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NOTICE:. This document is draft and should only be usad in the context of demonstration pilots being overseen by the U.S. EPA. The mathods
-used 10 suppon the approach discussed herein will undergo rigorous technical review and public comment before this document is finalized along

with SSLs for approximately 60 additonal chemicals in the summer of 1994,

BACKGROUND

On June 19, 1991, the U.S. Environmental Profection Agency’s
(EPA’s) Administrator charged the Office of Solid Waste and
Emergency Response (OSWER) with conducting a 30-day
study to outline options for accelerating the rate of cleanups at
National Priority List (NPL) sites. The study found that the
current investigationfremedy selection process takes over 3
years to complete because each site is treated as a unique
problem, requiring the preparation of site-specific risk
gacssments, cleanup levels, and technical solutions. The study
ed that standardizing the remedial planning and remedy
selection process would significantly reduce the time it takes
to start cleanups and would improve consistency across the
Regions. One of the specific proposals was for OSWER to
"examine the means to develop standards or guidelines for
contaminated soils.”

On June 23, 1993, EPA announced the development of Soil
Trigger Levels as one of the Administrative Improvements to
the Superfund -program. This fact sheet presents Soil
Screening Levels (SSLs) (formerly known as trigger levels) for
30 chemicals and represents OSWER's first step toward
standardizing the evaluation and cleanup of contaminated soils
under the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA).

An SSL is a chemical concentration in soil that represents a
level of contamination above which there is sufficient concem
to warrant further site-specific study. Concentrations in soil
above this screening level would not automatically designate
a site as "dirty,” nor trigger a response action. However, they
suggest that a further evaluation of the potential risks that may

be posed by site contaminants is appropriate. Generally, if

contaminant concentrations in soil fall below the screening
lcvel and the site meets specific residential use conditions, no
er study or action is wamranted for that area under
'ERCLA (Superfund). However, some States have developed
screening numbers that are more stringent than those presented
in this fact sheet, and therefore further study may be wan'antcd
under State programs.

PURPOSE OF SSLs -

The primary purpose of the SSLs is to accelerate decision-
making conceming contaminated soils. Initiz® applications will
focus remedial investigaiions by cibminaiing from further study
site areas that do. not. warrant further study. under CERCLA.
In fostering prompt identification of the contaminants and
exposure areas of concemn, the SSLs may also help simplify or
accelerate the baseline risk assessment and may serve as
Preliminary Remediation Goals (PRGs) under specified
conditions. EPA will explore other potential applications as it
proceeds to refine and expand this guidance. Such appucations
may include removal response actions, site assessment/NPL
listing, voluntary cleanups, and Resource Conservation and

. Recovery Act (RCRA) Corrective Actions.

ATTRIBUTES OF SSLs

The 30 SSLs presented in this document have been developed
using residential land use human exposure assumptons and
considering three pathways of exposure to the contaminants
(see Figure 1): '

+ ingestion of -soil
« inhalation of volatiles and fugitive dusts

» migration of contaminants through soil to an underlying
potable aquifer.

These pathways have proven to be the most common routes of
human exposure to contaminants in the residential setting at
hazardous waste sites evaluated by EPA. Also, substantial
efforts have been made to model these particular pathways.

Other routes/pathways may contribute significantly to the risk
posed by exposure to specific contaminants (e.g.. dermal
exposure or exposure via food chain contamination). OSWER
will continue to seek consensus on the appropriate methods
required to quantify additional routes/pathways generically.
The results of these efforts may be included in the final
guidance.
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Direct Ingestion -
of Groundwater
and Soil

Inhalation

Not Addressed:

« Ecological effects

« Dermal absorption
Indoor exposure to volatiles from soil and water
Consumption of fish, beef, or dairy products
Land uses other than residential

Figure 1. Pathways addressed by soll screening.

An overview of key SSL attributes includes:

SSLs calculated for the ingestion and inhalation pathways
are based on standard equations modified from the Human
Health Evaluation Manual (Part B) (U.S. EPA, 1991).

» SSLs for migration to groundwater pathways are based on
a partitioning equation coupled with a dilution. and
attenuation factor (DAF).

« Conservative default values were used to calculate levels
protective of "high end" individual exposures.

« SSLs are generally based on a 108 risk for carcinogens. or

" a hazard quotient of 1 for noncarcinogens; SSLs for
protection of groundwater are based on nonzero maximum
contaminant level goals (MCLGs), or maximum contam:-
nant levels (MCLs), if available, or these same risk-basad
targets otherwise.

+ SSLs are calculated for individual exposure pathways.

The SSLs correspond to a 1078 risk level for carcinogens and
a hazard quotient of 1 for noncarcinogens and the potential {uw
additive effects has not been “built in” to the SSLs through
apportionment. For carcinogens, EPA believes that setung a
10°® risk level for individual chemicals and pathways wuii
generally lead to cumulative risks within the risk range (10 *

to 10°) for the combinations of chemicals typically found a

‘uperfund sites.

For noncarcinogens, there is no widely accepted "risk range.”
Thus, for developing national numbers, options are either (1)
to set the risk level for individual contaminants at the reference

dose (RfD) or reference concentration (RIC) (i.e., a hazard
quotient of 1), or (2) to set chemical-specific concentrations by
apportioning risk based on some arbitrarily chosen fraction of
the acceptable risk level (e.g., one-fifth or one-tenth the
RfD/REC). The Agency believes, and the Science Advisory
Board agrees (U.S. EPA, 1993b), that noncancer risks should
be added only for those chemicals with the same toxic
endpoint or mechanism of action. Because the combination of
contaminants will vary from site to site, the potential for
additive effects and the need o apportion risk must be a site-
specific determination.

