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RCRA SAMPLING PROCEDURES REFERENCE LIST 

The following list comprises guidance documents and other information sources which may be 
useful in conducting RCRA sampling activities. Contacts for additional information are 
included at the end of this list. Note: this should not be considered a final list but should be 
routinely updated as new resources are identified or made available. 

"Subsurface Characteristic and Monitoring Techniques, A Desk Reference Guide, Volume 1: Soil and 
Groundwater (Appendices A and B)" and "Volume 2: The Vadose Zone, Field Screening and Analytical 
Methods (Appendices C and D)," May 1993 (EPA/625/R-93/003 a and b). 

"Handbook on In-Situ Treatment of Hazardous Waste-Contaminated Soils," EPA/540/2-90/002, January 
1990. 

"Soil Sampling Quality Assurance User's Guide," Second Edition, EPA/600/8-89/046, March 1989. 

"Soil Gas Sensing for Detection and Mapping of Volatile Organics," By Dale A. Devitt, Roy B. Evans, 
William A. Jury, and Thomas H. Starks, of the Environmental Research Center, Las Vegas, NV. 

"Preparation of Soil Sampling Protocols: Sampling Techniques and Strategies," EPA/600/r-92/128, July, 
1992. 

"Description and Sampling of Contaminated Soils" EPA/625112-911002, November 1991. 

GROUNDWATER 

"Subsurface Characteristic and Monitoring Techniques, A Desk Reference Guide, Volume 1: Soil and 
Groundwater (Appendices A and B)" and "Volume 2: The Vadose Zone, Field Screening and Analytical 
Methods (Appendices C and D)," May 1993 (EPA/625/R-93/003 a and b). 
"Ground-Water Modeling: An Overview and Status Report," EPA/600/2-89/028, December 1988. 

"Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities", Interim Final, EPA/530/SW-
89/026, April 1989. 

"Guidance on Remedial Actions for Contaminated Ground Water at Superfund Sites," OSWER Directive 
9283.1-2, December 1988. 

"RCRA Ground Water Monitoring: Draft Technical Guidance," EPA/530-R-93-001, November 1992. 

"Final RCRA Comprehensive Ground Water Monitoring Evaluation (CME) Guidance Document," Final 
OSWER Directive 9950.2, March 1988. 

"Manual of Ground-Water Sampling Procedures," Scalf, Marion; McNabb, James; Dunlap, William; Cosby, 
Roger; and Fryberger, John. NWWA/EPA Series, 1981. 

"Handbook: Groundwater," Volumes I and II, EPA/625/6-90/016(a & b), September 1990 and July 1991. 

"Basics of Pump-and-Treat Groundwater Remediation Technology," EPA/600/8-90/003, March 1990. 
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"RCRA Ground Water Monitoring Compliance Order Guidance," August 1985. 

"Operational and Maintenance Inspection Guide: RCRA Ground-Water Monitoring Systems," OSWER 
Directive 9950-3, March 1988. 

"Statistical Analysis of Ground Water Monitoring Data at RCRA Facilities," Interim Final Guidance, April 
1989. 

"RCRA Ground-Water Monitoring Technical Enforcement Guidance Document," OSWER Directive 9950.1, 
September 1986. 

"Handbook: Groundwater," EPA/625/6-87/016, March 1987. 

"Handbook of Suggested Practices for the Design and Installation of Ground-Water" Monitoring Wells," 
EPA/600/4-89/034, October 1989. 

"Practical Guide for Ground-Water Sampling," EPA/600/2-851104, September 1985. 

"A Guide to the Selection of Materials for Monitoring Well Construction and Ground Water Sampling," 
SWS Contract Report 327, Illinois State Water Survey, Department of Energy and Natural Resources, 
Champaign, Illinois, August 1983. 

"Handbook: Stabilization Technologies for RCRA Corrective Actions," EPA/625/6-91/026, August 1991. 

"Stabilization/Solidification for CERCLA and RCRA Wastes," EPA/625/6-89/022, May 1989. 

"Handbook on In-Situ Treatment of Hazardous Waste-Contaminated Soils," EPA/540/2-90/002, January 
1990. 

