( I mS, ) ( 1 SA. ~.iCAFc x t\BS) , ( 1 · IRA, )] 
·x · x - x--- + -- x "'" --X.,.---:-__, 
· .• c RID

0 
lO"mg/kg RIDo. lO"nig/k~ IUDi (Vf'.orP~F) 

NfJie: U!i<l VF. lor volutJo th{'lnk:nls llnd PEF lor nonvolal~o c:homictlls. 

Combined E"posurcs lor Cnrclnogcnlc Chcmlcals In Soli . 

l2) 

ti.:Jie: Use VF, IOI'IIOIIltilo chumicnlt. nlld ?EF lor riClMolatill' cntomieals. 

Because contact rates may be dillorcnl lor children and ndulls, carcinogenic risks during tho llrst 30 yr of 

lifo nrc colculaU:~c:l using aoe·adjusted lac tors ("udn. Usu ot agc-~djusled factors Is cspocially importan' 

for soil ingestion exposures, which mo higher during childhood and docrcaso wi.lh age. Howa'Jer, ror 

purposes ol combining c)lposuras ~cross pnlhways, additionlll ago.adjustod lactors are usod for 

ir.halalion and dermal exposures. 

Equation 3 Is usod (mg·yr)/(kg·dny), fur ingostlon: 

IFS ... 
1 
= EDr x msr +~(E_~D..:..,_-_E-..:D•:.)_x_I_R.S..:.• 

. 
1 BW 13\V 

c • 

(3) 

.' 

Equation " Is usod (mg·}'r}l(kg·d3y), tor dermal contact: 

ED x AF x St\ (ED,- EDe)x A~ X SA.)_ 
SFS...!.! == <" s ' + .;.........-:;. __ .;;.,;...._.....;;....._~ 

awe aw. . 
(4) 

Equa1ion 5 is usod (m3-yr)f(kg·day), for lnhalotion: 

(5) 

.;.. 

•' 
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Table 1 

Parameters Used In the SAL Equations 

c :: chemical SAL in soil (mgfkg) 

THO .. target h:tzard quotiant 1 

TR = target cancer risk 10'6 

AT<= = aveeagir.g time (carcinogen) 70 yr x 365 days 

AT, = averaging lime {noncar.:inogon) e.xposure duralion (EO) ).; 365 davs 

ABS = skin absorption lnclur organic = 0.1 

inorgnnic = om• 
Chemicnl-specilic valuos (St>clion 3.3.3 of this 
document) 

AFe = . adherence facto1--<:hifd 0.2 mg.'cm2 

ew, :;: body weight-child 15 kg 

CSFD = cancer slope lacto:-orat (mgl~g·d<Jy)' 1 (soc Sl'c1ion 3.1 of this d{)Cumenl) 

CSF, = cancC!t slope lactor-inhlllalion (mgfkg.day}' 1 (soc St<1ion 3.1 of this document) 

EF = exposure frequency 350 day/yr 

ED.: = exposure duralion--<:hild 6yr 

IFSoq - age-~djustod ingcshon laclor 114 mg-yr/kg-day 

JnhFol1) :: age-adjusted inht~l<~iion factor 1 i m3·yrlkg·dey 

I RAe "" inhalation tale-<:hild 10 m~/day 

lASe ;: soil ingestion rate:-child 200 mgtdny 

PEF = partieulalo emission factor (m~fkg) (see below) 

RfDo = refEirenc:e dc.se--oral (mgi!\g·dny) (see Section 3.1 of this docurnont) 

!=liD, = refNence close-inholation (mgikg-day) (see ~cclion 3.1 of this document) 

SAc .. exposed surlace area-child 2800 cm2/day 

SfS1o01 = nge-odjusted skin con!~cl factor 361 mg-yr/kg·dAy 
for carcinogens 

VF, = volatilization foetor for soil (m3/kg) (sea below) 

BWa ;; body !.'~(light-adult 70kg 

ED, :: exposure duration-residential 30yr" 

AFe = adherence faclor-·ndult 0.07 myfcm:-

lAS., = soil ingestion rate-adult 100 mg/day 

SAo c. exposed sur!ace area-adult 5700 cm21day 

IRA. ... inhalation ralc-adull 20 m~/day 

'Absorption values for inoroanic chemicals nc;t u~ed il !ho !>Al is calculated u!>inn EPA Ragio'l 6 guidance. 

bE-.posure dutaliM 101 lifetime resident is 30 y~iUS. For carcir1og~ns. lila cxpo$ures are comt•inod lor cnllcf(t) yr} and adult (24 yr). 

