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1. INTRODUCTION

‘The New Mexico Environment Department (NMED) Hazardous Waste Bureau (HWB) and
the Ground Water Quality Burear (GWQB) have developed this soil screening guidance
(SSG) for internal department use for corrective acion programs. The SSG diszusses the
methodology used to detive chemical-specific soil screening levels (SSLs). In addition,
guidance is provided to assist in identifying and evaluating appropriate exposure pathways
and receptors. Finally, this document provides generi SSLs for chemicals commonly found -
at contaminated sives based on default exposure pasameters under residential and non-
residential land-use scenados. ' : o

“The SSG provides siie managers with a framework for developing and applying the SSLs,
and is likely to be most uscful for determining whether ateas or cntire sites are contaminated
10 an extent that warrants further investigation. It is interided to assist and streamline the
site investigation and corrective action process by focusing resources on those sites or areas
that pose the greatest risk 1o human health and the environment. Implementation of the
methodolegies outlined within this SSG may significandy reduce the time necessary to
complete site inves tigations and cleanup actions at certain sites, as well as improve the

. consistency of these investigations. : :

Berween various sites there can cxist a wide spectrum of contaminant types and
concentrations. The level of concern associated with those concentrations depends on
several fuctors, including the likelihood of exposure to levels of potendal concern to human
health or to ceological receptors. At one end of the spectrum are levels that clearly warrant a
response action; at the other end are levels that are below regulatory concem, Appropnate
cleanup goals for a site may fll anywhese within this range depending o site-specific
conditions. It is important to note that SSLs do not in themselves represent clednup
standards, and the SSLs alone do not trigger the nesd for a response action or define
“unacceptable” levels of contamination in soil. Screening levels such as SSLs identify the
Jower end of this spectrum — levels below which there is generally no need for further
concern—-provided thie condinons associated with the development of the SSLs are
consistent. ' ' - . ‘ '

11 owmmwmm

The NMED SS$G is organized into five major sections with supporting appendices. The '
remainder of Section 1 addresses the purpose of the NMED SSLs and outlines the scope of
‘the document. Secuon 2 outlines the receptors, cxposure pathways, and exposure
assumptions used in calculating the NMED SSLs. 1t also discusses the risk levels on which
the SSLs are predicated and presents the S81. model assumptions. Finally, Section2
discusses site assessment/characierization activities that should be completed prior to
compating site contaminant concentrations with SSLs. ‘These actvities include development
of data quality objectives, conducting site sampling, preparation of a preliminary conceptual .
site model (CSM), and identification of contaminants of potential concemn (COPCs).
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Section 3 provides a detailed description of the process used (o develop pathway-speatfic
¢SLs. Included in this section 15 a discussion of the human health basis for the SSLs,
additive risk, and acute exposuses. Additional topies discussed in Section 3 mclude chernical
specific parameters used to develop the SSLs and caleulating volanlization factors, particulate

emission factors and soil saturation lmits. Section 4 presents methodologies for assessing

the potential for migration of contaminants to groundwates from contaminated soil in
concert with genesic and site-specific leaching models. Finally, Section 5 addresses special
use considerations for addressing contaminant concentrations in soil and notes speciite
problems that can anise when applving the SSLs to specific sites. Genetic SSLs for ;
contarninants that have Water Quality Control Commission (WQCC) Standards for ground
water in the State of New Mexico are presented in Table A< of Appendix A. In additon,

“Table A-1 also includes additional compounds which are-some of the RCRA reguiated,

constituents. Table A-2 of Appendix A presents the default exposure factor values vsed in
the generation of the NMIEED SSLs. Physical-chemical values in the eafcalation of the §51s
are presented in Table B-1 of Appendix B. Toxicaty criteria are presented in Table C-1 of
Appendix C. 1 ' '

1.2 ScOPE OF THE SOIL SCREENING GUIDANCE

The SSG incorporates readily obtainable site data and utilizes methods from vuricus United
States Environmental Protection Agency (US EPA) risk assessment guidance and denives
site-specific screening levels for selected contaminangs and expesure pathways. Key
attributes of the SSG include defanlt values for generic SSLs where site-specific information
is unavailable, and the identification of parameiers for which sie-specific information is .
needed for the development of site-specific SSLs. The goul of the 55G is to provide a
consistent approach for developing site-specific S50 for evaluating facilities under the -

“auspices of the cotrective action process within NMED.

The NMED SSLs ate generally based on a 10° targer risk for carcinogens, or u hazard -
quotient of 1 for noncarcinogens. In mstances where an individual contaminant has the
capacity to clicit both types of responses, the SSLs preferentially report the screening value
representativé of the lowest (most stringent) contamunant concentration i environmental
media. $SLs for migrtion o groundwater are biased on (in order of preference): Stawe of -
New Mexico Water Quality Contro) Comumssion (WQEC) standards, US EPA Region 9
Preliminary Remediation Goals (PRGs) for tap water (madificd to reflect a targee risk of 10°
in instances where the PRG is based on a carcinogenic endpoint), maximum contaminant
Jevels (MCL), and nonzero maximum contaminant level goals (MCLG). As such, the
NMED SSLs serve as 2 generic beuchmark for screening level comparisons of containinant
concentrations in soil. NMED anticipates that the SSLs will be used as a tool 1 facilitate '
prompt idcmi_ﬁcatiun of those contaminants and aicas that represent the grentest nisks o,
human health and the environmeat. While concentrations above the NMED.S5Ls
presented in this document do not avtomatically designate a site as “contaminated” or
trigger the need for a response action, detected concentrations in site soils exceeding
screening levels suggest that fusther evaluation issapprapniate. Further evaluation may
include ndditional sampling to further characterize the natute and extent of contaminaton,
consideration of background levels, reevaluation of contaminants of poteniiai concemn
(COPCs) or associated risk and hazard using site-specific parameters, and/or a reassessment

[
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of the assumptions associated with the generic SSLs {e.p., appropristeness of route-to-route
catrapoiations, use of chronic tosiciy values o evaluate ch:hiiu.od and constructon-worker

E\pomrcc)

121 Exposure Pathways -

A complete exposure pathway consists of (13 a source, (2} a mechanistn of contaminant
*release, (3) a receiviag or contset medium, (4) a potential receptor populaton, and (5) ar
exposare route. Al five elements must be present for the expesure pathway to be
considered complete.

SSLs have been dc:\’clopt.d fer use in evaluating three discrete exposute scenanos
representing 1 variety of potentiad land uses: residennal, conunercial/industrial, and
construction. The 58G presents lists of potential pathways for each scenario, though these
lists arc not intended 1o be exhausnve. Instead, 2ach list represents a set of typical expusure
'pqthw'w likely 10 acconnt for the majunty of exposure 1o contaminants in soil at a given
site. These include:

*  Direct (or incidenal) ingeston of soit

¢  Dermal conmct with soi
. * Inhalation of volatiles and fugitive dust: from contaminated soil

» Migraton of chemicals throngh sail to an underlying potable aquifer or water-
: beanng unit

Under some site-specific situations, additicnal complete exposure pathways may be
identified. 1n these cases, a site-specific evaluation of risk is warranted in which additional
exposure pathways can be considesed. 1f other land uses snd exposure scenanos are
determined to be more appropriate for a site {c.g., Nanve American land use), the exposuze
pathways addressed in this document should be modified accordingly or a site-specific risk
-mcssmem should be conducted. Eurly identification of the need for additional information
s impertant because it facilitates uu'ulopm:.n' of a defensible sampling and analysts strategy.

The expusure pathways evaluated, by land-ese scenanio, are presented in Tabie 1-1,

Table 1+%
Exposine Pathways Evaluated in Soll Scresning Gukiance

Potentic! Exposure Fathwaey | Residentiat | Commercisl/industriat { Construction
Direct ingestion v 4 v
Dermat contact v v v
irhalntion of volatlies ouldosss v v %
Inhalation of fugitive dusls outdoars 4 [4 v
Inrhatation of volatiles indoars v

122 MAW

SSLs represent risk-based concentrations in soil derived from equations combining exposure’
assumptions with toxicity criteria developed by US EPA (US EPA, 20002 and 1997a). The
moduls and assumpuons used were developed to be consisient with the Superfund concept
of “reasonable maxitaum exposure™ (US EPA, 1989). This is intended to provide an upper-
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bound estimate of chronic exposue by combining both average and consérvagve (e, yo* - T
t0 95" percentile) values in the calculations. The defanh intake and duration assumptions - >
presented here are intended 10 be protective of all potentially exposed populanons for each " —
land use consideration. Exposure point concentrations in soil should reflect either directly : T
measured-or estimated values using fate and tanspozt models. An average concentration s o
typically used where the focus is on estimating long:term, chronic exposures and there are I ey
sufficient site data to allow for an accurate estimation of the mean. Where the potential for .
acute toxicity may be of concetn, estimates based on the maxiinum exposure may be more
appropriate. ' o '

The resulting estimate of exposure is then compared with chemical-specific toxicity criteria.
To caleulate the SSLs, the exposure equations and pathway models are rearranged to
backcalculate ari “acceptable level” of a contaminant in soil corresponding to u specific level
of target tisk or hazard. - . : o

123 Target Risk and iHazed

Target risk and hazard levels for human health are risk management-based critenia for
carcinogenic and non-carcinogeiic responses, respectively, to determine (1) whether site-
relnted contamination poses an unacceptable risk to human health and requires corrective
acuon or (2) whether implemented corsective action(s) sufficiently protects human health, If
an cstimated nisk or hazard fails within the target sunge, the sisk manager may conclude that
a site does not pose an unacceptable nsk. This decision should take into account the degree .
of inherent conservatism or level of uncertainty associated with the site-specific cstimates of
risk and hazard. An estimated nsk that exceeds these taigets, however, does not necessanly
indicate that the current conditions are not safe or that they presentan unacceptable risk,
Rather, 4 site risk calculation that exceeds a target value may simply indicate the need for
further evaluation or refinement of the exposure model.

For cumulative exposuze via the ingestion, inhalation, und denmal pathways, toxicity criteria '
are used to calculate an acceptable level of contamination in soil. SSLs are basedona- _ T
carcinogenic risk level of ong.in-onc-lxundrcd-lhous:md (1 x 10%) and a non-carcinogenic ' ‘
hazard quotient of 1. A carcinogenic risk Jevel is defined as the inccemental probability of an

individual developing casicer over a lifetime as a result of exposuré to a potental carcinogen.

The non-carcinogenic hazard quotient assumes that there is a level of exposure below which

it is unlikely for even sensitive populations to expcrience adverse health ‘effects. -

12.4 SSL. Model Assumgitions N

‘Itie mode)s used to caleulate inhulation exposure and protection of groundwater based on
potential migration of contaminants in soil are intended to be utilized at an eatly stage in the

 site investigation process when information regarding the site may be limited. For this
* reason, the models incorporate a number of simplifying assumptions. For instance, the '
models assume an infinite conaminant source, i.c. 3 constant concentration is maintained ) ’

fot.the duration of the exposure period. Although this is a highly conservative assumption,
finite source models require accurate data regarding source size and volume. Such data are
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anlikely to be available from imited s.nmphug n.ffom The midels also assume that
contarnination is homogencons throughoux the scurce and that no biological or chemical
degrzdation occurs.  Whete sufficient site -specific data are available, more-detailed finite-

* source models may be used in place of the def m!! 'mumpnona p:cqmtcd in this 55G.

2. DEVELOPMFNT OF PATHWAY Sprsc;r : SOIL SCREENING LEVELS

- The following sections prcsem the tcchmcm basis :md hrmt'mom used to calculate SSLs for

1esidential, commereial/industnial, and construction land use scenagios. The cquations used
to evaluate inhalation snd migration to groundwater include 2 number of casily obtainable
site-sprcific input parameters. Where site-specific data are-not available, conservative default
values ase presented. The equations used arc presented in Scetions 2.2 and 2.3. Generic

"SSLs caleulated for 133 chemicals, using these default values, are presented in Table A-1 of
’ 4§Ppcndix A- .

24 Human Hmmmsw

The 1oxicity criveria used for calculzting the SSLs ate prcscmcd in Table C-1 of :\ppcudu C.
The pqmarv scurces for the human health benchmarks ate US EPA's Integraved Risk
Information System ’U\lﬂ) (US EPA, 2000a), the Health Effects Assessment Summary
Tahles J1EAST) (US EPA, 19974}, and US EPA’s National Centet {or Envizonmental
Assessment (NCEA), Additonal sources include the minimal risk levels (MRLs) dcvelopcd
by the Agency for Toxic Substances and Disease Registry (ATSDR). For soil ingestion,
inholation of volatile organic com: pounds (VOCs) and fugitive custs, and dermal contact, the
NMED SSLs cortespond 10 a 10 level for carcinogens and/or a hazard quotient of 1. for
noncarcinogens, v.}uchcvcr is lower (i.¢., more protective),

241 Addi‘tlvemsk

" Itis important to note that io consideration 1s provided in the calculation of mdmdual

NMED SSLs for additive risk when exposutes to multiple chemicals oceur. The SSG

R addresses this issue in Section 5. ‘Because the NMED SSLs for cnxcmogtmc cfiects

correspond o 2 10? risk level individaally, exposute to multiple contaminants. may zesuit in a
cumulative site risk that is above the anticipated risk smanagement range. While carcinogenic
risks of multiple chemicals are simply added togeiher, the 1ssue of additive hazard is more
complex for noncarcinogens because of the theory 1hat 3 threshold exists for :
noncarcinogenic effects. This threshold is defined as the level below which adverse effects
are not expected to occur, and represents the basis for the reference dose (RED) and

. refereace concentration {RfC). Since advetse effects are not expected 10 occur at the RfD or

REC and the SSLs are derived by setdng the potential exposure dose to the RfD or RfC, the
SSLs do not address the risk of exposure to multiple chemicals at levels where the individual

‘chemicals alone would not be expected to cause any sdverse effects. In such cases, the SSLs

imay not proudc an accurate indicstor for the likelihood of harmful effects. However,

" noncarcinogenic effects should only be considered addivve for those chemicals with the

same toxic endpoint and/or mechanism of action. The sources provided in Section 2.1
should be consulted to determine the endpoinit and/ or target crgan system ptior 1o
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aMempPUng o cvaluate the addinve health effecss resulting from sipultaneous exposuce to : ;.
multiple contanisangs. ' : o b
. _ i
Additivity of the w81 is further complicaicd by the fact that not all of the S5Ls are based on L
roxicity. SSLs for ceriain volatile chemicals are determined based on & ceiling limit o S

concentration termed the soil saration limit (and denoted as C) above which these
chemicals may oceur as nonagueous phase tiquids (NAPLS) in soil. This 1 discussed (urther
in Secnon 3.2, Further, for certain inorganic and semivolatile organic compounds ($VOCs)

that vxhibit relavively low toxieny, a non risk-based maxtmum concentration of 108 my/ky is
given when the nisk-bascd SSL exceeds that level. ‘These are noted as “max” in the tables,

212 Acavte Exposires .

The exposure assumptions used 1o develop the SSLs are based on o chronic exposure ' ,
ccenario and do not account for situations where high-level exposures may result in acute -
toxic cffeces. Such situntions may arise when contaminant concentritions are very high, ot
may result fram specific site-related conditions and/or behavional patterns (i.c., pica
behavior in children). Such exposures may be of concern for those contaminants that
primarily extubit acute health effects. Toxicolugical information regarding cyanide and -
phenol indicate that acute cffects nay be of concern for children exhibiting pica behavior.
Dica is typically described as a compulsive craving to ingest non-food items (such as clay or
painr). Although it cun be exhibited by adults as well, it is typically of greatest concen in
children because they often exhibit behavior (e.g,, outdoor play actvities and greater hand-
to-mouth contact) that tesults in greater exposute to soil than for a typical adult. In -
addition, children also have a Jower ovesali body weight relative to the predicted intake.

213 Rouste-to-Route Extrepolation

As of January 1991, TRIS and NCEA databases no longer present REDs ot SFs for the
inhalation route. These criteria have been replaced with RfCs for noncarcinogenic effects

‘and unis tisk factors (URFs) for carcinogenic effects. However, for the purposes of

estimaning sk and calculating risk-based concenrations, inhalation reference doses (RID)
and mhalanon slope factors (SF) are preferred. Route-to-route extzapolatons were also
frequently used when there werc'no toxicity values availibie for a given route of exposute.
Howevet, Toute extrapolations were not performed for inorganies due to portal of encry
cffects and known differences inn absorpuon efficiency between the oral and dermal routes of

exposure.” To calculate an RID, from an RFC, the following cquation and assumptions may
be used for most cherrucals: : :

mg . Tl 20’ 1
RID = RfC {mg M X
: ' (kg - day) (mg /) day  70kg

'The S, was caleulated from the URF using the following equation and assumptions:

[§)
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ikg - day) + day i 1.l:
gp B E (m’fing) x5 x 70kg x &
{mg) mp,

An addionat roue exis apdlnnnn 1 the use of oral 1oxicity values for evaluaung dermal
exposutes. Because nu toxiory data are presently available for evaluating dermal exposare to
contaminants, US EPA has developed a methodology for use in dermal assessments. Moss
oral RIDs and cancer slope factors are based on an-administered dose while dermal
rquations estimate an aasorbcd dose. Gasuointestinal and puimonary absorption of many
chemicals is tvpically much preater than abzorption thraugh intct skin, Thus, for evaluatung
the effects of dermal exposure to contammnants 1n sotl, the oral taxicity value should be
adjusted from an adminisicred dose 1o an absorbed dose by accrunting for the sbsorption
efficiency of the chemical. Assuming 100 percent absorption via the oral exposvre route
may result 1 an overestimanon of the absorbed dose, resulting in an overestimation of the
dose at the site of toxic injury and anderestimaning the actual potency of the chemical 10
exert an observed effect. The magaitude of the underesdmation is inversely proportional o
the true oral absarption of the compound. Based o2 the carrent guidance (US EFA, 20000,
the only chemical for which an adjustment is recnmmended is cadmium. An ol nbforpno"v
efficiency of 5 pereent is asumed for cadminm which leads to an estimated dermil zeference
dose (I{.".)__, of 0.000025 mg/kg-day.