"Identification and Compilation of Unsaturated/Vadose Zone Models," EPA/600/R-94/028, March 1994. 

"Handbook of RCRA Ground-Water Monitoring Constituents: Chemical and Chemical Properties," 
EPA/530/R-92/022, September 1992. 

"Statistical Training Course for Ground-Water Monitoring Data Analysis," EPA/530/r-93/003, 1992. 

ANALYTICAL/SAMPLING 

"Data Quality Objectives for Remedial Response Activities," OSWER Directive 9355.0-78, EPA/540/G-
87/003 & 004, March 1987. 

"Chemical, Physical and Biological Properties of Compounds Present at Hazardous Waste Sites," 
EP A/OWPE, September 1985. 

"User's Guide to the Contract Laboratory Program," OSWER Directive 9240.0-1, December 1988. 

"Methods for Chemical Analysis of Water and Waste," EPA-600/4-79-020, March 1979. 

"Test Methods for Evaluating Solid Waste, Physical/Chemical Methods and Final Update," SW-846, Third 
Edition, November 1986, and July 1992 update. 

"A Compendium of Superfund Field Operations Methods," EPA/540/P-87/001(a & b). 
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"Soil Sampling Quality Assurance User's Guide," Second Edition, EPA/600/8-89/046, March 1989. 

"Characterization of Hazardous Waste Sites-A Methods Manual, Volume 1: Site Investigations," 
EPA/600/4-84/075, Apri11985. 

"Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air," 
EPA/600/4-84/041, Aprill984. 

"Transport and Fate of Contaminants in the Subsurface," EPA/625/4-89/019, September 1989. 

"Characterization of Hazardous Waste Sites- A Methods Manual: Volume II, Available Sampling 
Methods," Second Edition, EPA/600/4-84/076, December 1984. 

"Soil Gas Sensing for Detection and Mapping of Volatile Organics," By Dale A. Devitt, Roy B. Evans, 
William A. Jury, and Thomas H. Starks, of the Environmental Research Center, Las Vegas, NV. 

"NIOSH/OSHA/USCG/EPA Occupational Safety and Health Guidance Manual for Hazardous Waste Site 
Activities," NIOSH Publication No. 85-115. U.S. Department of Health and Human Services, October 1985. 

"Preparation of Soil Sampling Protocols: Sampling Techniques and Strategies," EPA/600/r-92/128, July, 
1992. 

"Management of Investigation-Derived Wastes During Site Investigations," EPA/540/G-911009. 

CORRECTIVE ACTION/REMEDIATION GUIDANCE 

"Technical Guidance Document: Construction Quality Assurance for Hazardous Waste Land Disposal 
Facilities," EPA/530/SW-86/031, OSWER Directive 9472.003, October 1986 . 

"Technical Guidance for Corrective Measures--Determining Appropriate Technology and Response for Air 
Releases," Draft Final, EPA/530-SW -88-021, March 1985. 

"Air/Superfund National Technical Guidance Study Series, Volumes I-IV," EPA 450/1-89-001,002,003,004 
(1989 and 1990). 

"Technical Guidance for Corrective Measures-- Subsurface Gas," EPA/530-SW-88-023, March 1985. 

"Guide for Conducting Treatability Studies under CERCLA," Interim Final, EPA/540/2-89/058. 

"Guide for Conducting Treatability Studies under CERCLA: Aerobic Biodegradation Remedy Screening," 
EPA/540/2-911013B, July 1991. 

"Guide for Conducting Treatability Studies under CERCLA: Chemical Dehalogenation," EPA/540/R-
92/0BB. 

"Guide for Conducting Treatability Studies under CERCLA: Soil Vapor Extraction," EPA/540/2-911019B, 
September 1991. 

"Guide for Conducting Treatability Studies under CERCLA: Soil Washing," EPA/540/2-911020B, 
September 1991. 

"Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans," QAMS-005/80, 
December 29, 1980. 
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"Technology Screening Guide for Treatment of CERCLA Soils and Sludges," EPA/540/2-88/004, September 
1988. 