Derivation of rhe VofatlllzatJon Foetor 

Equation 6 is used to derive the VF for voiatilo orgr~mc chemicals used to calculate SAl.s; parameters are 

presented in Tabie 2. 
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. (6). 

where: 

Table 2 ~-: 

Pornmctrm; Used In Dcrlvotlon of Volallllzotlon Foetor 

. \IF• :;::: volatilizollon factor (m!llkg) 

OA = apparent dillusivity (cm2/scc) -' · 

0/C = inverse ol mean concentration Ollhe center ol a 66.113 glm~·sec per kgtml.l 

0.5·ac2 source 

T = exposure fnlcrJal 9.5 x to' sec 

Pb = dry soli bulk density 1.5 grcm3 

e. :: ~lr filled soli P')foslty (la)LIQII) 0~ 1BtJ_ or n - 9w 

e .. = wnto_r lilled soli porosity (L...torA.too~) 0.261: ,, 

o, = dilfusivity in air (cm~Jsoc) chemical·specil!c 

H' = dimensionless Henry's Low constant chomlcal·speciflc 

o .. = diftusivily in wator (cm2fsoc) chomical-specillc 

.,n total soil poroslly (lpooJL.o.,) 0.43 or 1 - (Pt/Ps} 
··!: 

= 
P• ',... son panicto donslly 2.65g/cm3 

Ka = soii·Wiltor partition coelllclonl (cm"Jg) ~foe (chemlcal-spocilk:) 

Koc = soil orgai'IIC carbon/water partition coelllcionl (llkg) chemical·spocific 

foe = traction organic corbon content ol soli 0.001511 (gig) 

Nolo:H'., 
Honry'o l.tlw Cons.lonl 

univorsnl gas coooUinl lOC tem~rntuto 

• Tho OIC voluC! U!ood In lho dorivo\lon or U1o volnt~lzntion lnctorls 68.81 G··m~·sec Jl(lr lo.G'm1 11 EPA R~ G guiid&nco is ~Od. 

'Tho nirldll'd Go~ porosity te.) wlue used In tho doii~Diion ol tho volnlilizntion lnclor i:; C...:.?SII EPA Flogio\ 6 guidMcl!" U$0d. 

'1ho wnlor lil!od so;a porosity' (B,.} voluo usl.'d In lllo dtilivotion ol1ho volotilizuUon lncl!:r Is 0.2611 EPA RtJ(ion 6 o•.lldllnca i!l usvd. 

•Tho traction orgnnic carbon eontool o1KOillt.-) vn!uo v..oo In tho d«Hivarion.olltlo volnl~ilntlon toclor b o.OOG (o/Olll tt-o Rooion 6 

(JUidanco Is U5Ad. 
. .. ..:. __ , .. 

Dcrlvatlon of the Soli Suturntton Conr:cntrnUcn 

Equalioil 7 Is usod lo derive lhe soli saturation concentration (Csat) for 01ganlc chemicnls; parameters 

.>"" are presented In Tablo 3. · 

s 
sut = -(K.sPb +e. + H1 e.) 

A . 
(7) 
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Table 3 
Parameters used in the Derivation of the Soil Saturation Concentration (CNt) 

sat ::; soii saturation concentration (mgfl<g) 

s -· solubility in water (mgll) chemical-specific 

~ = soll-wa~er partition coefficient lcm~/g) Kocfoc (chemical-specific) 

Koc ::: soil organic carbon/water partition coefficient (Ukg) chemical·spacific 

f()(: := fraction organic carbon content of soil 0.00158 (g/g) 

Pb = dry soil bulk densily 1.5 g/cm9 

e.,. = water filled soil porosity (L .. 11 • .1Lr.ou) 0 ~6b 

H' = dimensionless Henry's Law cons!ant chemical-specific 

eo .; air filled soil porosity (La,.llwil} 0.18c orn-e.,. 

Nole: 
Hcnrj's Law Constant -

11'::: Univmsa! ~s r.onstant x temperature 

"The ltar.lion c:gan;c cnrboo contl!nl of so•l (1 .. ) val us u~ed ir. !he !lGrivation uf I he ~·olo1ili:.;~ti01'1 fRctor Is 0.006 (Gig) II EPA 
REtglon 6 guidance is used. 

tThe walar fmea sol~ porosity (9.) valuo uf;ed in tr•c <JmiYelion ol11i!l valaliliza1ion lactor ;,. 0.26 if EPA Region 6 guldanc:e is 
used. 

•rM air lillil'd soli potosi!y (8.) value used in tM dElfi\·ation ol lhti vclatihzahon la::1or •~ 0.~8 il EI-'A nP.Qion 0 guidance is utod. 