2.4 Direct ingestion

T xposure to contaminants through incidental ingestion of soit can result from the
insdvertent consumption of soils adhening to the hands, food items, or objects that are

‘accd indo the meath. 1t can also result from swallowing dust particles that have been
inhaled and dq)m'md in thie mouth and sebseqguently swallowed. Commercial/industral
and construction workers snd residential receptors may inadvertensly ingest soil that adherrs
to their hands while mvolved in work- of recreatiun-related activities, Caleulstion of SSLs
for direct ingeston are based on the methodology presented in US EPA’s Résk Assessment
Gutdante Jor Superpind (RAGS): Volume I - Hlumwon Health Evaingison Manual (Part B, Derelopanent
of Risk thm'(‘ Preliminary Rencediation Goalt, Interizn (US EPA, 1991), Sos/ Jm'mmg Gusdance:
Technival Backgroumd Docummeni (US ETA, 19‘)(».\), and Tapplmlmm.’ Caxmirmre for Derelorng Soil
Servening I.xn*/.r for .Supem.m'f Sites (US EPA, 199%a).

215 Pessmal Absorption

Exposure to soil com.mumms eay result from dermat contact wath contaminated soil and

-, the subsequent absorption of contaminants throuph the skin. Contact with soil 3s most
likely to occur as a resuls of digging, pardening, landscaping, or vutdoor recreation activities.
Excavation activities may aiso be a potential source of exposure to contaminants, particulazly
for construction workess. Caleulation of the sereening levels forinpeston of soil under the
residential exposure scenario s based on the methodology presented in EPA’s Risk
Alssesameni Coacidance for Superfund: Volume 1 - Fiuman Health Ervaluation Mansal (Part B,
Derelopment aof Risk-Based Preliminary Ressedration Goals)y Interion (1991), and Soil Servening
Guidance: Technical Backiground Docwmens (08 EPA, 1996a). The suggested defauit input values

a—
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“used to develop the NMED G818 are eonsistent with EPA’S forthcoming KAGS, Purt .

residengal and non-residential land uses is discussed fusther in Section 3.3,
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Supplenental Gurdance for Dermai Risk Assesimtent (US LPA, 2000u).

2.1.6 Inhatation of Volaties and Fugitive Dusts . L

EPA toxicity data indicate that nsks from exposuite o seme chemicals via the inhalation - S
pathwsay far outweigh the tisk via ingestion or dermal contact; therefore, the NMED SSLs '

have been designed to address inhalation of voladles and fugitive dusts. To address the

soit/sediment-to-air pathways, the SSI, calcularions incorporate volatilization factors (VF)

for volatile contaminants and particulate envssion factors (PEF) for nonvolatile _
contaminanis. The SSLs follow the procedures for evaluating inhalation of VOCsand - "
fugitive dust pariicles prescnted in EPA’s Risk Assessment Guidance for Superfund: Volume 1 - '
Fiaman Heaith valuation Mankal (Part B, Developarent of Risk-Based Preliminary Remediution Goals),
Lnserim (US EPA, 1991), Sai/ Sorvening Guidunce: Technical Backgrosnd Document {US EPA,
1996a), Humun Health Risk Assessment Protacol for Mugardeus Waste Combustion Facilities (Us
EPA, 1998). and Suppleanental Guidunce for Developing Soil Scrvensng Levels for Superfund Sites (US
LEPA, 19992). ' ‘

VOCs may adhere 10 soil particles or be present in interstitial air spaces in soil, and may
volatilize into ambient air. This pathway may be particularly significant if the VOC
emissions are concentrated in indoor spaces of onsite buildings. For the purpose of
calculating the NMED 58Ls, VOCs-are considered those chemicals having a Henry's Law
constant greater than 1. %10 $ atm-m®/mole-"K and a molecular weight less than 200 g/mole.

Inhalation of contaminants via inhalation of fuginve dusts is assessed using a PEF that
relates the contaminant concentration in soil/sediment with the concentration of respirable
particles in’the air due 1o fugitive dust emissions. I is important to note that the PEF used
to address residentiat and commercial/industrial expaosures ¢ -aluates only windborne dust
emissions and does not consider emissions from traffic or other forms of mechanical
disturbance which could lead to a greater bevel of exposure. The PEF used to address
construction worker exposures evaluates windbome dust cmissions and emisstons from
vehicle waffic associated with construenon sctivities. Yherefore, the fugitive dust pathway
should be considered.carefully when developing the CSM ai sites where receptors may be
expused to fugitive dusts by other mechanisnis. The development of the PEF for both

Residential exposutes are assessed based on child and adult receptors. As discussed below,
the child forms the basis for evaluation of néncarcinogenic effects incusred under residennal
cxposurcs, while carcinogenic responses are modeled based upon age-adjusted values to
account for exposures averaged over a lifetime. Under most cifcumstances, onsite
residential receptors are expecied to be the. most conservative receptor basis for risk
assessment purposes due to the assumption that exposute occurs 24 hours a day, 350 days
per year, extending over a 30 year exposure duration. Table 2-1 provides a summary of the
exposure characteristics and patameters associated with residential lJand use receptor.
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Table 2-1
Summary of the Residentlial Lond Use Receptors
Exposure Characieristics & Substantinl s0il exposure (esp. chiliian)
‘ ®  Hign soil ingestion ratc (esp. chiidren)
*  Signidicant bme spent ngoors
*  Long-lonn gxposurs
Delault Exposure ParLmeters
Exposute frequancy (dfyr) 350
Exposute duratian (yr} 8 {chlid)
24 {aduly)
Soif ingeshion rate (mg/day) 200 (¢hilkd)
: i : 100 (adull)
Body Weight (k) 15 (chid)
: ' .70 {agulty
Skin surface Qroa sxpcsed {em'} i 2.800 (chilgy
%,700 (adult)
Skin-soil aahaerence fastor 0.2 (child)
0.07 {edull)
Ait inhalation ate {mYd) 10 tchitd)
' 20 {adult)
229 Residental Receptors

A tesidential receptor is assumed to be a long-tefn rccap(ur accupying a dwelling within the -

site boundsries and thus is exposed 10 contaminants 24 houis per day, and is assumed to hve

at the site for 30 years (representing the 90™ percentile of the length of ime someone lives in

a single locatien), remaining onsite for 350 days pers year. Expuosute to soil is expected to

occut dutmg home mainte nance activities, yard woerk and landscaping, and cutdoor play

activities. Contaminaat intake is assumed to vecur via three exposure pathways ~ direct i
ingestion, denmal absorption, and inhalation of volasles und fupitive dusts. For the [
testdential scena, both adult and child receptors were evahiatzd Lecause childien often

exhibit behavior (e.g., greater hand-io-nouth contact) that can result in greater exposure to

soils than those associated witk a typical adule. In addition, childeen also have a lower _
overall hody weght relative 10 the predicied intake. ‘ lI

Equations 1 and 2 ure used to calculate cumulanve SSLis for a residential receptor exposed to
non-carcinopenic and cazcinopenic contaminants via all three exposure pathways. Default .

9
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Noncarcinogenic Contaminants are ¢v

amated bascd sold).' on childhood exposutes using

Equation 1. By combining the higher contam

inant intake rates with the lower relagve body

weight, “childhood only” exposures lead toa lower, br more conservative, risk-based

10

, Equation 1 . 1
Combined Exposures to Noncarcinogenic Contaminants in Soll
Rosldentiat Scenario '
c THQXBW, X AT
o s 1 sAxARxABS|f 1 IRA
EF, X ED, X et | Rt J{ DL
RO, " W0m 5 \RD, T W0 RED, " VE or PEF
Parameter Definition (units) Defauh
C ' Comtanwaant concentration (mg/ kg Chemivalspeafis
THQ Target hazard quotient 1
BW, Boudy weight, child (k) 15 - ‘.
AT, Averaging time, noHCACinopLEns rdays) - ED x 303
B H Expusute frequency, resident (day,’ye) 35
EL, Lixposare duration, child (years) A
RS, Sl ingesuon rate, child {(mp/day} 200
®M.. Oral reference dase (mg/kg-day) Chemical-spreeific
SA Dermal sutface area, chuld {em?/ day) 2,800
AL, Sud.adherenee factor, child (nmyg/cm?) 02
ABS . Skin absotrption factor (unitless) - Chemical-specific
1RA, fnhalauon rate, chid (m?/day) 10
Ry Inhalasion teference dose (my/kg-day) Chetnical-spectfic
\Uh Voladizauon factar (m3/ k) See Lguation 10
| PLF Partseulste emission factor (d/km | $ee Lguation 32
Equation 2 ]
Combined Exposures to Corcinogenic Contaminants In S0l '
Residential Scenatlo |
‘ € o e TR AT, . :
- [ IF$,, x CSF) (SIS, x AUS XCSF,,‘ _{ InhE,, xCSF’
N o marig ) 10°ma/ kg J \ VFor PEF }
Parametes _ Definition (units) " Default
C Comaminant concentration (ng/ kg _Chenucal-speafic,
TR Target cancer nisk 1x 102
AT, Averagng ume, carcinugens {days) 25,550
EV, Exposure trequency, resident (day/ys) : 350
1158, Age-siljusted soil ingestion tactor (lmg-ve}/ [hg-dayD 114
CS¥K., _ Oral cancer slope factor (mg/ ke dagi? : ) Chemical-specific
S$HS,u Age-adjusted dermal factor (jreg-y1]/ [kg-day]) 301
CARS $kin absarption factor (unitless) Chemical-speaific .
Sl Age-adinted inhalation factar (jrad-yr)/kg-day]) 1
CSF. Tnhialation cancer slope factor (mg/ky-day; ! Chemical-spratic
vy Volatilization factor (m3/kg). Sec Eguation 10
PLEF Parniculate emission factor {3/ k) See Equation 12 I
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concentranon compared to an adult-caly exposure. In addition, this approach is considesed
conservative because it combines the lughcr 6-vear c:\pmurc for children with chronic

toXicity crtena.

Unlike non-carcinogens, the duration of exposure to catcinopens is averaged over the
lifeiime of the recepior because of the assumption that cancet may develop even after acrual
exposure has ceased. As a sesult, the total dose teczived is averaged over a lifeEme: of 70
vears. In addition, to be protective of exposares in a residential sctung, the carcinogenic
exposure patameter values are age-adjusted (o account for exposutes incurted in children
{1-6 vears of age) and adules (7-31 years of age). Carcinogenic exposures are ape-adjusted to
account for the phv%iolobica! differences berween children and adults as well as behavioral
differences that result in maskedly different celavive rates of expasure. Equations 3, 4, and 5
are used 1o calculate age- qd;ustcd mgestion, dermal and inhalation factors which account for
the duffetences in soil ingestion rate, shin surface arca, soil adherence factors, inhalation rate,
and body weight for children versus adalts. The age-adjusted factors calculated using thuese
cquations were used in Equation 2 to develop genenc NMED SELs for carcinogenic effects.

— " Equation 3
I Calcutailon of Ago-Adjusted Ingestion Factor
s o EDXIRS, (ED, - ED,)x RS,
S - 4 vl
w7 BW( ' BW,

Parumneter Definition (univs) Dafaule
1F8. Age-adjusted soil ingessiog factor for carcinogens {{mg-y1)/ (kg-dayl) 4
BN Lixposare duration, child (years) 6
RS Soi in};cstion rate, child (mp/day) 200
BW, Body weigie, child (kg) 15

- ED l-a(posurc duration, resident fyeass) . 30
RS, | Sed ingesaon tare, adult (mg/day) ‘ : . 100
BW, Bedy wright, adult (kp) 70 J

‘11
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Equation 4
Calcuintion of Age-Adjusted Dormal Factor

CEDXAE x$A, (ED, - D, )X AF, XS4,

SHS :
b BW, B,
Parameter Definivion (units) Defauh
SIS Age-adjusted dermal factor for carcinogens [(mg-ye)/ (kg-day)] 36)
ED, Expasuge duradon, child (vears) . 6 -
Al ~ Soil adlerence factor; child (ng/cn) 0.2
SA, [Dermal surface area, <hild {(cmm?/day) 2,800
W, Body weight, child rhy) 15 1
ED, Exposute duration, tesident {years) 30 !
Al Soil adherence factor, adolt (mg/cm?) 007
SA, Tevmal suzface area, adult (cm?/aday) 5,700
BW, Boody weight, adult (k) 79
) Equstion 5
Calculation of Age-Adjusted tnhajotion Factor
o EdxikA, (ED,-ED_)xIRA,
Inhf, = —= 4
o BW, BW,

Parameter Definition {(units) Default
Inhl.g, Ape-adjusted inhalatiun factor for carcinogens [(mg-yr)/ (kp-day}] 13!
ED, . Lixposuse duration, child (years) : 6
IRA. Inhalatian rate, child (in?/day) 10
BW, Body weight, child (k) 15
£D, Exposure duration, resident (years) 3N
1RA, inhalaton rate, adult (m>/day) 20 .
BW, Body weight, adult (kp) — 70

2.3 NOMRESCDEN’HN.LANDUSES

Non-residential land uses encompass all commercial and industrial land uses and focus on

.two very different receptors — a commercial/industrial worker and a construction workes. -
Unlike those calculated for residential land-uses, NMED SSLs for non-residential land uses
are based solely on exposures to adults. Consequently, exposures to carcinogens are nof age-
adjusted. Due to the wide range of activities and exposure levels a non-residential receptor

may be exposed 10 duting various work-related activities, it-is important to ensure that the
default exposufc patametets are representative of site-specific conditions. Table 2-2 .

provides a summary of the exposure charscteristics and parameters for non-residential land

use receplors.

12-
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Table 242
Summary ol Nonh-Residentisl Land Use Recoptors
| Recepter : Commercialfindusirial Worker Construstion Werket
Expisure Characteristics. ¢ Substantial 3Cil @xpCSUES a  Exposad dunng
o "High sol ingestion sate A constiuction ectivities
& {ong-lenm esposurg ’ anly
»  Exposure 1o surtnte and shaliow Short-tom s¥posure

subsuitace soits . V:d'?d"'@h” s:illingostion
#»  Aduih-only expheulg and dust inhalotion rates

& Expcsuie to sunace angd

subsurtace soils
Cefault Exposure Paramaters
Exposure freguency {day/yr) 200 30
Exposure duration (yr} 25 ) 1
Soil ingestion rate {mg'day) w0 480
"Boay Weight thg! 70 i 70
€Lin suriace area sxposed {emi 3,300 . 3,300
Skin-soi adherence acior (mg/ cm’ .2 ' 0.3
Alt inhalplion rate (m*day} a0 %0

221  Commercialindustrinl Worker

The commercial/indastrial scenario is considered represeatative of on-site wotkers who
tpend all or most of their workday outdoors, A commercinl/industrial worker 15 assumed 1o
be a long-term receptor exposed during the course of a work dayv us either (1) a full time
cmployee of a company operaung on-sie who spends most of the wotk day conducting
matntenance or manual labor activities outdoors or (2) a2 worker who is assemed to regulatly
pesform grounds-keeping activitics as part of his/her daily responsibilities. Exposure to
surface and shaliow subsurface soils {i.c., at depths of ze20 10 two feet below ground surface)
1s expected to occur during moderate diggany associated with routine maintenance and
grounds-keeping activitics. A commercial/industrial receptor is expected t0 be the most
highly exposed teeeptor in the outdoor environment undet genetic or day-io-day
commetcial/indusirial conditions. Thus, the screening Jevels for this receptor are expected
to be protectuive of other reasonably anticipated indoor and outdoor workers at a
commercial/industuial facility. Bowever, screening levels developed for the

‘commercial/indusirial worker may not be projective of a constructon worker due to the

Iatier’s increased soil contact rate dusing construction acavitics. Equations 6 and 7 were
used (o develop generic SSLs for cumulative exposure to carcinogenic and non-carcinogenic
contaminants by all exposure pathways. Defandt exposure parameters aze provided and were
used 1 calculuting the NMEID SS81s.

13
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Eguation &
Combined Exposures to Carcinogenic Contaminants in Soll
Commerclal/industrial Scenarlo '
. TR x BW, X AT,
C= . :
E X ED ( IRS,, X csr,,] of $Aax AF X ABS X CSE, ) +( TRA, XCSF,)
o mod \ ‘“{.m,u 3N ]0‘ my, by VF or PEF J
Parameter Definition (units) Diclault
C Comaminant concentration (mp/kg) C Chemical-specific
TR Tarpet Risk ©ix 103
B, Body weight, adule (k) ’ : <70 -
AT, Averaging time, carcinogens {days) 25,550
Elo Lisposure frequency, commercial/industaial (day/v1) 250
LD Exposure duration, commercial/industrial {yeats) e 25
TRS Snil inpestion e, commercial/industiol {my/day) 100 :
CSF, Oral cancer slope factor (mp/ke-day)! © Chemical-specibic
SAm Dermal sutface area, conuneecial/industsial (cm?/day) 3,300
Alu Soil adhesence factor, commercial/industial {mg/cm?) - 02
ABS Skin ubsompuon factor (unitless) ' Chemical-specific
IRAG Inhalation tate, commercial/industrial {m3/day). 20
C8F, Inhalstion cuncer slope factor (mp/kg-dax)?! Chenucal-speafic
VIE Volatilization factot (mY/kg) . . Sec Equation 10
PEF Particulate emission factor {m3/kgj _ See Fyuation 12
Equation 7
Combined Exf;osures to Noncarcinogenic Contaminants in Soll
Commercial/industria) Scenario
c THQXBW, x AT, .
. [ L “ms,._, )+[ L SAg r;,uc, * A :ss_) +( L, JRAc
’ R, 10°mp/kg) \RIDO, - Wmg/kg . ] \RMD, VForPEF
Parameter Definiiion {units) - Default
C Contaminant voncentention (mg/ky) Chemical-specific
THQ Target hazard quonent . g 1
B, Body weight, adult (k) 0
ATy Averaping time, noncarcinogens {days) . - ED w365
EFa Eiposute frequency, commercial/industrial fday/y1) 250
EDer LExpusure duraton, commercial/industrial (years) 25
RS Soil ingestion rate, commercial/industdal (mg/day) 100
RiDy Otal teference dase (mg/kg-day) ' : Chemical-specific
SAq Pesinal surface area, commercisl/industrial {em?/day) 3,300
AFa Soil adiverence factor, commercial/industrial (mg/cmd) - . 0.2
ABS Skin zbsorption facear (unitless) . ) Chenticalspecific
IRAC Inhalanion rate, commercial/industrial (m3/day} 20
RID, Inhalatinn seference dose {mp/kg-day Chemizal-specific
VI Volatilization factor (m?/kg) S See Eguation 10
PLEE Paruculate emission Factor (m*/kg) - See Equation 12
14
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232 Construction Worker

A construcnon worket is assumed 10 be 4 receptor who i cxposed to confaminated soil
durniag the work day for the duranon of a single on-site construcuon project. 1 multiple
construction projects ate anuupalcd it is assurned that differenr workers will be ensployed
for cach project.  The activities for this receptor typically involve substantial exposures to
surface and subsurface soils (i.e., a1 depths of zero to 10 feet below ground. surface) during
cxcavanon, maintenance and building construction projects (ntrusive operations). A
construction worker is assumed to bc exposed 1 contarminants via the following pathways:
incidental soi ingesnon, dermal contact wiih soil, and inhaslavon of contaminaied cutdoor
air (volatile and pardcuiau emissions). While a constructon worker receptor is assamed o
have a higher soil ingestion rate than a commercial/industial worker due to the type of
activsiies performed during constriction projecrs, the exposute tuqumc\' and duration are
wssumed to be significontly sherter due to the short-term nature of construction projects.
However, clironic toxicity information was used when developing sereening levels for a
construction waotker receptor. This approach is significantly more conservative than using,
sub-chronie toxicity data because it combines the highcx soil cxpmuru ter construction
workers with chronic foxicity entern. rquatmnq Rand 2 were used to dcvdﬂp genenc S81.s
for cumulative exposure to carcinogenic and non-carcinogenic contaminants by all exposure
pathways. Default exposure patameters are provided and were used in caleulating the
NMED S5ls.

