
¢( ¢os'o,o0/37

,_ M60050.001379
MCAS EL TORO

BECHTEL NATIONAL INC. SSlC ct5o90.3

CLEAN II TRANSMITTAL/DELIVERABLE RECEIPT
Contract No. N-68711-92-D-4670 Document Control No.: CTO-0080/0 0 8 4

File Code: _ '©,_c_

TO: Commanding Officer DATE: 10/09/95

Naval Facilities Engineering Command CTO #: 0080

SouthwestDivision LOCATION: San Diego,CA
Mr. Paul Kennedy, Code 0233.PK (1 copy)

Building 128

1220Pacific H_hway _,

San Diego,/C,A. 9_J,3/518_ J

_ Tedaldi, CTO Leader
DESCRIPTION: Submittal of Review Comments on the Quick Reference Fact Sheet, the Draft

Soil Screening Guidance: Issues Document and the Technical Background for Soil Screening

Guidance, CLEAN II CTO-0080.

TYPE: _ Contract Deliverable _ CTO Deliverable X Change Notice/Project Note

VERSION: Final REVISION#: 0
(e.g., draft, draft final, final)

ADMIN RECORD: Yes+ No Category Confidential
(PM to Identify)

SCHEDULED DELIVERY DATE: None ACTUAL DELIVERY DATE: 10/09/95

NUMBER OF COPIES SUBMITTED: Five

COPIES TO (Include Name, Navy Mail Code, and No. of Copies):

SWDIV: BECHTEL (Distributed by Bechtel): OTHER (Distributed by Bechtel):

J. Rogers, Code 18C1 (l) D. Cowser (I) B. Arthur, US EPA (1)

J. Ashman,Code 183l.JA ( !) D. Tedaldi( I) S. Beard. Cai EPA (l)

V. Garelick, Code 1853.VG (I) T. Latas (I) J. Jimenez. Cai EPA (l)

T. Broussard,Code0233.DB (1) C. Carlise (l) J. Joyce, El Toro (1)

A. Piszkin, Code 1831.AP (1) P. Brooks (1) L. Vitale, CRWQCB il)

BNI Document Control (1)

._ lan A I

Z it rri  etUt l

* Transmittal Only

' ff "Yes" co0¥ C. Potter _lO0

I0/9t95.I:29 PM.djact11:',ctoSO_ramwmt_ansltr.doc ' Q3h1303_



Bechtel .
401 WestA Street Bechtel Job No. 22214
Suite 1000 Contract N68711-92-D-4670
SanDiego,CA92101-7905 File Code: 0217.3

IN REPLY/REFERENCE: CTO-0080/0 0 8 4

Thursday, October 05, 1995

Juan Jimenez, RPM Base Closure Branch

State of California Environmental Protection Agency
Department of Toxic Substances Control
245 West Broadway, Suite 350
Long Beach, CA 90802-A.n?.A.

Subject: Submittal of Review Comments on the Quick Reference Fact Sheet, the Draft Soil Screening
Guidance: Issues Document and the Technical Back_ound for Soil Screening Guidance

Dear Mr. Jimenez:

I am providing this submittal of review comments on the above-referenced documents. I was selected by USEPA
headquarters as part of nine peer reviewers nationwide and the attached comments should prove of interest to the
MCAS El Toro BCT. I have provided comments on major issues, not a page-by-page critique of the documents. This
submittal is mostly for information purposes only since the draft documents have not been finalized and issued by EPA
yet.

In general, EPA's presentation was rigorous and well-documented. While I support EPA's attempts to address the
interaction of soil systems and groundwater, I am not convinced that the generic Soil Screening Levels (SSLs) axe
defensible and believe that site-specific SSLs will inevitably be required for decision-making at CERCLA sites. To aid
you in your study I have attached a copy of the Quick Reference Fact Sheet.

If I can be of any further assistance please call me in Bechtel's San Diego office at (619) 687-8780.

/Dante/, Te,d.aldi, Ph.D., P.E.Technical Quality Assurance MCAS El Toro

Attachment: Review Comments on the Quick Reference Fact Sheet, the Draft Soil Screening
Guidance: Issues Document and the Technical Background for Soil Screening
Guidance

cc: Larry Vitale, Remedial Project Manager

Joseph Joyce, BRAC Environmental Coordinator
Bonnie Arthur, RPM

_ Bechtel National, Inc. systomsEngineers-Constructors
g:_80_letters_,x_ter.d_



Bechtel .ero ram
401 WestA Street _ Bechtel Job No. 22214
Suite1000 Contract N68711-92-D-4670
SanDiego,CA92101-7905 File Code: 0217.3

IN REPLY/REFERENCE: CTO-0080/0 0 8 4

Thursday, October 05, 1995

Larry Vitale, Remedial Project Manager
California Regional Water Quality Control Board - Santa Ana Region
2010 Iowa Avenue, Suite 100

Riverside, CA 92507-2409

Subject: Submittal of Review Comments on the Quick Reference Fact Sheet, the Draft Soil Screening
Guidance: Issues Document and the Technical Background for Soil Screening Guidance

Dear Mr. Vitaie:

I am providing this submittal of review comments on the above-referenced documents. I was selected by USEPA
headquarters as part of nine peer reviewers nationwide and the attached comments should prove of interest to the
MCAS El Toro BCT. I have provided comments on major issues, not a page-by-page critique of the documents. This

submittal is mostly for information purposes only since the draft documents have not been finalized and issued by EPA
yet.

In general, EPA's presentation was rigorous and well-documented. While I support EPA's attempts to address the
interaction of soil systems and groundwater, I am not convinced that the generic Soil Screening Levels (SSLs) are
defensible and believe that site-specific SSLs will inevitably be required for decision-making at CERCLA sites. To aid

you in your study I have attached a copy of the Quick Reference Fact Sheet.

IfI can be of any further assistance please call me in Bechtel's San Diego office at (619) 687-8780.

_rante J. Tedaldi, Ph.D., P.E.

/Technical Quality Assurance MCAS El Toro

Attachment: Review Comments on the Quick Reference Fact Sheet, the Draft Soil Screening
Guidance: Issues Document and the Technical Background for Soil Screening
Guidance

cc: Juan Jimenez, RPM Base Closure Branch

Joseph Joyce, BRAC Environmental Coordinator
Bonnie Arthur, RPM

_ _chtel National, Inc. s_stomsSog,noorsCo_st,uc:o,_

g:_'toBt_Jenc rs_te r.doc



Bechtel ,,
401 West A Street . . Bechtel Job No. 22214
Suite 1000 Contract N68711-92-D-4670
SanD/ego,CA92101-7905 File Code: 0217.3

IN REPLY/REFERENCE: CTO-0080/0 0 84

Thursday, October 05, 1995

Joseph Joyce BRAC Environmental Coordinator
Department of the Navy - Southwest Division
Naval Facilities Engineenng Command
Environmental Division

1220 Pacific Highway, RM 18
San Diego, CA 92132-5181

Subject: Suhmittal of Review Comments on the Quick Reference Fact Sheet, the Draft Soil Screening
Guidance: Issues Document and the Technical Background for Soil Screening Guidance

Dear Mr. Joyce:

I am providing this submittal of review comments on the above-referenced documents. I was selected by USEPA
headquarters as part of nine peer reviewers nationwide and the attached comments should prove of interest to the
MCAS El Toro BCT. I have provided comments on major issues, not a page-by-page critique of the documents. This '
submittal is mostly for information purposes only since the draft documents have not been finalized and issued by EPA

yet.

In general, EPA's presentation was rigorous and well-documented. While I support EPA's attempts to address the
interaction of soil systems and groundwater, I am not convinced that the generic Soil Screening Levels (SSLs) are
defensible and believe that site-specific SSLs will inevitably be required for decision-making at CERCLA sites. To aid

you in your study I have attached a copy of the Quick Reference Fact Sheet.

IfI can be of any further assistance please call me in Bechtel's San Diego office at (619) 687-8780.

Dante J. Tedaldi, Ph.D., P.E.

_Tfichnical Quality Assurance MCAS El Toro
Attachment: Review Comments on the Quick Reference Fact Sheet, the Draft Soil Screening

Guidance: Issues Document and the Technical Background for Soil Screening
Guidance

cc: Larry Vitale, Remedial Project Manager
Juan Jimenez, RPM Base Closure Branch
Bonnie Arthur, RPM

_ Bechtel National, Inc. SystemsEng,neers-Coastructors
g:_totl_lct mrs_ma.ttcr.doc



Bechtel ,.ro r
401 WestA Street .. . Bechtel Job No. 22214
Suite 1000 Contract N68711-92-D-4670
San Diego. CA 92101-7905 File Code: 0217.3

IN REPLY/REFERENCE: CTO-0080/0 0 84

Thursday, October 05, 1995

Bonnie Arthur, RPM
U. S. Environmental Protection Agency Region IX

Hazardous Waste Management Division, H-9-2
75 Hawthorne Street

San Francisco, CA 94105-3901

Subject: Submittal of Review Comments on the Quick Reference Fact Sheet, the Draft Soil Screening
Guidancc: Issues r_.... _uL Sub,.,,,,.amen, and the Technical Background _- ^" o,.reenm_e_: ...._u,dza,.c:....

Dear Ms. Arthur:

I am providing this submittal of review comments on the above-referenced documents. I was selected by USEPA
headquarters as part of nine peer reviewers nationwide and the attached comments should prove of interest to the
MCAS El Toro BCT. I have provided comments on major issues, not a page-by-page critique of the documents. This
submittal is mostly for information purposes only since the draft documents have not been finalized and issued by EPA
yet.

In general, EPA's presentation was rigorous and well-documented. While I support EPA's attempts to address the
interaction of soil systems and groundwater, I am not convinced that the generic Soil Screening Levels (SSLs) are
defensible and believe that site-specific SSLs will inevitably be required for decision-making at CERCLA sites. To aid
you in your study I have attached a copy of the Quick Reference Fact Sheet.

If I can be of any further assistance please call me in Bechtel's San Diego office at (619) 687-8780.

Sincerely, /

,,_te J. Tedaldi. Ph.D., P.E.
echnical Quality Assurance MCAS E1 Toro

h h hAttachment: Review Comments on t e Quic e erence act eet, t e Draft Soil Screening
Guidance: Issues Document and the Technical Background for Soil Screening
Guidance

cc: Larry Vitale, Remedial Project Manager
Joseph Joyce, BRAC Environmental Coordinator
Juan Jimenez, RPM Base Closure Branch

_ Bechtel National, Inc. systemsE,gi,¢_rs.Co._s,,¢to,_
g ;_--toSOqetters_.ster, doc



Review Comments

I have reviewed the following documents: Draft Soil Screening Guidance Quick Reference Fact Sheet,
Draft Soil Screening Guidance: Issues document, Technical Background Document for Soil Screening
Guidance Review Draft, and the Chemical Properties for Soil Screening Levels document.

To tie in the potential impact of SSLs on MCAS El Toro I have included a summary and short discussion
of the comparison of the SSLs and U.S. EPA Region IX PEGs 9 (Spring 1995 PEGs). Specific comments
on the SSL methodology follow the PRG/SSL comparison.

Summary

There are some problems inherent in the SSL methodology as compared to the U.S. EPA Region IX PEGs:

· SSLs address soil contamination only and do not address all practical exposure routes
(e.g.. dermal exposure which could be significant for some organic chemicals).

· SSLs do not integrate results of the routes of exposure addressed, rather they use the
most conservative SSL value for comparison of soil data results.

· SSLs for industrial use have not been developed and in many instances a residential
scenario may be too conservative to use even for planning purposes.

· SSL applies only to individual chemicals. A few chemicals are addressed to provide a
method for apportionment for chemicals which have similar target organ toxicity. This
method is clearer in the PEG methodology.

· For carcinogens, the U.S. EPA "feels confident" that very few sites would pose
cumulative risks outside the risk range and therefore do not address multi-chemical
exposures. It is difficult to concur with this statement because the generic SSLs address
evaluation of a soil matrix with only three routes of exposure anticipated; and other
media such as surface waters, air sources, groundwater could add to the significance of
an adverse health effect for some site conditions.

· The infinite source model represents an apparently necessary trade-off. However, the

high degree of conservatism inherent in this approach detracts from the broad
applicability of the SSL models.

· In general, the use of the PEGs for "direct contact" exposures with respect to health risk
assessments appears sound; however, SSLs should be limited to screening sites with soil
contamination only. The user of either approach should ensure that conditions used to
develop the generic SSLs and site-specific SSLs are met.



Specific Comments

The following discussion focuses on the adequacy of the most critical assumptions and default values used

to develop the generic SSLs as presented in U.S. EPA Technical Background Document for Soil Screening
Guidance Review Draft (November 1994).

Soil Screening Framework

1. Default exposure factors

The critical parameters in the back-calculation for exposure to soil via soil ingestion are:

1) exposure frequency and duration

2) ingestion rate

These parameters have been assigned default values representative of a reasonable maximum exposure
(RME) similar to PRGs, and as such, result in negligible (rounding errors) differences for both cancer and
non-cancer calculation compared to the PRGs.

2. Use of a single exposure route: soil ingestion

The differences between the EPA Region IX PRG soil values and the generic SSL soil values can be
significant. This is due to lack of exposure route integration. The EPA Region IX integrates these values
to account for the potential for simultaneous exposure routes to exist (ingestion, inhalation, and dermal

absorption). For a comparison, see Tables I and 2 (SSL ingestion and SSL inhalation, respectively).
These tables highlight differences between the two EPA approaches and clearly identify (in bold) the more
conservative value. Inspection of the tables indicates that the PRG approach consistently results in a lower
value.

A significant concern is that SSLs will be universally applied without concern for the complexities of each
site. Table 3 summarizes differences between the scenarios and exposure pathways addressed by the
Region IX PRGs and those addressed by generic SSLs. The differences are presented in bold. The most
significant differences between the SSLs and PRGs are lack of an industrial scenario for the SSLs, lack of a
multimedia analysis for the SSLs, and lack of a groundwater migration pathway for the PRGs.