See Section 3.3.1 for 9uidance on the application of the soil saturation concentration for t:.2velopment of a 
SAL for volatile organic chemicals. 

Derivvtlon of the Partrculate Emission Factor 

Equation 8 is used to derive the particulate emission lactor (PEF) lor non·volatile organic chemicals anCJ 
inorganic chemi~.:als for use in the calculation of SAls; pammoters are presented in Table 4. 

PEF = 
Q/C. = 
v = 
u.~ = 
u. = 

F(x) = 

PEF(ml!kg)= Q x 3,600scc/h ) 
· C 0.036x (1- V) X (Um/U,) X F(x) 

Tobie 4 
Parameters used to Derive the Particulate Emission Foetor · 

pat11culato omission laclor 

inverse of the mean conconlralion at lho cenlor cl a 0.5-nc:.o source 

fraction cf vegetative cover 

mean annual wind speed 

pquivalenlthresho:d vnlue of wind speed al7 m 

funcrion dependent on U.,/U1 {derived using EPA 1985, 59903} 

1.36 )( 109 m3/kg• 

93.77 glm~·soc per kglm311 

0.5 {unllless) 

4.69 mlsec 

11.32 m/sec 

0.1114 (unilless) 

• A PEf value of 1.316 x 10• i:; calc:uiata::! t:sinv the delaull pr.rameler values in EPA Rogiort6 guidance. 
bTho QIC vnlue llSed in ttre derivati<m ;:,1 tho particulat€' emission :ector is 90.8 Gfm'·S{IC por kWI'n' il EPA Region 6 guidance !s 
used. 

(8) 
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4,0 DERIVATION OF SAlS FOR HAOIOLOGICAL CHEMICALS . . -J 

This section summarizes the approilch u;;ctlto r.n!culalo ER P10jcct SALs for rmJionuclldos in soils. Tho 

ER PrC'j~t document, "Oo:ivation nnd Uso of Ar.dionucljdc Screening Action levels," provides much 

more detail on the derivation of tim mdionuclide ~Als, including tho RESRAD run with nil input 

pr.ramotors and a talllo of SAls (LANL2001. 69683). 

fiESfiAO incorpulil!es tho c.loso <:SSj:Jssmonl methodology dcsc1ibcd in DOE. Ordor S400.5;'Aadintion 

Prct~ction ol the Public and the Environment" and Is used to irnplemonl residual radioactive moterial 
guidelines containe:d in this. DOE Ordm (DOE 1990, 58980). As stated l<"~ n DOE Atbuquerqul' Operations 

Office (OOE·AL) momorarii.ium ragartling tho reh:mso ol rcml property with rosidual radioactive mriiorials, 

·ooE requires lhe uso ol RESflAO compulor models lor cvaluntino potontinl doses rosulling hom the 

presence ol rcsidunl conl:lminntion· {DOE·AL 2000, 67153)~ · 

4.1 T:ugct Dose Limit 

DOE-AL hns pub lis hod guid:tr.~'=.' od~rcssing tho soloclion ol unnunl dose limits for doso ass~ssmnnls 

undor its jurisdiction: "DOE·Al stall will approve proposod rclcn~;e~ of roal property wh~Jro tho madoled 

dose is up to nnd lnclud:og 15 mromfyr. Proposod rclcnsos resulting in doses grontor lhDn 1 5 mrem/yr 

require concurronco with DOE-HO" (DOE·AL 2000, 67153). A 1 S·mrom/yr tnrgot doso limll is consistnnt 
with published EPA guidanco (EPA 1997, 58693) ond is well below lho bnslc doso limit of 100 mrom/yr 

obovn background ostablishod in DOE Orclor 5•100.5 (DOE 1990, 58960). Tho EP~ has dotormir.cd lhat a 

t<uget dose limit of 15 mremlyr cqualos to an nppro11imnto increased li1elimo cancllr risk ot 10 ... , nnd "is 

consistent with levels gcnoralti' consi(lcrcd protcct;vo In othor governmental Dclicins, particularly 

rogulntior.s and guitlance dcvolopod by EPA In other mdiation control progmms" (EPA 1997, 58693). 

Thcrolorc, the ER Project uses D target dose limit cJ_15 mrorn/yr to c<~lculalo radionuclido SALs. 

4.2 Exponuro Sccnnrlo, Medin, nnd Pnthwnys 

As wilh tho chemical SAls, tho mdionuclide SALs ropresont a residential eAjjosurc lhDt Is protcctivo ol 

othor lnnd·uso options. Rodionuclido SAL:; me dosignod to predict lho maximal on-silo soli dose over 

limo ilnd do nol account lor wdionuclido miuralion with surface water and/or infillratlon to groundwater. 