I Equation 8
Combined Exposuren (¢ Carcinogenic Contaminants in Soll’
Conatruction Worker Scensarios
C= ’I.‘HO x BW,_ x AT,
- <ED, 1’«’ RSy XCSE | [ $Acy X ARy XABSXCSE,) KAy CSF,} i
ow X l.i 10°mgrkg | L 10" mg kg J+\ VFor PEF [/}
Parameter Definitinn {units) Default

P Coentarrinant concestation (mg/kg . Chescal-specific
voOTR Tasget Risk 1508

AT, -Averaging time, catemopens {days) 25,550

Efew [ixposure frv.qu:nq conztnicon workear (day/yr) 259

Eleu Exposuse duration, canstruction worker (yeats) ]

IRSea Soil npestion rase, constrottion worker (my/day! : , 480

- CSE, Oral cancer slope factor (mg/kg-day)? Cliemical-specific

SAen Dernal surtace ates, constsuction wotker {orn?/day) 3300

Al . S0l zdherence factos, construction workes (tng/cin?) ) . 0.3

ABS Skin absorption facror {unidess) Chemical-speciic

IRA G . inhuladon rate. construction watker (m?/ day) ) 2

CSFE, inhalation cancer slope {actor {mg/kg-dav)! : Chemieal-specific

VE Volatilization facior (m’/kg} See Equaton 10

PLF Barticulate emission facror (m3 sk See Equation 12
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Equation §

- Combined Exposures to Noncarcinogenic Contaminants In 3ol
Construction Worker Scenarlo
¢ ) THQXHBW X AT .
EFey Xl?.Dl-“.[l ! X- }Rb“ J+t 1 x§—‘}-§-“-' Y;Al,;“. X A-Bb] ( L x _!RA”: )I ’
R e o) LRI, gy AR,V or PRy ) |
Paramerer Definition {units) Default .
( Contaminant consemeatinn (mg/kp) Chepnical-specific
THQ Tatper hazard quotient - oot
A, Averaging time, noncatcinogens (days) £ x 365
EFon Esposute frequency, commercial/industrial (day/ye) Cooash.
1D Expusute duration, commetoial/ industrial {yzars) 1
1RS5ew Soif ingestion sate, comumercial/industrial (mg/day) 480
R, _ Ol reference dose (my/kg-day) ' Chemical-specific
SAcw Permal surface aren, cominercial/ industrial (cin?/day) 3,300
Aben Sail adberence factor, commercial/industrial (my/em?) 0.3
ABS Skin absorption factor (Uniless) : Chemieal-specific
1IRA lnhalation rate, commercial/industrial (md/day) M0
RID, Inhalotion reference dose mg/kg-day) - ‘ Chemical-specific
VI Volatilization factor (m*/kg) Sec Lquation {0
PLF Parvizulate emission factor (m¥/kg) See Equation 12

Exposure to lead can result in neurotoxic and developmental effects. The primary receptots -
of concern are children, whose nervous systems are sull undergoing development and who
also exhibit behavioral tendencies that increase their likethood of exposure (e.g., pica).

These cflects may occut at exposures so low that they may be consideted to have no

theeshold, and are evaluated based on a blood fead level {rather than the external dose as
ceflected the RID/RIC methodology). Therefore, US EPA views it to be tnappropriare to '
“safe” exposure levels (e, RfDs) for lead. Instead, US EPA’s fead

_develop nonearcinogenic
assessment workgroup has recommended the use of the |

ntegrated lixpn.s;urc Uptake

Biokinetic (IEUBK) model that relates measured lead concentrations in environmental
media with an-estimated blood-lead level (US EPA, 1994). The model is used 10 calculate a
blood lead level in children when evaluating residential land use and in adules (based ona
pregnant mother’s capacity to contribute to fesal blood lead levels), or when evaluating

occupationnl scenaeios at sites where

access by children is reliably réstricted. The NMED

SSLs presented in Appendix A include valuey for lead that were caleulated by using the
1EUBK to backealculate a soil.conceiiteation for cach teceptor that would not result n an

estimated blood-lead concentration of 10 fg/dL. or greater.

2.4 SITE ASSESSMENT AND CHARACTERIZATION

‘The Site Assessment/Site Charactenzation phase is intended to provide additional spatial
and contextual information about the site, which may be used to determine if there is any
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reason to believe that receptors and/er complete exposure pathways may exist ut or in the
Jocality of the site where a release of huzardous waste/constituents has occurred. in
addition, the site assessment phase serves as the initial information gatheting phase to
determine whetlar poteatial eaposures are sufficiesidy similat 1o those upon which the
NMIED SSLs are predicated 1o support comparson, Finally, tus phase can help to identify
for sites in need of a more detailed assessment of potenual nsk. The approach outhined
herein is discussed in greater dewsdl in the NMED HRMB guidance docurent Assessing
Funan Health Pisks Posed by Chenmeals: Screering-lovel Risk <issessment (NMED, 2000).
conceptual site model (CSM) providing a list of the potentially exposed receptors wnd
potentially enmplete exposure pathways in the scoping report is used to determine whether
further assessment (Lo, a screening level assessment) and/or interim measures are required
or whether the site poses minimal threat to humun and ecological receptors at or neasz the |

Sitc. ‘ ' : ) e

The ultimate purpose of the site assessment phase is to address the queston: Are exposure
pasways complete with regard to contaminant conmact by receptors? A complere site
assessmunt will consists of several steps:

¢ Develop data quality objectives and conduct site sampling

o Ildentify preliminary contaminants of potenual concern (COPCs)

o Devzlop a preliminary site conceprual exposure model (SCEM)

+ Cosmpate maximum {o, if deemed appropriate by NMED, the 95% upper confidence
limit (UCL) values ) for contaminumt concentiatiens {or detection/ quantitation limits {or
nogn-detect results) for consideration of complete cxposure puthways with SSLs.

24.1 Devielopment of Data Ohality Objectives

Before any additional cnvironmental samples are collected, dara quality objecnves (DQOs)
should be developed. The DQOs showdd address the qualitative and guantitative nature of
the sampling data, i terms of relative quality end intent for usc, to ensure that any datz
cellected wall be .\ppmpmtc for the inteaded ohicctive. Development of the DQOP. should
consider not only precision, accuracy, representagvencss, completeness, and compambxhn' of
the data, but also the sampling lecations, types of labomaiory analyses used, seastivity of
detecnion limits of the :m:uvumi techniques, the resulting data quality; and the cmplm ment
of adequate quaht) assurance/qualiry control measurcs.

242 Kkientification of COPCs

COPCs are those substances (including transformagon or breakdown compounds and
companion products) likely to be present in eavironmental media affected by a release.
ldcnuumuon of COPCs should bepin with existing knowledge of the process, product, ot
waste from which the release criginated, For example, if facility operations deal primanly
with pesticide manufacturing then pc<nc:dc~ should be considered COPCs. Contaminants
identified dusing current or previous site investigation activities shonld also be evaluated as
COPCs. A site-specific COPC hist for soil may be generated hased on maximum detected
(o1, if deemed appropriste by NMED, the 95% upper confidence limit (UCL) values)
concentrations and a comparison of detection/quantitation litnits {or non-detect results to
the NMED SSLs. This list may be refined through » site-specific risk assessraent.

- 17
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243 Wﬂwqammmwmm

A conceptual site model (CSM) is a graphical representation of three-dimensional site
conditions that conveys what is known or suspected, ata discrete point s time, about the
site-specific sources, releases, release mechanisms, contaminant fate and ransport, exposure
routes, and potential receptors. The CSM s generally documenied by wnitten descriptions
and supporied by maps, geolopical cross-sections, tables, digrams and other WMustmations to
communicate site conditions, When preparing s C5M, the facility should decide the scope,

© quantity, and relevance of information to be included, balancing the ueed to-present as

complete a pictuse as possible to document current site conditions and justify risk _
anagement actions, with the need to keep the informanon focused and exclude extraneous
data. ‘

As a final check, the CSM should answer the following'qux_'stibnsz

s Are there potential land uses present {now or in the foreseeable future) other than those
covered by the SSLs (see US EPA, 1989). ‘ o

»  Are there other likely human exposure pathways that were not considered n
development of the SSLs (e.g. direct exposure 10 groundwater, focal fish consumpnon,
raising beef, dairy, of other livestock)? (see US EPA, 1989) . o o

*  Are there potential ecolopical concerns? (Guidancs for Assessing Ecological Risks Posed by
Chemicals: Sereening Level Ecological Risk A ssessment; NMED, 2000)

If any conditions such as these exist, the SSLs may need to be adjusted to reflect this new

- information.

The final step in the site assessment phase is to compare maximum detected COPC

concentrations in soil (or, if deemed appropriate by NMED, the 95% upper confidence limit . .

(UCL) values on the mean of the dataset (US EPA, 1992b)) with SSLs based on the -
complete exposure pathways identified by the preliminary CSM. These concentratons
should also be compared against the SSL leaching values to determine which contaminants
present in soil have the capacity to leach to underlying groundwater and impact these:
resources adversely. As stated earlier, those contaminants exhibiting concentiations in
excess of the S5Ls represerit the initial soil COPC list for a given site. Refinement of this list
may be necessary based an a host of factors, including clevated detection or quantitation:
limits. : : :

3. CHEMICAL-SPECIFIC AND PHYSICAL-CHEMICAL PARAMETERS

Chemical-specific parameters reguired for calculating S51.s include the orgunic carbon
normalized soil-water partition coefficient for organic compounds (K., the soil-water
pariition coefficient (K,), water salubility (S}, octanol-water partition coefficient (K..),
Henry’s Law constant {H), diffusivity in air (D), and diffusivity in water (D,). The following
sections describe these values and present methodologies for calculating additonal values
necessary for calculating the NMED SS5Ls. :

ot e

-
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31  VoLamuzamion FAGTOR

Volatie chemicals, defined as those chentcals having a Henry’s Law constant geecater than

1 x 107 atm-m*/moic-"K and a molecular weight less than 200 g/mole, were screened for
inhalation exposures using a voladlization factor for soils (VF). The soil-to-air VF is used to
defire the relationship between the concentration of the contaminant in soil and the flux of
the volatilized contanunant to ambient air. The emission terms used in the VF are chensical-
specific and were calzulated from physical-chemical informauon obtained from several
sources including: US EPA’s Soif Sirrening Gurdance: Technizal Background Document (US EPA,
19964), the US EPA Region 9 Prliminory Remediation Geals (US BPA, 1999b), EPA’s Bezies of
Punip and Treat Grosndwater Remediation Technology (US EPA, 1990), US EPA’s Dermal Expostere
Assessment (US EPA; 19923), Saperfund Publec Health Evaluation Manwal (US EPA, 1986), EPA’s
Additional Environmental Fate Constants {US EPA, 1995), Hazardous Subsstance Release/Health
i ffects Database (\'l SDR, 2000), and the CHEMFACTS l)ﬂtaba%c (LJS EPA, 2000c;. Th'

VF is calculated using Equason 10

Egquation 10
Derlvation of the Volatillzation Factoy for Residentint and Commercialindustrial Sconariox
RO
g QG x{3.14xD, xT1} x10™
: (2xp,xD,)
Where:
(e:‘lnbl H' + a::lizmw )
: o
D, = , ;
* pK,+6,+0,H
Parameinr " Deflinition (units) Default
VF Volailization factor (in'/ky T Chemical-specific
D Apparent diffusivity {cm?/s) Chemical-specific
/G Inversse of the mean coticentration at the center of 3 G.5. (3. 8]
acre-squary source (p/mé-s pet i/ md)
T Fxposure interval (s} . 2.5x 1P
Py Dry soil bulk density (g/cm} 1.5
n C Totab soil potosity 1 - {Pu/P)) 0.43
0, Air-filled soil potosity (b - 0w . C.1R
0. Water-filled scil porosity . 0.26
P Soi) parncle density {g/cm?) 2.65
D, Duffusivity in air (em?/s) ) Chemical-specific
39 Diumensionless Henn’s Law constant Chemical-specific
¥ Diffusivity in water (cm-"c) Chemical.specific
Ka Soil-water partinon eocfficient {em?/g) = l\.‘ % dnc {otpanies)  Chemical-specific
K $oil organic carbun pastition cocfficient {tr’/g) Chemucal-specific
f Fraction otpanic catbon in sol @/g) . 0031s




[ .

December 18, 2000

. Revision 1.0
While most of the parameters used to ealculate apparem diffusivity (1D,) are vither chemical-
sp«:ciﬁc or default values, several state-specific values were used which are more
representative of soil conditions found in New Mexico. The default values for 0,8, and P
in l':'.qum.ion 10 are 0.26,0.18 and 1.5 g/cm“. respectively. These values represent the mean
value from a Nadonal Resourees Conservation Service (NRCS) soil survey database for New
Mexico that includes over 1200 sample points (U.S. Department of Agriculture, 2000)..

It should be noted that the basic principle of the VI model (Henry's Law) is applicable only.
if the soil contaminant concenteation s at or below soil saturation, C,,. Above the'soll
saturation limit, the model cannot predict an accurate V F-based SSL.

3.2 SOl SATURATION Lavir

C,, describes a chemicat-physical soil condition that integrates certain chemical-specific
properties with physical attributes of the soil to estimase the CONTAMINANL CONCENIATON 8t
which the soil pore water, pore air, and surface sorption sites ure saturated with
contaminants. Above this concentration, the contamirants may be present in free phuse
within the soil matrix ~ as non-agueous phase liguids (NAPLs) for substances that are liquid
at ambient soil temperatures, and pure solid phases for compounds that ate solids at ambient
soil temperatures (EPA, 1996a). Genetic C,, concentrations should not be interpreted as
confirmation of a saturated soil condition, but as estimates of when this condition may
occur. It should be noted that C,, concentrations are not risk-based values. Instead, they
correspond to 4 theoretical threshold above which free phase contaminant may exist. C,,/
concentrations, therefore, serve to ideitify an upper limit to the applicability of generic risk-
based soil criteris, because certain default assumptions wnd models used in the generic
algorithms are not applicable when free phase contaminant is present in soil. Equaton 1t,
given below 1s used 1o calculate C,,, for each volatile contaminant consideted within the
SSks. :

MMED Senl Screening Levels

Equation 1%
Derivation of the Soil. Saturation Limit’

.
(‘ul =

(K,,,q_ +6, + n’o_)

> |w

Paramélcr Definition (units) - Default
Cen Soil saruration concentration {mg/kg) " Chesmical-specific

Po
Ky
Kue
foe

6
H’
6.

n

43

S Solubility in water (mg/L-water) .-

Dry soil bulk density (/L)

Soil-water partition coefficicnt (L/kg Ko ™ Tc) )
Soil organic carbon/water pattitionscoefficient {L/kw
Fraction organic catbon in soil {g/g) '
Water-filled soil potosity

Dimcnsionless Heney's Law constant

Air-filled soil porosity .

Tetal soil porosity

Chemicnl-spearfic
L5 '

Cliesnical-specific

Chemical-speastic
0.060t5
0.20

Chemical-speeific

n-b
' 3 - (/)

Soil pasticie densivy (kg/L)

20

2.65

.
(o

-
v
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Chenical-specific parameters wsed in Equation 11 were obtaned fron: physical-chemical
information obtained from several sources including: US EPA’s Saif Sereening Guidanee:
Technical Backgronnd Documenr (UGS iZPA, 1996a), the US EPA Region @ Prefimineasy Rewsdaima
Goals (US EPA, 1999b), US EPA’s Buscs of Pumyp and Treut Groundsater remnsdiation Te: chrinlogy
(US EPA, 1990), US EPA’s Derwal Expusure. Assessment {US BEPA, 1992a), Swperfund Public
Fiealth Erofuaiion Manual (US EPA, 1986\ US TPA’s Additional Envirenmental Fate Constants
(VS EPA, 1995), H.xz.udous Substance RL]L.\S&/H(AI[}I Effects Database (ATSDR, 2000),
and the CHEMEACTS Database.