2 10/6/95



March13.1995 TABLE1
Page 5 COMPARISON OF U.S. EPA PRGs and GENERIC SSLs

(soil Ingestion)

PRG Values Generic SSL$
Chemical

c'., _ne___Risk Chronic FI(} lntegrat_l Cancer/ Son

soii-ingeat soil-ingest PRG Non-cancer Ingestion

(m_/kE) (mf_m:_) (m[/k_) Driv_ (rog/kg)
Nickel md compounds NA 1.6E+03 1.$E4.03 _.ca_er 1.6E+03

qitn_cn_ng NA 3.9E+OI 3.3E4.01 w*c4ncer 3.9E+OI

_l-Niuoaodil_nybunine i .3E+02 NA 9.1E4.01 ¢lUnCer 1.3E+02
N-Niumo di-n-propylamine 9.1F,-02 HA 6._-O2 cancer 9.0E..02
Pentachkxophmol $.3E4-00 2.3E+O3 ?_SE+00 cancer 3.0E+00
!_ NA 4.7E+04 3.9E444 aon-canccr 4.1_E,HM

$.3E,-02 NA 6.6E-02 cancer 1.0E+00

Poi_u_VJr _m_c h_oc_bom
Acenaphthene NA 4.7E+03 3AF-.,443 _ 4.'7E+O3
Anthracene NA 2.3E+04 I.gE44M non_ 2.3E+04
Benz_a]antlwacene 8.8E-01 NA 6.1E-01 ¢snee, 9.0E-01

Benzo{blfiuormtM_ &SE-01 NA 6.1E-01 cancer 9.0E-01
Bem_k]fluor_thene $JIE+00 HA 6.1E+00 canc_ 9.0E+00
Beuo(a]p3_nc 8.$E-.02 NA 6.1E-02 can=er 9.0E.-02
Ow/sene $,.8F_1 MA 6.1E+01 cmmr 8.SE+0T
Diben_ahlanthraccn¢ 8.1E,.02 NA 6.1E..02 cancer 9.0E-.02

_luormthene NA 3.1E+O3 2.Jg+03 non4:an_r 3.1E+O3
Ruom_ NA 3.1E403 2..q_,.43 ncwe.an_r 3.1E+03
!____,,,t,_,_.1,2.3-cdlp_ 8.8B4}1 NA 6.1E.,01 csne_ 9.0E,.OI
Na_ NA 3.1E+03 IAig.,4_3 nowau_ 3.1E+O3
1_ NA 2_3E+03 2.1_,443 non-can_t 2.3E.+03

NA 3.9G+OZ 2UIg+0l smn-mnc_ 3.9E+02
NA 3.9E402 3AR,442 nan.4:ancer 3.9E+O2
NA 1.6E,_04 6.41g,4.03 hon..caner 1.6E+O4

13.E44)1 7.11E4.02 7.0E4.00 _ 1.2E+OI
NA 1.6E+04 IJE4.03 non-cancer 1.6E+04

$.$F,-01 NA 4.0E-01 cancer 6.0E-01
1,2,4-T_ NA 7.8E402 6.2E442 cancer 7.8E+02
i ,l.!-TriOdomethane NA 7.0E+03 3.2E,443 _ NA
L,I,2-T_ I.IE4OI 3.1E4412 1.4E4-0Q cancer I.IE+OI

TCE) 5.8E4.01 4.7E+02 7.1E+00 _ 5.8E+01

NA 7.8E+03 _3 non-can_ T.gE+O3
5.8E,+01 NA 4.0E+01 cmear 5.rt.,+0!

NA 5.5E+O2 _4E442 non-czncer $.qE+02
I aceU_ NA 7.8E+04 _ non-cancer 7.8E4.O4
t _ 3.4B.O1 NA S _K.,03 c.mcer 3.0E-OI

NA 1.6E,4.05 1,3B+04 non-_n,x___ 1.6E+05
NA 2.3E404 _3E44M noe-_&ncer 2.3E4-04

NA - Not apoicable or no data
Bold - Conservative value



March141995 TABLE2

Page7 COMPARISONOF U.S. EPA PRGsAND GENERICSSLs

(Inhalalioo)

PRG Values Generic SSLs

'hemknl

Cancer Risk Chronic HQ Integrated Cancer/ Soll

sod-inhale soil-inhale PRG Non-cancer InhaLation

(rnUkg) (mg/kg_ (rog/kg) Driver (rog/kg)

HCH (bela) 4,9E+03 NA 2=5F_,-01 cancer 1.6E+OI

HCH (gamma) Lindane 6,8E+03 2.25+06 3.4E-01 ¢_Cer NA

Hez schioroc yc Iopemadie ne NA 1.4E+05 4.5Ee02 non-camex LOE+00

Hexachloroethane 6.3E+05 7.2E+06 3.ZE,_0I camcer 4.9E+01

[sopi'x:_onc 9,3E+06 1.4E+09 4.7E.4_Z cancer 3.4E+03

1_ (inorganic) NA 6.2E+05 2.3E4,01 noo-cancer ?.0F__00

Methoxychlor iNA 3.6E+07 3.3F_,+OZ _ NA

Methylene chloride 1.3E+01 4.4E403 I.IEeOl cancer 7_)F,,44)0

2-Me_.hylpl_nol NA 3.6P4-0g 3.3F_,+03 non-cancer HA

Viabrl andc_unds NA I.$E4-03 l.SE'eO$ non.cancer 6.9E+03

Ni_ NA 4.!E,-V_ 3.3ge6i non-cancer I.IE+02

1.8E406 NA 9.IF_,+01 _ NA

1.3E+03 NA L3E,,.OZ cancer NA

Pentachloml_enol 7,4E+04 2.2E44_ 2=SE44_ e41rw,er NA

Phenol NA 4.3E+09 3.9K+04 noo-canc_ HA

_lychlofinat_ biphonylt (PCBs I.IE+03 NA 6.6F.,-_Z cancer NA

l_lynu_ m'onuUic hydmc,arb,o!_

Acenaaphthene NA 1.3E+04 3.0K4-03 non-c.w, cer NA

An_rnccne NA 7.0E+05 1.9F.4414 r_=cnncex NA

Benz.[alanthracene 1.2.E+04 NA &IF_,-0I c_l_4r NA

Bcrm_olfluoranthene 1.2E+04 NA 6.1K-O! cancer Nh

Bem_0t ]fluornnthe._ 1.2E4_5 NA 6.1E,+O0 c,anoet NA

Benzo[a]pyrcne 1.2E4,03 NA 6.1F,-02 cancer HA

1.2_+06 NA 6.1ge01 cancer NA

Diben_ah ]nnthracene 1.2Ee03 NA 6.11r_.,..02 cancer NA

FI_ NA 2.9E+Og _ _ NA

Fluonme NA 4.8E+04 2.SE,44}3 _ NA

Indeno( 1,2,.3-cd ]pyrerg 1.2E+04 NA 6.1E-01 c,mcef NA

Naphthalene NA 4.5E+03 1.6E+03 non-canc_ NA

Pymm_ NA 2.2E+Og 2.0E4-03 non-canc_ NA

Sek_ium HA NA 3JIIB4-02 _ NA

Silver and compound* NA NA 3AE+02 _ NA

Styrene HA i.2E+04 6.4E+03 mm-cancer lag+03

3.9E+01 !.8E402 ?.0F,+00 c._cer t l

NA 2.2E+03 1.9E+O3 non-c, anc_ 5.ZE,+.0Z

7.9E-+03 NA 4.0F.,..01 canoer 5.0E4.00

1J.,4-Trichl_ NA 13E404 6.2E+O2 non-cancer 2.4E+02

l, 1,1-Trichlomethane NA 6.9E403 3.2F_.+03 noa-.cancer 9.8E+02

l,l,2-Trlchlomethane I.TE+00 9.01E+01 1.4E+00 canc_ 8.0F..-0I

(TCE) 8.6E.+00 7,2E401 7.1E_R)0 cmcet 3.0F..,+00

2,4,5-Trichlor_nol NA 7.218408 6.._g4.03 non-.canc._ NA

Z,4,6-Trichlorophenol 8.2E+05 NA 4.0F-,+OI cancer 2.1E+02

Vanadium NA NA S.4E+.02 non-cancer NA

Vinyl _etate NA 4.1E+O8 6.5E+04 non-cancer 370

Vinyl chloride 5 _3E-03 NA 5.2E-03 cancer 2.0F,,-4}3

Xylene (mixed) NA 1.5E+04 1.3£+04 noo-canc,_ 3-2E+02

Zinc NA NA 2..3F_.404 non--canc_ NA

iNA -4'4ol oDOicot_e or no Ooto

l_olO, - C0osefvotive vo,oe



March 14 199S TABLE 2

Page 6 COMPARISON OF U.S. EPA PRGs ANO GENERIC SSLs

(Inhalation)

PRG Values Generic SSLs

Chemical

Cancer Risk Chronic HQ Integrated Canct. r/ Soil

soil-inhale soil-inhale PRG Non-cancer Inhalation

(rog/kg) (rog&g) (rog/kg) Driver (rog/kg)

Anumony and c:omp_unCls NA NA 3.1E.+01 non-catw._r NA

A_tone NA 2.9E+03 2.0E+03 non-cancer 6.2£+04

At_r_nic (catw._ cndpoint) 5.9E+02 NA 3.2E-01 cancer 3.8E+02

Barium and cornt_uncts NA 1.0E+06 5..3E+_ noo-catw_ 3.5E+05

Beryllium and compoom:L_ I. I E4433 NA IAE-01 cancer 690

Benzene 1.6E4430 NA t.4E+O0 _ 5.0E..01

Bi_2-_.h ylhexyl)phthalate 63E+05 1.6E+O8 3.2E,+-01 cancer 2.1E+02

Butyl bcnzyl phthalatc NA 1.4E+O9 1.3E44)4 non-cancer .W.3F_,+O2

Cadmium and compounds 1.484-03 NA 3.$£+01 non-cancer 920

Earbazole 4.4E+05 NA 2.2E+01 c.anc_ NA

Castx_ disulfide NA 1.6E+O I 1.6E+01 ._m_-c__,_.._____ LIE+O;

5JF_.,-0I 3.8E+00 4.7E,-01 _ 2.0E-01

6.8E+03 4.3E+05 3AF_.41 camoer 1.0E+01

NA 1.8E+O2 1.6E-+O2 nom-.catw,er 9.4E+0 I

5.3F_.-01 1.0E+02 5.3E-01 cancer 2..OF,-Ol

NA 3.6E+O7 3,3E+OZ _ 53000

3.0E44) 1 NA 3.0E4.01 c.anoer 1.4E4-02

Cyanides NA

2,4-Dichlomphenol NA 2.2E+07 2.0F.,4_2 noa-can_r NA

L4-Dimethylphenol NA !.4E4-08 1.3E,4-03 noo.catw, er NA

2,4-Dinitx_l NA 1.4E4.07 1 ..3F_,4-02 non-cmg_ NA
DDD 3.7E+04 NA l,gEa-00 cancer NA

DDE 2.6E+O4 NA I-3F,+00 camcer NA

2.6E+04 3.6E+06 13,_-00 cancer 8.0E.+O1

1.2-Dichlorobenzene NA 3.5E4.03 2.2E+03 non-cancer 3.0E,+02

1,4-Dichlombenzene 1.218-+01 1.6E+04 7A_ cancer 7,7E+03

1,1-Dichlomethane NA 9.7E+02 IIAE4-0Z mm-c,anc_ 9.8E+O2

1,2-DichlomeOumc (EDC) 4.8F,-0 ! NA 4.4F>-01 cancel 3.0E.-01

1,I-Dichlomethylenc 4.0E-02 I ..SE.+OI 3.817.,-02 _ 4.0E,-02

1,2-Dichloroethyl_'g (ci$) NA 6.5E+01 5.9E4-0 ! _ 1.5E+03

1,2-Dichlorocthylenc (tram) NA 1,9E-+02 1.7Y_,4-02 _ 3.6E403

1.2-Dichiompmfnu_ 7.6E..01 1.4E+OI 6Jll_l -_ I.IE+OI

I ,.%Dichloroprope_ 6.4E-01 I.IE+02 5.1B-OI cancer 1.0F_,-01

Dieldrin 5.5E+02 3.6E+O5 LSE-02 cancer 2.0E+00

Dieahyl phthalatc NA 5.8E409 5.2E+04 noo-cancer 5.21E,+0Z

HA 7.2E+10 6.5E+05 nowc. ancer 1.6F.,+03

NA 1.4E407 1..3E,+02 _ NA

NA 7.2E+06 6.._g+01 _ NA

NA 1.4E+08 1.3E.+413 no.cancer NA

Endosuffm HA 3.6E+05 33E+00 noo-cancer NA

Endrin HA 2.2E+06 2=0F_.4-01 _ NA

NA 5.1E+03 2.9E+03 noo-canc_ Z,6E+02

_eptachlor 1.9E+03 3.6E+06 9.9E-02 carger 3.0E01

Hq:nachlcn' epoxide 9.7E+O2 9.4E+04 4,9E-02 cancer 1.0E+O0

Hexachloro_ 5.5E+03 5.8E+06 2..8E-01 cancea' 1.0E+00

Hexachlorobutadiene 1.1E44)5 1.4E+07 5.7E+00 cancer !.0E+00

(alpha) 1,4F.+03 NA 7.1F.-02 cancer 9.0E..O I

NA -Not ol:xolicai_e (x no dora
Bold - Conservative value



Table 3

General Differences Between PRGs and SSLs

Parameter Region IX PRGs Generic SSL

residential scenario yes _yes

industrialscenario yes no

adult receptor yes yes

childreceptor yes yes

multi-media analysis
soil yes yes
air yes no

water yes no

multi-pathway analysis
soilingestion yes yes
groundwateringestion yes no
surfacewateringestion yes no
volatileinhalation yes yes
fugitivedustinhalation yes yes
produceconsumption no no

livestock/fish consumption no no4m

groundwater migration no yes

3. Inadequate data on dermal absorption

According to the SSL methodology, dermal absorption is not evaluated (with the exception of
pentachlorophenol) due to inadequate data on dermal absorption (Section 1.4.1, page 1-5). There is
published (peer-reviewed) documentation on the dermal absorption of many chemicals and therefore EPA
should consider inclusion of these data.

Inhalation Pathway

The critical parameters in the back-calculation for exposure to soil via inhalation and fugitive dust are the

exposure frequency and duration, the dispersion term (Q/C), the volatilization factor (VF), the particulate
emission factor (PEF), and the diffusivity coefficient. The exposure frequency and the exposure duration
default values are comparable to the default values used in PRG calculations.

1. Exposure Interval (T) default value in derivation of VF

The exposure interval, T, used in the SSL methodology of 9.5 x 108 sec or 30 years is larger than the
default value used by Region IV of 7.9 x 108 sec or 25 years. However, the increase is probably not

significant.