"Technical Guidance Document: Final Covers on Hazardous Waste Landfills and Surface Impoundments," 
EPA/530/SW-89/047, July 1989. 

"Interim Final, RCRA Facility Investigation (RFI) Guidance Documents, Volumes I-IV," OSWER Directive 
9502.00-6D, EPA 530/SW-89-031, May 1989. 

"Guidance on Administrative Records for RCRA 3008(h) Actions," OSWER Directive 9940.4, July 1989. 

"Guidance on Public Involvement in the RCRA Permitting Program," OSWER Directive 9500.00-1A, 
January 1986. 
"Superfund Remedial Design and Remedial Action Guidance," OSWER Directive 9355.0-4A, June 1986. 

"Technical Guidance Document; Quality Assurance and Quality Control for Waste Containment Facilities," 
EPA/600/R-931182, September 1993. 

"Guidance on RCRA Corrective Action Decision Documents: The Statement of Basis and Response to 
Public Comments," EPA/540/6-911011, OSWER Directive 9902.6; February 1991. 

"Practice Guide for Ground Water Sampling," EPA/600/2-851104, September 1985. 

"Guidance for Conducting RI/FS Under CERCLA," Interim Final, EPA/540/G-89/004, OSWER Directive 
9355.3-01, October 1988. 

"Draft Guidance-CERCLA Compliance with Other Laws Manual," OSWER Directive 9234.1-01, August 8, 
1988. 

"Guidance Manual: Cost Estimates for" Closure and Post-Closure Plans (Subparts G and H), Volume 1: 
Treatment and Storage Facilities," EPA/530-SW-87/009, OSWER Directive 9476.00-6, January 1987. 

"Guidance Manual: Cost Estimates for Closure and Post-Closure Plans (Subparts G and H), Volume IV
Documentation and Procedures for Developing Unit Costs in Volume ill," EP A/530-SW -87/009, OSWER 
Directive 9476.00-6, January 1987. 

"Corrective Action for Solid Waste Management Units at Hazardous Waste Management" Facilities;" 
Proposed Rule, 55 FR 30798, July 27, 1990. 

"RCRA Corrective Action Plan," OSWER Directive 9902.3, November 14, 1986. 

"Remedial Action at Waste Disposal Sites (Revised)," EPA/625-6-85/006, 1985. 

"Corrective Measures for Releases to Ground Water from SWMUs", Draft Final, EPA/530-SW-88-020, 
March 1985. 

"Draft-Practical Guide for Assessing and Remediating Contaminated Sites," U.S. Environmental Protection 
Agency, Office of Solid Waste, Waste Management Division, May 1989. 

"Literature Survey of Innovative Technologies for Hazardous Waste Site Remediation: 1987- 1991," 
EPA/542/B-92/004, July 1992. 
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"Characterizing Heterogeneous Wastes: Methods and Recommendations," EPA/600/R-92/033, February 
1992. 

"RCRA Public Involvement Manual," OSWER, EPA/530/R-93/006, September 1993. 

"Soil Vapor Extraction Technology, Reference Handbook," ORD, EPA/540/2-911003, February 1991. 

RISK ASSESSMENT 

"Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part A)," Interim 
Final, EPA/540/1-89/002, December 1989. 

"Risk Assessment Guidance for Superfund, Volume II: Environmental Evaluation Manual," Interim 
Final," EPA/54011-89/001, March 1989. 

"Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, 
Development of Preliminary Remediation Goals)," OSWER Directive 9585. 7-0lB. 

"Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part C, Risk 
Evaluation of Remedial Alternatives)," OSWER Directive 9585.7-01C. 

"Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual. Supplemental 
Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03. 

"Carcinogenic Risk Assessment," 51 FR 33932, September 24, 1986. 

"Superfund Program; Part 1, Public Health Risk Assessment and Part 2, Ecological Risk Assessment," 
EPA 901/5/89-001, June 1989. 

"Handbook on In-Situ Treatment of Hazardous Waste Contaminated Soils (Superfund)," EPA/540/2-
90/002, January 1990. 

"Guide of Technical Resources for the Design of Land Disposal Facilities," EPA/625/6-88/018, December 
1988. 