3.3 PARNCULATE EMISSION FACTOR

Inhalagon of chemicals adsorbed o suspendid respizable particles is assessed using a
chemical-specific PEF which relates the contaminarit concentration in soil to the
concentration of respirable particles in the air due to fugitve dust cmissions from
contaminated soils. This guidunce addresses dust generated from open sources, which is
termed “fugitive’ because it is not discharged into the atmosphete in a confined flow stream.
For further details on the methodology associated with the PEF model, the reader is referred
to US EPN’s Soif Savening Guidance: Teclinscal Background Dociment (US EIPA, 19962),
Supplemental Gaidance for Develeping Soil Noveening Leseis for Superfund Sites (US EPA, 1999a) and
Human Health Risk A rtiesswent Pratocel for Hugardons Waste Combustion Fadilittes {US EPA, 1998).

it is important 1o note that the PEF for usc in cvaluating exposures of the residential and
commercisl/industsial receptors addeesses only windborne dust emissions and does not
consider cmissions from wuaffic or other forms of mechanical distutbance which could lead
10 a greater ievel of exposure. The PEF for use in evaluaung the construction worker
exposures considers windborne dust enussions and emissions from vehicle taffic asscoiated:
with construcuon activides. Therefoze, tne Fugirivc dust pathway should be considered
carcfully when developing the CSM ar sites where receprors may be exposed to fgitive dusts
by other mechastisms. Equation 12 is used o caleulate 2 genenic PEF value used for both
the residential and commercial/industrial crposure scenanios. A scenano-specific PEF value
was caleulated for a construction worker recepror using Equation 13,
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_ Equation 12 ——]
Dorivation of the Particulate Emission Factor _'.w
Residantial and Commoercial/industrial Sconorios . .
PEF =G/ C ©3,600 sec/ hr n
FEQIC o U ‘]3 .
0.036 x{1-V)x -—‘l‘-u J x F(x) o
: 3
Paramcicy, Definition {units) S Default
PEF - Particulate esnission factor (m3/kg) ‘ - 1.36 x W
Q/ Cumm Invesse uf « meant concentrution at center of a U0.5-acte-squace 0337
: source (p/mes per kp/mY)
v Fraction of vegetative cover {unitless) 0ns
Unm Mean anaual windspeed (m/s) ) 1.6v
U, Equivalent threeshold value of windspeed at T m (m/s) - 132
Fx) Function dependent on Lm/Us desived wsing Cowherd etal. 0.194
. (1985) (wsutlesx) )
Equation 13
Berivation of the Particulate Emission Factor
Construction Worker Scenario
: [
; i TxA,
PEF,, = Q/Cpy %o £
oY TR, 556x[ wY* (365 days/ yr - P) VKT
— x
3 ) 365 duys/ yr 3
Parameter . Definition (units) Default
PELw Particulase emission factor (/KR "Ry
Q/Cux Inverse of a mezn concentraton at center of a 0.5-acre-square source 23.02
(/@5 per kg /m?) .
Fr Dispersion cotrection facor (umitless} D.ARBS
T ‘Foral time over which construcsing occurs 250
Ax Suttace atea of roud segmem (n?) -274.2
w Mean vehicle weipht (1ons) . _ . B
r Numbes of days with a1 feast 0.01 inches of precipitation (days/yn) 80
VKT sum of fleet vehicle kitometers traveled duting the exposure duation 162
(k) '
P .
3.4 PHYSICAL-CHEMICAL PARAMETERS
Several chemical-specific parameters are required for calculating SSLs including the organic’
carbon normalized soil-organic carbon/water partition coclficients for osganic compounds
(K,), the soil-water partition cocfficient for organic and inorganic consuruents (K, the.
solubility of 2 compound in water (8), Henry’s Law constant (H), air dittusivity (D), water
N diffusivity (D,), and the octanol-water partition cocfficient (K,,,)- Prior to calculaung site- X
specific SSLs, each relévant chemical specific putumeter value presented in Appendix B i
g ’ : - - e ' < :
22 S
i P <
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should be checked 1}}1m~;: the most recent version of its soutce 1o determine if updated data
are available. Table B-1 in Appendix B provides the chemical- speclf:c paramcters used in
ealculating the NMED SSLs,

Chemical-specific values were obtmned from EPA’s Seif Sereening Guidance: Technical
Bakgrosnd Document (US EPA, 19964), the EPA Region 9 Prefininary Remediation Goels

(US EPA, 1999b), US EPA’s Buws of Pumpr and Tieat Groundwater remediation Tecbnology

us EPRA, 1990), LS EPA%s Dermal Exposire Asscssment (US EPA, 19922), Superfund Publec
Health Evalration Manua! (U5 EPA, 1980), US BEPA’s Additional Envirgnanental Fate Constants
(LS EPA, 1995}, Hazardous Substance Release/Health Effects Database (ATSDR, 2000),
and the CHEMFACTS Darnabase.

341 Solubility, Henry's Lanw Constant, and I,

The solubility of a contaminant refers to the mamumum amount that can be dissolved in a
fixed volume of a salvent, asually pure water, 2t a specific temprrature and pH. A chemical
with a high solubibity readily dissolves in water, while a low sclubilicy indicates an inability 1o
dissolve. Water solubility is peneralle predicted based on correlations with the octanol.water
partition rodﬁcmm (!\,,,, Solubiity is ased 10 calculate soil saturation limits for the NMED

SSLs.

The octanol-water partition coefficient (K_,) of a chemical is the ratio of a chemical’s
solubility in octanol versus its solubility n water at equilibnum, Essentially, this chemical-
speafic property is used as an indication of 2 contaminant’s propensity to nugrate from soil
to water. It is an important parameter and is used in the assessment of enviconmental fate
and transport for organic cheraicals.

“Ihe Heney's Law constant (H) is used when evaluating atr exposure pathways. For ail
chemicols that are capable of exchanging across the air-water interface, there is a point at
which the rate of volaslization into the air and dissolution to the water or soil will be 'Lquai
The ratio of gas- and hqmd plnsc concentrations of the chemical at this cqu\lﬁmum point is
represented by H, which is used to determine the rate at which a contaminant will volatilize
from soil 1o air. Values for B may be calculared using the following equation and the values
for solubility (§); vapor pressure (VI), asd molecalar weight (MW).

VP x M_\}:

o
o]

H=

The dimensionless forin of Henry’s Law constant {(H) used in caleularing soil ssturation
limnits 2nd voladlizavon factors for the NMED SSLs was caleulated by multiplyaing M by a
factor of 41 to convert the Heary’s Law constant to a unitless valae.

& V4] 5ol Organic Carbon/Water Partition Coefficients K,.)
The soit organic carbon-water partidon coefficient (K;) is a measuse of a chemical’s
tendency to adsorh to otganic catbon prcscm in soil. High K, values indicate a tendency

- for the cherical to adserb to soil particles rather than remuin dissolved in the soil solution.
Strongly adsarbed melecules will not anless the soil particle to which they arz adsorbed

23.
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moves (as in erosion). K, values of less than SO0 indicate weak adsorption and a potential
for leaching. K, is caleutated using the following equation: : '

conc.adsorbed/ conc. dissolved

mn

- % orgunic carbon m soil

K,. can also be caleulated by dividing the K, value by the fraction of organic carbon
(f, Jpresent in the soil or sediaent. 1t shoulil be noted that a strong linear relaponship exists

between K, and K, and thar this relationship can be used to predict K.

Soil-water paration coefficient (iKy) for vrganic chemicals is the ratio of 1 contaminant’s
distbution between soil and water particles. The soil-water partitioning behavior ot
nonionizing and jonizing organic compounds ditfers because the partitioning of ionizing
organics €an be influenced by soil pH. IS, values were used in caleulating soif saturation
lirmits and volaglization factors vsed in deveioping the NMED SSLs.

For organic compounds, K Yepresents the tendency of a chemical to adsorb to the organic
carbon fraction in soils, and is represented by

K=K %,
where
K, = organic carbon partition cocfficient (l./kg)
f, = fraction of organic carbon in soil (mg/mg)

This relationship is generally valid for volatle halogenated hydrocarbons 2s long as the . :
fraction of organic carbon in soil is above approximately 0.001 (0.1 percent) (Piwoni and
Banaerjee, 198%; Schwarzenbach and Westall, 1981). For low arganic carbon soils (i, <

0.001), Piwoni and Banerjee {1989} developed the following empirical correlaton {or organic -

chemucals;

log Ky = 1.01 log Ky = 036

The use of a fised K., value in the soil-water partiion equation fot the migration to
groundwater pathway is only valid for hydrophobic non-ionizing organic chemicals, For
organic chemnicals that ionize in the soil environment, existing in both neutral and ionized
forms within the normal soil pH range, K, values must consider the relatve proportions

and differcnces in sorptive properties of these ferms. -For the equations and applications of
developung K, values for ionizing organic acids as a function of pH, the reader is referred to
US EPA, 1996, The default value vsed for f, in developmient of NMED SSLs ts 0.0015
{0.15%). This value represents the median value of 212 data points included in the National

.24
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Resource Conservanon Service (INRCS) soil survey database for New Mexico (U.S.
Department of Agricalure, 20005 Qnly samples collected from a depth of greater :h:m 5
feet were included in the cafeulation of the mean f,. value. Shailow soil samipies tend to have
higher £, values as shown in Tigure 2.1, There 1s a sieady dechne in f, vaive with depth
~until approximately 5 feet bgs. Below 5 {ect, there is little variability in the £, value. Because
a lower f,, value provides a more conservative calculation of SSL, a value representative of
deeper soil condinons 1s used as‘the default value,

figure 2-4 Maoan Value - Froction Organic Carbon (f,.)-
Al counties in New Maxlico

12

As with orgamc chemicals, development of the NMED SSLs for inorganic constituents (i.e.,

* metals) requires a soil-water partition cocfficient (KK for each contaminant. K values for
metals aze affected by a variety of soil conditions, most notably pH, oxidation-reduction
conditions, iton oxide content, soil organic mattet content, cation exchange capacity and
major ion chemistry, US EPA developed default K values for metsls using cither an

: equilibrium geochemucal speciation model (MINTEQZ) or from empirical pH-dependent
adsorption relationships developed by EPA/ORD (US EPA, 19964).

4. NMIGRATION OF CONTAMINANTS TO GROUNDWATER

Generic SSLs were developed which address the potennal for migration of containinants
from soil to groundwater. The mcihodoiog‘r used to calculate gencnc SSLs addeesses the
putential leaching of contaminants from the vadose zorie to groundwater in excess of New
Mexico WQCC standards. Tlus method does not take into account any 2dditional
attenuation associated with centamimnant traasport in groundwater. The SSLs developed
from this analysis are based on New Mexica specific values 2nd are protective of

oundwater under a wide range of sitc conditions. This. methodolugy is modeled after US
EPA's Sl Seveening Guidance: Technical Backgroand Dosiment (05 EPA, 19962).

[N
wn
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411 Overview of the SSL Modet Approach

. i,
Two approaches to developing soil leachate-based SSLs are presenied, the generic model I,
and the site-specific modd. Both models useshe same set of equations to calculate SSLs and Lo
are based on leaching to groundwater scenarios that NMED believes ase protecuve of A
groundwater. The generic model caleulates $51s using default parameter values gencrally -
representative of conditions in New Mexico. These values arc presented in Table B-Lof . S

Appendix B. The site-specific model provides the flexibility of using sue-specific .
meteorological, soil and hydrological data to caleulate SSLs, while retaining the simplicity and
-ase of use associated with the generic model. ‘

“The development of sail leachate SSLs is based upon a two step process. The first step is the
development of a Dilution Attenuation Factor (DAF). The DAF accounts for leachate ‘
mixing in the aquifer. A leachate concentration that is protective of ground water is back
calculated by multiplying the ground water standard for a given constituent by the DAF.
That leachate concentration is then used to back calculate an SSL that 1s protective of
groundwater using a simple linear equilibrium soil/water pastinon vquation. For the generic
SSL. approach, default parameter vaiues are.used for all non-chemical specific parameters.
At sites that are not adequately represented by the default values and whete more site-
specific data are available, it may be more appropriate to use the site-specific S5L model.
The site-specific model uses the same spreadsheet cquations to calculate SSLs as'those in the
genesic Jook-up table. However, site-specific data are used in the site-specitic model.
The following sections of this document provide a general description of the leaching tor
grounidwater pathway SSL model (gencric and site-specific) including the assumptions,
equations, and input parameiers. Justification for the default parameters used in-the generic
model is also provided. Additionally, a sensitivity analysis was performed on cach of the.

. input parameters to provide guidance on when use of the sire-specific model may be
warranted. Applicability and limitations of the genenc and site-specific models are also
presented.

412 Model Assianiptions
Assumptions regarding the release and distribution of contaminants in the subsurface that
arc incorporated into the $§1, methodology include the following, '

. - . - . ~ . I » -
e The source is infinite {a constant concentration 1s maintained for the duration of the
exposure petiod). :

o Contamination is uniformly distributed from the surface to the water able.
s  Soil/water partitioning is instantanedus and follows a linear equilibrum isatherm.

e - “There is no attenuagion of the contaminant in soil or the aquifer {i.e., irreversible ‘ ;
adsotption, chemical transformation or biological degradaton,).

» The porentially impacted aquifer is unconfined and anconsofidated with homogenous :
and isotropic hydrologic propersies. . o oo :
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»  TVhe recepror well {point of exposure} is at the downgradient edge of the sourer and 1
_screened withw the potentially impacted aywfer. '

¢ Non-nqueous phase liquids (NAPLS) are not present.
413 ~ Soll Water Partition Equiariion

\IS EPA’s Soil Scrvening Guidunce: Tochnival Backgrownd Dociment (IS EPA, 1996a) developed an
equation 10 estimate contaminznt release in soil leachate based on the Freundlich adusrpuon
sotherm. The Freundlich Lqu’uu’on wax modified 1o relate the sarbed concentration to the
total concenteation measured in a soil sample (which includes containinants aszociated with
solid soil. soil-water and soil-air components) (Feenstra, 1991). Equation 14, given below, is
wsed to caleulate $81s coruspomjmg to target soil leachate concenurations (C).

Equation 14
Soll Scrusning Level For Leaching Yo Groundwater Pathway

8, + o,u_’hﬂ

SSL=C_ x|K, +
-
Patameter : Definition (units) Default
SS1. Soil Screening Level For migration to groundwarer pathway (mp/kg) Chemical-Speaific
Ce Tarpet soll leachate concentravon {mg/l.) . . Chemical-Spraific
Ko Soil /water partition coefficiens (1.7 kg . Chemacal-Specific
o Wares-tilled soil prosity g/ L) 0.26
.0, Air-hlled soil porosity (Lag/Jam) ' n-0.

n Total sod porosity (Lyue/Luad 1. i)
P < Soil particle density (g/cm®) ' 2.65
o Dry soit bulk density (kp/1) : 1.5
H Dimensionless Henrs Law canstant 4 . Chemical Spezific

Target soil leachate concentrations {C,) are equivalent to the WQCC standards multiplied by
a Diluton Atteavation Factor {(DAF).

C. = WQCC x DAF
The derivadon-of the DAF 15 discussed in subsequens sections of this document.

a4 DRution Attenuation Factor

Contaminanis transported gs a leachate through soil 10 gmund\mmr are affected by physical,
chemical and biolepical processes that can significantly reduce their concentration. These
processes incluae adsorpton, biological degradation, chemical trarsformation and dilution
fzrom mixing of the leachate with grousziwater. The total reduction in concentmtion
retween the source of the contanunant (vadose zone saif) and the point of grouad water -
thh irawal 18 defined as the o of conlamunant coneentration in soil leacnate to the

27
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concentration n groundwater at the point of withdrawal. This ratio is termeda - SN

dilution/ateenuation factor (DAF; US EPA, 1996a and 1996b). The higher the DAF value, e
the greater the degree of dilution and antenuation of contaminants alung the migration ‘ ‘ S,
flowpath. A DAF of 1implies no reduction in contaminant Concentration occurs, RN
i &
. o Ly w . 0
Development of New Mexico SSLs considers only the dilution of contamimant -

concentration through mixing with groundwater in the aquifer directly beneath the source.
This is consistent with the conservative assumptions used in the SSL methodology including
an infinite soutce, soil contamination extending from sutface 10 groundwater and the point
of exposure occurring at the downgradicnt edge of the source. The ratio of contanunant
concentration in soil keachate to the concentration in groundwater at the point of withdrawal
that considers only dilution processes is calculated from a simple water balance equation
(Equation 15), described below. '

Equation 15
DilutioniAttenuation Factor (DAF) '

st x Y
pap=id] $2x0
\ ixXLL
Where: -
. 2 [ . ' - l.‘ x ]
D={o112x12 )’ + D[ 1-exp
* KxixD,
Parameter . Definition {(units) : . . Default

DAF Dilutioayarienuation factor (unitless) : Site-Specific
'S Aquifer hydraulic conducdvity (m/yr) o Siee. Bpecific
i Hydraul: gradient (m/m)’ Site-Specific
b Mixing zone depth (ir) A Site-Specific
| lofiltration rate {in/yr) : : “Ste-Specific
L Sousce lenpth parallel 10 groundwater flow (m) Sate-Speetfic
D, Aquifer chickness (m) L - Site-Speafic

1

‘Most of these parameters are available from routine environmental site investigations. The
mixing zone depth incorporates once additional parameter, the aquifer thickness ().

For the caleulation of SSLs, the DAF is used to back calculate the target soil leachate
concentration fTom an approprate groundwater concentration, such as the WQCC standard
(C. in Equation 14}. For example, if the WQCC standard for a constituent s §.1 mg/L and
the DAF is 20, the target soil leachate concentration would be 2 mg/L..