2. Source size and the dispersion term (Q/C) in Derivation of VF/PEF

EPA Region IX uses the same approach for derivation of the Q/C term but uses a different contaminant
source size assumption. The size of the source area used to calculate the SSL results in a significant
reduction (typically by a factor of 5) in the SSL compared to the PRGs. Because of the significant
difference we anticipate a conflict between EPA headquarters and Region IX over the use of SSLs.
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Preliminary discussions with senior toxicologists have indicated a possible resistance to the acceptance of
the SSL approach. While these types of resistance are to be anticipated until the approach is finalized, EPA
should consider the inclusion of an additional default value for the Q/C term using a smaller source area.

3. SSL inhalation equation

The SSL equation combines both the VF and PEF values while the PRG equation addresses either one or
the other. The PRG calculation uses the VF for chermcals with a Henry's Law constant (H) greater than
10.5 and a molecular weight less than 200 gram/mol. Those chemicals not meeting the above criteria are
evaluated using the PEF.

Although the SSL inhalation equation combines the VF and PEF values, the combination is actually not
critical for chemicals that are highly volatile or have a low volatility since the contribution from either the
VF or the PEF will be negligible for those chemicals with physical-chemical properties that do not affect
either the VF or the PEF value. This may not be the case for chemicals that fall in the 'middle" range of
volatility. These chemicals may result in having a slightly more conservative acceptable soil value because
..... _ _ ti n 1,al nhath the VF *_d PEF contribute to the SSL ,nhala..o.. equ_t.o_.

4. Intrusion of Volatiles into Basements

EPA should consider retention of this pathway in the SSL framework for use under the site-specific
assessments, with qualification of the variability that can exist. EPA has identified the limitations of the
flux modeling. However, there is often a need to address this pathway in residential scenarios when
contamination is left in-place below foundations. EPA must continue to evaluate approaches for the
assessment of these situations.

Migration to groundwater pathway

1. General considerations

The numerous assumptions used to generate the generic soil values highlights the limitations to their
usefulness as a "screening" tool if the majority of sites do not meet the criteria for use. There is some

concern that the extreme conservatism of the assumptions reduces the applicability of generic SSLs to the
point of exclusion. While I recognize the utility of generic SSLs, it is difficult to support the acceptance of
values which have little or no connection to site conditions. The generic values do not seem to offer users
a defensible position.

2. Module approach - Monte Carlo Simulations

The use of the Monte Carlo module for development of "default" values for the generic SSLs appears
reasonable. However, it was noted that highly conservative scenarios were developed using upper-bound
default values/parameters.

3. DAF for Generic SSLs

Information in the technical document shows that the source size is one of the most sensitive parameters
used in the modeling effort. However, the 30-acre source area estimate is not useful for many hazardous
waste sites. EPA's estimate was based on typical landfill sizes and is far larger than most CERCLA site
source areas. Although CERCLA sites may be 30 acres or larger, there may be concern that the infinite
source term covers 30 acres from ground surface to the water table and DAF values approach unity as the
source size increases. The model results described in the Technical Background document show that
variation of the DAF can be significant for smaller size source areas (i.e., less than 10 acres) compared to
large source areas (i.e., 30 acres). In addition, the combined use of empirical and theoretical data used to
develop the generic SSLs lend themselves to too much uncertainty to use the migration pathway SSLs.
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That being the case, there is little point in using the default values and the user is forced to a site-specific
evaluation.
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BACKGROUND usedin thesandsrdizedequaionsto producea tableof
genen_ Soil Scr_emg Levels for 107 chemicals that update

OuJune 19, 1991, theU.S. EnvironmentalProtectionAgency's those presented in the Sepmmber 30, 1993, draft SSI. fact

(EPA's) Administrator charged the Office of Solid Waste and sheet. These generic SSLs am included in the fias,_ework as
Emergency Response (OSWER) with conducting a 30-day a defa-!t option for use when site-specific values are not
study to outline options for accelerating the rate of cleanups at avnilnhle.
National Priorities List (N]_) sims. One of the specific
_ofthe suxiy was for OSWER to "examine tbe means PURPOSE OF SOIL SCREENING
to develop standards or guidelines for contaminated soils." FRAMEWORK

On June 23, 1993, EPA announced the development of "Soil The Soil Screening framework represents the first of
Trigger Levels" as one of the A 'dmmiswa_veImprovements to reels EPA plans to develop to standaxdizethe evaluation and
the Supedund program. On September 30, 1993, a draft fact cleanup of contaminated soils. SSL,s smsunline the mme_
sheetwas releasedthat presentedgeneric Soli ScreeningLevels investigation/feasibility study (R]/FS) process by accelm-a_.=
(SSL.s) for 30 chemicals. The fact sheet _ standard- and increasing consistency in decisions concerning soil
ized equaMons to model exposures to soil contaminants via contamination. As a future companion to the Soil Screening
ingestion, inhalation, and m_ii_fionto_qund wnt_. The fact framework, EPA also intends to develop a methodology to
sheet provided generic defaults for each parameter in the equa- identify levels of contamination that clearty was,ant a response
tions and a sampling methodology to measure soil contaminant action or, possibly, concenuafions for which unmUnent would
levels. The SSL initiative underwent widespread review both be required. The screening levels at the low end and the
within and outside the Agency. Suggestions were made on higher concenuation values that warrant response can be used
how to improve the methodology and increase the usefulness to identify the bounds of a risk management continuum (Figure
of screening levels by finding simple ways to modify them 1). Generally, within this continuum lies a range of possible
using site-Specificdntn cleanup levels that will continue to be determined on a site-

specificbasis.
Based on thai review, EPA modified the SSLs into a Soil

Screening framework that emphasizes the application of EPA anticipates the use of the Soil Screening framework as a
standardized equations for the site-specific evaluation of soil tool to facilitate prompt identification of the contaminants and
contaminants. This framework provides an overall approach exposur_ areas of concern during both remedinl actions
for developing SSLs for specific contaminants and exposure some removal actions under CERCLA. SSLs do not trigger
pathways at a site under a residential !and use scenario.
with soil contaminant concentrations below SSLs generally
would not warrant further study or action under the Nofur_ers_uet s_ ns_ons.Mmanmdunds_ c_mup ____,n3t__c4satly
Comprehens/ve Environmental Response, Compensation, and CERClA goal4ev.I vtan-amJd

LiabilityAct(CERCLA). _ ^ _ *- ,, " .
'Zero' $a_m_ng Response Ve_high

TheSoilScreeningfxamework'spointof departure is a simple cone_n_ra_n level level conmmra_on
methodology for calculating site-specific SSLs using easily

obtained site ,t_m with standardizedequations. An option for Figure 1. Risk managememspectrum for
conducting a more derailed sim-specific analysis is also contaminated soil.
included in the framework. In addition, default parameters are
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the need for response actions or define "unacceptable" levels
of contaminants in soil. SSLs may serve as _inary

Conservatism
Remetti_tion Goals (PRGs) under certain conditions (see More _ _-- Less
-ection on Use of SSLs as Preliminary Remediation

oals/Cleanup Levels). In the tirade, EPA will consider
expanding the guidance to address the Resource Conservation Simple
and Recovery Act (RCRA) Corrective Action program. Site-Sp_ific

The SSLs are, asnoted above, intended for use as a tool; their Generic Detailed Site-
useis nm mandatory _ sites being addressedunder CERCL_ SSL = _ Specific Method
The framework leaves a broad range of discretion to the site
manager, both on whether the SSL approach is appropriate for

a site and, if it is used, on the appropriam method. This Investigation Costs
guidance anticipates _ optional approache,v-=simple site- Less _ II, More
specific, detailed site-specific, and gen_ic. In the first two,
some or all default values would be replaced as appropriate
with site-specific _, Furthermore, the models themselves Figure 2. Components of the Soil Screening
a_renm codified as rules and can be modified if appmpriam, framework.
although some explanation should be provided if such
modification is made.

involves balancing the mc_..ased investi_tion costs with the
SOIL SCREENING FRAMEWORK potential savings associat_ with higher (but protective) SSLs.

Therefore, the framework promotes the option of u_ng site-
A Soil Screening Level is a chemical concenn'ation m soil that specific _ to derive _g levels. _ guidance
represents a level of contamination below which there is no regardingwhich option to use is presented 1,t_- in th_ fact
concern under CERCLA, provided conditions associated with sheet.
the SSLs a_ met. Generally, if contaminant concentrations in

soil fall below the SSI., and there are no significant ecological Site-Specific SSLs: Simple Method
receptors of concern, then no further study or action is

-,Trant_ for residential use of that arm. (Some S_t_ have The simple method for developing site-_ SSLs requi_s\

eloped screening numbers that am more stringent than the the collection of a small number of easily obtained site
g_eric SSLs presented in this fact sheet; ther_cr_ further parameters (e.g. fraction organic carbon, porcentsoilmoistm_,
study may be wananted under State programs.) Concentra- and dry bulk density) for use m the standardized eq,_tions so
fions in soil above either the generic or site-specific sc_ening that the caicni_t,-d screening levels can be appropriately con-
level wmfid not automatically designate a site as "dirty" or servafive for the site but not as conservative as the generic
trigger a response action. However, exceeding a screening values. Once derived, the user then compax_ measm'ed site or
level suggests that a further evaluation of the potential risks area contaminant concentrations to the site-specific screening
thai may be posed by site contaminants is appropmtc to levels. If concentrations do not exceed the SSLs for each
delmmine the need for a response action, pathway of concern, it would generally be appropriate to

exclude the area from further investigation. If the levels a_
The Soil Screening fi-amework presents Ihree approaches for exc_,_d_ed, the site manager may decide that a mom
establishing screening levels. The option emphasized in this comprehensive evaluation is needed to d____mine the risk
Fact Sheet is a simple method that incorporates readily obtain- posed via a particular exposm'c pathway (see Technical
able, site-specific d._tn into standardized eq,_tions to derive Background section).
site-specific scr_ming levels for selected contaminants. When

questions still exist at a site regarding whether or not contain- Site-Specific SSLs: Detailed Approach
inant levels are of concern, as a second approach, more

tailored screening levels can be derived for most contaminants A mom detailed method for developing site-specific SSLs is a
by incorporating _d!tional site dam intO more complex fate full-scale model evaluation requiring the collection of nddi.
and transport models. The third approach is to apply the tionai site _m Full-scale modeling allows the application of
generic SSL$ presented in Appendix A. Although the default complex transport and fate models and allows for consideration

parameters used to derive the generic SSLs am not nocessarily of a finite contaminant some. Applying these models
"worst case," they am conservative, further define the risk associated with exposure via the

in_la!!on or migration to ground water pathway. The model
The progression from generic to simple site.specific and application may show that there is no concern over exposure
· '-_ied (full-scale) site-specific SSLs usually will involve an from the pathway, thereby eliminating it from further concern.

in investigation costs and a decrease in conservatism This potential outcome pro,des the incentive for incurring the
[r.igu_ 2). Generally, the decision of which method tO use cost and lime to conduct a comprehensive site evaluntion.

2
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Genenc SSLs
Highlight l: Key Att_butea of the SSL Framework

Generic SSLs can be used in place of site-spc_c screening
· Standardized equations are presented to address

levels. The decision m use generic SSLs will likely be driven
three individual human exposure pathways.

by time and cost. The sit_ manager must weigh the cost of

conducting amore site-specific investigation with the potential · Parameters are identified for which site-specific
for deriving a higher SSL that provides for an appropriate level information is needad to develop site-specific SSLs.
of protection. The Technical Background section of this
guidance presents a more detailed discussion of the level of · Default values are provided and used to _late
effort required to conduct furd_er study of site conditions and genenc SSLs that are consistent with Superfuncrs
ri.qlc_.Appendix A provides generic SS].,sfor 107 che,micaJs, concept of "Reasonable Maximum Exposure"(RME).

· SSLs are generally based on a 10'6 risk for
SCOPE OF SOIL SCREENING FRAMEWORK carcinogens, or a hazard quotiem of 1 for noncar-

cinogens. SSLs for migration to groundwater are

The Soil Screening framework has been developed for 107 based on nonzero maximum contaminant level goals
chemicals using assumptions for _ntial land use activities (MCLGs), or, when not available, maximum contami-nant levels (MCI.s). Where neither of these are
for three pathways of e_ (see Figure 3): available, the aforementioned risk-based taxgetsare

used.
· Ingestion of soil

· In_l_rion of volmiles and fugitive dusts

· Ingestion of contaminated ground water caused by migra- penlachlorophenol has been m(Mified accordingly. The scope
tion of chemicals through soil to an underlying potable of the SSL framework is limited to human _ via the
aquifer, pathways listed above; therefore, sites with other silpzifi_t

exposure pathways, nonresidential !and uses, possible

Reviews of risk assessments at h_,mxious waste sites indicate eeological concerns, or unusual site conditioas should

that these pathways are the most common routes of hmnan consider their associated risks on a site-specific basis apart
from the SSL framework. Key attributes of the Soil

e_ to contaminants in the residential setting. The,_ are
also the pathways for which generally accepted methods, Screening fi-amework are given in Highlight 1.
models, and assumptions have been developed that lend
memmves to a mnd=dizcd approach.Da*- on dermal Soil Ingestion Pathway
expostu_ have also been considered, and the generic SSL for

For the direct soil ingestion pathway, only generic SSI..s wen:
developed. Simple and full-scale site-specLqc mextxxts were
not developed because cost ami complexity make developing
site-specific _ea for this pathway, such as soil ingestion rates

Direct Ingestion However, EPA is evaluating the data available to support
Of Ground Inhalation adjustment of the exposure ficquency term based on regional

Water and Soil ,_:_' - "- climatic conditions.
:.;.:.:._,;c.