Ratlionuctido migralion with wator may be ol oquol or gmatur concosn .as soil doso rat some canyon· 

boll om sites and al mosn·top sites whore potentially contaminntod wator was discharged. Theroloro, at 

these typos ol sites in pnrticular, mdionuclido SALs may need to bo supplcmenlm.l with an O'IDiuation of 

migration potential. 

Tho O).posuro pathways used to calcutnte radionuclide SALs me incidcnlal soil ingestion; inhal&tion ol 

particulntes, radoll, and tritium: external llmdialion: and ingestion ot homegrown produce. Unique 

oxoosuro pathways for a gasoous form ollrilium (as water vapor) include ambiont inhalo1ion of lrillated 

\'o~ater vapor and absorption of tritiated water vapor through tho skin. Ingestion of ht'mogrown produce is n 

pathway that is commonly evaluated in radionuclido tlosc assessments bul generally Is excluded in 

:.crocnlng·lcvel chamlcnl ris~ assossment calculations (o.g., plant-ingestion Is not included in tho soil· 

screening criteria published by NMED and EPA Regions 3, 6, ~nd 9). In ~eeping with common prnclico 

and becnuse certoln radionur.lidos (particularly stronlium·90) known to occur a1 some silas aro 
susccpliblo to plant uptoko, ingestion of homegrown produce is included omong tho pathways tho ER 

Project Uf.es 1o calculate radionuclldo SAls .. 

Tho primary sources of e)(posuro pnramolcrs used In mdionuclldo SAL calculations are EPA's standard 

<.lofault oxposuro !actors and EPA's Exposure Factors HiJndl.lool( (EPA 1991, 56140; EPA 1997,66596, 
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66597, 66598). 1he parame:er values are Intended ~o prov1cte on esllmalo ol the •reasonabiSJ maximLJm 

exposure" lor a rusidential exposure scenario incorpo1 a'ting !he pathways li$ted above {EPA 1991, 

56140). 

4.3 Key !;,put Patamcters and Assumptions 

To determine it radionuclide SAls are applicf'lble to a particular site it is nec:esr.ary to determine if the 

assumptions underlying !heir calculalion are consistent with the sile conceptual model. The site 
conceptual model includes what is known or assumed reg<srding thG spatial distribLJtion of radionuclides in 

soil, the potenhal lor radionuclice migration over time, and char.(;lc\eristics of the applicable receptor 

population. If polentialiy important site·$pecific transport or exposure pathways are not included in 1h9 

derivalion of the radionuclide SAls, a comparison of silo data to radionuclida SALs either may be 

inappropriate or require site-specific calcula~ion ot scrrwning values thal are representative of the sito. If 

screening is determined to be inappropriate tor a site. a sL!e-specific dose assessment is conducted. 

Radionuclide migralion from a contaminated site may occur by dissolution in surface or groundwater, 

erosion ol :;oil, resuspension as airborne paniculate, biotic uptake, and/or volatilization as a vapor. 

Radicmuclide migrution to an off-site !ocalion is not incorporated in the calculation of radionuclide SALs 

nor does RESRAO directly support such evaluations. AlthOugh potential olf·site radionuclide 

cor-:entrations ara ganera.Uy !ower than those observed on the site. modeling remote concentrations over 

time may be impor«mt because of (1) public concerns, (2) rJillerenl10utes andfor Intensities of exposure 

than '-lre considered tor on-site rece:ptors, and 13) rcgut<~tory r£?quiren•ents to assess ofl·$ile impacts. An 

ex<Jmple of a potentially suhstanlial olf·sile impact iE. uptake of strontiurn-90 by plar::s rooted in 

ccntt.minated soil and the subsequent a .. ·distribu\ion in loa! litter or in line particulates illhe plant or plant 

material burns. Appendix K of Yu el al. (2001, 71420) provides guidance lor Gvaluatrng off-site migration 

using RESRAD output. 

Certain parameters are critical to defining site c~.mdilions nnd how !hose conditions may chanr;e over 

time. These parameters generally are subject to grent sitc·Splo!cilic vm iabllity, such as the size, 1hickness. 

and suil erosion r<Jte of !hEr contaminated zone; the evapotranspiration coefficient at the site: and the site· 

related soil pai1iculate concenhation in air. In addltkm, the length of tho r.~odeling period can influence 

radionuclide SALs for certain radion11clides associated with ingrowth of radioaciiva progeny. These 

par<1metN values have been defined so that the calcularicn of r(loionuclide SALs effectively resulls in 

stalic soil conditions (LANL 2001, 69683). As a result, radivnudides in soil are modeled so that they do 

not leach from the contarninated zone or become dep;eted due to erosion. 