Practically speaking, however, the five SSLs listed in Table 1
that are based on noncarcinogenic effects (RfDs) all have
different endpoints of toxicity (i.e., the critical effects on which
the RfDs are based are different). Thus risks for cumulative
exposure would not be additive. Furthermore, for the
noncarcinogenic volatiles (e.g., ethylbenzene and toluene), the
SSLs based on the ingestion pathway are very high, higher
than what is physically possible. In these cases, it is necessary
to establish a reasonable “ceiling limit” for the amount of
chemical that may be in the soil matrix at sites likely to use

- this guidance. For the purposes.of this guidance, this "ceiling

limit” is based on the soil saturation limit (C,,), not toxicity,
and serves as the SSL for that chemical. For these reasons,
straight apportionment of SSLs in this fa.: sheet would be
inappropriate. -

For the groundwater pathway only, SSLs are part of a four-
tiered approach to evaluating soil contaminants that may leach
to groundwater. The tiers reflect increasing levels of site
specificity and cost but generaliy decreasing levels of
conservatism. The first tier SSLs rely heavily on concentration
levels derived from mathematical modefs and generic
assumptions. If contaminant levels at a site do not exceed the
first tier SSLs and other site exposure pathways are accounted
for in the assumptions used to derive the SSLs, then the area
or site is no longer of concem under CERCLA remedial
authority. If contaminant levels at a site equal or exceed the
first tier SSLs, or other pathways of concern are present, full
site investigation may be initiated or one may consider higher
tier screening analyses. The other three tiers are distinguished
by their approach to. evaluating the soil-to-groundwater
pathway. Tier 2 uses site-specific values in a partitioning
equation, Tier 3 uses a leach test, and Tier 4 involves full-scale
site-specific modeling. -

LIMITATIONS OF SSLs

SSLs do not trigger the need for response actions or define

“unacceptable” levels of contaminants in soil. In addition, the

levels are not necessarily protective of all known human
exposure pathways, reasonable land uses, or ecological threats.

SSLs were not developed as nationwide cleanup levels or
saodards. They are risk-based levels that have not yet been
madified based on the Superfund remedy selection critena that
e designed to tailor final cleanup levels to site-specific
<onditons (NCP Section 300.430 (3)(2)(i)(A)).
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Table 1. Superfund Proposed Soll Screening Levels*
‘ Psthway-specific values for Groundwater pathway levels
suriace soils (mg/kg) Surface soii (mg/kg)
SSLs | With 10 With 100
Chemical ingestion inhalation (mg/kg) Unadjusted DAF° DAF®
a-BHC 0.19 1.0¢9 0.1¢ 0.0001 ° 0.001 ¢ 0.019
Benzene 229 259 25¢ 0.001° 0.019 0.1
Benzo(a)pyrene 0.119 1339 *0.11 9 0719 7.1 7
Carbon tetrachioride 499 1.5¢ 1.59 0.003 * 003 03
Chiordane 0.49¢ . 0.6° 0.49 ¢ 0.2¢ .2 20
Chlorobenzene 1600' .. 1709 1709 0.05 0.5 5
Chioroform 100 9. 119 1.19 0.02 0.2 2
Chrysene . - 1o0¢. 0389 0.38 ¢ 0.04 0.4 4
00T 1.9¢ 399 199 0.23. 23 - 23
1,4-Dichlorobenzene .279 . 80 ¢ 27¢ 008° ....08 8
1,1-Dichloroethane 7800 4509 4509 0.62 6.2 62
1,1-Dichloroethene -~ . .  1.19 0.17°9 0.17 ¢ 0.002 ° 0.02 0.2
Dieldrin 0.049 ... 5.19 0.04 ¢ 0.0001 * 0.001.¢ 0.01
Ethylbenzene o 7,800 . 588 589 0.33 - 33 33
Methylene chioride 859 449 449 7 0.001°.. ... 0.007° 0.07
Naphthalene 3,100 529 529 25 - 25 250
PCB-1260 S - - . 082.. - .- 82 .. .. 82
Pentachlorophenok - - 53¢ ot —h 0.001 % .- .. 0.009% - o0.08!
Tetrachloroethene 129 419 129 0.003* 0.03 03
Toluene e -16000' ... 1508 1509 0.36 - 36 - 36
1,2,4-Trichlorobenzene - 780 939 939 03°* = -23. 23
1,1,1-Trichloroethane - - 7.000' ... 4209 4209 0.07. 0.7 7
Trichloroethene. sg¢- .. - 139 1349 0.001 * 0.01° 0.1 -
Vinyl chloride 0.344 0.02¢ 0.02 9 0.0002 ® 0.002 ° 0.02
Xylenes (mixed) 160,000 * 979 979 57 . 57 570
Arsanic 0.37¢ 2,600 ¢ 0.37 9 1.41 14} 140!
Cadmium 39! 6,200 ¢ ag'f 0.811 8.11 81!
Chromium (V1) 390! 930 ¢ 3go 1.91 191} 190!
Mercury 23! 41! 23! 0.31 3i 901
Nickel 1,600 " 47,000 ¢ 1,600 82i 82} v20!
- = -

& Screening Levels based on human health criteria only.

® Surface soil SSLs represent the lower of ingestion and inhalation values.

€ DAF = Dilution and attenuation factor.

¢ Cakulated values correspond to a cancer risk level of 1 in 1,000,000.

¢ Level is at or below Contract Laboratory Program required quantitation limit for Reguiar Analytical Services (RAS).

! Calkulated values correspond to a noncancer hazard quotient of 1.

9 Soil saturation concentration (C,,,).

" No toxicity criteria available for that route of exposure.

' A preliminary remediation goal of 1 ppm has been set tor PCBs oased on Guidance on Remedial Actions for Superfund Sites

~ with PCB Contamination (U.S. EPA, 1390) and on Agency-wide efforts to manage PCB contamination.

I SSLs for pH of 6.8.

However, SSLs can serve as PRGs in the following cases:

+ Where site conditions mimic the model assumptions
underlying the SSLs (i.e., all pathways of concem at a
given site match those accounted for in the SSLs), or

«  Where the site manager or owner decides not to incur costs
of additional site-specific sudy to amive at less
conservative but still protective levels. -

The primary condition for use of the SSLs is that exposure
pathways of concern and site conditions must maich those
taken into account by the levels. Thus, at all sites it will be
necessary to develop a simple conceptual site model to identify
likely source areas, exposure pathways, and potential receptors
t0 assist in determining the extent to which the SSLs can serve
as PRGs. In addition to developing a conceptual site model,
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the following questions should always be considered by the
decisionmaker before applying the SSLs:

* Are there potential ecological concerns?
Is there potential for land use other than residential?