Inhalation Pathway

For inhalation of volatiles ami fugitive dmst, both generic
[, ?:['_>_Volatilization values and a method for incorporating sitc-specx_ data mu:)

Jch?_ the standardized equations have been developed. To e_a_naie

_'_ the site-specific polen_l for vol 'atdizationofco_ soil
conditions such as fraction organic carbon, stol mmsmre
content, and dry bulk density must be evaluated. To cremate
the site-specific potential for generation of fugitive dusts, other

'X_ L/-J parameters must be evaluated, such as mean annual medspeecl,threshold friction velocity, and the mode soft aggrepe size to
fmlher tmior the SSL,s to the site. For both the intdgamm of

volatiles and fugitive dust pathways, a mm-spec_c
determination of the area of contammal/on and meceo' -ic

Figure 3. Exposure pathways addressed by the inputs can be incorporated into dispersionca_c_,
Soil Screening framework.
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Migration to Ground Water specificchemical concentrationsabovewhich there is sufficient
concern regarding adverse effects to ecological receptors to

The simple site-specific method for addressing potential warrant further site investigauon. OERR is developing
_ntaminant migration to ground water uses the same soil guidance on designing and conducting ecological risk

_eters required to a_ vo!nfii;Tnfinn, nloflg with ea._y _ents that will describe the use of such scr_ning values
obtainable hydrogeologic parameters. The simple site-specific in the Superfund Remedial Investigation process.
method for this exposure pathway also requixes a deumnin_tion
of the ava of contamina/on. HOW TO USE THE SOIL SCREENING

FRAMEWORK
Other Pathways

The decision to use the SoU S_g framework at a site will

Addifional exposure pathways to contaminants in soft--dermal be driven by the potential benefits of eliminalmg areas,
absorption, plant upton, and migral/on of vol_files into exposure pathways, or contaminants from further investigation.
basement.v--may conuibute significantly to the risk to human By identifying an:as where concentrations of contaminated soil
health in a residential setting. The Superfund program has are below levels of concern under CERCLA, the framework
evaluated the data and methods available to __-i_ these provides a means to focus resomce_ on exposm_ areas,

potential exposures and has incorporated as much information contaminants, and exlx_ure pathways of concern.
as possible into the SSL fi-amework.

Highlight 2 outlines the process of applying the Soil Screening
Based on lmuted empirical a_m. the ingestion SSL for framework a_ a sim. To cnabie early comparison with sim

pentachlorophenol has been adjusted to account for potential background concentrations and to provide in/ormal/on
dermal exposu_. Additionally, empirical dntn indicate that n__:e&_ry for determining an _,b,q,,_m sample size, site-
plant uptake may be important for some chemicals (i.e., As, specific SSLs should be develo_d as early in the process as
Cd, Hg, Ni, Se, Zn). The fact that these chemicals' potential possible. They can be adjusted during the process to
for plant uptake and dermal absorption has been noted in accommod_m additional site infommfion and the n_ulting
Appendix A should not be misinterpreted to mean that other changes to the conceptual site model
chemicals am not of potential concern for dermal expo6me, or
plant uptake. As _ulditional information becomes available, Developing a ConceptualSite Model
other chemicals may be _idn_ssed as well

The primary condition for use of SSLs is that exposure palh-
his time, Superfimd does not believe that the potential for ways of concern and conditions at the site match those taken

migration of contaminants into basements can be reasonably in_ account by the Soil Scr_ning framework. Thus, at all
incorporateA into the SSL framework. The parameters required sites it will be necessary to develop a conceptual site model to
for the models (e.g., the number and size of cracks in identify likely contaminant somce areas, exposure pathways,
basement walls) do not l_d themselves to stan&a/_,,i_fion or and potential receptors. This ixfformation can be used to
to evaluation of potential future exposure, and the models have
not been adequately validated. The Technical Background

Document (U.S. EPA, 1994e) provides a detailed analysis of Highlight 2: Using the ,SoilScreening Framework
available modeling of this pathway.

· Develop site conceptual model and compare with
Other Land Uses SSL conceptual model to determine applicability of

framework.

Longer-term efforts will be required to develop standardized
tools to addressexposuaresrelevant to other land usessuchas · Determine if background contaminantconcentrations
induslrial ]and use. The results of these efforts may be are above generic SSl_s.
included in future revisions of this guidance.

· Select approach (simpleor detailed site-specific,

EcologicalReceptors generic) and develop SSLs.
· Measure average soil contaminant concentrations in

As part of the baselinerisk assessment,an ecological assess- exposure areas (E.As) of concern.
merit should be conducted at every Superfund site. The SSL

framework does not attempt to define sign/ficant ecological · Compare average soil concentrations with SSLs and
receptorsor quantify ecological risks. However, acomparable eliminate site or area of site where EA mean
list of screening level benchmarks, called Ecotox Thresholds, concentration is less than SS!..
is being developed by Office of Emergency and Remedial

3ease(OE:P,.R)for application during the ecological risk · Consider further study or use of SSLs as PRGs forsites or site areas with contaminantconcentrations
.&_naentaddressed in OSWER Directive No. 9285.7-17 greater than SSLs.

(U.S. EPA, 1994d). These values am defined as media-
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demrmine the applicability of the framework at the site and the ._need for addi6onal informat/on.

A conceptual site model is developed from av_Jhblg site __'_"'__sampling data, historical records, aerial photographs, and R,_,_ Contaminant
hydrogeologic information. The model establishes a hypothesis Plume
about possible contaminant soraces, contaminant fate and _o_ Wa_"m_'""'----_
uansportexposu_pathways,and potentialr_zptors. The _
DQO Guidance for Superfund (U.S. EPA, 1993a) provides an
excellent discussion on the development of a conceptual site

model The rationale for including the contaminant migral/on Receptor
tO ground water exposure pathway should be consistent with vV.. _ Surm:.

EPA ground water policy (U.S. EPA, 1988, 1990b, 1992a, _f "_,_ t.k-ea_ra_
1992b, 1993b). q, _;_._,...:__.._ Zorn V_mTa!_

The conceptual model upon which the generic SSL.s are based coo_

is a 30-acre property tl_ has been divided up for residential _ P_ n
use. Thus, the generic SSLs have been developed to be Flow
protective for source areas up to 30 acres. The contain/nation Samramd Zone////////////////////////////,,////////
is assumed to be evenly disuibuu_d across the area of concern
and extends from the ground surface to the top of the aquifer. Default assumptions:
The soil type is assumed to be loam that has 50 percent · Infinite source
vegetative cover. Loam is soil with approximately equal · Source extenOs to water table
proportions of sand and sill F_xpostffeto contaminants can · Well at clowngraclient edge of source
occur via ingestion of soils, inb_Infion of volatiles and fugitive · 30-acre source size

dusts, or migration to ground water. Figure 4. Migration to ground water patlmmy---
SqL conceptual model.

For the migration to t_xxmd w_,u. pathway, the point of
compliance is assunledto be at the edge of the site, which is
assumedto be homogeneously contaminated. No attenuation
is considered in the unsaturated zone; however, dilation is a finite source model, the site manager should recogn/zt
assumed within the aquifer to the point of compliance. For the uncertainties inherent in site-_ estimates of subsur_
generic conceptual site model, the somce is assumed to extend comaminant distributions and use conservative esthnates of
across the entire site.. See Figures 3 and 4 for a graphic sourcesize and concenuafions to allow for such uncertainties.
_tafioo of aspects of the conceptual model applicable to
the Soil Screening framework. The following questionsshould always be considered in the

development of the concepmaJ site model before applying the
Partitioning of contaminant mass between media is not Soil Screening framework:
addressed in the SSL framework because the fate and transport
models used to derive the genetic SSLs are based on the · Is the site adjacent to surface waterbodies where the
assumption of an infinite source. Although the assumption is potenti_l for contamination of surface water by overland
highly conservative, a finite source model cannot be applied flow or release of contaminated ground water should be
unless them are accunUg data regarding source size and con.vide.,ed?
volume. Obviously, in the case of the genetic SSLs. such dat_

are not available. It is also unlikely that such data will be · Are thea_ potential terrestrial or aq,mtic ecological
availahle from the limited subsurface sampling that is done to concerns?

apply the simple site-_ method. Thus, it is most likely
that a f'mite source model would be applied as part of a · Is there potential for land use other thau residential?
de4ailed site-specific investigation. EPA will conlmue to seek

consensus on the appmpr/a_ methods to incorlxr_ · Are there other likely human exposure pathways that
contaminant partitioning and a finite source into the simple were not considered in development of the SSLs (e.g., local
site-specific method. The results of these efforts may be fish consumption; raising of beef, dairy, or other
included in future updates to this guidance, livestock)?

The Technical Background Document (U.S, EPA, 1994e) · Are there unusual site conditions (e.g., arm of contamina-
presents information on equations and models that can tion grrm_ than 30 acres, unll_mlly high fugitive dust
accommodate finite som_es and predict the subsequent impact levels due to soil being filled for agricultural use, or
on either ambient air or ground water. However, when using traffic on unpaved roads)?
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If the conceptual site model indicates that residential assump- In those situations where-little or no sampling has been done,
tions are approlmate for your site and no pathways of concern it will be beneficial to coUect thc site data requn'ed for the
other than those covered by the Soil Screening framework arc simple site-specific methodology in tandem with the collection

-sent, then the framework may be applied directly to the site. of samples to identify contaminant concenUmions. The site

ae conceptual site model indicates that the site is more manager should work to limit the total number of trips to thc
complex than the scenario outlined in this gmdance, the frame- site by maximizing the usefulness of the samples collected.
work above will not be sufficient. Additional pathways, recep- (See section on Measuring Contaminant Concentrations in Soil
tots, or chemicals must be evaluated on a site-specific basis, for additional guidance.)

Considering Background Contamination Comparing Exposure Area Concentration
to SSLs

A necessary step in clem'ming the usefulness of the SSL
framework is the consideration of background contaminant The fourth step is to compare onsile soil contaminant concen-
concenlxalions, since the framework will have little utility !xafious with site-specific SSl-s or the generic SSLs listed ia
where background concentrations exceed the SSLs. Appendix A. At this point, it is reasonable to review the

conc_ site model with the actual site data in hand to
EPA may be concerned with two types of background at sites: reconfirm the accuracy of the conceptual site model and the
t_nmrallyocmming and antigenic. Natural background is appUcability of the Soil Screening framework. Once this is
usually limited to metals whe_as an_gemc (i.e, human- confirmed, site contaminant levels may be compared with the
made) background includes both organic and inorganic contain- SSI.&
inants.

In Appendix A, the first column to the fight of the chemical

Generally, EPA does not clean up below _mval background; name Iav_sents levels based on 'd_tin_on_of s_l. The
however, where anthropogemc bac.k_tnmd levels exceed SSLs second column presents the levels ba_don inl_i_*ion ogvola-
and EPA has determined that a response action is n___'e_sary tiles orsoil particulates. The thixdcolumn in'esents SSL values

and feasible, EPA's goal will be to develop a comptT,hensive for the migration to ground water pathway m_edby a
reslxmse to the widespread contamination. This will often dilution and atXe_,mrlon factor (DAF)__Ùf ]_.to a_t for

coordination with different authorities that have rm.n'&ptocessesthatreduceconl3minant _c.xs_:en_-_the
jurisdiction over other somces of contamination in the area mbsurface. The fourth column contains the SSL multipUed

t h as a regional air boaxd or RCRA program). This will by a DAF of I, which may be appm_a*e to use in instances
l_void _ actions that create "clean islands' amid where there are high w_t_' tables, kast topography, fracmmt

"__ contamination. The background information and bedrock, or som_ size grea_ than 30 acres. The lowest SSL _
_ding of the site developed as pat of the concepnml of_the three pathways (ingestion, inhal_tinn, and ground water
model can help determine background concenuafion, with DAF of 10) is highlighted in bold for __ch contaminant.

When considering background, one should also consider the Generally, the comparison of SSLs to site contaminant levels
bioavailability and mobility of compounds. Some compounds will result in one of three outcomes:
may form complexes that are immobile and unlikely to cause
significant risk. This si_L_u-,rionis more !ilr.ly to occur with I. Site-measured values indicate that an area falls below all of
p_mrally occurring compounds. Therefore, background con- the SSLs. Soils fi'om these arras of the site generally can
centraI_ons of compounds exceeding the SSLs do not neees- be eliminated from further evaluation under CERCLA.
sarily pose a thre,at. Alternately, activities at a site can
adversely affect the natural soil geochemisu'y, resulting in the 2. Site-measm'ed dam indicate that one or more SSLs have
mob'di7_on of compounds. Consequently, background con- clearly been exceeded. In rids case,the SSLs have helped
taminalion should be considered carefully. Regardless, where to identify site areas, contaminants, and exposure pathways

background concenlxations arc higher than the SSI.s, the SSLs of potential concern on which to focus further analysis or
generally will not be the best tool for site decisionmaking, a,_-gathermg efforts.

3. A site-measm-.xl value exceeds one pathway-specific value
Sampling ExposureArea but not others. In this case, it is reasonable to focus

additional site-specific rl_t_ collection efforts only on dala
After the conceptual site model has been developed, and the that will help determine whether there is Ixuly a risk posed
applicability of the Soil Screening framework is determined, via that pathway or by a limited set of chemicals at the
the next step is to collect a representative sample set for each site. When an exceedance is marginally significant, a
exposure area. An exposu_ area is defined as that geographic closer look at site-specif',r conditions and exposm_ may
area in which an individual may be exposed to contamination result in the area being e 'hminated from further study.

I_ne. Because SSLs arc developed for a residential
,rio. EPA assumes the exposu_ area is a 0.5-acm

residential lot.
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Use of SSLs as Preliminary Remediation 1
Goals/CleanupLevels Highlight3: SSL Chemicals with Noncatcinogenic IToxic Effects on Specific Target Organs

SSLs are not nationwide cleanup levels or standards. Where Kidney Circulatory System
the basis for respon_ action exists and ail exposure pathways Acetone Antimony
of concern ar_ addressedby the SSLs, the SSI._ may serve as 1,1-Dichlorcethane Barium
PRGs as defined in HI.M, Part B (U.S. EPA, 1991d). A Oimethyl phthalate p-Chloroaniline
PRG is a strictly risk-based value that serves as the point of 2,6-Dinitrotoluene c_-l,2-Dichloroethylene
departurefor the establishmentof site-specific cleanup levels. Di-n-octyl phthatate Nitrobenzene
PRGs are modified to become t'mai cleanup levels based on Nitrobenzene _mc
a consideration of the nine-criterm analysis described in the 2,4,5-Trichlomphenol
National Contingency Plan (NCP; Section 300.430 (3)(2) Vinyl acetate Reproductive SystemCarbon disulfide
(i)(A)), including cost, long-term effectiveness, and imple- Liver 2-Chlomphenol
mentability. See Role of the Baseline Risk A.vsesxment in Acetone 1,2,4-Trichlorobenzene
Superfund RernedySelection Decisions (U.S. EPA, 1991e) for Chlorobenzene

guidance on how to modify PRGs to generatecleanup levels. Di-n-octylphthaJate Gross Pathology
Nitro_nzene Diathyl phthalate

The SSLs should only be usedassite-specific cleanup levels 2,4,5-Trichlomphenol 2-Methylphenol
when a nine-criteria evaluation using the SSLs a.nPRGs for Na!ghthalene
soils indicates that a selected remedy achieving the SSLs is Central Nervous System Nickel
protective, ARAR-complianL and appropriately balances the Butanol Vinyl acetate
other criteria, including COaL An example is a small site or 2,4-Dichiorophenol
exposureareawhere the coat of _dd_!tionaistudy would ex___oJ_ 2,4-Dinitrotoluene2,6-Dinitrotoluen®
the cost of tem__inring to the genetic SSLs. 2-Mathylphenol

Addressing Exposure to Multiple Chemicals

sim should then be compared to the SSL,s that have been
The SSLs generally conv.spond to a 104 risk level for carcino-

modif'md to account for this potential additivity.
gens and a I_rd quotient (HQ) of I for noncatcinogens.