Although the contaminated zone is modeled as static wi!h respecllo rodionucUde loss through erosion 

and leaching, RESRAD accounts lor radcn and tritium diflusing as gases from contaminated soil (lost to 

tho atmosphere). As a result, the modeled tritium dose declines rapidly over time. Radon isotopes, 

however, will be in equilibrium wi!h their parent nuc!ides; changes over time for doso rates through radon 

inhalation will depend on site-specific conditions with re~pcct to the concentrations of these parent 

nuclides. Radon dose rales also can be inlluenced by many radon pathvJay-specific parameters that 

govern the diffusion of radon through soil and into a bU!ldfng. Tritium dilfusion from soil as water vapor 

(resulting in the inhalation dose) is greatly alfecled by the absolule humidity of the air above the 

contaminated zone (a local value for absolute hum:dity is used in radionuclide SAl r:alculatlons) (LANL 

2001, 69683). 
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5.0 EVALUATION OF COPCS RETAINED BY THE SCREENING ASSESSMEtn 

If tho scr.eE:nino nsscssmonl domonstrutcs ne;coptnblc risk, the site needs no further evnluntion lor 

potential risk to human h-;alth. lltho10 is a p~lcnlial unncc~:ptob!e risl< lmsed on lhe screening 

assessment, n risl\. management dor.ision must bo rnndo whether to con duel n basot::.~ risk asscssnuint, 

proceed with an accolemtod at;tion, or inaugurate a CMS ol tho site. All COPCs iclontilied ond retained by 

· the scrconing assessment mo carried lorward lor iurlhcr cvnluation. Chomicnls screenr.~d out using SAls 

or otherwise eliminotcd in thu screening assess mont mny bo o)lc;luded in a sito·spccific ris!< assessment. 

This is an .appropriate course ol !Jet ion 1111 Is npparont lrom tho screening nssossmont that chemic.:~ Is 

climinalad by this process contribute only ncgligiblo ris~s in o baseline tisk assessment (e.g., loss. tlmn 

10% of the total risk, hazmd, nndtor dose). These chcmicnls stlould be discussed in tho uncenainty. 

section ollho risk nsscssmonl \'jilh rcgnrd to their contribution to risk but afll not usorl in the risk 

calculntions. In other cnsos, many chemicals may be present nl a site or n lew chemicals may be prcsont 

slightly bclowthoir SALs. in which cnsc it may be prudunt to includu them in n basolino ris~ assessment. 

Such decisions ;uc made on a silo·by-sitc bnsis and in consultntion with the administrative authority. 
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Some chcmicnls d-:1 not hovo a pulllishud toxicity value (i.e.: c•mc01 stone tnct{)r or wleumce oosc) in the 
US Environmental Protection Agency's {EPA's) lnlcgw•cd Fiisk lnfounnlion Systom (IRIS) datnbase. 
Hoallh Ellccls /1ssossmont Summnry Tables (!·lEAST). or Nntionnl Cuntcr tor Environmental Assessment 
(NCEA) publica lions. As par\ oltho screening nrso:s5.umnt, the risk its sesser may oilhor qualitatively 
discuss the presence of tho chemical ond the implicatir·~:s of tho nh~cnco olthe cncmic,•llrom tho risk 
cslimate or cvalutii'J tho chomir.al quantitatively. If it is determined thnt Ll bnsclinc risk assessmern is 
approprinta, tho chemic:\! is rclnlm~d ns o chemical of potential cone em (COPC) nnd evaluated as pnrt ot 
the potential overnll risk. 

-·; 

Tho quanlilalivo evnlunlion muy involve lhc culculnlion of a sc~ecming oction lovol (SAL) using toxicity 
data hom sources other thnn tl;oso <.loscriiH?d above along with the cquo1ions and parameters prcs~ntcl.l 
in this methodology. A!lomalivoly, the SAL of an approptintcly similar chumical bnscd on toxicity and/or 
chemical sttuc!Uic, i.o •• a su;rogatc, may bo used in :he scrllening assessment. Subscqucnlly. a 
discu!islon olthe uncc11ninty rclntcd to the us~ ol n surrogate is nccussary for a risk management 
decision. The usc ol a sunogale may causo an under· or ovorostimalion ol risk. 

The chemicals prc~cntcd in Table A·1 have been t!etuctcd hut do not hnve: SALs because adcqunto 
tO)Cicity inlorrnation is not nvailnble. n.oso chemicals can potentially bD evaluated using tho SAls for 
similar chemicals listctJ in tho tnhlo. This list is not inttmdGd to be ull·inclusive. 