» Are there other likely human exposure pathways that
were not considered in deve.. ment of the SSLs (e.g., local
fish consumption; raising of beef, dairy, or other livestock)?

» Are there unusual site conditions (e.g., unusually large
area of contamination, unusually high fugitive dust levels)?

If any of these four conditions exist, then SSLs cannot be used
to screen out sites or portions of sites from further evaluation.
In addition, SSLs should not be viewed independently of either
natural or anthropogenic background concentrations. Where
natural background levels are higher than SSLs, generally the
SSLs will be of little value since it is inappropriate to conduct
further study or action to address contaminants below
background. Similarly, when anthropogenic background levels
exceed the SSLs, EPA does not encourage additional study or
action without first attempting to coordinate such action with
the authority responsible for managing the more broadly
contaminated area. In cither case, the collection of site-
_ specific data is highly recommended.

HOW TO USE SSLs

le 1 contains SSLs for 30 chemicals. The first column to

right of the chemical name presents values based on soil
ingestion. The second column presents the lower of two
values derived to protect for either inhalation of volatiles or
soil particulates. The third column simply presents the lowest
number of the first two columns and may be used as the SSL
for surface soils under most residential circumstances. For
sites, where groundwater is a pathway of concemn, SSL values
for the migration to the groundwater pawmiway apply. Three
different SSLs address migration of contaminants to ground-
water; the selection of an appropriate SSL -for this pathway
depends on site-specific conditions as discussed below. The
first column of groundwater values reflects the levels
calculated by the partitioning equation with no correction factor
added for dilution and attenuation in the subsurface
(unadjusted). The next two columns reflect the levels adjusted
by factors of 10 and 100, respectively (10 and 100 DAB 10
account for such dilution and attenuation.

As mentioned above, the first step in applying the SSL
guidance is to develop a simple conceptual model of the site
based on available site sampling data, historical records, acnal
photographs, and site hydrogeologic information. This model
will establish a hypothesis about the possible contaminant
sources, their fate and transpott, potential exposure pathways,

d human or eavironmental receptors. If the conceptual

odel indicates that potential exposure pathways and receptors
are fully accounted for in the SSL methodology. the SSLs may
be directly applied to the site. However, if the model indicates
that ihe site is either very large or complex or that there are
exposure pathways NOT accounted for in the SSL

methodology, SSLs will not be suitable to fully evaluate the
site. They can be used, however, in the site evaluation since
SSLs have been derived on a pathway-specific basis, and, thus,
it will only be necessary to evaluate those exposurz mathways
that are not already considered in the SSL methouology.

The second step involves collecting a representative sample set
ior each exposure area. (See Measuring Soil Levels for more
detailed guidance on sample numbers and locations.) An
exposure area is defined as that geographic area in which an
individual may be exposed to contamination regularly. It may
involve the entire site, portions of a site, or a simple residential
lo. To maximize efficiency, data collection should be
coordinated with other carly sampling efforts that may be
undertaken to gain a better understanding of basic site
hydrogeology, - ecological threats, or the potential for
application of various treatment technologies. For example, .
the decision may be made early on to collect data for site-
specific modeling purposes at a particular site; in this case, the
site manager should work to limit total trips to the site and
minimize the number of samples collccted and their locations.

The third step is to compare s-“'-m-f' ic.data_with the SSLs
in Table 1. At this point, it is reasonable to revisit the original
conceptual site model with the actual site data in hand to
reconfirm their accuracy. Generally, this comparison will
result in one of three outcomes:

1. Site-measured values indicate that an area falls well below
any SSL in the table. These areas of the site can be
eliminated from funher evaluauon.

2. Site-measured data indicate that one or more SSLs have
clearly been exceeded by a- wide margin. In this case, the
SSLs have heiped to identify contaminants and exposure
pathways of concern on which to focus further analysis or
data gathering efforts.

3. A site-measured value exceeds one pathway-specific value
but not the others. In this case it is reasonable to focus
additional site-specific data collection efforts only on data
that will help determine whether there is truly a risk from
that pathway at the site. When an exceedence is marginally
significant, a closer look at site-specific conditions and
exposures may result in the area being eliminated from
further study. If this is the case for the groundwater
pathway, a manager may choose to collect data specified in
the next higher tier(s).

For an NPL site at which SSLs are exceeded. a quick analysis
can determine whether the cumulative risks posed by the site
exceed the 107 risk Jevel for carcinogens (or hazard index [HI)
of 1 for noncarcinogens), which generally is the trigger for
remedial action under Superfund. Where the basis for
response action exists, and exposure pathways of concem are
addressed by the SSLs, the SSLs become PRGs as defined in
the Human Health Evaluation Manual, Part B (U.S. EPA,
1991).
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In accordance with the National Contingency Plan (NCP), the

decisionmaker will need to consider a variety of factors in

determining whether any modification of the SSLs (PRGs) is

2ppropriate in setting final cleanup levels (NCP Section

430(e)(2Xi)(A)). Ultimately, final cleanup levels are set

\ gh the evaluation of the NCP's nine criteria, including
cost, long-term effectiveness, and implementability. If

groundwater is the diiving path...ay, even at this final stage,

the option exists to consider other SSL tiers in identifying final

cleanup levels.

TECHNICAL BACKGROUND

The models and assumptions used to develop the SSLs
construct scenarios representative of a “reasonable maximum
exposure” (RME) in the residential setting. U.S. EPA (1989b)
outlined the Superfund program’s approach to calculating an
RME. Since that time, the EPA (U.S. EPA, 1991) has coined
a new term that comsponds to the definition of RME: “high-,
end individual exposure.” The Superfund program’s method
to estimate the high-end (outlined in U.S. EPA, 1989b) is to
combine an arithmetic average value for site concentration with

high-end values for intake and dura‘ion. ‘The csiimate of high- -

end exposure is then compared to chemical-specific Agency
toxicity criteria found in._the Integrated Risk Information
- System (IRIS) and Heaith Effects Assessment Summary Tables
(HEAST). The method used to set SSLs combines high-end
defauit values for the intake and duration parameters with
Agency toxicity criteria to back-calculate to a screening level

soil. Therefore, attainment of SSLs should be measured

on an arithmetic average.