This "target" b_,'_rd quotient is used to calculate a soil Because the combination of contaminants will vary fi_
concenlrafion below which it is unlikely for even sensitive
poi_,iAtions to experience adverse health effects. The potential to site, apportioning risk to account for poten_i ad&ave

effects could not be considered in the development of genetic
for additive effects has not been "bnilt in" to the SSLs through SSLs. Furthermore, for certain noncarcinogemc organics (e.g..
aplx_d_ent. For c;a-cinogens,EPA believes that selling a ethy!___nzene,tolugeeeeeeeat_),the generic SSL$ ate not based on
10'6 risk level for individual chemicals and pathways generally toxicity but are determined in___d by a "ceiling limit"will lead to cumulative risks within the 10.4 to 10'6 risk range
for the combinations of chemicals typically found at Superfund concentration (Cs,.) at which these chemicals may occur as

nonnqueous phase liquids (NAP[s) in soil (see Technical
sites. Background section). For these rea.nons, the potential for

additive effects and the need to apportion risk must be a site.
For noncatcinogens, thexeis no widely accepted risk range, specific detetminaion.
Thus, for developing national screening levels, options are
either (1) to set the risk level for individual contaminants at the

TECHNICAL BACKGROUND
RfD or RfC (i.e., a hnT'_'d quotient of l), or (2) to set
chemical-specific concentrations by apportioning risk basedon
some arbitrarily chosen fraction of the acceptable risk level The models and assumptions supporting the Soil Screening
(e.g., one-fifth or one-tenth the RfD or R_. The Agency framework were developed to be consistentwith Superfund's
believes, and EPA's Science Advisory Board agrees (U.S. concept of "reasonable maximum exposure" (RME) in the
EPA, 1993d), that noncancer risks should be acid_ only for residential selling. The Risk Assessment Guidance for
those chemiml_ with the same toxic endpoint or mechanism of Superfund, Volume ] (U.S. EPA, 1989b) and the Standard
action. Default Exposure Factors guidance CLT.S.EPA, 1991b) oudined

the Superfund program's approach to calculating an RME.

HigMight 3 lists the chemicals from Appendix A that have Since that time, the Agency (U.S. EPA, 1991a) has coined a
new term that the Superfund program believes conv.sponds toSSL$ based on noncaxcinogenic toxicity and affect the same

target org:m. If more than one chemical detected at a site the definition of R_ME: "high-end individual exposure."
affects the same target organ (i.e., has the same critical effect
as defined by the R.fi) methodology), site-specific SSLs for The Superfund program's method to estimate the RY" %r
each chemical in the gloup should be divided by the number cMomc exposures on a site-specific basis is to com_ ,t
of chemicals present. The concentration of contaminants at the average exposure point concenlration with reasonably
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conservative values for intake and duration in the exposure volarili?nrion factor (VF), soil moisture content was set at a

cale;darinns. The default intake and dmation assumptions are conservative value lee.au.se it drives the air-filled soil porosity
presented in the Standard Default Exposure Factors guidance that m turn provides the pathway for chemicals to volarili:_e
'LS. EPA, 1991b). The duration assumptions were chosen to from soils. Climatic conditions have a significant impact on

_esent individuals living in a small town or other dispersion of both volatile and parl/cnhte emissions and were
nontransient community. (Exposure to members of a more set at high-end values to be protective for conditions at most
transient community is assumed to be shorter and thus sites. Different high-end meteorological clam sets were
associated with lower risk.) Exposure point concentrations are selected to calculam 90th percentile dispersion coefficients for
either measuredat the site (e.g., ground water concentrations the VI: and for the PEF.
at a receptor well) or estimated using exposure models with
site-specific model inputs. An average concentration term is For the migration of contaminants from soils to ground water,
used in most assessments where the focus is on estimating only average soil conditions are used to calcnlam generic SSLs
long-term, chronic exposures. Where the potential for acute because of the conserva_ inherent in the partition equation.
toxicity is of concern, exposure estimates based on maximum The generic DAF for this pathway was developed using a
concentrations may be more appropriate, weight of evidence approach to be protective under most

hydrogeologic conditions across the country as described in the
The resulting site-specific estimate of RME is then compared following section on the migration to ground water.
with chemical-specific toxicity criteria such as RIDs or R/Cs.

EPA recommends using criteria from the Integrated Risk _ of the generic, hypothetical site used to develop
Iniormafion System t_¢,iS) (-U.S. _A, i-_-_4c) and Heaiih generic SSLs were described previously in the _-_"_--on
Effects Assessment Summary Tables (HEAST) (U.S. EPA, discussing the conceptual site model. The Technical

I993c), although values from other sources may be used in Background Document (U.S. EPA, 1994e) accompanying this
appropriate cases, guidance describes the pathway-specific equations,

assumptions, and methodology that form the basis for both the
The Soil Scaze_ng framework differs from a site-specific simple site-specific approach and the genetic SSLs. The
estimate of risk in that the exposure equations and models are Technical Background Document also clescnl)es development
run in reverse to backcalcuhte to an "acceptable level' of of the specific defnu!t input values used to calculate generic
contaminant in soil Toxicity criteria are used to define the SSLs for the inhalation and migration to ground water
acceptable level: a level corresponding to a 10.6 risk for pathways.
- -"inogeus and a I_rd quotient of I for noncarcinogens.

concept of backcalculating to an acceptable level in soft The generic SSLs are based on default assumptions. EPA
was presented in RAGS Part B (U.S. EPA, 1991d). and the recognizes that site-specific conditions may differ significantly
Soil Screening fi-_.¥_ework serves to update Part B for from these default assumptions. The Soil Screening
addressing residential soils. Site-specific SSLs are consistent framework emphasizes the substitution of some of the generic
with the Superfund approach to estilrmfiqg R_ Oll a site- fate and transport assumptions with site-specific rh_ to derive
specific basis. Standard default factors are used for the in,kc site-specific SSLs. However, one purpose of the SSLs is to
and daration assumptions, ate-specific inputs are used in the define a level in soil below which no further study or act/on
exposure models, and chemical-specific concentrations would be required. Therefore, alternative levels that arc set
averaged over the exposure area are used for comparison to the using site-specific dnt_ should generally be calculated assuming
SSL_. the RME_high_nd" individual exposure.

Consistent with the site-specific SSI.s, the generic SSLs use The following sectionspresent the standardizedequations and
the sameintake andduration assumptionsand are compa_d to default assumptions that fo_m the basis for the simple site-
areaaverage concenuafions. However, the genetic SSLs are speci_ methodology andthe generic SSLs. The soil ingestion
based on a hypothetical site model. In developing the discussion is limited to delta,It assumptions because only
parameters for the hypothetical site, the Superfund program genetic SSLs have been developed for this pathway.
cons_ the conservatism inherent in the exposure models

(e.g., assumption of an infinite somce) and then combined Direct Ingestion
high-end and cenn'al tendency pa-amete_ for size, location,
and soil characteristics. The resulting generic SSLs should be Agency toxicity criteria for noncarcinogeusestablisha level of
protective for most site conditions across the Nation. daffy exposure that is not expected to cause deleterious effects

over a lifetime (i.e., 70 years). Depending on the contaminant,
OEER performed a sensitivity analysis to determine which however, exceeding the RfD (i.e., the "acceptable" daffy level)
parameters most influenced the output of the volntiliT_fion and for a short period of time may be cause for concern. For
fugitive dust models used to calculate SSLs for the inhalation example, if there is reason to believe that exposure to soil may
r-'"way. For fugitive dusts, the particulate emission factor be higher at a particular stage of an individual's lifetime, one

} was most sensitive to threshold friction velocity, which would need to protect for that shorter period of high exposu_.
was set at a "high-end" value. For calculation of the Because a number of studies have shown that inadvertent
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ingestion of soil is common among children age 6 and younger ]
(C_iabrcseexal., 1989; Davis ct aL, 1990; Van Wijncn ct aL, Equation 2: Screening Level Equation for

I1990), the SST-_in the default option are setat concenlzations Ingestion of Carcinogenic
that ax=protective of this increased exposureduring childhood Comarnlnarrts in Residential Soil
by ensuring that the chronic rcfcrencc dose (or Ri/)) is not
exceededduring this shor*,_ (6-ye=r) lime period (F.q,_rion 1). Scn_ning level. TR x AT x 365 d/yr

If there is reason to l_Ueve that exposm'csat a site may be (rog/kg) SFox 10''s kg/rogx EF x iFsoiv_
significant over a short period of time (e.g., extensive mil

excavation work in a dry region), delaending on the contami- I:MrarrmterlDefinition (units) [Defnultnant, the site manager should consider the potential for acute
I

health effectsas well. TR/target cancer risk (unitloss) 110-6

SFo/oral slope factor (mg/Rg-d)'l micaJ-specifi¢
Equation 1: Screening level Equation for EF/exposurefrequency (d/yr)

Ingestion of Noncarcinogenic IFml/.dj/age-adjusted soil ingestion [114Contaminants in Residential Soil factor (mg-yr/kg-d)
I

THQx BW x AT x 365d/yrScreeningLevel(rog/kg)-
1/RIDo x 10's kg/rogx EF x ED x IR

Inhalation of Volatiles and Fugitive Dusts
Parameter/Definition (units) Default

· Agency toxicity d_t_ indicate that risks eom exposme to some
THQJtargethazard quotient (unitless) [1 chemicals via inflation far outweigh the risks via ingestion.
BW/bodyweight (kg) 15 The models and assumptions used to calculate SSLs for
AT/averaging time (yr) 6a inlmlaUon of volaliles and fugitive dusts m'e upd,_tes of the
RfD=/omi reference dose (rog/kg-d) chemical-specific equations presented in U.S. EPA's HIIEM Part B guidance
EFlexposumfrequency (d/yr) 350 (U.S. EPA, 1991d). The volaffiizatlon factor (VI_, soil
ED/exposureduration (yr) 6 saturation limit (Cms), particulate emission factor (PEF),
IR/soil ingestion rate (mgM) 200 and dispersion model bare all been revised.

a Fornoncarcinogens,averaging _me is equalto exposureduration.
Another change from the Part B methodology is the sep_
of the ingestion and inhalation pathways. Toxicity criteria for

In some cases, children may ingest large amounts of soil (i.e., oral exposures am pmsen_ as administered doses in units of

3 to 5 grams) in a single event. This behavior, known as pica. milligrams per kilograms per day (mg/kg-d); whereas, the
may result in relatively high shon-lenn e_ to ini_!_tion criteria are presented as concentrations in air (_g/m3
contaminants in SOilS. Such exposures may be of concern for or mg/m 3) that require conversion to an estimale of int_nal
contaminants that primarily exhibit acute health effects, dose to be comparable to the oral mute. EPA's Offr_ of
Review of clinical repcn'ts on contaminants addr_____ in this Research and Development (ORD) now believes that the
guidance suggests that acute effects of_ and phenol may conversion from concen_alion in ah' to internal dose is not

be of concern in children exhibiting pica behavior. If soils always appropriate and suggests evahmfi_g these exposu_
containing cyanide and phenol are of concern and pica routes separately.
behavior is expected at a sim, the protectiveness of the

ingestion SSLs for these chemicals should be reconsidered. As explained in ttHEM Part B, the basic principle of the
voir,tiliTminu model is appUcableonly ff the soil concentration

For carcinogens, both the magnitude and duration of exposure is at or below soil saturation (Cra). Above this level the
are imponanC Duration is critical becausethe toxicity criteria model cannot predict an accurate VI:. C_ is the concentration
are based on "lifetime average daily dose." Thezcforc, the total at which soil air, pore water, and sorplion sites are _t,,,-ated
d_n_. rcceivexL whether it be over 5 yel_ or 50 years, is and above which free-phasecontaminants may be present. For
averaged over a lifetime of 70 years. To be protective of compounds that are liquid at ambient soil temperatm_, Ct,,
exposures to carcinogens in the residential scuing, OERR indicates a concentration above which NAPL,s may be
focuses on exposmcs to individuals who may live in the same suspected in sil_ soils and further investigation may be
residence for a "high-end" period of time (i.e. 30 years). As necessazy. Thus, for liquid compounds for which the SSI.,

mentioned previously, exposure to soil is higher during exceedsCra, the SSL is set at Cm. For compounds that are
childhood and decreaseswith age. Thus, Equation 2 uses a solid az soil temperatures for which the SSL ex__eeeds_Ct.,,
time.weighted average so0 ingestion rate for children and volatile emissions can be assumed to be of no concern and the

adults. The derivation of Ibis time-weighted average is SSL is calculated considering particulate emissions on'- "e.,
presented in U.S. EPA (Ii;Old). the l/V1= term in Equation 3 or 4 is set to zero).
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Equation 3: Screening Level Equation for Equation 5: DerivatiOn of the Volatilization Factor
Inhalation of Carcinogenic

Contaminants In Residential Soil vi: (m3/kg) = Q/C x (3.14 x ([ x T)w2 × 10.4m2/cm;
(2x D._x e, x K.)