The US [ZPA conducted an extensive evaluation of the range and distribution of DAFsto
sclect a default value to be used for developing generic SSLs that would be teasonably
protective of groundwater quality (US TEPA, 1996 and 1996b).. The evaluation included a

probabilistic modeling exercise using LIS EPA’s Compuosite Mode! for Leachate Migration.
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with Transformation Products (CMTP). A cumulanve frequency disibution of DAF values
was developed from the model autput. Results of the Monte Caslo modeling analysis
indicate that for a 0.5 acre sousce atea a DAY of approxsmately 170 is protecive of
groundwater at 90 percent of the sites. Groundwater is protected at 95 percent of the siter
with a DAF of 7. ‘

US EPA applied the simple SS1. water balance dilugon model (Equaion 15) to 308 sites
included in surveys of hydrogeologic investgations o further evaluate the range and
distribution of DAF values. Results of this analysis indicated that a DAF of 10 wax
protective o groundwater for a 30-acre source and that a DAF of 20 was protective of
groundwater foz a 0.5 acre-source (US EPA, 19962 and 1296Db). '

An assessment was performed.of LS EPA’s methodology wo determine whether a default
DAE value of 20 for a €.5 acte source, and a DAF of 10 for a 30 acre source, would be
approprinte for use as Jefanlt values for sites 2y New Mexice, Typical New Mexico
conditions may be notably different than conditions represented by areas included in the
US EPA analysis of DAFs. For example, mfiltration sutes across much of New Mesxico are
substantially less than the average range of 0,15 10 0.24 ra/yr reported for many of the
hvdrogeologic regions used in the US EPA amalysis. In addition, cffective porosity was
assumncd to be (.35, presumubly hecause this value is tepresentative of the most prevalent
aguifer type in the databases uscd (US EPA, 19962). Howevet, the repions included in the:
1:PA analysis also contain extensive glacial, regolith, lacustrine, swamp and marsh deposits
which hawe high percentages of fine-grained sediments and thus ate not tepresentative of
tvpical New Mexico sandy soils. Sandy soils typicaily have higher hydrulic conductivities
than more fine-grained soils and subsequently higher Darcian velocitics, under equal
hydradic gradicnt. According i the DAF cauation (Equation 15), suils with reladvely
greater hydraulic conductivities will tend to result in a higher caleulated DAF.

Ah assessment was made of input parametess 1o the DAY equation. 1o order 10 support 2
DAF that is protectve of the most velnerable groundwatér environments in New Mexco
(.t areas close 1o perennial stzeams o where ground water is very shallow), environme:ital
paranieters typical of those areas in New Mexico were used to assess the DAF, Thas
assessment indicated that the DAF is most sensitive to vardations in hydraulic conducnvity.
This is becavse this value shows such lacge variations in the natral environment. 1fa
hydraulic conductivity value representative of 3 fine grained sand is used i the DAF
equation, atong with an infilration rate representative of New Mesico’s and to semi-and
environments, then the resalt is a DAF of approximately 20. NMED believes that a DAF of
20 for » 0.5 acte source area is protective of groundwater in New Mexico. I the default
SAF js not representative of conditions at a specific site, then it is appropriate to calculate a
site-specific DAF based upon avutlable site dats. :

415 Limitations on the Use of the Dilution Attercsation Factor

Because nf assumptions used in SSL mudel appzoach, use of the DAF model may be
inappropriate for ceusin condinony, including sites where:
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¢ adsorption or degradation processes are expected 1o significantly attenuate contaminant
.zoncentrations in the soil or aguifer media; '

o  Saturated thickness is significantly less than 12 meters thick;

o. fractured rock or karst aquifer types exist (violates the unconfined, unconsolidated,
homogeneous, Sottupic assumptions); :

o facilitated transport is significant {colluidal transport, iransport via dissobved organic
matter, of transport via solvents other than water; .

e  NAPLs arc present.

For sites that have these types of conditions, consideration should be given to application of
a more detailed site-specific analysis than cither the genuric ot site specific models desenbed
herein, A discussion of these types of models is presented in Section 4.1.9.

v

. The migration to groundwalter pathway model, incorporating the assumptions, soil-water -

partition equation and the DAF, was used to develop NMED SSLs. Default y:\lucs based on.
conditions predominant in New Mexico were used for the input patameters in the soil-water
partition equation. The NMED SSLs were developed using defavkt DAF values of 1 and 20.

Tarpet soil leachate concentrations (C,) are equivalent to the appropriate groundwater
standards multiplied by a DAF. T6 maintain an approach that is protective of groundwater
quality in the development of generic SSLs, a DAF of 20 is sclected as reasonably protective.
FHowever SSLs are provided for two DAFs in Appendix A. The use of the SSL listed for a
DAF of 20 is advised unless site-specific data on hydrologic conditions are available, and
these indicate that the genenic DAF is not sepresentative of sitz conditions. As will be
demonstrated in the sensitivity analysis section of this document, caleulation of an SSL using
the migration o groundwater pathway model is most sensitive 1o the DAF. The inclusion of
the SSL for a DAF of 1 is provided for convenience to the user. If data on hydrologic
conditions are readily available, a site specific DAF can be calculated and multiplicd by the
generic SS1. for 3 DAF of | to provide a site-specific S81. :

The generic approach may be inappropriate for use at sites where conditions are substantially
diffcrent from the default values used 10 develop the generic soil leachate SS1.s.

417 dewmhmmﬁmdm

New Mexico, as with any other state, offers a variery of geologic and hydrologic condiuons
that may not be readily represented by a single default parameter value.

Site specific conditicas may differ considerably from the typical or average conditidns
represcnied by the default values used to caleulate generic S5Ls. The sitesspeaitic model can
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Le used ¢o address the vanability inhereon i enviconmental condittons across and within the
state.

Applicaton of the site-specific model to deveiop sotl leachate SSLs s the same as the genenc
appraach except that site-specific values are used. Use of the site-specific mode) approach
may incorporate replacement of all defanlt values used for the generic 5SLs with site-specific
values, or tnay only include substitution of a single key parameter, such as hydmulic
conductivity. The decision to use the site-specific model approach instesd of the generic
approach should be based on consideration of the sensitivity of the caleulated SSL. to
specific parameters and the availability of those purameters as site-specific data. Sufficient
site- :.pu_iﬁc daa may be availuble such that cach of the defauli values vsed for dev: cloping
generic S5Ls can be rmdxl\ substitured with 4 more representative site-derived value.
Conversely, limited site- spccnﬁc data may testsict the number of default values to be
replaced. '

The NMED 8SLs are generally more sensitive 1o the dilution factor than to other parameters
in the soil-water pam'rion cquation. Fortunately, information necded 16 denive the DAF is
usually available for sites that have undergone even the most hasic levels of environmental
mvesng.mon. Apart from the dilution factor, SSLs are most sensitive to the soil-water
partition coetficient (K.} 23 the values for this parameter can range over several otdets of
mngmmdx.. partculutly for metals. Although the K term may be cdtical in developing
protcctrvc SSLs, information required to cvaluate s parameter is' more difficult to obrain
and less likely to be available, I’orosn) and bulk density are not particularly sensitive becavse
of the relauvely small range of values cncouatered 1n subsurface conditions.

Using benzene as a representative contaminant, a sensitivity analysis was pesformed 1o
compare a genetic soil leachate SSL to site-specific model results simulating 2 range of modcl
input parameters that might be rqxc-:cmau\ ¢ of different conditions in New Mexico. The
bcmnc soil Jeachate SSL calculated using the New Mexico default values and a DAF of 1 is
2.8 ug/kg. These results are summarized in Table 4-1. As shown, the resulting SSLs for
benzene range from 1.3 1o 6.1 pg/kg for the various sensitivity simulations compared to the
generic SSL of 2.8 ug/kg. These results indicate that the caleulation of $SLs usmg the sne.
specific approach is not averly sensiove 10 the reasonable range of pososity (air and water
filled), bulk density and fraction of orgunic carbon expected for New Mexico or even for a
tange of values for chemical-specific properaes. The generic SSL for benzene of 2.8 pp/kgp
is representative of values that could be caleuksted using a spectrum of input paremeters,
exclusive of the DAF term. -Uniess there are sufficient data to calculate a site-specific DAF,
there is lttle benefit denved from using the site- 5pLCl ¢ model approach instead of the
genenc SSL.
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Tablo 4.1
Input Paramaoters and Resulting SS5Ls for the Sensitivity Analysis of the Soll-Water Partition
Eqguntion - Migration ta Grountiwator Pathwiiy Model
tnput paramoter Sensitlvity Analysis Resulting 8SLe
{NMED dafault value) Values : )
Bulk density Lower Limit = 1,20 34
(detaui value = 1.55 gmicm) Upper Limit=_1.90 2.5
Air tiled porosity . Lower Limit = 0.04° 1.3
(delault value = 0.18) Upper Limii=_0.25" 35 .
Fraction oiganic carbon Lower Limit = 0.0006 22
{default value = 0.0015) Upper Limit =_0.007: 8.1
Voluma waler cuniant Lower Limit = 0.05° 1.8
{defauit value = 0.26) Upper Limit =_0.40° 3.5
Ko . Lower Limine 30 2.4
defaul value = 58.9 mip} . Upper Limit= 120 3.7
Dimensioniess Honry's Law constant 7 LoworLimit=  0.% 27
(detaull value = 0.228) 1 Uppat Limit=_ 04 3.0

“lotal porosity was reduced J1am 0.44 10 0.10 tor this simuiation
¥ jotal porosity was iciaased trom 0 44 to 0.8 for s simulation
<1otal porasity remained ai 0.44 for this simulalion.

As previously stated, caleulition of SSLs is most sensitive to the DAF term. The input-
parameter valucs and resulting DAFs for the sensitivity analysis are included in Table 4-2.
Effects on the DAYs are, from greatest to Jeast, the Darcian velocity (hydraulic conducavity
multiplied by the hydraulic gradient), infiltration rates, size of the contaminated area, and the
aquifer thickness. Correspoading effects an DAFs for each of these parametezs and
discussion of the relevance of the uze of default values versus site-specific conditions are
summarized below! ; : : .

. Table 4-2 .
input Parametess and Resulting DAFs for the Sensitivity Analysis of the Ditution Attenuation Factpr-
: Migration to Groundwater Pathwaoy Model - -
Groundwater| Inflitration Source Agulfer Mixing Zone Dilution
p?arametcr Veloclty _ Rote Length - thichness ‘Depth .JAttenuation-Factor
(miyr) {miyr). {m) {m) {m) {DAF)

Groundwater velocity 2.2 0.13. 45 12 7.15 3.7
G roundwater velocity 22 0,12 45 12 5.03 18.9
Groundwater velocity 220 0.13 45 12 4.79 1811
Infiliration Bale 22 0.065 45 12 4.88 37.8
tnfiltration Rote - a2 0.13 . 45 ° 12 5.03 19.9
Infiltiration Rbte a2 0.26 . 45 12 5.28 10.9
Source Length 22 0.13 22.5 12 2.51 19.9
{Souice Length 22 0.13 45 12 5.03 19.9
Source Length 22 0.13 348.4 12 33.76¢" 5.8
Aquites Thickness 22 0.13 45 3 5.02° 12.3
Aquiter Thickness 22 0.13 45 12 5.03 19.9
[Auiter Thicknoss 22 - 0.13 45 48 5.03 1.9

Nota: i mixing 20ne depth celculation is grealet than aguiler thickness, then aquifer {hicknes3 is used 10 cukuisls the

.DAF.

" . Higher Darcian velucity results in higher DAFs. Slower mixing of groundwater with soil
leachate occurs at fower groundwater veloeity. Thus; using a fower velocity will be'a morte
conscrvative approach. Sandy soils typically have higher hydrautic cenductivities than more
fine grained soils and subsequently higher Darcuan velocity (under equal hydraulic gracient).
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Use of a q'md\ soil type will genezally be less consenvative {result in higher D: \FSJ with
respect (o prmccnon of groundw'xtcr yuality.

Lower infiltration rates result in higher DAFs, Therefore, using « higher infilzation ratc in a
more consenvative approach (results in a lower DAF).

Larger source sizes ruuh in lower DAFs. The default DAF used to develop SSLs tor a 6.3
acre source may not be protective of groundwater at sites [azger than 0.5 acre. However, the
selecton cf a second source size is arbitrary, If gcnmc SSLs are developed for 2 30 acre
soitrce, then those values ate considered ovcrl\r censervative for a 12 acre source,
Convetsely, SSLs developed for a 30 acre souzce will be less protective of a 40 acre source.
Rather than develop a separate set of generic SSLs for a second (or third or fonrth) source
size, the following twao approaches are proposcd. -

*  As the size of the source area increases, the nasumpnon-\ undcrlymg the genztic model
arc less .mphcab]e One of the conservative assumptions in the penetic SSL approach is
_the uniform distribution of contaminants throughout the vadose zone. There arc few

sites thar have lcl.mch) umfoom soil contamination (t:oth laterally and vcrucally) ofa
single constituent in an area of greater than 0.5 aczes (22,000 ft"). Soil contaminaticn at
l.'xrgc facilities {such as federal facilitics) ate nsually concentrated in discrete portions of
the site. Contarmination at large sites is commonl) the result of maltiple sources. ltis
advisable to attemgit to subdivide the facility by source and contaminant typc and then
apply flenenc SSLs 10 thos; smaller source arzas.

e 1f this approach is not practical, calculation of site specific DAFs is tezommended. Most
of the parameters required for these calculations ate available from rowtne
environmental site investigations or can be reasonably ¢stimated from genera) geologic
and hydrologic studies. ' :

Thin aquxfcrﬂ will result in Jower DAFs. The nominal aquifer thickness uscd'in the
sensitvity amlys:\ was 12 m. Reducing the aguifer thickness to 3 m results in a 40 percent

_teduction in the DAF. lacreasing she aquifer thickness bevond the nominal value has very

little :mpau.

The significant cﬂccts of the DAF on tie caleulation of SSls, couplcd with the common

" avatahility of site-specific data used to caloulate the DAF, suggc:t that use of the site specific

madeling approach should at least incorporate recaleulation of the DAF wrm. If data are

available that indicate sail propertics sigmificantly different than the default values (such as

kigh or low £, for ozganic contaminants, or highly acidic or basic conditiuns for metul
contaminants) the K, terns should also be zvaluated and recaloulated.

41.8 mmwwmm

Sites that bave m*nplcx vr beterogencoas subsurface conditions may fequire more detailed

“evaluation for development of S5Ls that are reasonably, but not ovcrl}' prowceuve of
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. ¢
groundwater and surface watér resources. These types of sites may require more complex SR
models that can address a wide range of variability in environmental site conditions including
soil propertses, CONTUNINANG Miass conventration and distnbution, contaminant degradation i
and tansformation, recharge mtes and recharge concentration, and depth to the water table. : o

requirements (data, time and cost) mcrease for the maore complex codes. The selection of an Y
appropriate code needs to balance the required accuracy of the output with the level of S
cffort necessaty 1o develop the model. .

419 Stlnmalydﬁ'efviigaﬁwtoerumpaﬂmy'm

SSl.s for New Mexico have been developed fot the migravon to groundwater pathway, and
ate provided in Table A-1 of Appendix A, The NMED SSLs were developed using default’
paramicter values representative of environmental conditions in New Mexico and utilize a
DAF of 20. This approach maintains the cinservatve approach of the S3L methodology
and is protective of groundwater quality under a wide range of site conditions.  Soil
contaminant concentrations can be compared direcily to the generic S5Ls to determine if
additional investigation is necessary 10 cvaluate poteatial leaching and migration of
contaminants from the vadose zone to groundwater in excess of WQCC standards.

Site-specific S51.s can be developed by substituting site-related dar for the default values in
the leaching 1o groundwater pathway model. SSL.s developed from this model are most
sensitive to the DAF. SSLs are also provided in the lookup table for s DAF of 1. ifdavaon
hydrologic conditions are readily availuble, a site specific DAY can be calculated and

multiplicd by the generic SSL ot a DAF of 1 to provide a site specific SSI..

5. USE OF THE SSLs

—

For scrcening sites with multiple contaminants, the following procedure should be followed:
take the site-specific concentration (rupsesented by the maximum reported concentration of,
if deemed appropriate by NMED, the 95% upper confidence limit (UCL) value for the A
concentsation) and divide by the SSL concentration for each analyte, For muluple . >
contaminants, simply add the ratio for cach chemical. ‘

P

cone,  CONK,  conc, cong;
Y ; + . L]

Site Risk = + +.
SSI.,  SSL. SSL,  SSL,

If the 1otal ratio is greater than 1. then the concentrations at the site warrant furrher, site-
specific evaluanon. A ragio less then | indicates (hat the concentrations at the site are
unlikely to resultin adverse health impacts, or contaminate ground\ arer above State of Mew
Mexico warer quality siandacds. o I
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As with any nsk-based rool, the potengal vuasts for indsapphication. In most cases the root
cause will be a fack of understanding of the intended use of NMED SELs. In order to
prevent misuse of S8y, the following should be avaided:

o Applying SSLs 10 a site withour adequately developing a sonceptual site model that
identifies relevant exposure fathways and exposure scenarios,

. Ur fSSLs as dmnu]) levels \\'nhum ventying numbers with a to).u,o!og:s‘ or nsk
-sxsessnr, and

e Notconsulenng the effects of addinvity when screening mulsple chemicals,

1t is important to note that the generie MMED SSLs were developed assuming disunct soil
Shwrizons for each receptor. The soils of interest differ according 1o the exposute pathway.
heing addressed. For direct ingestion, dermal, and fugitive dust pathways, the primary soil
horizon of concern arc surface soils. For inhalation of volatiles and | mugraton to
groundwatee, subsurface soils are of pumary concern. Both a residential receptor and =
commercinl/industial worker are typically exposed only to surface soil, which may be
defined as extending to a depth of approximately two feet below ground surface, depending
on site-specific conditons and the atnount of intrusive activify that may occur.
Constructon workers will typically have much greater ¢xposures to subsutface soils.
Therefore, when generic S81Ls ate used for screening level evaluations at a facibty, site-
specific conditions must be evalusted for each receptor 1o determine if the assumptions
assaciated with the generic S35 are appropriate for compatiscn with the available site data.
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Appendix A : B

State of New Mexico Soil Sereening Levels STy

Table A-1 provides State of New Mexico Seil Screening Levels (SSLs), as developed by the New e
Mexico Environment Departient (NMED) Hazardous Waste Buseaw (HWB) and the Ground -
Water Quality Burcau Voluntary Remediation Program for 133 chemicals most commonly T

associated with environmental releases within the state. These NMED $SLs are denved using
default exposure parameter values (as presented in Table A-2) and chemical- and State of New
Mexico-specific physical parametess (as presented in Table B-1 of Appendix B). These default
alues ate assumed to be appropriately conservative in the face of uncertainty and ase likely to be
protective for the majarity of site conditions relevant 10 soil expnsures within New Mexico.