Although the generic assumptions are not considered overly
conservative, EPA recognizes that site-specific conditions may
differ significantly from the generic assumptions used in the
models.  Therefore, for the groundwater pathway the
subsequent tiers of the SSLs allow for the substitution of some
of the generic fate and transport assumptions with site-specific
data to derive alternative "screening levels” that are more site-
specific. Bear in mind, however, that one purpose of the SSLs
is to define a level in soil below which no further study or
action would be required. Therefore, altemative levels using

ite-specific data, although less conservative, must still be
protective of "high-end” individual exposures.

The following sections present the equations and generic
assumptions used to calculate the Screening Levels for each
pathway evaluated.

Direct Ingestion

Agency toxicity criteria for noncarcinogens establish a level of
"daily” exposure that is not expected to cause deleterious
effects over a lifetime of exposure (i.c.. 70 years). Depending
.n the coantaminant, however, exceeding the RfD (i.e., the

acceptable” daily level) for a short period of time may be
cause for concem. For example, if there is reason to believe
that exposure to soil may be higher at a particular stage of an
individual's lifetime, one would want to protect for that shorter

"| Parameter/Definition (units)™ Defaui——— -

period of high exposure. Because a number of studies have

shown that inadvertent ingestion of soil is common among_

childxen age 6 and younger (Calabrese et al., 1989; Davis et
. 1990; Van Wijnen et al., 1990), OERR set SSLs at
concentmuons that are protective of this increased exposure
during childhood by ensuring that the chronic Reference Dose
(or RfC) is not exceeded during this shorter (6-year) time
period (Equation 1), If there is. rcason to believe that
exposures at a site may be significant over a short period of
time (e.g., .extensive soil excavation work in a dry region),
depending on the contaminant, the site manager should
consider the potential for acute health effects as we'l.

Equation 1: Screening Level Equation for
Ingestion of Noncarcinogenic
Contaminants in Residential Sod

THQ x BW x AT x 365 dyr

Screening Level (mgkg) =
o (maAa) 1/RID, x 10° kg/mg x EF x ED x IR

.

THQAarget hazard quotient (unitless) |1

R{D, /oral reference dase (mg/kg-d) | Chemical-spectfic
BW/body weight (kg) . ) 15

AT/averaging time {yr) , = _ e*

EF/exposure frequancy (dyr). . . . 350
ED/exposure duration (yr) 6

IR/soil ingestion rate (mgld)"’ 200

* For noncarcinogens, Averaging. Time is equal o Exposure
Duration.

For carcinogens, both the magnitude and duration of exposure
are important. Duration is critical because the toxicity cnteria
are based on "lifetime average daily dose.” Therefore, the total
dose received, whether it be over 5 years or 50 years, is
averaged over a lifetime of 70 years. To be pruiective of
exposures to carcinogens in the residenual seting, OERR
focuses on exposures to individuals who may live in the same
residence for a "high-end” period._of time (i.c.. 30 years). As
mentioned previously, exposure to soil is higher duning
childhood and decreases with-age. Thus, Equaton 2 uses a
time-weighted average soil ingestion rate for chidren and
adults. The derivation of this time-weighted average is
presented in U.S. EPA (1991).

Inhalation of Volatiles and Fugitive Dusts

Agency toxicity criteria indicate **-: risks from exposure 10
some chemicals via inhalation far outweigh the nsky via
ingestion; therefore, the SSLs have been designed 10 akdress
this pathway. The models and assumptions used 10 cakculate
SSLs for inhalation of volatiles and fugitive dusts are updaics
of the equations presented in U.S. EPA’s HHEM Pat B
guidance (U.S. EPA, 1991) and are presented in Equations )
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Equation 2: Screening Level Equation for
Ingestion of Carcinogenic
Contaminants i Residential Soll

Equation 4: Screening Level Equation for
inhalation of Noncarcinogenic
Contaminanis in Residentlal Soll

l Screening Level

TR x AT x 365 dyr

Psrameter/Definition (units) Defauilt
TRAarget cancer risk (unitiess) 108
SF, /oral slope factor (mgkg-d)™ Chemical-spaecific
AT/averaging time (yr) 70
EF/exposure frequency (d/yr) 350
'an-q /age-adjusted soil ingestion 114

factor (mg-yr/kg-d) :

Equation 3: Screening Level Equation for
inhalation of Carcinogenic
Contaminants In Residentlal Soll

Saumng_ Level

TR x AT x 365 diyr

Screening Level

THQ x AT x 365 diyr

(mg/kg)

EFxED x| V' ' ., !
T |\VF - PEF

Parameter/Definition (units,

THQrarget hazard quotient (unitiess)

AT/averaging time (yr)

EF/exposure frequency (d)

ED/exposure duration (yr)

RfC/inhalation reference concentration
(mg/m®) -

VF/soil-to-air volatitization factor
(m*kg)

PEF/particulate emission factor
(m*kg) '

Default

1

30

350

30
Chemical-specific

Chemical-specific

147 x10°

Equation 5: Derivation of the Volatilization Factor

12
VF (mamg) - (QIC) x (3.14 X a X T) x 10-4"‘2,“"2
X

(mg/kq) xEFxED x| ! , 1
URF x 1000 pg/mg x E [‘vr m]

Parameter/Definition (units) - Defauit
arget cancer risk (unitless) 10
Ffinhalation unit risk factor Chemical-specific
(ng/m’y"’

AT/averaging time (yr) 70

EF/exposure frequency (d) 350

ED/exposure duration (yr) 30

VFi/soil-to-air volatilization factor Chemical-specific
(m*Ag)

PEF/particulate emission factor 4.51 x 10°
(m?/kg)

through 7. The volatilization factor (VF), soil saturation
limit (C,,,), and d'shersfon model have all been revised.

Another change from the Part B methodology is the separation
of the ingestion and inhalation pathways. Agency toxicity
criteria for oral exposures are presented as intemal doses in
units of mg/kg-d: whereas, the inhalation criteria are presented
as concentrations in air (ug/m*> or mg/m’) that require
conversion to an estimate of intemal dose to be comparable to
the oral route. EPA's Office of Research and Development
(ORD) now believes that the conversion from concentration in

air 10 intemal dose is not always appropriate and suggests

evaluating these exposure routes separately.