,x=eening Level 'IR x AT x 365 d/yr where
"' Dti x 9a

(nng/kg) URF x 1000 ug/mg x EF x ED x I._t + 1 _" e, · (p,) (1 - e,y_

3erameter/Definition(units) Default
Parameter/Definition (units) Default

TR/target cancer risk (unities,s) 10-6
AT/averaging time (yt) 70 VF/volatilization factor (m3/kg) -
URF/inhalation unit risk factor chemicaJ-specific Q/C/inverse of the mean conc. at the 35.10

(j_jJm3)-1 center of a 30-acre-square source
EF/exposure frequency (dh/r) 350 (g/m2-s per kg/m 3)
ED/exposure duration (yr) 30 T/exposure interval (s) 9.5 x 10a s
VF/soil-to-alr volatilization factor chemical-specific Oei/effective diffusivity (cm2/s) Di(e3J3/n 2)

(m3/iccj) e,/air-filied soil porcoit_ (Lu/L. _ 0.28 or n-wpb
PEF/particulate emission factor 6.79 x 10a 0 i/diffusivity in air (cm'/s) chemical-specific

(m3/1_ n/total soil 13orosity (L,,,./L_) 0.43 (loam)
I ' _' t i w/average soil moistu_ecx_'ent 0.1 (i0%)

(g_w/g=_l or cm3wam/g_
p_dry soil bulk density (g/cra _) 1.5 or (1 - n) Pa

Equation 4: Screening Level Equation for ps/soil particle density (g/cra 3) 2.65
Inhalation of Noncarclnogenic K_/soii-air partition coefficient i(H/K_ x 41 (41 is a
Contaminants In Residential Soil (g-soil/ctn3-air) conversion factor)

HA-lenry's law constant (atm-m3/mol) chemical-specific

Screening Level TI-IQ x AT x 365 d/yr Kd/soil-water partYdon coefficient Koc x foe
' r, r_ --_'l (cm3/g)(ag/kg)

(cm_/g)

namter/Detinition (units) Default f_:/organic carbon content of soil (g/g) 0.006 (0.6%)

TI-IQ/target hazard quotient (unitless) 1
AT/averaging time (yr) 30
EF/ex_a=sure frequency (d/yr) 350 Equation 6: Derivation of the Soil Saturation Limit
ED/ex:Ix_ure duration (yr) 30

RfC/inhalation reference concentration chemical-specific S

(mg/m 3) Cm- _ (Kd Po + _, + H'e,)
VF/soil-to-air volatilization factor chemical-specific

(m3/kg)
PEF/partJculate emission factor 6.79 x 10a Parameter/Definition (units) Default

(m3/kg) Cml,soil saturation concentration -
(rog/kg)

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

F__,quallons3 through 7 form the basis for deriving both simple pt/dry soil bulk density (kg/L) 1.5 or (1 - n) p;
site-spec_c and generic SSLs for the _ pathway. The n/total soil porosity (L3mm/L=_) 0.43 (loam)
following parameters tn the standardized equauons can be p=/soil particle density (kg/L) 2.65

!'_pJ_;_d with $[_flC Slte d_t_ tO d_'_¢_Op a more site-specific Kd/soil-water partition coefficient (L/kg) Koc x loc (organics)
SS]..: K_/soil organic carbon/water partition chemical-specific

coefficient (L/kg)

· _ amd Csat foe/fraction organic carbon of soil (g/g) 0.006 (0.6%)
Average sot] moislute content aw/water-filled soil porosity (L.w_m./Ls_) wpb or 0.15
Average fraction organic carbon content 8a/air-filled soil porosity (l_er/L=_ n - wpb or 0.28

w/average soil moisture content 0.1 (10%)
-- Dry soil bulk density (kgw_w4cj_ i or L_mW, g=o_

H'/Henry's law constant (unitless) H x 41, where 41 is
:a conversion factor

H/Henry's law constant (atm-m3/mol) chemical-specific

10
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Equation 7: Derivation of the Paniculate Emission Migration to Ground Water

Factor The methodology for addressing migration of contamtnanu
fi'om soil to ground water reflects the complex namr

3600s/h contaminant fate and tz'am'Ix_ in the subsm'face. In ·PEF(m3/kg)= Q/C x
0.036 x (1-V) x (Urn/Ut)_ x F(xi methodology, a concentraaon fit soft ts backcalctfiatedfrom an

acceptable ground water concentration. The generic SSI.:

Parameter/Definition (unite) Default presented tn Appendix A for this pathway represent .-
conservative cstimaion of thc concena-a_on of a contamimm

PEF/parficulate emission factor 6.79 x 10s tn soft that would not result fit ex_ of the acc_tabk
(m3/kg) concentration of a contaminant in ground water. Flexibility lc

Q/CAnverseof the mean conc. at the 46.84 consider site-spec_c conditions is _ssed fit the simple arm
center of a 30-acre-square source derailed site-specific methodologies.
(g/m2-sper kg/m3)

V/fraction of vegetative cover 0.5 (50%) The _ step tn applyblg the SSL franlework is a com_
(unitleu) of the SSL conceptual model presented earlier in this clocumem

Um/mean annual windspeed (m/s) 4.69 with the conceptual model developed for the site. TI_ forms
Ut/equivalent threshold value of wind- 11.32

speed at 7 m (m/s) the basis for determining the appro_ess of conducting;
F(x)fiunctbn dependent omU._ t 0.194 more de_iled mv_ga_on and t,_ applicability of 'J_ SSw,.

derived using Cowherd (1985) guidancefor the migration m _otmd w'aa_pathway. Some ol
(unitless) the assumptions used to develop the SSL conceptual model

have implicatiom for the ground water pathway. Highlight 4
lists assumptionsimpUcit tn the conceptual model that should
be understood before applying the SSL gmtmd water frame-

, PElF work.
-- Mean annual wtndspeed

Both the simple site-specific and generic methods ate based on
T!=eshold friction velocity (as delermined by): the commonly used equilibrium soil/waler partition equa_on
- mode of the sm'face soil aggregate size
- roughness height (Equation 8) that de&cri_'besthe ability of contaminants to sorb
- correction for nonerodibl¢ particles
- f(x) Equation 8: Soil Screening Level Partitioning

Equation for Migration to Gmuncl
-- Equivalent threshold windspeed at a ?-m anemometer Water

height.

ScreeningLevel. C4Kd (,,e,H') ]Site location (to some extent) and site size (i.e., "area of in Soil (mgd_) Ob
contamtnafion") can be factored into the simple site-specific

methodology for the inhalation pathways. The dispersion Parameter/Definition (units) Default
factor (Q/C) for both vobatles and fugitive dtL_ts was
calculated using a 90th percentile metearo_gi_ da_ set Cw/targetsoil leachate nonzero MCLG, MCI_.
selected fzom 29 dam sets across the United States (see concentration (mg/L) or HBL x 10 DAF
Technical Background Document [U.S. EPA, 1994e]). Los K_/soil-waterpartition coefficient chemical-st_cific, Koc
Angeles was selected as the 900. percentile d_m set for (L/kg) x foc (organics)K_/soil organic carbon/Water chemical-specific
vola_es and M_meapoUswas selectedas the 90th percentile partition coefficient (L/kg)
data set for fugitive dusts. Rcplactng the default city and sim fo=/fractionorganic carbon in soil 0.002 (0.2%)

; size of 30 acres will affect the Q/C values in both the VI: and (g/g)
PEN cqmfions (F_.q___6o_5 and 7). The Technical Ow/water-filledsoil porosity 0.3or wpb
Background Docmn_t supporting this guidance (U.S. EPA, (l-_/Lsoj)
1994e)provides a table of Q/C valuesfor 29 cities across the w/average soil moisture content 0.2 (20*/0)
couna7 ovg a rangeof conCaminantsmm:eareasfor usein the (ko_m_gmi or L_kg_
simple site-specific metho(L pb/drysoil bulk density (kg/L) 1.5 or (1 - n) Ps

n/soil porosity (_} 0.43 (loam)
p_Jsoilparticle density (kg/L) 2.65

The parficuLqte ¢mtssion factor derived by using the default eclair-filledsoil porosity (I._/Ls_) 0.13 or (n - Ow)
values in F_,quanon7 rr.a_ in an ambient air concentration of H'/Henry's law constant (unitless) H x 41
aplxoxima_ly 1.5 pg/m 3. This represents an annual average H/Henry's law constant chemical-specific
emission rate that is bu=d on wind erosion and is not (atm-m3/mol) (assume to be Zr
appropriate for eval)mdng the potential for more acute for inorganiccon
exposings, taminants except

mercury)

ti
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used. If M(_..s were not- available, concentrations a.ssociat___t
Highlight4: Simplifying Auumptions of the Default with a target cancer risk of 10-6 and/or a noncancer HQ of 1

ConceptualModel for Ground Water were derived using Agency toxicity criteria. The acceptable
ground w_mr limit is multiplied by the DAF of 10 to obtain a

1. The source of contamination is defined as an evenly target soil lea:hate concentration for caic,htlng generic SSI_contaminated30-acm sits. Source size has signifi-
cant implicat_ns for the clevelopmentof the dilution/

In the simple site-specific method, sito-measur_ data wouldattenuationfactor. Large sources generally tend to
result in iow DAFs,while smaller sources generally replace the default values for the subsm'facecharacterL_c am/
jt_tify higher OAFs. Where actual source size differs soil variables (i.e., fraction orga_c carbon, (tiT bulk delL_ty,
significantlyfrom the default 30-acre assumption, the averagesoil moisture content). Thesevariables would then be
user should consider a site-specific evaluation to used to caJc,_iat_a mom site-specL6cscreeamg value, lqven
develop a more site-specific DAF. this screening number is fairly conservative becauseof the

underlying assumptionsregarding file absenceof attenuation
2. The soil contaminationextends from the surface to and placement of the well adjacent to the source.

the top cdthe aquifer. This is a reasonable assump-
tion for sites where the water table is fairly shallow

AS descn'bedabove, the Cat ceiling limit defines (for orgamc(e.g., 5 to 10 feet below surface). However, in areas
where the water table is very deep, this assumption chemicals that are Uqtfid at soft tem_) a concenlra_on
may not be valid and should be considered in the above which chemicals may occur as NAPL_ in so_l. For
decision to apply a detailed site-sp4N:/fioevaluation, liquid chemicals present at concenWationsnreater _ Ch=

NAPL presence may be suspocexi and the SoU Screening
3. No attenuation is considered in the unsaturated framework would not be appUcable(Le., further investigation

zone. This assumptionalso has implications for the is necessary). SeeU.S. EPA (19921))for gmdance on de, t-
DAF. As discussedabove, a detailed site.specific mintng the likelihood of NAPL occurrence tn the subsmfaceevaluationshould be considered at sites that have a
very thick uncontaminatedunsaturated zone because and on conducting the additional investigations necessary if
a higher DAF may be justified. NAPL occurrence is suspectedat a site.

4. The point of compliance is at the edge of the site, Partitioning of inorganic constkuents in the subsurfaceis more
which is assumedto be uniformly contaminated, complex than for or. CS. A variety of sou conditions affect
This conservative assumption also has implications the derivation of the partitioning coefficient for tnorgardcs,
for the calculation of the DAF. The user should while orpmc carbon is the parameter that most affects organic
consider whether this assumption is valid for the site partitioning. For this reason, the EPA MINTEQ2 equilibrium
in question and whether further evnluation would be geochemical spedation model was usedto r._l,_,ln_ Kd values
appropriate, for the metals, which were then used in F.xtuation 8. Kd values

5. The simple sits-specific or generic DAF assumes for metals are most significantly affected by pH; therefore,
that an unconfined,unconsolidated aquifer with metal Kdvalues were calculated over a range of subsurfacepH
homogeneousand isotmpic hydrologic properties conditions (4.9 to 8.0). Kd values _g to this pH
undediesthe site. A OAF greater than 1 may not be range are presented in the revised Technical Background
appropnatefor soils undedain by karst or fractured Document (U,S. FPA, 1994e) for use in the simple site-
rock aquifers, specific method. Based on the pH at the sil_, the apgwpriate

6. HAPLs are not present. If NAPLs are present in Kd should be selectedand used in the calc2,1afion. ALso note
soils, the SSLs do not apply (i.e., further investiga- that aU me.._aisexcept mercury are essenfi_l!y noavo!atii_-and
tion is n_o,_ary), their Henry's hw constant (H') in Equation 8 should be set at

zeao.

to organic carbon m soil (Dragtm, 1988). An adjustment to Genetic SSI..s for inorganics corresponding to a pH of 6.8 am
relate sorbed concentration in soil to the analytically measm_ pl_ented in Appendix A for the de_,,It method. Table 1 lists
total soil concentration has been __,9_ to the equation, inorganic SSL_ correspondtng to pH valuesof 4.9 and 8.0 and

a DAF of 10. If pH cond/fions at a site are not known, the

The partition equation conlatns parameters for chemical- generic SSL corresponding to a pH of 6.8 should be used in
specific (Henry's law constant; Kd or Ko,) and subsurface the default method. Table 1 also includes SSL.s for ionizing
characteristic variables (dry bulk density, porosity, air-filled organics, whose partitioning behavior is also pH dependent.
and wat_r-fiHed pore space). In the default method, national Readers am referral to the Technical Background Document
default values for the parameters in the pmifion equation were (U.S. EPA, 1994e) for a more detailed discussion of the
used to calculate the generic SSLs in Appendix A. Nonzew derivation of Kd values for inorgamcs and Koc values for
ground water maximum contaminant level goals (MCLGs) ionizing and nonionizing organics.

'_ used as the ac_ptable ground water Unuts for each
ammant in the partitioning eq,mtion. If nonzero MCLGs The framework also includes the option of using a leach teat

were not available, maximum contaminant levels (MC3_)were insteadof the partitioning equa_on. In some instances a leach
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concentration can be expressed succinctly by the DAF. defined
Table 1. pH-Spectfic SSI. s for Metals as the r_o of the soft l_achate concen_on to the receptor

and Ionizing Organics (mg/kg) (DAF = 10) point concent3mtion. 'The lowest possible value of DAF is 1,

Chemical pH 4.9 pH 8 corresponding to the sita,_on where them is no dilution or
' attenuation of a contaminant; i.e, the concenwat/on at th

Arsenic 13 16
receptor point is the same as that in the soil l_'_'_*,' High

Barium 16 340 DAF values, on the other hand, correspond to a high degreeof
Beryllium 0.1 19,000 dilution and attenuation of the contaminant from the leacha_
Cadmium 0.06 230 to the receptor point.

Chromium (+6) 31 14
The soil/water partition equation relates concenu'afions of

Mercury 0.006 4 contammants adsorbed to soil organic carbon to soil leachate
Nickel I 140 conceaWationsin the unsaturatedzone. Contaminant migration
Selenium 9 I through the unsaa=ated zone to the water table generally

Thallium 0.2 0.5 reduces the soft leachate concenuation by at_n*_fion processes
such as adsorption and de_tlon. Gmtmd water transport m

Zinc 180 1.6E+6 the saluralQedzone fu_er reduces concentrations ti'ax)ugh
Benzoic acid 300 280 adsm_tion, degmrL_tion,anddilution. Generally, to account for
2,4-Oichlorophenol 0.5 0.3 this reduction in concenuafion, acceptable ground w-aim'limits

Pentachlomphenol 0.2 0.01 are multiplied by a DAF to oblain a target soft ieacham
2,4,5-Trichlowphenol 200 26 concenU'ation for the partition equation.