Tnblo A·1 
Chemicals with lnndcquntc ToxJclly lnformoUon nnrJ Corresponding Surrogoto Chcmlcnls 

.~ Surrog01te 
Chemical Chemical Riltlonale -· accnnphlhyltono occnnphthcnc suucluro tlmilmily 

2·nmino·4,6·(!inilrololuono 2 ,6· dini\lotoluono SlfUCiliiO slrnifnrity 

4·11mino·2,G·dinihololuono 2,6• dinilrotoluuno structure simllmity 

bcnzo(g.h,l)llcrylono pyre no clructuro similarity .. - -
cndosullan I ondosul:nn Endcsullnn tis nn l!iomcr cl ondosulfnn -
Dndo~ullnn II cntlosullon Entlnculfan II is nn !somor ol ~mlo!iullnn --
cndosutlon cullnlo ondosullan Endosullnn sulfnlc Is tho psimmy mclnbolile ol 

cndosullan 

cndrin aldehyde cndrin Ent.lrin nldchydo Is rm lmJ•urity and tuoakdown 
product ol ondrin 

nnthio ketone emir in trndrin l.ctono ls the J)tinuuy motnbolilo of cndrin 
-

2•hollnnone 2·bulnnone slructuro siriillnrlry -
lsoprop~lrolucne lsopropylbonzcno GtfUCIUfO similarity 

2·mcthylnnplr1hnleno nnphthnllmc structure similarity 

3·nltrollnllinc 2·nitronnilino stnJcturo sirnllaritv 

4·nllrDnnlllnc 2·nilronnillno struclurc slmllmity 

2·nl1rop_!:cno1 4·nihophcnol slrucluro similarity 

phennnth:one nnlhrncono' j suucluro similarity 

.·-

.. 
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ac.:-naphthylem: The surrogate chum~cal is ar.t}naphthene. The diftewr.ce hctween the two chemicals is 

a double bond located on the 5·carhon rir.g (Figlm) A· I). Tho ctoublo bor;d str!;ngthens the structure 

making acenaphthylene loss re<Jctive than acenaphthene. 

2-amlno-4,6-dlnilrotoluene The surrogate chemicol is 2,6·dinilfotolucne. The difference between the two 

chemicals is the addition of an omino group {NHd. tho positio11 ol that amino group and tho position of the 

nltro group (NO:>) (Figure A·2). Because there are hlwer sites for reac:ions to occur on the surrog~te 2,6-
din;trotoluene, !he surrogate will be less reactive than 2-amino-4.6-llinitrotoluene. 

4·amlno-2,6·dlnltrototucne The surrogate chemical is 2.6-dinitrotoluene. The difference between the two 
chemicals is the addition of an am~no group (NH2) (Figure A·2). Becau:;e there are lewer sites for 

reactlons lo occur on lhe suuogato 2.6·din.trotolueme, the surrogatE! wi!l be less reactive than 4-amino-

2,G·dinitroto!uene. 

ben:o{g,h,l)pcrylene The surrog<Jie chemical is pyrene. Tho tHih:rence holw~cn ihe two chemicals is ,ha 

add:tion two benz~ne rings (Figure .A.-3). The additional twnzene rings add '"'lability to lhe structure 

making !he surrogale pyrene more reo:;clive than oenzo(g,h,i)p&ryiP.ne. 

cndosuUnn I The surrogate chem•cal is endosullan. Endosuitan I is an isomer of ondosullan. These 

chemicals have thE: same chemical weight and tho s<lme molecules. The melting point of endosullan and 

endosulfan I is 1 osoc and 108°C, respectively. A comparison of structure is presented in Figuro A-4. 

endosulfan·ll The surwgate chem1cal is cndOSlJifan. Endosullan II is an iGomer of endosulfan. These 

chemicals have the same chemical weight and the some mo!ccules. The melling point of P.ndosullan and 

endosull;;n II is 106•C and 2orc. wspeclively. A COtllpoiiscn ol !:tructure is presented in Figure A-4. 

endosulfar. sulfate The surrogate chemical is ondosullan. EncJosulfan is converted to endosulfan sulfatt> 

and endosu!f<Jn diol in laboratory animals. Endosull<:~n an(1 its primary metabolite, entiosullan sulfate. 

exhlbil simijJar toxlcities and are both bel1eved to be responsible lor the toxicity observed in animals. The 

dose that kills 50% of trealed laboratory animals (LDSO) !or endosullan is listed 1n the Merck Index as 43 
mgfkg lor male rats and 18 mgfkg lor femr:le rats; endosulfan sulfate was not listod. The Registr)' or Toxic 