' explained in Part B, the basic principle of the volatilization
odel is applicable only if the soil concentration is at or below
soil saturation. Thus, for those compounds for which the SSL
exceeds the soil saturation limit (C,,), the SSL is set at C,,,.

(g/lem’)

K,, /soil-air partition coefficient
(g-soil/cm’-ait)

T/exposure interval (s)

D, /ditfusivity in air (cm?ss)

H/Henry's law constant (atm-m°/mol)

K4 /soil-water partition coefficient
(cm®/g)

Koc /or%anic carbon partition coefficient
(cm°/g)

OC/organic carbon content of soil
(fraction) :

oi X Fo X
where:
p— D.i X P. -
Per (g (T - F TR
Parameter/Definition (units) Defauit
VFvolatilization factor (m*/kg) -
(Q/C)/inverse of the mean conc. at the {101.8
center of a 0.5-acre square source
(g/m?-s per kg/m3)
D, /effective diffusivity (cm?/s) D,(Pa®®/PR)
P, /air filled soil porosity (unitless) P-8f
P, fotal soil porosity (unitiess) 1-(B/p,)
©/soil moisture content 10% or 0.1
(cm’-water/g-soil)
B/soil buk density (g/cm®) 1.5
p, /true soil density or particle density 12.65

(HK) x 41 (41isa
conversion factor)
79x10%s
Chemical-specific
Chemical-specific

Ko X OC
Chemical-spaecific

2% or 0.02
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Equation 6: Derlvation of the Soll Saturation Limit

c

_(K,xc.xa).(c_xp_).(c.xu'xp.)

sat f

Parameter/Definition (units)

C,./s0il saturation concentration
(mg/kg)

K/soil-water partition coefficient (L/kg)

Ko /Organic carbon partition coefficient
(Lkg)

OC/organic carbon content of soil
(fraction) o

C, /upper-limit of free moisture in soll
(mgA.-water)

6,, /soil moisture content
({kg-water/kg-soil)

S/solubility in water (mg/L-water)

B/soil buk density (kL)

P, /water-filled soil porosity (unitless)

H'MHenry's law constant (unitless)

H/Henry's law constant (atm- -m>/mol)
*| P, /air-filled soil porosity (umtloes)
elsonl moisture content
{L-water/kg soil)
P, Notal soil porosity (unitiess)
ftrue soil density or particle density
{(kgL)

Default

Koe X OC
Chemical-specific

2% or 0.02
Sx 6,
10% or 0.1

Chamical-specific
1.5

P,-P, ..

H X 41 where 41 is
a conversion factor
Chemical-specific
P,-6f - .
10% or 0.1

1- (Bip,)
2.65. ;.

Equation 7: Derivation. of the Particulate Emission

Factor

PEF(m3%kg) = (Q/C) x

3600e/M -

0.036 x (1-G) x (UUy)° x F{x)

Paramaeter/Definition (units)

PEF/particulate emission factor
(m*Ag)

(Q/C)/inverse of the mean conc. at the
center of a 0.5- acro square source
(g/m?-s par kg/m°)

0.036/respirable fraction (g/m -h)

Gfraction of vegetative cover
(unitless)

U,, /mean annual wind speed (m/s)

U, /equivalent threshoid value of wind
speed at 10 m (m/s)

{x)Aunction dependent on U/,
derived using Cowherd (1985)

(unitless)

Defauit
47x10°
101.8
0.036

0

45
12.8

0.0497

The particulate emission factor (PEF) derived by using the
default values in Equation 7 is approximately 0.2 pg/m®. This
represents an annual average emission rate estimate that is not
appropriate for estimating acute effects. Gvei the next few
months, OSWER will be investigating the impact of acute
exposure estimates on the SSLs.

Migration to Groundwater

The methodology for addressing potenual contamination of
groundwater from contaminants in soil reflects the complex

‘nature of contaminant fate and transport in the subsurface.

SSLs for migration to groundwater are based:-on a tiered
approach (see Figure 2). Tier 1 SSLs (presented in Table 1)
are based on the commonly used linear form of the Freundlich
partitioning equation that describes-the ability of contaminants
to sorb to organic carbon insoil (Dragun, 1988). Equation 8
incorporates the linear Freundlich equation, along with an
adjustment to relate sorbed' concentration in soil to the
analytically measured total soil concentration.

A..Ta: 1-Screecing Lovels . -
o Partitioning equation )
L DAFof 10 100

TmZSaoemtgLoveb R - )

. DAFO‘") 100 - '

Conservatism

Tms Evaluanon
e SPLP, DAF of 10, 100

Tier 4 Evaluation . . .
o Use of fate and transport model
in site-specific application \J

Figure 2. Tiered aﬁproéch groundwater pathway.

Equation 8: Soll Screening Level Partitioning
Equation for Migration to
Groundwater

S ng Lovel - :
- f + yBD
in Soil (mgig)  CiKecXled * (6 x S/BO)
Parameter/Definition (units) Default
C,/acceptable groundwater limit MCL
(NA) R . g

K, /organic carbon partitioning Chemical-specific

coefficient (Lkg)

f.. ffraction of organic carbon in soil  10.002

{unitiess)

6/s0il porosity (Lpoe/leai .. 2.5

SAraction water content (L“,_JH,,.) 03

BO/soil bulk density (kg/t,..) 1.5

In this equation, nonzero groundwater MCLGs were used as
the acceptable groundwater limits for each contaminant. For
the 30 SSLs presented in this guidance, generally the nonzero
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MCLGs were the same as the MCLs. If nonzero MCLGs were
not available, MCLs were used, and, if MCLs were not
available. nisk-specific concentrations were derived using
‘gency toxicity criteria, a target cancer risk of 10, and/or a

ncancer Hazard Quotient of 1. Defauit values obtained from

.S. EPA’s ORD Laboratory in Athens, Georgia, are used for
soil porosity, fraction water content, and bulk density (U.S.
EPA, 1985). The soil organic carbon content value of 0.002
used for calculating the SSLs was selected from information on
the distribution of this parameter in U.S. soils (Carsel et al.,
1983). The value used for the organic carbon partitioning
coefficient (K ) is the geometric mean of measured values
reported in the literature {from a comprehensive literatire
search [Truesdale, 1992)). For inorganic constituents, the EPA
MINTEQ2 chemical speciation model was used to calculate K
values, which were then used in Equation 8 in place of the K _
x f, parameters. K, values for metals are significantly
affected by a variety of soil conditions, the most significant of
which is pH. For this reason, metal K, values for three pH
conditions were used to develop the SSLs: 4.9, 6.8, and 8.0.
Table 1 contains SSLs for inorganics corresponding to a pH of
6.8. Table 2 contains inorganic SSLs corresponding to pH
values of 49 and 8.0. If pH conditions at a sile ‘are ot
known, the SSL corresponding to a pH of 6.8 should be used.
Table 2 also includes SSLs for pentachiorophenol (PCP),