However, the NMED S$SLs are.not necessarily protective of all known human exposure pr-tbwzys,’
reasonable land uses or ecelogical threats. Thus, before applying NMED SSLs ut a site, wis
extremely important 1o compare the conceptual site model (CSM) with the assumptions upon which
(e NMED SSLs are predicated to ensure that the site conditions and expostire pathways match
those used 1o develop the NMED SSLs. 1 this comparison indicates that the site at issue is more
complex than the corresponding SS1. scenatios, of that there ase significant exposure pathways not
accounted for by the NMED SSLs, then the NMED §51s are msufficicnt for use in a defensible
assessment of the site. A more detailed site-specific approach will be necessary to evaluate the
additional pathways or site conditions. : '

TABLE A-1

Column t: ~ The first column in Table A-1 presents the names of the 133 chemucals for
which NMED has developed SShus. ' '
Column 2: The sccond column presents NMED SSLs predicated on residential soil
' ¢xposures. ’ o
Column X The third column presents indicator categories for the HWMED SSL residential

hasts, whether predicated on carcinogenic effects {ca), noncarcinogenic effects
(nc), soil saruration limits (sat) or a non-risk based “max” determination.
NMED SSLs predicated on a carcinogenic endpoint reflect age-adjusted child-
to-adult exposures.. NMEID §SLs predicated on 2 noncarcinogenic endpoint
reflece child-only exposures. Detected concenuations dbove the “sat” value '
may indicate the presence of nonaqueous phase liquid (NAPL). For certain
inorganic and semivolatile organic compounds (SVOCs) that exhibit relatively -
low tocity, a non tisk-based maxinmm concentration of 10° mg/kg is given
when the risk-based SSL exceeds that level, Thesz are noted us “max” in the
tables. : .o - - - i

Columns 4 and 6:  "The fourth and sixth columns present NMED 35Ls aualogous to Columa 1,
with the exception that these values eoirespond 10 Industrial/ccupational
 and Construction wotker (aduli-only) exposurcs, respectively.

Columns 5and 7:  The fifth and seventh columns present endpoint bases anatogous to Column 3
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for the  Industral/Qccupanonal  and  Construction  worker  receptor

nopulations, respecuvely. Unlike the Residential population, noncatcinopearc

endpoint notes for these reeeptor populations are predicated on adult-oanty
exposuces. '

Column 8 The cighth column nates which chemicals are considered VOCs (for inhalzdon
consderations). Those chemicals not considered VOUs are evaluated withan
the SSLs relanve 1o 1nhelaton of parnculate emissions.

Columns 9 and 10:  The niath column prc':cm., NMI D SSLs for the migration to groundwatet

' p-uhw.w developed using a default dilution attenuation factor (D AF)of 1,
which assumes no cffective diution or attenuation. These values can be
consideicd at sites where little or no dilution or attenuation of soil leachate
concentrations is expected (e, shallow water 1ables, karst tapography).
Column 19 presents NMED SSLs for the migration 10 groundwatet pathway
developed using a DAF of 20 to account for natural processes that reduce
contaminant concentrations in the subsurface.

As noted above, separate NMED SSLs ate presented for use in evaluating three discrete potential
receptor populations: Residential, Industrial/ Occupational, and Censtruction. Each NMED SSL
considers ncidental ingestion of soil, mhatation of volatiles (lmited to those chemicals noted as
volatile organic compounds [VOCs] within Table A-1) or partculate emissions from unp.u:tcd soil,
and dermal contact with soil,

Generally, if a contaminant is detected at a level in soil exceeding the most relevant NMED S8,

- and the snc-spcaﬂc CSM 15 1n gene: ral agreement with the undetlving assumptions upon which the

NMED §3Ls are plrd:mted this resuit tndiczies the potential for adverse human health effects o

necur. Canversely, if no contaminants are detected above the most relevant NMED 881, this tends -

1o indicate to the user that environmental conditions may not necessitate remedial acoon of the

surface snil or thé vadose zone,

A detection 2bove an NMED $SL does not indicate that utacceptable exposutes ate, in fact,
oceursing. The NMED 8SLs are predicaied on relatively conservative exposure assumptions and an
exceedance only tends to indicate the powintial fot adverse effects. ‘The NMED SSLs do not
azcouns for additive expuosures, whether for carcirogenic or noncarcinogenic.endpuints. Section 3
of Fart A addresses 5 methodology by which an snvireninental manager-may determine whether
fusther site-cvaiuation is warmanted, howeva, this micthodology does not teplace the need for
defensible risk assesstnent where indicated,

e NMED SSLs address 2 basic subset of expesures [unu-\mcnul tn the widest armay of
environmentally-impactad sites within the State of New Mexico, The NMED SSLs cannot address
all relevant expostre pathways associated with all uitcs. The utility of the NMED 5SLs depends
heavily upon the urrderstanding of sire conditiuns as accurately reflected in the CSM and natuse and
extent of contaminatién determinudons.’ medcnnu» of thc NMED SSLs does not preclude the

need for site-specific risk assessmient in all instances,
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Table A-1
NMED Soll Screening Lavels
_ . ' lt_:duslrlal!ﬁccupaﬂona' Construction
Chemical Resi{dan:al’ Soll |Endpoint Soll Endpoint Wnrker Solt Endpoint voc DAF 1 OAF 20
: mgkg {myrkg) malk '
AcerxaPhthan& 2.8E4+03 nc' 4.9E+03 nc' (1 19F.+§A) nst X {';?E,ak 093) (‘2?:":;-?
Acrolin §.9E02 ne 77602 . e FRT=] - e X ' -
Acrylonitrila 192500 vy 500 = 5 e - B.E-ij 2.E-04
Algrin ) ; 2.8E-01 v 300 : - C X 7.£05 1.E6-G3
T S ET0e = s ca 1.6E-02 nc 6.E03 1.E-D7
Anthracena : 1.65404 c‘ R ma.x T5E0 e 3.£-03 2.2401
Antimony YT = o i = 6.2€:0¢ nc’ LI B.E+01 1E+03
Arsenic T35 = ?'ZE‘N = e = SEX >£02
Barivta . 5.25,03 = JEL01 : «@ i 1.58-02 ta 3.E+00 6.E+01
. ne 1.5E+04 nc 7.7E-02 nc 4 E+01 B E+Q2
Benz.arTe 5.4E400 - ca 5.6£+00 nc 2.9E+01 ne X JE03 6.€-02
Benriding - 2.1€-02 ca 8 QE-02 ca 1.3£-03 ca "5.EQ7 1.E-05
Benzolajanthricene 6.2E+00 ca 2.6E+01 ca 9.4E-01 ca 2.E+00 . 4,E.01 !
Eenzofalpyrene 6.2E-01 ca 2 6E+00 ca 93E-02 ca £ E+00 TE02Z | !
BenzojpMutranihene 6.2E+00 ca 2.6E-01 ca S4E-O0 ca 8.£-01 J 2.E+01
Genzg{kjilucranthene 6.2E+01 ca 2.6E402 ‘cn 9.4E+00 ca 8.E+«00 l 2.F+02
Beryllium 1.5£+02 nt 4.2E402 nc 3.1€-03 nc 1.E-0Z 2ED
-BRC 9.0E.01¢ Ci 3.9E+00 ca 4 68-062 ca 2 E-05 .4 E-04
f#-8rC . 3.2E+30 ca 1 AEHON ca 1.6E-01 ne 2.EQ3 - 4 EQZ
+AHG - ) . 4.4E+00 ca . R $.9E+01 ca 1.6E£-01 | ne . 4 €04 7.€-03
Bis{2-chiorcathyl) ather ' - 4,4E400 . ca 1.95+01 €3 2.5E-N : ca 4 2.E-05 3.E06
Sis{l’{hio.'oisopmb)ﬂ eihol 6.9E401 ca : <.9c+02 cA 8.3E+00 ca 5.E-02 9.E-03
Bis{chloromnathyl) ether 2.2E-02 ca 9.3£-02 . ca . 1.3E-03 ca 9.E.08 . 2.B-06
Beron . 5.5E+03 nc 1.3E404 - ne JAE00 nc . LEO1 3.E+00
Bromodichioiomethana 9.6E+400 ca 22401 ca 4.5E.402 £a X 3E-02.. 7.€-01
Srememethere 3.7E+00 ne . 3.0E4+00 ne 1.5E401 ne X 2E03 | 4.E-02
-(2-Buiarore : T Q.7E+04 nc 8.0E404 nc 1.5E+02 nc 3.E-GH , 7.E400
te:1-Buty! methyl cher 8.1E+0Q ne 1.5€404 ne . 45e+02 . nc : : 4£-03 5.E-02 :
Cadmicm 708401 | nc 1.9E+G2 nec 4.7€-02 1 «ca ’ 8.€-01 2E+0t . |
Carbon tatrachiorda . 1.6E+00 ne . . 1.3E+00 nec . 6. BE4CO ne X : 5E03 1.E-01 :
_ |Criordanse ' 1 6E401 ca 7.0E+01 ca 1.1E-01 ne 4.E-01 8.E+00
Thicrotenzene . 1.4E+02 ne 1.2E+02 nc 1.9E+02 " sat X : 5.E-02 1.E400
Chiorotormm 3.0E-01 oc - J.0E-01 nc 1.6E+00 ne X 3.E02 S5E:04
" [Criaromethana ) 1.9E+01 ca — 25E+01 . ca B.0€+02 ta X 5604 1E-02
Chrormiugs 3l . 1.0E+05 max : 1.0E405 max 1.0E+05 - max 9.E+0D 2.E+02
Chromium Vi T 238402 nc . 6.6E+02 ca 1.0E-03 - ca 1.E+00 . 2.E+01
Crryseno ) ) " G.1E+02 ca’ 2.5E+403 ca’ 6.4E+03 K X 5.E+01 ~1.E+03
{Gobatt . . 45E+03 - nc - 1.3E+404 nc 1.68-01 nc ’ B8.EN3 2.E.01
Al I S LA iR
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Table A-1
NMED Solt Screening Levels
' tndustrialQccupsatioral Construction
Chemlical Residentiat Sol! Endpoint Soil Endpoint Worker Soll Endpoint vocC DAF 1 DAF 20
{myikg) (mgfky) {malkg)} {malkg) (mg'ka)
Copper : 2.BE+03 ne B8.5€+03 ne 1.0E+04 ne 4. E+402 7E€+03
Cyanide 1.2E+03. 1 3.0E+03 nc 1B+ ne 5.€-02 1.E+00
[Alale] 2.4E+D1 ca 1.0G+02 ne 2.7E-01 nc : 3.E+0O B6.E+0)
DDE 1.7E401 co 7.5E+01 ca 2. 7E-0 ne 1.E+D¢ JA.E+02
DY 1.7€+01 ca 7.5€.01 e : 2 7£-01 [«N T-E0 1.E-01
Dit2-athyinexyl! phihasate A.5E402 ca 1.5E403 ca 1.2E+01 nc 4 €01 9 E+00
Dibanz(a hjanthracens 8.2E-01 ca 2.8E+00 et 9.4E-02 ca . 5.E01% 9.£400
1.2-Dibromosthana . 5.3€-02 ca 21E-01 ca . 1.4E400 ca X 2.E-05 4E-04
1 2-Dichloiobenzene . 8.5E401 sat 8.5E4C1 - sat 8.5E+01 sal X 4 EO . 9.E+00
1,3-Dichlorabenzens 1.2E+01 ne 1.1E403% . nc 5.0E+01 nc b4 4. E03 8.E-02
{.<-Dichlorobanzene .~ 3.2E+01 ca E7E+DY . sat 5.7E+01 sat X 8.E-02 . 2E+00
3.3.Dichioicbenziding - 1AE+01 ¢ 4.5€401 ca 6.5€-0 ca ' 3.E04 5.£-00
Cichiorodifiucromethane DCEQt - - ne 7.1E481 ne 3.8E+02 nc'. X © 6.E+00 1.£+02
.1-Dichioroathane 5.6E+02 ng 4 8402 n 1.2E403" ‘sat X 7.€-03 1.E-0%
7,2-Dichloroethans A.3E+00 [ 7.26400 ca 4.3E+01 ne X 1.E-03 Zz.E-Q2
cis-1,2-Dichioroethens 41E401 nc 3.3E40% ne . 1.7E+402 X 2.E-02 J.€-01
rans-t,2-Dichiomathens | 6.0E+01 ne 2.9E401 nG *2EE02 ne X 2.E-062 3E-01
1,1-Dichioronthane . B8.1€400 ca 3.46401 ca 1.7E+C0 ca ’ 3.E-03 5.E-02
Dizhinremethand 6.5E+02 ca 27E403 ca 1.8E+02 - - ca . 2.E-02 4 E-0%
z.4-Dizhiorophanot 1.8E+02 ne 4.4E402 " 1.62+00 ne 2E02 4 E-01
1.3-Dichlaropiopane T.BE.0%- ca 1.7E+00 ca 3.3E401 nc X 2.E-048 5.E-G3
Qiotdrin ~ 1 . 30E-0 . ca 1.384+0Q ca 1.85-02 . ca 1.E-04 2.E-C3
Diethy! phitalate 4.0E+04 nc t.0E+05 max T aAEs02 nc 8.E+00 2E+02__| |
{Dimethyi phthslate 1.0E+05 . max 1.0E+05 max 5.4E+03 ne 6.E+01 |.Ef02
Dibuiyl phihalate i - 6.1E402 nc ) 1.5E404 ne - 548401, ne - 9.E+00 ~2.EsC2
A Z.A-Dinit'ovzmemyiphencl 1.2E+02 ne 3.0E+02 n $.1E+00 nc 1602 2.£-01
2 &-Lyiniirophendd 1.2E+02 ne 3.0E4402 nc 1.1E+00 B, 1 1.E02 . 2E-0
2, 4-Dinitrotoluene o 1.2E+02 nc A.0E+02 ac 1.1E+00 nc 1.EG2 2.E-01 . .
T.2-Diphenylnydazins . 6.1E+00 ca 2.6E+01 ] «a 38E-01 - ca 1.E-04 3.E-03
Endosuilan : 37E+D2 ne 8.E+02 nc 3.2£+00 nc : '3‘E~01 15.5.00
enddrin 1.8E4+01 - nc 4.4E+01 n _¥.__6E-01 nc - 3E-04 7.E-G3
Ethylbenzens  ~ 6.8E+01 sat 8 BE+01 sal . 6.8E+01 sat X 4.5'-(1: ‘ 8.E+00
“[Fiquraa . 3.76+03 nc 8.96+03 ° nc — 14E+04 ne : . AEM S.E+00
Fluoranthene 2.3E+03 nc &.36403 nc 2.1E+01 nc - - 9.E+0t 2.E+03
{finorene 21E+03 " 3.0E403 ~nc’ “8.0E+03 g’ X FED0 | GEHDT |
{Ftuo:o‘.ri:tﬂmmathane . 12E+04 . ne 3.CE+04 ne 3.1E+01 ne 7.E02 t.E-tO:J
ST - TAE+00 < T5EA00 ca 6.4F-02 _«ca - _4E03 8.E-02
= - .
e P T
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Table A1
NMED Soil Screening Levels
industrialiGccupationat " Construction’ :
Chomical ’ Reslidentisl Soll {Endpoint Soil Endpoint Warkear Soit Endgpoint voC DAF 1 DAF 20
: {ma/kg) {mgrkg} {maikg) (mgfkg) (mgikg)
Hexachlaorobenzens 3.0E+00 ca ) 1.3E+01 ca 1.8€-01 ca 2e04 3.E-03
Haxachiorobitadiene 1.2E407 ne 3.0E+01 ng 19EM ne : 7.€02 1LE+D
Hexschlorocyclopantadiena 4.2E402 ne ) 1.0E+)3 nc 1.1E-02 ne 1.E-02 3 E-01
[Hexachloroetnanie 6.9E+0 ne 1.5E402 nec 5.4E-01 nc 6.E-03 2.e-M
fHMX 3.E+03 nc . 7.4E+00 ne 1.1E+04 nc 1.E-03 T 2E-02
findeno(1,2,3<.dipyrene: 6.2E+00 ca | 2.6F4+01 ca 9.4E-01 ca 2 E+00 4 E+01
llxcr'- 2.3E+04 ne 6.8E+04 ne - 8.0E+04 nc . 2.E-C3 J.E+00
{tsophotone - . H5.1E+03 ca 2.2E404 ca 1.1E:02 . nc . 1E-01 JE+00
Lead . -4.0E+402 NC 1.0E+C3 nc $.0E+00 ne ’ 8.€-03 2.E-M
Lead {tetrapthyl-} 6.1E-03 nc 1.5E-02 ne 2.3E-02 nc 1.€02 2601,
Mangangse i 7.8E+03 ne $.4E+04 ne 7.5E-03 nc 3.£.02 7E-01
Mercury ard compaunds . -2.3E+0% ne- 6.8E401 ne 8.0E+0% nc 1E01 2E400
[FAercury (elemental) 6.5E400 e 2.0€+01 ne. 3.6E-02 nc - 1E-01 2.E+00
Marzury {niethyl) 6.1E+00 nc 1.56+01 nc 2.3E+01 nc 1.E-03 2.E-02
Molvbdenum 3.8E+02 ne 1.2E+03 nc 1.JE+02 nc ’ 2.E-91 R =01 A EE
riaphtivalena : 5.3E+0%V nc” 4.3E+01 n’ 2.25+402 nc* X 1.E-02 2.E-01
Nickst : 1.5E+03 ne - T 4.4E+03 nc 3.1€-02 ne 1.E+0 :3.£+02 .
Nitrate 9.8F=04 RS 1.0E+05 max B.6E+02 nc . . 2.E+0C J.E+01 i
- iNitrite 6.1E+03 nG 1 5E+04 nc S AE+01 | nc 2.E-01 J.E400
Nitrobgnzena i 1.7E+01 ne 2.1E401 | nc 6.6E+01 e X 9.E-04 2.£-02
Nifraglycerin ' 3.5E+02 ca 1.5€403 ca 2.1E+01 ca 3E-Q2 G.E-C3 |
F-Mitrosenethylamrie 3.2E-02 ca 1.4 ca 1.8E-G3 ta 9.€-07 2.E-05 T
A-Nitrosocimathylamiie 9.5E-02 ca 4.0E-01 ca 6.0£-03 ca ] 1.E-05 - 2.E-04 :
" {N-Nitrasodi-nrbutyiaming 2.2E-01 &3 54E-01 ca. 9.9E+00 ca X . J1E05 2.E-04 .
IvNitresodiphenytal ne 8.8E402 ca 3. 2E+03 ca 6.0E+01 ca 9.€-02 2.€+00
_ [Nitrosopyrniiding : 2.3E+00 ca 9.7E+00 ca 1.4E8-01 ca 6.£-06 1.E-04
Arocicr 1016 . 3.8E«00 . nC 8.96+00 ne 3.8E-02 n: 2.E-04 JE03
Aroclor 1221 : 2.2E400 ca 9.2E+00 (7] 1.5E-01 ca 2.E04 3.E-03
Anxlor 1232 2.2E+00 ca 9.2E4+00 ca A 8EM 2 2.E-04 3E03
Aroclor 1242 : 2.2E400 ca - 9.2E+00 ca 1.5E-01 ca 2 E-D4 3.€-:03
socior 1248 - . . 1.1E4+00 e 2.5E+00 nc 1.1E-02 nec 8.E-01 2.E+01
" |Arocior 1254 IR B nc - 2.5E+00 e 1.4E-02 ne 8Lt 2.€+01
Accclor 1260 1.1E+00 nc 2.5E+00 nc 1.1E.02 nc 8.E-Ot 2.E+01
_ |Pentachiorobenzene | . . 4.9E+0% . nc 1,2E402 nc 4.3E-01 ne 6.E-03 . 1E-01
Phenaniione T 1BE408 | e & 4EAGY nc 1.6E+01 nc AE+03 AE04
Phenol T i J.7E+04 - ne - 8.9E+04 ne 3.2E+02 ne 2E-03 4E-02 .
. [Pyrene . -3.BE+03 nct 43E+03 ac* 6.7E+03 nc X 3E02 6.E£-01.
-
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Tablo R-1
NMED Soli Screening Levels
. |[Industriat’Occupational Construction