Elfec~s of Chem[cal Subslar.ces (RTECS) lists only one c1Wtion lor endosullan sulfate, which is tilled 

"Analyticat Reference Standards and Supptemt:lntal Data: The Pesticides and Industrial Chemicals 

Aoposilory" (USDHHS 1987, 70943). This source listed !he LD50 value of ondosu!fan sutfatv as 18 mg!kg 

for rats. While there were no specific~ given on the gcndElr rJf the rats, !his LD50 supports the statement· 

that endosul!ar. sulfate is toxicologically similar to endosullan (ATSDR 1997, 56531.3). The use of 

endosuUan as a surrogate lm endosuifan sL1tfate could lead to on O'Jea~stimation of the risk posed by 
endosullan sulfate because !he other primary me1abolite (eodosullan dlol) could be mainly responsible for 

the toxicity instead of endosullan sullnte. The use of t'ndosulfan as a surrogate for endosulfan sulfate is 

not likely to lead to an underestimate of tlie risk because the two chemicals oxhibit similar toxicit:as 

(LD50s} obsen:ed :n animals. A comparison of structures is presented in Figure A·5. 

endrln aldehyde The surmgate chemical is endrin. EncJrin aldehyde is an impurity and breakdown 

product of Endrin. Photochemical isomerization of endrin was observed after exposure of thin layers of 

solid endrin on glass to sunlight (ATSDR 199"1, 56531.3). Minor amounts of endrin aldehyde ware formed 
in this teaclion. E'ndrin is also sensiHve to transformation by hei':lt, yielding primarily the pentacyclic ketone 

and endrin aldehyde at temperatures greater than 230cc (AiSDR 1997. 56531.3). A comparison of 

structures is presented in Figure A"6. 

cndrln ketone Tne surrogate chcmfc<d !s or.drin. f.ndrin ketone is a breakdown product of encirin. 

Photochemical isomBrizalion of endrin, primarily to the pentacyclic kntone commonly called endr!n 
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~tHor.c, wus ouscrvcd ntlet CliJJOsure o1thin lnyors of solid 011drin on glass to sunlight (ATSDR 1997. 

56531.3). Results of S(!asonal studies indicotod lhm this isomeiizotion procoods with a half·lilo ol 5 to 9 

days in inlr:nsc summer sunlight, with complote cunve:rsion lo ondrin ketone in 15to 19 days. A ,. 

comparison ol structures Is prnsentcd in F1gure A·6. 

2-hc);nnonc The surrogate chemical is 2-butanono. The dillcrcncC! between tho two chemicals is thai 2· 

hel!t>;;one has a longer chain with two cmbon nnd lour hydrogen atoms. Under the samo conditions, 

those chemicals tcacl similmly. 2·hcxnnonc will be loss :ltablc due to tho elongated shnpe causing a 

polilrity dilforenco uutwccn tho oxygen aud tho carbon in the numbor sir. po:;ition (Figure A·7). 

~-lsopropyltolucnc Tho ~urrognlo chcmicnl is isopropylbenzcne l.msed on strucluml similarity. The 

d•iletenco between the two chemica!s 1$ a curlJon mote cute in tho number two position lor 2· 

isopropyltolu~:nc (Figure A·B). lsoprcpyltoluonc is more reactive bcca•Jtc lh(l additionol carbor. allords nn 

addilionnl reliction slte. ·· 

2·mcthylnnphthnlcnc The surrogate is napt.tholt:ne bnscd on structural similarily. Tho dilln.rcnce 

between the two chemicals is a tml>on motcco!c in the number three position for 2·mcthylnaphthalcno 

(Figuro A·9}. 2·mt:lhylnnphthalcno is more rce~livc been use tllo ~dditionnl em bon &:~fiords em adrlilional 

roaction site. 

3·nlhonnllinc The suuogntc chcmical is 2·nitroanilir.o lmse:d on structural similarity. The diflorcnco 

\lotwoun tho two ch~micals is tho position of the: nitro 9roup (NO;:) (Figure A· tO}. Under tho ~<amo 

conditions, these chumicals roact similarly. 

4-nltronnlllnc The surrogate chemical is 2·nilroanilinc hascd on structural similarity. Tho dilferonco 

between the \\'lo chemicals is tno position ol the nitro group (N02) (Fin uta A·1 0). Under tt1e samG 

""'·.. conditions, the so chemicals teact similarly. 