2,4,6-Trichlomphenol 0.07 0.01 A default DAF of 10 is applied to calc-lat_ the g_lel'ic SSL$.
A weight of evidence method was used to determine this

defanlt DAF. In the weight-of-evidence approach, OERR
testmay bemore useful than the partitioning method, depend- eval,mu,d a nmnber of methods for calc,,l_ring DAFs.
ing on the con_tuents of concern and the possible presence of Included in this approach was an evalua_on of DAIs
RCRA wastes. This guidance suggests using the EPA calculated by the EPACMTP model u._ng a range of
Synthetic Precipi_on Leaching Procedure (SPLP, EPA SW- assumptions induding those associated with the conceptnal site
846 Method 1312, see the Technical Backgr_md Dcoument model for the generic SSLs. The comparison also includ, _
['U.S. ][PA, 1994e]). The SPLP was developed to model an DAIs calculamdfzom a mom simplified mixing-_ equm:*
acid ram leaching environment and is generally appropriate for as well as acceptable DAIs used in existing S*_ program..
a contamina_ soil scenario. ! ;h most leach tests, the SPI..P The comparison indicated that, for the defatdt scenario, a DAF

may not be appropriate for ail sin_firms (e.g., soils of I0 is conservatively protective of the major/ty of s/re
contaminated with oily constituents may not yield suitable conditions, including the si_ scenario developed for the
results). Therefore, discretion is advised when applying the generic SSLs. The Technical Background IXx:ument (U.S.
SPLP. EPA, 1994e) supporting this guidance contains _ditional demd

on the development of the generic DAF.
The Agency is aware that there are many leach tests available
for application at hazardous waste sites, some of wkich may be The simple site-specific method rehes on a fairly simple
appropriate in specific sifi_tlons (e.g., the Toxicity Cha-ac- mixing zone eq,_tion (Equanon 9) to calculate a s2te-_
teristic LeachingProcedure,known as the T(_-P, models dilution factor to be used instead of the default DAF. In this
leaching in a municipal landfill environment). It is beyond the method, sim-measured values for hydmuUc gm6ient, hydraulic
scope of this document to discuss in detail other leaching
procedm'eS and the _ of their use. Stabilization/
Solidification of CERCLA and RCRA Wastes (U.S. EPA, Equation 9: Derivation of Dilution Factor

1989c) and the SAB's review of leaching tests (U.S. EPA,
1991c) contain information on the application of various leach dilutionfactor - 1 +
tests to various waste disposal scenarios. The user is IL

encouraged to consult thesedoucmentsfor further information. Parameter/Definition (units)

DETERMININGTHE DILUTION/ dilution factor (unitless)
ATTENUATION FACTOR K/aquifer hydraulic conductivity (m/yr)

i/hydraulic gradient (m/m)
d/mixing zone depth (m)

As contaminantsmove through soil and groundwater, they are I/infiltration rate (m/yr)
subjected to a number of physical, chemical, and biological L/source length parallel to ground water flow (m)
processes that generally reduce the eventual contaminant
concentration level at receptor points. The reduction in
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conductivity,andesmna_of in. marion,contaminantsource MEASURING CONTAMINANT
length,andmixing-zonedep_areusedtocakuhte_e_ CONCENTRATIONS IN SOIL
factor. The mixing-zone depth is estimated from an equation

relating it to aquifer thickness, infiltration rate, ground water In order to compare site soft concealra_ons with the SSI.s, it
velocity, and source length parallel to flow (F-ztuation 10). is important to develop a sampling strategy that will re.suit in

an accurate representation of site contamination. This Soil

Equation 10: Estimation of Mixing Zone Depth Screening Guidance recommends that site managersuse the
Data Quality Objectives _) process (Figure 5) to develop

d = (0.0112L2)°'5 + da {1 - exp[(-Lly(Kida)]} a sampling swa_gy thai will satisfy Superbrandprogramobjectives. The site manager can use the DQO process to
convenJenfiy organJz_ and document many site-spechqc

Paranmter/Definition (unite) features and assumptionsunderlying the sampling plan. In the
last step of the DQO process, "Oplimize the Design for

d/mixing zone depth (m) Obtaining Data," the site manager cat choose between two
L/source length parallel to ground water flow (m) alternative approachesto measuring surface soil contaminant
I/infiltration rate (m/yr) concenWafions. The first is a site-specific strategy thai uses
K/aquifer hydraulicconductMty (m/yr) site-specific estimates of contaminant variability to detm3nine
da/aquiferthickness (m) how many samples am needed to support the e4=rees_ng

decision. The secondis a fmdy !xescripfive ..approachthat can
be used in lieu of the site-speciSc su'a_gy. Recommendations

Detailed Site-SpecificMethod for subsurface sampling that can be modified to accommodate

site-specific conditions are also included in the guidance.
In this investigation, site-specific ,_ are coUectedand used

in a fate and tmns[x_ model to determine whether a threat to Exposure to site contaminants over a long (chronic) period of
ground water existsand,ff so, to further determine site-specific lime is best representedby an arithmetic averageconcentration
cleanup goals as would typically be done for the remedial faa'an exposure area (U.S. EPA, 1992d). Themf_, measure-
investigmion/feasibflity study (R//FS). Consequently it ment of site concenu-ations for comparison to the $SLs should
v_presents the highest level of site-_ in evaJnarlug the
migration to ground water pathway. A DAF is not used in this
method because the model would account for fate and transport

mechanismsin the subsurface. The advantageof this approach I S,ate_ Problem Iis that it accounts for site hydrogeologic, climatologic, and
contaminant source characteristics and may result in fully
protective but less slaingent remedintion goals However the

f
I

_c_a'fional cost of collecting the dnenrequired to apply the I Derision

model should be factored into the decision to conduct a I
t

detailed site-specific investigation. _,

Choosing a model for site-specific application is integral to an I Ide_eY_puts t° n_eDae_on [
accurate evahmdon of potential concern. However, the dam ii.
used in the application and interprction of the results are I

equally important. In an effort to provide useful information [ t_ino _-_ Stc_
for a model application, EPA's ORE) l otx)mmries in Ada, I
Oklahoma, and Athens, Georgia, conducted an evaluation of _,.
nine unsauwated zone fate and Wanspon models. The infor- I

!

marion in this report is summarized in the Technical [ Devs4ooa DecisionRule
Background Document (U.S. EPA, 1994e) supporting this /
guidance. These nme models are only a subset of the p(Xen- 9'
dally appropriate models available to the public and am not [
meant to be consuued as having received EPA approval. EPA I SlmC/fyUmttson Dec/sionE,_c,-5
also has developed guidance for the selection and application
of ground water transport and fate models and for interpreta- _,. t

tion of model applicalions. The user is referred to Ground I va [
Water Modeling Compendium (U.S. EPA, 1994b) and Frame. Opamize_ Oeagnfor ObtainingData
work for Assessing Ground Water Model Applications (U.S.
EPA, 1994a) for fm'ther information.

Figure 5. The Data Quality Objectives process.
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be based on the arilt_netic mean concenuation as well. For the This classification of areas of the site can help in designing an

proposes of th_ guidance, the Agency has assumed that the efficient sampling plan, s"mce the number of samples requir_
size of a typical residential lot (0.5 acre) is an appmpria_ to support gooddecisionmsk-iugdepemison the contaminant
averaging area for residential land use. For large sites that variability likely to be encountered and how greatly
could be divided into multiple residential lots, the site should contaminant concentrations differ from the SSI.,s. By grouping
be sectioned into appmlmate 0.5-ac_ parcels, similar areas Wgether,each area can be sampled in w,cordance

with the level of uncertainty or variability associated with that
For measurement of surface soil samples for the inhalation and area. For example, EPA expects that a relatively small number

ingestion pathways, samples should be collected over a depth of samples will be needed to make the screeningdecision
of 6 inches _ it is the top 6 inches of soil that is most when: average contaminant concentrations clearly ex__r___or
l_ly to be ingested or inhaled as fugitive dusts. Additional are well below the SSLs. More intensive sampling is expected
sampling beyond 6 inches may be appropriate, depending on for those areas where relatively high contaminant variab'dity or
the contaminant's mobility. I/soils at the site are of concern concenUationa_clo_e to_the SSLs make it more difficult to
for the migration to gnmnd water pathway as well as the det_-mme with confidence whether the average contaminant

ingestion and/or inhalation pathways, then sm-face soils should concenWalion exceeds the screening level
be sampled first since the results of the composite samples
may indicate somx:e areas to target for subsurface sampling. Inherent in the statistically based site-specific sampling strategy

is the specifi_ of limits on derision em_ which is
As discussed previously, the initial steps for implementing the performed in the sixth step of the DQO process. Limits on
Soil Sca_ming f_amew_ are to (1) develop the concepm-I dt_i_'_sionerrors are quantitative performance requirements for
site model and determine the applicability of the framework: the quality and quantity of data thai will support the screening
(2) determ_ ff background concentrations exceed the decision. These performance requirements ate specified in
(generic) SSLs; and (3) select the method (simple site-_c, terms of the probability of making a decision error, which cml
de_ed si_-specific, or generic) to deln'mine the SSLs. Once occur in two ways:
these steps have been completed, it will then be n____ssaryto
choose either a site-specific or a generic, prescriptive sampling * Type I: The d_m mislead the site manager into

for surface soils, deciding that the exposure area concenuation is below
the SSLs when the lame average contaminant

SurfaceSoils--Site-Specific Strategy co.waion exceedsthescm=S level;or

The site-qzcific sampling strategy utilizes a sampling design * Type H: The dam mislead the site manager into
approachthat allows slalistically valid conclusions to be drawn deciding that the exposure area concentration is above
about contaminant concenUations at a site based on relatively the SSL and further investigation is required when in
limited sampling. EPA recommends thai site managers use fact the true average conlaminant concenlral/on is less
this strategy to demrmine the number of samples need__ to than the SSI,.
compare average contaminant concentratices within each
exposure area against the SSLs. The site-specific suategy To ensure consistency in applying the framework. EPA has
provides procedures for ensuring that screening decisions can specified tolerable limits on decision errors at the program
be made with acceptable levels of confidence despite level The Technical Background Document (U.S. EPA,
variability in soil conlaminant concent_nons that can 1994e) provides a full discussion of the Soil Screening
sometimes mask true conditions at the site. This approach frame'work's limits on decision errors and of the site-_
provides flexibility to incorpor_ site-specific information sWalegy in general. EPA encourages the project manager to
about likely conlmninafion paUerns so that sampling can be seek the _ce of a statistician or the Regional quality
concentraled in areas where u_,:erlainty about the risk posed by asmam_e staff for the development of the sampling swalegy.

soft contaminants is greatest. For more detailed guidance on the DQO process the user
should refer to the Technical Background Document and Data

The sampling design developed for the site should be based on Quality Objectives for Superfund (Interim Final) (U.S. EPA,
the conceptual site model and should reflect cond/fions at the 1993a).
site. It is flexible in that the information used to develop the

conceptualsite model (hisUmcal records, aerial photographs, Surface Soils---Prescriptive Approach
exts_g sampling a_m. etc.) can also be used to develop an
appropriate sampling strategy. Such a strategy may include The guidance p_ovides a second sampling methodology--a
slral_calion of the site, if _, into areas where soil "l:n'em_ptive approach"_ can be usedasan alternative lo
contaminant concenWalions are expected to clearly exceed the the site-specific approach. A sampling design effort is
SSI.s, areaswhere soil contaminant concenWations are expected required for the site-_c swategy, whereas the pmscriplive
to fall well below the SSLs, and areas of the site where there _/n-os, ides a simple, standard sampling approach fl_-'
is greater unc,cz'u_nty as to whether soil contaminant will be most useful for small sites that do not warrant
concentrations exceed the SSLs. extensive design effort. It emphasizes composite sampling Icl
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nonvolatile contaminants and specifics the number of samples continue at 2-foot intervals until no conmmirmtinn is

to be collected for analysis of volatile contaminants. It differs encountered. If the av6rage concentration in any borehole
from the site-specific approach in that the same sampling exceeds the SSL, then further sim-specific study is warranted.
strategy must be applied to each 0_5-acre exlx_UrC area.

Although it docs not explicitly control decision errors, Subsurface sampling depths and intervals can be adjusted at a
pre 'hmularysimnlnfior_ suggest that it does not und_stimatc site to accommocht_ site-specific information on subsurface
mcan concentrations for commonly occurring patterns of soil contaminant distributions and geological conditions. In
contammalion. Additional sim,lafions comparing the addition, soft investigation for the migrmion to ground water
performance of the prescriptive approach to the site-specific pathway should not be conducted independent of grom_ water
su'ategy will be a subject of peer review, investigntlon. Ground water should be sampled to de_'nnine

whether there is concern for existing ground water contain-
Studies by ORD indicate that at least 20 samples per exposure inafion, and the results should be considered in the holistlc
area arc needed to closely estimate the true mean. To balance application of the Soft Scu_nmg framework.
the need for stnti_ticai confidence in de_g a meaningful
arithmetic mean contaminant concenu-ation with the costs of Goo_ati_ics
analyzing multiple samples for each exposure area, EPA

recognizes the benefits of composite samples and advo_s If the SSLs are to be compar_ with the e_ resulting from
composing, where appropriate. Compositing may mask the initial sample collection efforts of the

contaminant levels that are slightly higher than the SSL, but investigation, the site manager may want to consider using
of _dgh .... ' '--· . ,,Z__n_u,_uu,m,_,tn, wm _uu tn; u u:u. _.u. il,_Lm_ geosmfi=_.s to eslimate contaminant concentrations across the

is a reasonable approach and an efficient use of resources since site. Gemtati_cs is probably most appropriate to use m the
the Saperfund program is inle_'UM in the average exposmc detailed sim-specific aPlxoach. Geosmtistics is a field of study
over time. (See the Technical Backg_aund Document [U.S. in which $tat_ti_tl analyses of geologic or environmental a_.._
EPA. 1994e] for a more detailed discussion of composiling and are conducted. It differs from single-sample classical snari_Sc_<
its limitations.) in that it assumes that variability and independence between

samples is not random, but that there is some s_tinl continuity
Using the prescriptive approach, 20 discrete samples can be between samples. Geos_ can be used to _aue
reduced to four composit_ samples. (The exposure area can be contaminant concentrations at unsampled points and estimate
divided into q,_drants and five random samples can be average contaminant concentrations across the site.
collected and composited within each quadrant) The contain-
mt concentrations from the four composite samples should Software packages have been developed to facilitate

be compared directly with their r_spective SSLa. If any one of geosmtistical analyses. One package is GEO-EAS, developed
the composites equals or exceeds the SSI.,, then that pomon of by EPA's Environmental Monitoring Systems Laboratory in
the exposure area should be studied further. Las Vegas, Nevada. Assistance and consultation with dollied

geosmlisticians is recommended prior to initialing any
Compositing is not _ for volatile organic compounds sampling plan to ensure that the sampling strategy will capunc
O/OCs) since much of the contaminant will be lost dm_g the critical dnm necessary for the geosta_fical analyses.
homogepi?ntion of the soil (U.S. EPA, 1989a, 1992c). For

VOC_, lOdisc_te samples can be taken per expostnre nteaand WHERE TO GO FOR FURTHER
any sample above the SSL would trigger the need for INFORMATION
additional study in that exposure area. Additionally, it is not

appropriate to average the contaminant levels in each exposure Mom detailed discussions of the technical background andarea and evaluate the mean concentration against the SSL.s
assumptions supporting the development of the Soil Screening

because 10 discrete samples may _ the true mean.
_;,..ework are presented in the Technical Background
Document for Soil Screening Guidance (U.S. EPA, 1994e).