Chamical Residential Soll [Endpoint Soll Endpoint Worker Soil Endpoaint voc DAF 1 ) DAE 20

{mgfkg) {rraikg) (mufkg) {mg'ka) (mgikg)
POX 4.4E+03 ca 1.9EH02 ca 1.6E+00 nc 2.E-03 4 E-D2
Seientum 3.6€402 nc 1.2E403 ne 1.3E+03 rc 3.E-DY 5.E+00
Siver 3.8E+02 né 1:.28+03 ne 1.3E403 ne 4 B B.E+(D
Stronticm 3.7E.04 nc §.9E+04 nc 1OE+05 max 4.£400 7.E+Q1
1.2.4,5-T atrac!orobanzena 18E-01 . ne 448401 . nc 1.6€&-01 nc 2E03 4. E.02
1,1.2,2-Totrachloroethane 3.6E+00 - ca 828400 ca 1.65+02 ca X 2 E-03 3.E-02
Tatrachicrocthena 4,8E+01 ca 1.0£402 sat 1.0E402 sat X S.E-02 1.E-01
Thatiicm 6.1E+00 nc - 1.8E+01 ne 21E+Q1 ne 3.E-04 1.E-02
Toluene 1.8E<02 sat 18E+02 sal 1.8E+Q2 sal | X 2.E-0 5.E+400
Toraphene 4,4E+00 - ca 1.8E+01 ca 2.5E-01 ca 5.E-04 1.G-02
Tribromomathane 6.1E-02 ca 2.6E+03 ca 1.1E+01 nc 2602 3.E-Of
1.2.4-Trichiotobnzone 5.26+02 ne - 5 AE-02 sat 536403 sat X 5 E-01 7.E+01
1,1,%-Trichioreathane S.1E+2 sal 5,1E+02 sat 5.1E+02 sat X 3.E-02 5.E-0¢
7.4,2-Taichlorgeana - 7.9E+0D ca 1.8E+0% ca 1.6E+02 ne X 3.E-03 6.E-02
Trchlorcethene 1,6E401 ca 1.82+01 nc 9.2E+M nc X .£-02 7.E-01
2 4.5 Tnchlarophienct 6.1E+03 nc 1.5E+04 ne 5.4E+0Y nc 6.E-01 1.E+01
2 4,6 Trichistophienot . 4.4E+02 ca 1.9E+13 ca 2.7E40% ca 1.E-02 2.E-01
5 3,5-Trinsololueng 3B nc 74E+01 nc 2.7E-0° nc 3 Ea . TE+D2
Vunacdium 5.5E+02 nc 1.6E403 nc 1.9E+403 4 ne 4€£-02 - S.E-01
Vind chiorice 2.{E-04 ca’ 4 5E-0% ca 1. 0E+D1 ca X 3 E-04 6.E-03
Xyiénes 6.3E401 sat 8IEH0 sai 6.3E+01 sat X S.E+CO 1,E+02
[Zinc 2.3E+04 ne 6.9E+04 nc B.OE+04 nc 6.E+0% 1.£403

¢a - carcinvgems eftect basis
nc ~ noncarunopenac offect Lrasis

sat — sni} saturacon hiir hasis”
iax — 0w IINICHT MAXIMINT, health ase

e Soil Screemng favels for e
iagrsuon, mhatann of fugstive dust fand funies

d SSL. exceeds (109 mp/kg -

sidential soil, ndvarial foccupational soit,
for-VO8), amd dermat expasure o sl

NMED — New Mexico Environment Depanment

VYOU ~ Volhatile otganic componnd

antenuanon facror

't corapound is solid at ambient sod femperatue,
though this level exceeds soil sarueation IS EPAD

DAF - Drution

and constmetinn wnrker

<o risk-hased level is used even

9962}

saiil are based nn thi combined exposre through dizect <ol
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Table B-1
- : Physical-Chemical Propertiss - - .
Chemlcal nw H H o, D, Ko X, s D, vE SAT | voe
. . lo'mole)| (atm-m’imole) H{dimensionless)l (cm¥ls) | (cns) | (em¥yg) | {ernlp) | (mat) | {cri¥a) {m*kg) | {mekg)
jhcencintiene 154,27 1.7E-G4 TOBOS - 42602 | 77688 [ 4.9E403 | 296401 | AJE4D0 | AJEQ7 | 1.7E:05 | 2AES00 X
:gdﬂ» 58 1.2£04 48803 - | 1LIE01 | 12E05 [27E:01 [ 1.3E07- | 2.3F+05 | T2E08 | 1.1E404 | 4.0E+04 X
A ylanitréa 55 8.8E-05 "~ 3.56-03 VATV | 1.3E05 | BSE-DY | SIE-03 | 7.05404 | 1.0E-04 ) BOE+OD | T.3E+08 X
farin ] @& T 1CE04 42E03 . 8.6E+C4 | 2.6E401 T : -
s AA;Mc;rw L ) 178 8.5E-05 - 2,703 . AJE03 | TTED6. | 2AE+04 | 1.4E402 | AJE02 | S2E-08 | 67E+05 | O.9EN X .
Baham . - .
: gm_sne -~ {784 56E-03 2.3E01 8BE0z | OBE06 | BIE+D1 | 37E-01 | 18EMS | 20E-03 | 27E+03 | 440021 X
Benzo{AnFacens 3%, 12606 | GBE45 T4E:06 | 416402
Benzr{ulpyrens 250 1.6E-06 8.4ED5 : 5.5E+D3 | 1.7€+03
Eorzo{oifluorantnana - 252.3 11E-04 4.65-03 i 556405 { L7EHD2
Bercoll)fiveranthena 2523 5.0E-07 . 23E05 5.5E+05 | 1.7E+92 ) 2.5E+03
a-8HC - 290.85 B.3E-06 2.8E-04 - i
} (DS - 2025 3.56-07 1.4E05 3.8E+03 | 1.1E400
oG R85 3.4¢€-06 1.4E-04° 1.1E403 | 3.2E-01
Banallum . -
Bx(2-criorcstiyf) other £ ] 1.8E-05 7.4E-04
Bis(2-chioromoproagyi) ather - 1.1E04 45603
BisfrZommotiy') ethor . 1.9EGS -7.6E:04
50700 : :
* {Bromedichioromathane 164 — 16E03 6.6E02 30602 | VJIE05 | 1.0E+02 | B.0E-01 | 67E+02 | 1.AE04 | 10E+04 | 18E403 | X~
" 18romomedane 9485 | . 62803 2.5E-01 - 7.3E02 1.2E05 Q.0E+00 | S.4E-02 1.5E+04 4.8E-03 1.7E403 | 3J.1E+3 X
2-Butanons - .y T2  2.7E.05 11603 - T.7E+03 8.5E-01 4.5E400 | 14503 |- TR0 :
tort8utyl me'tefd ethar 282 - 6.65-04 27602 . 7.0E+03 7.5E-01 1.3E+01 | 34E03 1.264+01
Cadmium . : — . e - =
Carbhon tehachionkda 154 JA0ED2 1.2E+D0 -} 7.8E-02 %.8E-08 15E+02 9.1!5;%1’ 7.6€+02 | 4EQ3 L.SE-OO:! 3.6E+(2 X
Chordane_ 4598 87605 27603 T T.4E+05 | 4 2£301 |. .
- fChombenzong 13 3.7E-03 1.501 73802 B7E-08 | 2.2E+02 | 1.3E400 | ATE+02 | 35E-04 G.LE+03 | $.89E+02
: . S : £+ AE+D3 | 2.8E+02 X
Chioromethane . §1- 24502 98E-01 i.l!_:_-l_:_!___ __6_‘5__8_-06 .} A5E+01 | 2.1E-01 M 11802 | 1
CHorofonn 112 J.7E-03 $.5ED1 1060 . | 1OE0S §JE+G1 | 3.2E-01 7.9E+03 1.8E-03 | 2.8E+03 1.95.4-03' X
Cheomiam ilf : i .
Chembea Vi
ot
Goppen
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Table B-1
Physical-Chemical Propecties

Chemical LMW H K o, D, Kee K, s D, - VF . saY vOGC

. {g'mole}| (atm-mmole) l({dImensionless) emlis) {emis) | {em¥ig) {cmp) | (mglL) {cm>fs) (m¥kg) | (mgkg)
g:;ﬁ::e 228.28 g 5E-C5 3.98-03 25E-02 B2C.06 | 40E+05 | 2.4E+03 | 1.6E03 | 2.E-O3 26E+06 | 6.2E-01 X
DDD . 320 5 CE06 2.0E-04 7.7E+05 | 2.3E+02
DDE 35 1.2E-04 5.1E03 142E+06 | 1.3E403
oot 3545 5.4E-05 2.2€.03 24E+05 | 7 JE+01
Dibenz{a hjanthvacene 278.3 1.1E-08 4.6E-07 JJE+06 } 9.9E+402
1,2-Diromoethane 188 3.2E04 1.3E-02 7.3E-02 FIEDS | 28E+01 | 17E01 | .3.4E+(3 | 1.8E01 | 88E«03 | 67E+02 X
Dibutyi phihaiate 278.34 g 4E-10 3 9E-08 1.5E+03 | 4.7E-01
1.2-Dichlorobanzane 147 1.9E-03 7.85.02 6.9E-02 TOE.06 | 3.9E+02 | 2.3E+00 | 1.6E+02 | 1.2E-04 | .1E+04 8.5E+01 X
1.3.Dichlorobenzena 147 1.8E-03 7.88.02 6.9E-02 79E05 | J.8E+02 | 2.0E+00 | 1.6E+02 | 1.2E-04 | 1.1E+0¢ 8.5E401 X
1,4-Dichioiobanzene 137 2.4E-03 1,0E01 8.8E-C2 7OE-06 | 6.2E402 | 37E-00 TAE+DY | Q.4ED5 | 1.2E+04 | 5.7E+01 X
3.3-Dichlornbenzidins 4.0E-0D 1 6E-07 ]
Dichiorodifivoremethane 120.92 A.0E+00 1.2€402 B8.0E-02 T1ED5 | 5.8E+UT | 35E-01 | 2.0E402 | 1.4E-0C 1.06403 | &.1E+03 X
1.1-Dichivrosthane 29 5.6E-03 2.3E-04 7.4E02 T1E05 | 53E0) | 3.2E-01 { 51E+03 | 1.9E-03 ZIE+03 | 1.2E+03! - X
1.2-Dichiorogthane 39 9,8E-04 2 0E-02 1 0ED1 90E.06 | 3.8E+0% | 2.36-01 | 6.5€403 | 6.5E-04 4.7E+03 | 1.8E+G3 X
1.1-Dichioroathane g7 25602 . CE+00 6.8E+03 SDE-D! | 6.2E+0% | 19E02 2.6€402 -
cis-3.2-Dishioronthane a7 4.1E-03- 1.7E-01 - 7.4E-02 T1E05 | 36E+01 | 2.1E-04. | 35E+03 | 1.96-03 28E+03 | 7.8E:02 X
trans-.2-Oicnlorpathene 97 9.4E-03 ~ 3.8E-D1 71E02 12605 | 3.8E+01 | 2.3E-01 | 6.3E-03 35603 | 2.0E+03 | 1.6E+03 %
Dichigromethare 85 2.2E-02 G 0E-02 8.7E+03 1OE+00 _§ B.BE+00 | 2.6E-03 4.5E4+01
2 &-Dichlercphenol . 4.4E-07 1.8E-08 -
1 3-Dichlotopropene 114 1.8E-02 7.3E-01 6.3E-02 T0E05 | 27E+01 | LOEDY_| 2.8E403 BOE03 | 1.66+03 | 7.8E+02 X
Oietdsin . an 27ELS, 1.1E-04 17E403 | 5.1E-07 :
Digfhyl phthalsie 2222 45€.07 1.9€-05 8.2E+01 | 25E-02
Diz-ethvihand) phthalate 391 1.0E-07 4,2€-06 50E+D3 | 1.BE+00
2.4-Dinitrcphencl 4.4C07 1.8E-05
Omuthyl phthaiate 134 19 42607 1.7E-05
2,1-Dinitro-2-mathylphonot . 4.8E-11 20E-09°
2 4-Oovitiotdlusoe 10244 9.3E-08 3.8€-06
1 2-Dignanyl rexine 41E-11 1.7E-09
a:dos‘:mnvm 206.85 7.7E05 31E-03 7.4E+Q2 | 2.2E0%
Endni 7.5E-06 31E-04 :
E'l!‘::il;enzane 380:32 7.92-03' 3.26:01 7.56-02 7.8E-06 ggg:gi :f?g? Y 7E+02 | 9.1E-04_{ - 4.0E+03 As.asim X

, ; 73605 30E-03 1E4
guu:z:r = ?gg.:t 7.72-05 3209 -6.3E-02 7OE06 | 7.0E403 [ 4.7E+C1 155400 | 21E:07 | 26E#05 1.5E00?‘ '<
Flouride . - — —
Flaatotrichicromethane 64E-05 ;
Hepiachior a7as 1.1E-03 4.5€02 6.8E+G3 | 2.0E+00
Hexachicrobenzens 1.3E-03 - 5,4E02

2.7E-02. 11E+00

{#ioxachiorouyclopentadiena
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Teble B9
1 . i . Physical-Chiamical Propeartias .
Chemical -

. Eid!::lt) {atm-f:’lmo!o) (tllm:n:'oc;loss] (c:;h) {c::!u\ - (c::"lg) (c::ig) {msfl.) (c::‘s] ‘:; SA': voe
Hoxachioroathans 2 3SED 18E0T : & f8) | {mPkg) | (moikg)
Haxachiorebitadions y E30R 4.BE400 1.0Es02 2.0E+04 | 8.7E+00
_.:!_r_-w i 1.0E-11 4 {E-1C :