2-nllrophcnol The suuogale chcmicol Is 4·nitfO(,honol based on structural simi!1:llity. The dillerencc 

t>~:iwccn the lwo.chomicals is th~ posilion of tho nitro !]IO~tJ (NO:) (Figure A·11). Under the same 

conditions these chemicals react similarly. 

phcnnnlhrcnc Tho surrooate chomicnl is anthracene b01sed on structurai similarity. The dillcrenco 

between the two chemicals is lho position ol tha honzcnc rings (Figuro A·12). Under the same conditions, 

those chemicals react similarly. Phenanthrene is moro polar and there lore moro ro;u:tive than 

nnlhracone. NMED uses pyrcnc as a surrognto (Figure A·13). 
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Hunwn H<:<lllh Screening Methodology 

Acenaphthene 
(Surrogate) 

Acenaphthy lene 

Comment: The difference between the two chemicals, a 
double bond located on the 5~c:arhon 1ing, is indicated by 
an HlTOW. 

Figure A·1. Structure comparison between accnaphthcnc and accnophthylene 
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2-An1ino-4,6-DNT 

2,6-DNT 
(Surrogate) 

Human Ht•.111h Scwonin!J MorhodolcO'I 

0 

IL 
/ 'l s 

~ 
0· Cl-

. N' 

~II 

4-An1ino-2,6-DNT 

Figure A·2. Structure compnrlson among 2,6·0NT, 2·llmlno-4,6·DNT, nnd o1·acnlno·2,6·DNT 
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Pyrene 
(Sun·ogate) 

Bcnzo(g,h,i)perylene 

Comment: The difference between th(~ two chemicals, two 
additional benzene rings, is indicated by an aiTow. 

Figure A·3. Structure comparison between pyrene and benzo(g,h,l)pcrylene 
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Endosulfan 
G3JJrrogate) 

-------

I •. 

I' -· 

Endosulfan I Endosulfan II 

Flguro A-4. 
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Struclurc comparison nmong cndosuUnn nnd Isomers cndosulfnn l nnd 

cndosulfnn II 
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Human Neallh Screening Methodology 

Apr'J2002 

Endosulfan 
(Surrogate) 

----~---·-------------·--

(2) 

Endosulfan Sulfate 

Conm1ent: The differences be.twcen the two chemicals, (1) 
the number of oxygen molecules off the sulfate on the 
eight-sided ring, and (2) the shape of the six~sided ring, is 
indicated by arrows. 

Structure compalison betwe-en cndosulfnn and endosulhm sulfate 
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Humr.n Nc:;::!t Scrorming t.lclhodotogy 

Endrin 
(Surrocrate) 

-~ 

Endrin A1dehyde Endrin Ketone 

Structure comporJson among cndrln, cndr!n aldehyde, ond cndrln kctono 
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_!-lumsn Heallh Screening Mf)thodology 

Figure A-7. 

Apri/2002 

2-Butanone 
(Surrogate) 

2-Hexanone 

Co1nment: The difference benveen the tvvo 
chemicals, two carbon and four hydrogen ato1ns, 
is· indicated by an arrow. 

Structure comparison between 2-butanone and 2-hcxanono 
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Humnn HDnllh ScreQnina flocfllodolo!JY 

Isopropyl benzene 

(Surrogate) 

·, 

4-I sopropy I tal uene 

Con1n1ent: The difference between the t\vo .... 
chemicals, a carbon n1olccule and two hydrogen 
molecules in the nurnber two position, is indicated 

\Vith an arrO\V. 

Figure A·B. Structure CC?mpnrlson between lsopropylbcnzcnc an\J 4·1sopropyltolucnc 
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Human Hc.elth Screening Mothodo/ogy 

txr~ I~ ~JI 
Naphthalene 
(Surrogate) 

-~----·-- --

2-Met.hy ]naphthalene 

Comment: The difference bet\veen the t\VO 

chemicals, a carbon molecule and two hydrogen 
tnolecu1es jn the number three position, is indicated 
bv an arrow. 

Figure A-9. Structure comparison be1wccn naphthnlcne and 2-mcthylnaphtholene 
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C7""' 
,. 

·0 ..... '0 

3-Nitroaniline 

2-Nitroaniline 
(sun·ogate) 

Hun:.-:n HCI:IIIh Sctoor,inp Mottlodotogy 

il.._ . ()""' 

,,.~ II . . . 
0 

4- Nitro ani line 

Flguro A·10. Structure tomporlson nmong 2·nllroonlllnc, 3·nttroDnlll!lc, nnd 4·nltro&mlllno 
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Anthracene 
(Surrogate) 

Human Hoallh Sc:woning MctiJodo!ogy 

Phenanthrene 

. .., 

Figure A·12. Structure comporlson bel ween nnlhrnccnc ond phcmmthrcno 
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