" whose partitioning behavior is also highly pH dependent.
The partitioning equation relates contaminant concentrations in
il adsorbed t0 soil organic carbon to soil leachate
‘maminant concentrations in the unsaturated zone.
ontaminant migration through the unsaturated zone to the
water table generally reduces the soil leachate concentration by
attenuation processes such as adsorption and degradation.
Groundwater transport in the saturated zone further reduces
concentrations through attenuation and dilution. Generally, to
account for those mechanisms in the subsurface environment,
a correction factor should be applied to the partitioning
equation value. Use of the EPA's Composite Model for
leachate migration with Transformation Products (EPACMTP)
“(U.S.” EPA, 1993a) has identified a DAF of 10 as an

appropriate correction factor to be applied to the partitioning - .

value in most cases. However, there are specific circumstances
under which use of a DAF is not recommended, such as in
areas of vuy- shallow groundwater or karst topography.
Likewise, there are other circumstances in which a higher DAF
may be appropriate. Further discussion of these situations as
well as details on the EPACMTP model are included on the
next page of this fact sheet.

The -assumptions factored into the Tier 1 levels are
conservative, rendering the SSLs fairly stringent. If site
concentrations do not exceed the SSLs muluplied by the
appropriate DAF, then the pathway is excluded from further
investigation. However, if site concentrations do exceed the
Tier 1 SSLs, they may be used as PRGs (when appropniate),
or a Tier 2, 3, or 4 investigation may be conducted. Each tier
requires more site-specific information but may lead to a less
stringent "screening” concentration.

The Tier 2 levels represent a minimal increase in site-
specificity and perhaps less conservative Screening Levels.
The partitioning equation aised in the Tier 1 calculation

"1Equation 8) remains as the base for the Tier 2 leveis along—— -

with the same DAF (either 1, 10, or 100). However, site-
measured values of organic carbon, soil porosity, fraction water
content, and soil bulk density are substituted into the equation
to calculate Screening Levels more tailored to site
characteristics. If site concentrations do not exceed the Tier 2
SSLs, then the pathway is excluded from further investigation
or concem. The rationale behind this decision is that, because
Tier 2 incorporates site-specific information, the levels are
more representative of actual site conditions than Tier 1. If
site concentrations exceed the Tier 2 SSLs, the user has the
option of conducting a Tier 3 or 4 investigation, realizing the
increase in site-specificity and cost associated with collecting
additional site data.

The Tier 3 invwligétion involves conducting a specific leach
test, the Synthetic Precipitation Leaching Procedure (SPLP)
(U.S. EPA, 1992c). If the leach test results divided by the

Table 2. Proposed Groundwsater Pathway SSLs for inorganics and Pentachlorophenol,
as a Function of pH*

g

-
—— =

Proposed groundwater pathway SSLs (mg/kg)

Unadjusted With 10 DAF® With 100 DAF®
Chemical pH 49 8.0 4.9 8.0 4.9 80
Arsenic 1.2 1.6 12,5 15.7 125 157
Cadmium 0.006 10.0 0.08 100 0.81 1,001
Chromium (V1) 3.1 1.4 31.4 136 314 136
Mercury 0.0002 0.42 0.002 42 0.02 422
Nickel 0.32 15.7 3.2 157 317 1.573
Pentachiorophenoli 0.017 0.0009° 0.17 0.009°¢ 1.7 009

- ——

“Screening Levels based on human health criteria only.
®DAF = Dilution:attenuation factor.

“Lavel at or below Contract Laboratory Program required quanttation limit for Regular Analytical Services (RAS).
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DAF of 10 exceed the acceptable groundwater limit (e.g..
nonzero MCLG, MCL, 10 risk-based values), then further
investigation would be warranted. The SPLP may not be
applicabie to all contaninzted soils (e.g., oily types of waste
not yield suitable results). Therefore the user is advised to
discretion when applying the SPLP. Additional guidance
ontheuseandhmlmxonsofmeSPLPwﬂlbepmv!dedmlhe
final guidance. - 0 T

Tier 4 represents the highest level of site-specificity in
evaluating the migration to groundwater pathway. In this
investigation, site-specific data are collected and used in a fate
and transport model to confirm the threat to groundwater and
further determine site-specific cleanup goals as would typically
be done for the remedial investigation/feasibility study (RUFS).
A DAF is not used.in this_tier. because_jhe. model would
account for fate and transpart mechanisms in the subsurface.
The advantage of this approach is that it accounts for site
hydrogeologic,: - .climatclogic, and contaminant source
characteristics and may result in fully protective but less
stringent remediation goals. However, the additional cost of
collecting the data required to apply the model should be
faciored inio ihe decision to conduct a Tier 4 investigation.
An evaluation of 10 fate and transport models for potential use
in the Tier 4 evaluation will be included in the technical
backgrounddocmnentforﬂusfactsheuscheduledtobelssued
by OERR by January of 1994.. ;

The tiered framework for migmu'on to groundwater represents
sliding scale of increasing. site-specificity and. decreasing
nservatism. The assumptions factored into the Tier 1 SSLs

are conservative and therefore result in fairly stringent levels

that may not be appropriate in all situations. However, the
framework allows the user the flexibility to move away from
this conservative level by incorporating increasing levels of site
empirical data. In this way, site managers or owners of small,

relatively uncomplicated sites may benefit from the Tier 1

levels by bypassing the additional costs associated with

collecting additional data to conduct further investigatons.

However, it is likely to be in-the interest of site. managers or

owners of large and complex sites (o conduct’ a’ more sue-
specific investigation (o develop remediation..goals that are
more tailored to site-specific conditions. .