;m;i“&w'w’ $76.3 ;:igss 4 Z0E 15E0 | 4BELE -
X 8E- 2IED4 2.SE+01 . 1.2E+04
Leag
'eac (Telraathyl-s .
Manganaesa
{Morcury and compayndy :
tMercury (aletnental’ -
jMarcury Imsthy’) :
Moiyoderm 3 . '
:jfl'cs;ﬂ‘-'m*une i 12616 4 8E-04 2.0E-02 54E.02 T5E-06 | 125403 | FIE+D0C | 3IIE+O1 | B.AEUB | A1E+04 | 216 o0 X
Ll 1) N
Hilrgtn
Nitrio
Jtrobanzene ) 120 2 4E05 9.5E-04 7.66-02 BGEQE | 6.5E+01 | A9E-DY | Z1E<03 | BI1E-G5 | 4.2E+Da.{ 4BE+07 X
Niroghyresn 6.0£.00 25E01 26602 [ 155400 | 1.8E+03 '
A-Nitrosodi-r-butylaming 160 3.2£-04 13602 5BE-D2 9.7E-068 | 2.6E402 ;| 15E+00 | 1.3E+03 | 24E-05 | 24E+04 | S.4E<02 X
MRitrosodisttylamine ' 36E-06 1.55 Da . 1.2+ | 1,BE+N0
N-Nirosodimethylamina 1.4E-03 59E+00 4.3E+D1 | 6.5E-02
HENErosadiphenylamine 198.23 1,2E-06 5.0E05 3.3E+402 | 98E-D2
ALdlitrosomereeliding 4.8E08 - 20E06 - 19E<Ct | 29602 -
Phenentivane 1782 2.3E-05 9.4E-D4 1.4E404 | 4 2€400 4.8E+03
Phenot kY 6.0E.07 2 4E-05 I 1.8E+02 | 4.3E02 |- i
Polychlorinatedhiphanyls : :
Arodor 1016 . 1.8E-DB 7.4E07 i
Arocior 1521 1.6508 F4E07
Arociar 1232 " 1.35-08 TAE07
Arccler 1242 1.6E-08 7AE07
Arpclor 1248 757 1,BEC8 7.4E07 STE#: | BOE-01 |53E4+05 | t.6ELN2
Arociof 1254 | ars7 1.8E-08 7AE07 57E+03 | B.0E01 | 5.IE+05 | 1.6E402
#socicy 1260 375.7 1.8E-08 7 4E-07 STE«0N | BOE-Q | 5.3E+05 | 1.68+02
Pantachiortentene TAE03 2.9€-01 -
Pyrene 200 1.1E05 45E-C4 27ED2 - | 7.2E-08 | 6.8E+04 | 41E+02 | 1.4E-O 1.7E09 | 2.9€+05 | B.9E+CD X
- Selenim X
Siver
jSirontiem
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Yable B-1
{ ‘ ‘ Physical-Chamical Properiies _
[chemicas MW H o D. D, K. X, s o, VF SAT | voc
{g'mote}| (atm-m/mole) |(dimensionfoss) (cmis) | (ems) | (em¥g) | (cm'/g) {rgil) | (cms) | (m*kg) | (mgkg)
ROX . 5.3E-08 2 5E-06 T\ 7.0E+01 | 14E-OY 2
1,2 4,5-Teliachiarobanzeng - 1.0E-03 4.1E-02
:lr.e‘-l.’izr-:;&:of:;‘h’(;fbﬂﬂ‘eno 168 3.5E-04 1.4€-02 7AE-02 7.8E-06 7.6E+01 | 4.7E01 30E+03 9.1E-05 1.3E+D4 | 7.3E+02 X
= :1 = ane 165.83 1.8E-02 2.5E-01 7.2€-02 8.2E-06 27E+02 | 1.6E+00 | 2.0E402 V5603 | -3.1E+403 | 1.0E402 X
Tolvene - 82 G6E-03 T7E01 S7EG2 | 6BED06 | 1.9E+02 | BAEO1 | 53E+02 | 13E03 | J4E4D3 | 1.8€-02} X
. |Toxaphene ] 6.0E-06 25E-04
- |Trtromomethane 6.61-04 2.7E-02
1,2.8-Vrichiorcbanzene 181 {.4E.03 5.8E-02 J.0E-D2 8.2E-06 1.76+03 § 1.0E+01 | 3.0E+02 Q0606 | 2.0E40& § 5.3E«02 X
1.1,1-Trchlorethane 133 1.7E-G2 7.1E-01 7.8E-02 B.BE-06 1.4E+02 { 8.1€-01 1.3€+03 2.7E03 | 2.3E+03 | 5.1E+02 X
1,1,2-Trichioroetiane 133 9.1E-04 3.7E-02 78802 BAE06 | 7.5E40% | 4.5E-04 4 3E+03 2.7E.08 | 7.3E+03 | 1.1E+03 X
Tochioroathens N ‘ 1.CE-02 42601 7.9€-02 9.1E-08 9.4E+01 | 5.7E-Q1 1.1E+403 23E-04 | 2.5E+03 | 3.4E:02 X
2.4,5-Tnchinrophenot 197.36 4.3E-06 1.86-04 - '
2.4 B-Trichlorophenol 157.46 78E06 3.2E-04 ~
2 4.6-Thnitrotoldens ) 4.6E-07 . 1.9E-05 . 1.6E-02 | 24AE+00
Vanadiwmn . .
Vinyl chloride - 83 27E-02 1.1E+00 1 tiE-M 1.2E-06 1.GE+01 | 1.1£-01 2.8E403 16602 | D.9E+02 y 8.7E+02 X
X}‘.eﬂﬂs ) - 106 FI3E03 . & 3.0E-01 7.0E-02 7.8c-05 2.0E+02 | 1.2E+00 | 1.6E+02 82604 § 42E+03 | 6.3E.0% X
T MY~ Molccuhr weight H - Henny's Law Constant

I - Dimensionless Henry's Law (.cmcnnt D, - Diffuswity 1n ais ‘
D.. — Diffasiviry s water . Kee — Soil organic cahon pattition coefficient ' ‘ !
K 4 — Soil-water partiton cocificicnt S - Solubility 1 water B : '

"Dy - Appatent difl fusiviry y \'F ~ Volatihzation factor
SAT - Soil saturation linit " A0C - Volatile crganic comprund

s ’ M i 2 - . 1 o H -y 3 .nl
Nofe: Vatues for properties are presented in ths table only for those compaunds for which the vahies were used in the soil serecning leve! calculation.
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Table -1 .
. Human Health Benchmarks Usad for Calculating S3Ls
Chomlcs! - SF, Reference SF, Relearence RiD, Refersnce RID, Reference | ABS
{mg/kg-day" | (mp/kg-cay)* (mg/kg-day) {mp/kg-day}

Acensphthiene §0E-G2. RIS 6.0E02 r 0.13
Acmlen 2.0E-02 HEAST 5.76-05 1AIS 0.1
Acrylonittle 5401 RIS Z.AE00 153 1.0E-03 HEAST 57604 T 0.
Aldrin 17601 RIS 1.7€+01 RIS 3.0E05 - RIS 3.0t-05 T 01
ARmminum - 1.0E+00 NCEA 4603 NCEA 001
Anthracena 3.06-01 RIS A.6E-0% ¢ 0.13
Artimony . 4.0E-04 1211 0.01
Arsenic 156400 IAIS 1.5E+01 RIS 3.0E-04 Ris 0.03
Banum 7.0E-02 1RS 1.4ED4 HEAST 0.01
Benzana _ 2.9E-02 RS 27E-02 RIS 3.06-03 NCEA 1.7E-03 ~ NCEA 0.01
Banzidine 2.3E+02 RIS 2.3E402 RIS 3.0E03 RIS 3.0E-03 Y DA
tenzia)anthraceno 7.36-01 NCEA JIE-OL NCEA 3.0E-D2 S 3.0e02 s 0.13
Bunzofa)pyrena 7.3E+0D iAIS 3.1E+00 NCEA 3.0E-02 3 3.0E-02 ) 0.13
Benzo)fcranthona 7.3E-0 NCEA - 31E-01 NCEA 3.0E02 3 3.0E-02 s 0.13
Benzo{kjfluoranthens 7.3e-02 NCEA 3.1E-02 MCEA J.0E-02 5 3.0E-0¢ s 0.13
a-BHC 6.3E400 RIS €.36+00 RIS - 6.04
H-BHC 18E:00 RIS 3.8E+00 IRIS 3.0E-04 5 3.06-04 s 0.04
7-BHC 136400 HEAST 13600 T i F0E04 tAIS 30E08 " 0.04
Senylivm.- 8.4E+00 RIS 2.0E-03 RIS 5.7E-06 IRIS 6.0}
Bis{2-<hisroethy!) ether 1,1E400 IS 1.2E400 1AlS i . 0.1
Bis{2-chloroisopropyt} sthar 7.0£-02 HEAST 3.5E-02 HEAST 4.0E-02 RIS 4,0£-02 r Q.
Bis{chisroirathyl} ether 22E02 . | IAIS 2.2E+02 RIS : 01
Bomn ' 9.0E-02 RIS 5 703 T HEAST. 0.3
6 romaodi ioromathang 6.2E-02 RS 8.2802 1 2.0E-02 RIS 2.GE-02 T 0.1
iironomethane 14603 | RIS 1.4E-03 RIS 01
2Butanane . 6.0E-01 IRIS Z9E0% . RIS -0
1er-Buty! methyl eher 1.0E-01 ol EPA B.6E-0¢ RIS [ XE
Cadmnm f 6.3E400,. RIS 1.0E-03 iAlS . 0.001
Carban tetrachioride 1.3E-01 RIS 3E-02 RS 7.0E-04 1AIS 5 7604 NCEA 0.1
Chlordana ~ “35E-01 RIS T3 5E-01 RS 5.GE-04 RIS . 2.0E-04 IRIS 0.04
Chiorcbonzany. - 20E-02 RIS 1.7E-02 NCEA 0.1
Chiorometans T3E02 HEAST 63E-03 HEAST EE02 WeEA_ | of
ChierAcm _ 6.1E03 iRIS 8.1E02 RIS ~1.0E02 RIS B.6EQS NSEA 01
Chromiuam 11 1.5E+00 CEE 001
Chromium 1 2.9E+02 RIS 3.0E03 RIS . 00t
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Table C.1
— Human Hanlth Benchmarks Usad Yor Calculating $St.s 4 .
Chemics S¥, Rafaronce SF, Refsrsnce R{D, Refersnce R1D, flaference | ABS
__ {mylhgday’ {mgxag-day)’ {mykg-doy) (mgKkg-day) '
Cohalt 6.0E-02 NCEA 2.9E04 NCEA 008
Conpet - : 37602 FEAST A oY
C_f’-lrvsx_evw 7.36-02 MNCEA V1E-03 NCEA 3.0E02 [3 A.0E-02 s .10
Cyanida 2DE-02 RIS Z0E-02 T 3.1
E-_DD 2.4C01 RIS . 24E-D1 1 5.0E-04 S 50E-02 s 0.03
LoE 34E-01 RIS 3.4E.01 T S.0E-04 5 5.0e-04 s 203
bor 34E-D1 1”15 3 4E.DY 1815 5.0E-04 IRtS 50E-04 ' 0.03
Dibena(s.hjsnthracane 7.3E400 NCEA 3100 NCEA XFEE
1.2-Dibromoettana 8.5E+01 RIS 77601 RS 5.7E05 n 5.7€.05 HEAST 0.t
Dibutyl phingiale 1.08-01 RS 1.05-01 T ['B)
{1.2-Dichicrobanzens 9.0E02 RS ETE02 HEAST 0.9
1,3-DicHin:gbanzens ) B.0E-02 WCEA DOEO% v 83
1.4-Diclilorohenzeny 2.4E.02 HEAST 2.2E-02 “NCEA 3.0E-02 NGEA 3.0E-02 1AlS 3
3, 5-SAchiombentiiing 4.5E-01 . RIS 4.5E01 T . 0.1
Oichiorodhucrumetiane 2.0ED1 RIS 5.7E02 HEAST 0.1
1,i-Dkrdomethane T 1.OED1 HEAST TZEQ HEAST 0.1
1.2.Dicticropthans £ 1E-02 - IRIS 91502 RIS 3.9E-02 NCEA 1.4E-G3 NCEA o
1,1-Dichloroetnene 5.0E-G1 RIS t 905 RIS 0.0E.03 RIS 9.0E-03 ? 0.1
cis1,2-Dichiorvetheny 1.GE-02 HEAST 1.0E-02 t 0.1
trans-1.2-Gehoroathens ) 20602 RIS 2.CE02 ¢ 0.1
Dichicromathsng 7IE03 1S 1.6E03 RIS 6.0E02 1815 B.5E-01 HEAST 6.4
2 $-Cichicrophanol 3.0E-03 S 3.0€-03 r 6.1
1,.3-Dichicroptopane 18E-07 HEASTY 1.2E-01 HEAST 3.05-04 1S 57603 RIS 0.1
Dielddr 1.6E101 RS 1.6E+01 RIS 5.0E-05 RIS 5.0E-05 r 0.1
[Diothyl phthaiate . 8.05-01 RIS 8.0E.G1 r 0.1
DiZ-eliyhnxyl) phtaaisio 1.4dE02 IRtS 1.4E-02 T 20E-92 RIS 2.2E-02 1 DA
2.4-Cmitrophenc: 2.0E03 tRI3 20E02 ; 0.t
Otmethyl phibalpsie 1.0E401 HEAST 1.0E+01 r o0t
2.4-Dinitro-2-meythenol 20E3 s 20603 s 0.1
2.4 Dinfrotolueca 2.06-03 RIS 2CE-03 ' 0.1
1.2-Diprenyitydrazine 8.0E11 RIS 7.7E01 IRIS o1
Endosulian 6.0E-0) IS 6.0E-03 T 0.1
Endfic 3J0E-04 LIS 3.0E-04 ] 0.1
Etv/iranzene 1.0E-01 RS 2.5E-0¢ RIS G.1
Fluoranthene A0E02 RIS 4.0E-02 ) 0.13
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. Table C-1
Human Health Benchimarks Used {or Calculating SS5Ls
Chamigal SF, Reforonce SF, Reforance R, Referonce RID, Reference | ABS.
{mg/kg-day” {mglkg-dayy" {rnp’kg-day) {mg/kg-day)
Fluoreng . . 4.0E-02 IRIS 40E-02 r A
Flounde 6.0E-02 RIS ; 0.1
Fluorotrichlcsoenathane 01
Heptachlor 4. 5E+00 RIS 2.6€+00 RIS 5.0E-04 RIS 5.0E-04 T X]
Hexachliorobenzene 1.6E+00 TS 1.5E+00 RIS ' B.CE-04 RIS 8.0E-04 3 0.1
Hexachioromyvicpeniadieng 7.0E-03 1AIS ' 2.0E-05 HEAST 01
Haxachlorosthanro 1.4E-02 RIS 1.4E-02 RIS 1.0E-Q3 IRIS 1.0E-03 r Q.1
Hexachiorotatadione. 7.8E.02 IRIS 7.8€-02 1313 2.0E-04 HEAST 20E-04 r 0.1
HMX 5.0E-02 RIS ' 0.1
indeno(1.2.3-c.d)pyrena 7.3E-01 NCEA 31E-01 NCEA A0E-02 s ) 3.0E-02 5 0.13
hon 3.0E- NCEA 0.0
iscphoiong 95E:04 " RIS 9.5E-04 r 2.0E-01 IRIS 2.0E-01 i 0.1
\.ead . The eflects of lead are evaluated using US EPA's IEUBK model
Lead (tetiastryl-} : 1.0E-07 1818 0.1
Manganese 1.4E-01 IRIS 1.4E-05 IAIS ,0.01
- [Maicury and compounds 3.0E-04 IRIS . 0.01
Mesgury {eiamentsl) - 8.6E-05 (RIS 0.01
Fwlgroury (mathyl) A 1.CE-04 1AIS : 0.1
itolybdenurmn 5.08-03 HEAST o.M
Naphthalena E 2.0E-02 [[215 8.65-04 IRIS 0.3
Nickal 2.0€-02 tRIS 5.7E-05 ATSDR 0.0
Nitrate 1.66+00 RIS T16E+00 T K]
Nitriter 1.0E-01 IRIS 1.0E-0% r 0.1
\ieobenzene ; 50E08 RIS 57E08 WEAST 5.1
Nitrogiycerins 1.4E-02 NCEA " 1.AE52 ' : 2:
" {NNRrosovi-nCutviaming S.AE+00 IS S6Es00 | RIS o
_IrEHitroeodiathylamine - 1.5E+02 RIS . 1.5E+02 IRIS ) : 0.1
A Nitrosodimethylaming 5.1E+01 RIS - . 4 BE+01 RIS 0'1
N-Nitresodiphenviamine 4 9E-03 T{AIS 4,9E-03 v ".1
N-Nitrosnpycrolicing 2.16400 1RIS 2.1E_¢00 RIS T - i - ;‘1 .
- F:::::m\race i 8.0E-01 RIS " 6.0E-01 t . 0%
. ﬁ’;:end S -1.6E+00 - RIS L.SE+00 IRIS B.OE-04 IRIS 8.0E-04 r 0.4
Tysiorinatedbliphenyls .
»:-:’Gclw;lrmﬁ ot 7-0€.02 .IRIS . 7.0E-02 1RIS 7.0€-05 IS 7.0E-05° ¢ 0.14
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Table C-1
Human Haalth Bonchmarks Used for Calculating SSLs .
Chemicst T SF, . Refarence sF, Referencs RiD, . Refarence RID, Referenze | ABS
gggd B -4 -
Arocicr 1221 . = 2.0&0? RS (m:.:)g’o‘oy'} RIS (mghgden). {mgkgcav) XT]
Aroricr 1335 Z0E00 S Z0EDD RIS o7
hmclor 1242 . 20E+00 - | IAIE - 206400 TAS : Q'{.,
:‘:;'::::;2 . ZDEsCO | iAi5 2.0E+00 RIS 2.0E-05 3 2 0EDE s 0:14
oL 208400 T 2.0E400 (G 2.9ET5 A5 2.0E.C5 ' .14
B : . 20E+C0 RIS 20E400 T 3.6E-05 5 IOE.05 ~ 513
_ rouenze 8.0E04 RIS 8.GE-04 ' 0.1
x::‘;r 3.0E-02 RS 30803 r 0.1
u'.-;or i 5.0E-03 RIS 0.0
= . 50E-03 RIS 001
’5_‘“"“"5‘“ . . £.050" {AIs ‘ 0
RDX , 1.1501 LR 11601 r _ Z0ED3 RS 3.0E53 ; K
1.2,4 5-Tetrachiorsbenzens 30E-04 1a13 3.0E-04 4 1R}
1,42 2-Touachiotoethane - 20E-01 s 20801 s 8.0E-02 NCEA TG0E0E r o
Telrachiorostheny 5.2E-02 NCEA 2.05-03 NCEA 10E-02 RIS 1.1E-0¢ NCEA X
Thadium ) B.OEQS - RIS . . 201
Tolusna : 2GE-01 RIS 1.1E-01 BEAST B
Toxaphena 1.45450 RIS 1.9E+00 RIS . 0.1
Frawomonmthann 7.9E:03 1AIS 3.9E-03 RIS 30e02 | 1A 2.0E-02 T 0.i
1.2.4-Tretioregenzona : 3.0E-02 RIS 5.7E-02 HEAST 0.4
1.4, - Trchismothsng 35602 NCEA 2.6E0Y NCEA 6.1
1,1.2-Trchioroethans 5.7E02 RIS 5.6E-02 s 4.0EG3 RIS 4TE03 r 63
ThchiGoathene 15E02 NCEA | 1.0ED2 HCEA GOE-03 - | NCEA B.OE0S T o1
2.4,5 Trchiorophennl 1.0E-01 LT 10801 T X
3.4 fTachorphanl _ 3.1E-02 RS 1.1E02 —1AIS : 01
2.4.6-Tinkminivera - 3.0E-02 RIS 30E02 ' 5.0E-04 TIRIS £ GE-04 T 01
'Vanadium 70603 HEAST GOl .
{Viry! chionde 795400 | HEAST SGEDT HEAGT o
Nyteroa ' 2.0E+00 RIS 2.0E+00 T 0.1
Zine 3.06-01 IAIS 7 001

SE, - Orst cancer siope factor

A% - Intalation cancer stope factar

RED, ~ Otal Reference Dose

R, - lahalation Reference Dese

ABS - Gestroinleatinat absorption cacfficient

IRIS ~ Integrated Risk Information System, USEPA, 200¢

HEAST — Heuith Effects Asscssment Summary Tables, USEPA, 1997

NCEA — Naticna! Center for Enviremental Assessment, Office of Research ard fevelopmerit
r - Route-to-route extrapolation ]

S - Surrogatc value selected on basis of structure-activity relationship

l\