SubsurfaceSampling For additional copies of this Fact Sheet and/or the Technical
Background Document, call the National Technical Information

For the nugration to ground water pathway, subsurface soils Sea'vice (NTIS) at (703) 487-4650.
that have constituents that might contribute to ground water
contamination are of primary concern. The_fore. it is the
source areas that am of intet_t and nm nec_cssarily a 0.5-_te
exposure area as specified for the ingestion and inhalation
pathways. To determine whether contaminants in the subsur-
face soils (defined as below 6 inches for the p_ of
implementing SSI..s) potentially pose a risk to ground water,
'he guidance suggests sampling at least two boreholes using

Alt spoon or Shelby tube samples in each source area.
Samples should begin at 6 inches below grmmd surface and
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NOTICE: This guidance is based on policies in the Final Rule of the National Oil and HnTardous Substances Pollution
Contingency Plan (NCP), which was published on March 8, 1990 (55 FederalRegister8666). The NCP should be considered
the authoritative source.

The policies set out in this document are intended solely as guidance to the U.S. Environmental Protection Agency (EPA)
personnel; they are not final EPA actions and do not constitute rulemaking. These po 'hciesare not intended, nor can they be
relied upon, to crea*eany rights enforceable by any party in litigation with the United States. EPA off=iais may decide to follow
the guidance provided in this document, or to act at variance with the guidance, based on an analysis of specific site
circumstances. EPA also reserves the right to change the guidance at any time without public notice.
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Appendix A. Generic Soil Screening Levels for Superfuncl e

NOTICE: These values were developed for use in applioation of the Soil Screening Guidance only. They were developed for
specific exposure pathways constituting a residentialscenario and should only be used in that context.

Pathway-specific values for

surface soils Migration to ground water(rog/kg) pathway levels (rog/kg)

With 10 With 1
CASNo. Chemical Ingestion Inhalation DAF DAF

83-32-9 Acenaphthene 4,700 D -- ¢ 200 = 20 b
67-64-1 Acetone 7,800 b 62,000 d 8 b 0.8 b
309-00-2 Alddn 0,04 · 0.5 · 0.005 · 5E-4 *'f

120-12-7 Anthracene 23,000 b -- = 4,300 h 430 b
71-43-2 Benzene 22" 0.5 · 0.02 0.032 f
56-55-3 Benzo(e)anthracene 0.9 * -- ¢ 0.7 0.07 f

205-99-2 Benzo(b)fluoranthene 0.9 · _ c 4 0.4
207-08-9 Benzo(k)fluoranthene 9 ' -- ¢ 4 0.4

50-32-8 Benzo(a)pyrene 0.09 e.f -- c 4 0.4
- w_4

111-44-4 Bis(2-chlorethyl)ether 0.6 ' 0.3 -' 3E-4 _'_ 3E-5 e';
117-81-7 Bis(2-ethylhexyl)phthalate 46 · 210 d 11 1
75-27-4 BromodichJoromethane 5 ' 1,800 d 0.3 0.03
75-25-2 Bromoform 81 * 46 ' 0.5 0.05
71-36-3 Butanol 7,800 b 9,700 d 8 _ 0.8 b
85-68-7 Butyl benzyl phthalate 16,000 b 5,30d 68 7
86-74-8 Carbazole 32 ' -- ¢ 0-2 .'f 0.02 .'f
75-15-0 Carbon disulfide 7,800 b 11 b 14 b 1b

56-23-5 Carbon teb'achioride 5 ' 0.2 ' 0.03 0.003 f

57-74-9 Chlordane 0.5 ' 10" 2 0
108-90-7 Chlorobenzene 1,600 b 94 b 0.6 0.0_,
124-48-1 Chlorodibromomethane 8 · 1,900 d 0.2 0.02
67-66-3 Chloroform 110 ' 0.2 · 0.3 0.03

218-01-9 Chrysene 88 ' _ c 1 0.1 f
72-54-8 DDD 3 t -- c 0.7 ' 0.07 *
72-55-9 DDE 2 ' .- c 0.5" 0.05 *

50-29-3 DDT 2 ' 80 · I · 0.1 *
53-70-3 Dibenzo(a,h)anthracene 0.09 e.f ._ c 11 1
84-74-2 Di-n-butytphthatate 7,800 b 100 d 120 b 12b

95-50-1 1,2-Dichlorobenzene(o) 7,000 b 300 d 6 0.6
106-46-7 1,4-Oichiorobenzene(p) 27" 7,700 b I 0.1 !
91-94-1 3,3-Dichloroi3enzidine 1 · _ c 0.01 e,f 0.001 e,f

75-34-3 1,1-Dichloroethane 7,800 b 980 b 11 b I b
107-06-2 1,2-Dichloroethane 7 _ 0.3" 0.01 f 0.001 f
75-35-4 1,1-Oichloroethylene 1 · 0.04 · 0.03 0.003 f

156.59-2 ci_l,2-Dichloroethylene 780 b 1,500 d 0.2 0.02
156-60-5 trans-1,2-Dichlomethylene 1,600 b 3,600 d 0.3 0.03
78-87-5 1,2-Dichloropropane 9 · 11 b 0.02 0.002 f

542-75-6 1,3-Oichloropropene 4 · 0.1 · 0.001 e.f 1E-4e,f
60-57-1 Dieiddn 0.04 · 2 · 0.001 e,f 1E-4e,f

84-66-2 Diethyl phthalate 63,000 b 520 d 110 b 11 b

131-11-3 Dimethylphthatata 7.8E+5 b 1,600 d 1,200 b 120 b
121-14-2 2,4-Dinitrotoluene 160 b __c 0.2 b.f 0._

606-20-2 2,6-Dinitrotoluene 78 b .-- c 0.1 b.f 0.01
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Appendix A (continued)

Pathway-specific values for

9_____._ surface soils Migration to ground water(mg/l(g) pathway levels (mg/kg)

With 10 With 1
CAS No. Chemical Ingestion Inhalation DAF DAF

117-840 Di-n-octylphthalate 1,600 b _ c _ g _;
115-29-7 Endosulfan 470 b .-- c 4 b 0.4 h

72-20-8 Endrin 23 b ._ c 0.4 0.04

100-41-4 Ethylbenzene 7,800 b 260 d 5 0.5
206-44-0 Fluoranthene 3,100 b m c 980 b 98 b

86-73-7 Fluorene 3,100 b _ c 160b 16 b

76-44-8 Haptachlor 0.1 · 0.3 · 0.06 0.006

1024-57-3 Heptachlor epoxide 0.07 · I · 0.03 0.003
118-74-1 Hexachlorobenzene 0.4 · I · 0.8 0.08 f
87-68-3 Hexachloro-1,3-butadiene 8 · 1 · 0.1 f 0.01 f

319-84-6 m-t-ICH((x-BHC) 0.1 · 0.9 · 4E-4 ·.f 4E-5 ·'f

319-85-7 13-HCH(_BHC) 0.4 · 16· 0.002 · 2E-4 ·'f
58-69-9 7.HCH (Lindane) 0.5 · _ c 0.006 6E-4 f
77-47-4 Hexachlorocyclopentadiene 550 b 2 _ 10 1
67-72-1 Hexachloroethane 46 · 49 · 0.2 e,f 0.02 "_f

193-39-5 Indeno(1,2,3-c,o_pyrene 0.9" -- ¢ 35 3
78-59-1 Isophorone 670 · 3,400 d 0.2 e,f 0.02 e.f

72-43-5 Methoxychlor 390 b -- c 62 6
74-83-9 Methyl bromide 110 b 2 b 0.1 b 0.01 b,f

=75-09-2 Methylene chloride 85 · 7 · 0.01 f 0,001 f

91-20-3 Naphthalene 3,100 b -- c 30 b 3 b
9895-3 Nitrobenzene 39 b 110 b 0.09 b,f O.OOgb,f

1336-36-3 Polychlorinatedbiphenyls (PCBs) I h _ c,h _ h -- h
12.9-00-0 Pyvene 2,300 b _ c 1,400 b 140 b

100-42-5 Sbyene 16,000 b 1,400 d 2 0.2
79-,.'.'.'.'.'.'.'.'._5 1,l,2,2-Tetrachloroethane 3 · 0.4 · 0.001 *'f 1E-4 e,f

127-18-4 Tetrachloroethyiene 12 · 11 · 0.04 0.004 t
108-88-3 Toluene 16,000 b 520 d 5 0.5

8001-35-2 Toxaphene 0.6 · 5 d 0.04 ! 0.004 f

120-82-1 1,2,4-Trichlorobenzene 780 b 240 b 2 0.2 f

71-55-6 1,1,1.Trichloroethane _ c 980 d 0.g 0.09
79-00-5 1,1,2-Trichloroethane 11 · 0.8 · 0.01 f 0.001 f

79-01-6 Trichloroethylene 58 * 3 · 0.02 0.002 f

108-05-4 Vinyl acetate 78,000 b 370 b 84 b 8 b
75-01-4 Vinyl chloride 0.3 · 0.002 e,f 0.01 f 0.001 f
1330-20-7 Xylenes (total) 1.6E+5 b 320 d 74 7

Ionizable Organics
65-85-0 Benzoic acid 3.1E+5 b _ c 280 b.i 28 b.i

106-47-8 p-Chloroaniline 310 b Mc 0.3 b,f.i 0.03 b,f.i

95-57-8 2-Chlorophenoi 390 b 53,000 d 2 b.i 0.2 b.f.i

120-83-2 2,4-Oichlorophenol 240 b .-- c 0.5 b,i 0.05 b,f,i

105-67-9 2,4-Oimethylphenol 1,600 b ._ c 3 b,i 0.3 b,U
51-28-5 2,4-Dinitrophenol 160 b ._ c 0.1 b,f.i 0.01 b.f.i

95.48-7 2-Methytphenol 3,900 b ._ c 6 b.i 0.6 b.i
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Appendix A (continued)

Pathway-specific values for

_lt_ surface soils Migration to ground water(mg/kg) pathway levels (rog/kg)

With 10 With 1
CAS No. Chemical Ingestion Inhalation DAF DAF

86-30-6 N-Nitrosodiphenylamine 130 · __ c 0.2 e,Li 0.02 .,LJ
621-64-7 N-Nitrosodi-n-propylamine 0.09 e,f .-- c 2E-_ e,f.i 2E-6 ..U
87-86-5 Pentachlorophenol 3 .'j _ c 0.01 f.i 0.001 f.i
108-95-2 Phenol 47,000 b __ c 49 b.i 5 b,i
95-95-4 2,4,5-Trichlorophenol 7,800 b __ c 120 b.i 12 b.i
88-06-2 2,4,6-Trichlorophenol 58 · 210" 0.06 eJ.i 0.006 ,,,U

Inerganice
7440-36-0 Antimony 31 b __ c __k -- k

7440-38-2 Arsenic _; 0.4 ' 380" 15 i 1 i
7 '440-39-3 Barium 5,500 b 3 5E75 b· · 32 i 3 i
7440-41-7 Beryllium 0.1 ' 690 ' 180 i 18 i

- 7440-43-9 Cadmium _ 39 b 920 · 6 i 0.6 i

7440-47-3 Chromium (6+) 390 b 140 · 19 i 2 i
7439-92-1 Lead 400 I _ _ _

7439-97-6 Mercury _ 23 b 7 b,i 3 i 0.3

7440-02-0 Nickel _ 1,600 b 6,900 · 21 i 2 i

7782-49-2 Selenium _ 390 b _ c 3 i 0.3 i
7440-22-4 Silver 390 b _ c _ k '

7440-28-0 Thallium _ c _ c 0A i 0.04
7440-62-2 Vanadium 550 b -- c __ k -- k

7440-66-6 Zinc _; 23,000 b -- c 42,000 b,i 4,200 b,i

57-12-5 Cyanide 1,600b _ c _ k -- k
DAF= Dilutionand attenuation factor.

a Screening levelsbased on human health criteria only.
b Calculated values correspondto a noncancerhazard quotient of 1.
c Notoxicity criteria available for that route of exposure.
d Soilsaturation concentration (C_at).
" Calculated valuescorrespond to a cancer risk level of I in 1,000,000.
f Level is at or below Contract Laboratory Program required quantltatidn limit for Regular Analytical Services (RAS).
g Chemical-specificproperties are such that this pathway is not of concern at any soil contaminant concentration.
n A preliminary remediation goal of 1 ppm has been set for PCBs based on Guidanceon RemedialAc_onsforSuperlundSiteswith

PCB Contamination,EPA/540G-90/O07,Office of Emergency and Remedial Response, U.S. Environmental Protection Agency,
Washington,DC, 1990, and on Agency-wide efforts to manage PCB contamination.

' SSLfor pHof 6.8.
i IngestionSSL adjusted by a factor of 0.5 to account for dermal exposure.
k Soil/waterpartitioncoefficients not available at this time.

Apreliminary remediationgoal of 400 rog/kg has been set for lead based on RevfsedInterimSoilLead GuidanceforCERCLA Sites
and RCRA CorreclfveAcSon Facili_es,OSWER Directive #9355.4-12, Office of Solid Waste and Emergency Response, U.S.
EnvironmentalProtection Agency, Washington, DC, July 14, 1994.

indicatespotential for soil-plant-humanexposure.
Levelsdeveloped for residential use only:

/----5

Residential Industrial Agricultural
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