DETERMINING THE DILUTION/
ATTENUATION FACTOR

For wastes disposed of on land, the leaching of contaminants
into the subsurface and subsequent migration into and through
groundwater typically constitute a very significant pathway for
human and environmental exposure. As contaminants move
through the soil and groundwater, they are subjected (o a
number of physical, chemical, and biological processes that
affect the eventual contaminant concentration level at receptar
ints. These processes include, but are not limited to.
fenuation due to sorption of contaminants onto soil and
aquifer grains, chemical transformation (e.g., hydrolysis, redox
reactions, precipitation), biological degradation, and dilution
due to mixing of the leachate from the disposal unit with

ambient groundwater. The contaminant concentration arriving
at a receptor point ig therefore generally lower than the original
contaminant concentration in the leachate leaving the site.

The reduction in concontration can be expressed succinctly by
the DAF, defined as the ratio of ariginal leachate concentration
to the receptor point concentration. The lowest possible value
of DAF is therefore 1, corresponding to the situation where
there is no dilution or attenuation of a contaminant at all; i.e.,
the concentration at the receptor point is the same as that in
the leachate as it leaves the waste site. High DAF values on
the other hand correspond to a high degree of dilution and
attenuation of the contaminant from the leachate to the receptor

point. _

The Agency has developed subsurface fate and transport
models to assess the impact on groundwater quality due to
migration of contaminants from wastes on land. Specifically,
these models predict the DAF for a potential site of a domestic
drinking water receptor well, which may withdraw water from
the saturated zone under, or downgradient of, a contaminated
area. The model used to develop DAFs for this guidance is

- -the EPACMTP, _which.consists oLthxee main ‘modules:

lAnunsann'atedmmﬂowandconmmnmfateand
transport module

2. A saturated zone groundwater flow and contaminant fate
and transport module

3. A Monte Carlo driver. module, .which generates model
parameters from nationwide probability distributions.

The unsaturated and -saturated zone .moduls simulate the
migration of contaminants from the base of a land disposal unit
to a downgradient recepter.well. The Agency has extensively

verified both the unsaturated and saturated zone modules -

against other available analytical and numerical models to
ensure accuracy and efficiency. Both the unsaturated zone and
the saturated zone modules of the EPACMTP, used for the
calculation of DAFs for the SSLs, have been reviewed by the
EPA Science Advisory Board and found to be suitable for
generic applications such as the derivation of nationwide
DAFs.

Modeling Procedure

For nationwide Monte Carlo model applications, the input to
the model is in the form of probability distributions of each of
the model input parameters. The output from the model
consists of the probability distribution of DAF values,
representing the likelihood that any specific DAF value is
exceeded.

For each modet input parameter, a probability distribution is
provided. describing the nationwide likelihood that the
parameter has a certain value. The parameters are divided into
.UUf MAIN groups:
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1. Source-specific parameters, e.g., area of the waste unit,
infiltration rate - ‘

2. Chemical-quciﬁc parameters, e.g., hydrolysis constants,
,organic carbon partition coefficient

Unsaturated zone-specific parameters, e.g., depth to water
table,-seil. hydraulic conductivity

4. Saturated zone-specific parameters, e.g., saturated zone
thickness, ambient groundwater flow rate, location of
nearest receptor well.

During the Monte Caro simulation, values for each model
parameter are randomly drawn from their respective probability
distributions. In the calculation of the DAFs for the SSLs, site
data from over 1,300 sites were used to define parameter
ranges and distributions. Each combination of randomly drawn
parameter values represents one out of a practically infinite
universe of possible waste sites. The fate and transport
modules are executed for the specific set of model parameters,
yielding a corresponding. DAF value. This procedure is
repeated, typically on the order of several thousand times. to
ensure that the__entire universe' of .possible parameter
combinations (waste sites) is adequately sampled. At the
conclusion of the analysis, a cumulative frequency distribution
.of DAF values is constructed and plotted.

The Agency performed a number of sensitivity analyses
consisting of fixing one parameter at a time (o determine the
Q:meter(s) that have the greatest impact on DAFs. The

Its of the sensitivity analyses indicate that the climate (net
precipitation), soil types, and size of the contaminated area
have the greatest effect on the DAFs. The Agency feels that
the size of the contaminated area lends itself most readily to
practical application of the SSLs.

To calculate the DAF for the SSLs, the drinking water well
was located 25 feet downgradient of the edge of the
contaminated area, and the location of the intake point
(receptor well screen) was assumed to vary within the
boundaries of 15 and 300 feet within the aquifer (these values
are based on empirical data reflecting a national sample
distribution of depth of residential drinking water wells). The
sensitivity analyses indicated that the placement of the well 25
feet downgradient . of the contaminated area is more
conservative than allowing the well to be located directly
beneath the contaminated area. The location of the intake
point allows for mixing within the aquifer. OSWER believes
that this is a reasonable assumption because there will always
be some dilution attributed to the pumping of water for
residential use from an aquifer. The placement of the well was
assumed to vary uniformly within the boundary of the plume.
Figure 3 shows a schematic of the comnliance point location.
From these analyses, the largest allowable areas corresponding
DAFs of 10 and 100 at the 90th percentile protection level
approximately 10 and 1 acre, respectively. Therefore, for
sites of up to 10 acres, a DAF of 10 should be applied to the

unadjusted SSLs, while for sites at or below 1 acre, a DAF of

100 should be applied to the unadjusted SSLs. If a 95th
percentile protectiveness level is used, a DAF of 10 is

PLAN VIEW
s | i e@$y | Conmmmnant -
. well # : Plume
Groundwater + '
[ Fon—?>
SECTION VIEW
Well
| e=X— Land Surface
Sl |
Unsawrated
Zone

i

l' .
Gm*
R z
Saturated Zone

I7l 7777777777777 77777777 777777777777

Parameters: -

* X (distance from source to well) = 25

* Y (transverse well locaticn) = Monts Carle within—
width of plume _—

» Z (well intake point below water table) = Monte
Carlo, range 15 =» 300 ft

+ Raintall = Monte Carlo

« Soil type = Monte Carlo

* Depth to aguifer = Monte Carlo

* Assumes infinite source term

Figure 3. Soll to groundwater pathway—
calculating tie DAF. :

" protective for areas under 1/2 acre and a DAF of 100 is

protective for areas less than 1/10 acre. OSWER is
considering whether the 90th or 95th percentile protectiveness
level should be used in the final guidance. When sites are
located in areas of unusually shallow water table, within 5 feet
of surface, the unadjusted SSLs should be used. In this
scenario, contamination is located in or directly. above the
saturated zone; therefore, any dilution and attenuation
processes within the unsaturated zone would be negligible.

MEASURING SOIL LEVELS

As described in US. EPA (1992b), exposure to site
contaminants over a long (chronic) period of time is best
represented by an arithmetic average concentration; therefore,
attainment of the SSLs should be based on the arithmetic mean
concentration as well. The issue then becomes the number of
samples required to adequately estimate the mean and the area
over which the sample concentrations should be averaged-
Studies by EPA’s Exposure Assessment Group in ORD
indicate that 20 to 30 samples per exposure area are needed 10
calculate an upper confidence limit (UCLy;) on the arithmetic
mean that is very close to the true mean (U.S. EPA, 1992b).
i.c.. 10 adequately estimate the true mean without underesumat-
ing it. An appropriate exposure/averaging area can vary il



DRAFT - DG NOT CITE OR QUOTE - September 29, 1993

size, depending on site-specific conditions. At some sites, this
may be the entire site; at others, this may be only a portion .of
the site. For the purposes of this guidance, the Agency
heneves that the size of a typical residential lot (1/4 acre) is an
Qpropnate averaging area for the most conservative case (i.e.,

idential land use). For large sites that could be divided into
many areas equivalent to the size of a residential lot, the
number of samples needed to characterize the site becomes
quite high. This. coupled with the costs of analytical services
for each sample, could make the sampling costs onerous.
Therefore, OERR recommends following guidance for
measuring soil contaminant levels at NPL sites.

Sampie Pattern

A grid pattern such as a triangular or square/rectangular grid
is recommended to establish sample locations for each
exposure area (U.S. EPA, 1987). Biased sampling must also
be used in areas of suspected contamination or stained soils
and must be evaluated separately from the samples obtained by
systematic sampling.

Number of Samples

As mentioned, it is necessary to balance the need to achieve
statistical confidence in determining a meaningful arithmetic
mean concentration of contaminants in each exposure area with
the cost of obtaining the 20 to 30 samples recommended by
RD. Compositing of discrete samples is an option since EPA
interested in determining the arithmetic mean of the
contaminant concentration(s). Twenty discrete samples can be
composited down to four or five composite samples, while
maintaining confidence that the area average is not grossly
underestimated. Compositing may mask contaminant levels
that are slightly higher than the SSL, but areas of high
contamination will still be detected. Compositing is both a
reasonable approach and an efficient use of resources, since
Superfund is interested in average exposure over time.
However, none of the composite samplw should exceed the
prescribed SSL for any_contaminant. ~ For volatile organic
compounds (VOCs), composmng is not appropriate (U.S. EPA,
1989a, 1992a). Therefore, OERR advocates that 10 discrete
samples should be taken per exposure area for VOCs, and no
sample can exceed the Screening Level(s). Both the discrete
VOC samples and the composites must be analyzed by
Contract Laboratory Program (CLP) (or equivalent) methods.
(NOTE: Seven of the 30 contaminant SSLs for the
groundwater migration pathway at a DAF of 10 are below CLP
RAS or CLP-equivalent - detection limits.  For these
contaminants, special analytical services should be requested
for recalibration of the instruments, For example, to measure
low levels of VOCs, the gas chromatograph/mass spectrometer
(GC/MS) can be recalibrated to detect at 1, 2, 5, 10, and 25
ppb.

Use of Field Methods

Where available and appropriate, field methods (soil gas
surveys, immunoassays, X-ray fluorescence) can be used.

11

Again, for compounds other than VOCs, compositing samples
is acceptable as long as it is consistent with the field
methodology, If any sample concentration exceeds an SSL,
fisiher-site study is required. In addition, 10% to 20% of ficld
samples must be sent to a CLP (or equivalent) laboratory for
confirmatory analysis (U.S. EPA, 1992a). Please note that
field methods must be capable of achieving appropriate
cetection limits for most groundwater ~SLs.

Depth

When measuring soil levels at the surface for the inhalation
and ingestion pathways, samples should be taken at a depth of
6 inches. Additional sampling beyond 6 inches may be
appmpnaxe depending on the contaminant’s mobility, to
“account for geographic differences in construction practices
where soil disturbances are reasonably expected. For example,
in the Northeast, the ground may be excavated to 15 feet
before laying the foundation and constructing the basement of
a home. Excavated overburden is commonly used as fill
material around the property so that contaminants that were at
depth are now near the surface. Thus, it is important to be
cognizant of construction practices in inc arci.

For the groundwater pathway, the entire soil column, from the
surface to the top of the aquifer, should be sampled. For the
evaluation of vertical stratification, samples should not be
averaged over depth (ie., the soil core should not be
composited over depth), but rather individual samples should
be evaluated at appropriate depth intervals. One soil core per
exposure arca may be sufficient. However, where dense
nonaqueous phase liquids (DNAPLs) are smpecm soil cores
may be taken more frequently.

Sampling for Background Contamination

For metals, background sampling is necessary to “e certain that
OSWER is not defining levels below background as of
regulatory concem. If a statistical comparison of background
concentration and site samples indicates that background
metals concentrations are significantly above the SSLs, use of
the SSLs will be of limited value, as discussed earlier.

Additional Sampling Needed for
Groundwater Tier 2

To use groundwatér Tier 2, site-specific soil characteristics
must be determined by sampling. Parameters (0 measure
include bulk density, porosity, organic carbon content, and
water content.

Geostatistics

For large areas where the data are not widely scattered,
geostatstical approaches, such as kriging, can be used (o
estimate sample concentration trends across the exposure area
(U.S. EPA, 1989a).
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in litigation with the United States. EPA officiais may decxoe v tolow the guidance provided in this document, or to act at variance
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(NCP), which was published on March 8, 1990 (55 Federas Regster 8666). The NCP should beé considered the authoritative

sSource.