"Technical Guidance Document: Final Covers on Hazardous" Waste Landfills and Surface 
Impoundments," EPA/530-SW-87/047, July 1989. 

"External Review Draft-Risk Assessment Guidance for Superfund, Human Health Evaluation Manual Part 
A," OSWER Directive 9285.01A, July 1989. 

"Superfund Public Health Evaluation Manual," EPA/540/1-89/060, OSWER Directive 9285.4-1, October 
1986. 

"Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure" Factors," 
OSWER Directive 9285.6-03, March 25, 1991. 

"Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory Reference Document," 
EPA/600/3-89/013, March 1989. 

"Corrective Measures for Releases to Soil from SWMUs," Draft Final EPA/530-SW-88-022, March 1985. 
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"Selected Alternative and Innovative Treatment Technologies for Corrective Action and Site Remediation," 
EPA/540/8-91/092, 1991. 

"Synopses of Federal Demonstrations of Innovative Site Remediation Technologies," EPA/540/8-91/009, May 
1991. 

"Bibliography of Federal Reports and Publications Describing Alternative and Innovative Treatment 
Technologies for Corrective Action and Site Remediation," EPA/540/8-91/007, May 1991. 

"Health and Safety Requirements of Employees Employed in Field Activities," EPA Order 1440.2, July 12, 
1981. 

"Exposure Assessment," 51 FR 34042, September 1986. 

"Final Guidance for Data Useability in Risk Assessment," (Parts A & B), OSWER Directive 9285.7-09A, 
April 1992. 

"Supplemental Guidance to RAGS: Calculating the Concentration Term," OSWER Directive 9285.7-081. 

"Exposure Factors Handbook," Office of Health and Environmental assessment. EPA/600/8-89/043. 

"Integrated Risk Information System - (IRIS)," On-line Computer Service. 

"Health Effects Assessment Summary Tables," Office of Emergency and Remedial Response. Publication 
9200.6-303. 

"Framework for Ecological Risk Assessment," EPA/630/R-92-001 (January 1992). 

"A Review of Ecological Risk Assessment Case Studies from a Risk Assessment Perspective," EPA/630/R-
92/005 May 1993. 

"ECO Update, Ecological Assessment of Superfund Sites: An Overview," Publication 9345.0-051, Vol. 1, 
No. 2 (December 1991). 

"ECO Update, Developing A Work Scope for Ecological Assessment," Publication 9345.051, Vol. 1, No.4 
(May 1992). 

"Checklist for Ecological Assessment/Sampling," Draft, Office of Solid Waste and Emergency Response 
(January 1993). 

GENERAL INFORMATION 

"Catalog of Office of Waste Programs Enforcement Publications," EPA/540/8-90/016, November 1990. 

"A Catalogue of Hazardous and Solid Waste Publications," EPA 530-B-96-007, September 1996. 

"OSWER Directives- System Catalog," OSWER Directive 9013.15-3D, March 1992. (Provides a list of 
OSWER Directives published through March 1991.) 

"Technical Support Services for Superfund Site Remediation and RCRA Corrective Action," (third edition), 
EPA/540/8-911091, March 1992. 
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"Accessing Federal Data Bases for Contaminated Site Clean-up Technologies," EPA/540/8-91/008, May 
1991. 

"Memorandum on the Use of Supplemental Environmental Projects, Amendment to GM 22," James M. 
Strock, February 12, 1991. 

"Compendium of ORD and OSWER Documents Relevant to RCRA Corrective Action," EPA/530-B-92-003, 
April 1992. 

"Compendium of Superfund Program Publications," EPA/540/8-911014, November 1991. 

Proposed, SubpartS of 40 CFR Part 264, (Federal Register/Vol. 55, No. 145/ July 27, 1990/pages 30798-
30884). 

Final Rule, Corrective Action Management Units and Temporary Units, Corrective Action Provisions 
Under Subtitle C, (Federal Register!Vol. 58, No. 29/February 16, 1993/pages 8657-8685). 
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USEFUL TELEPHONE NUMBERS 

RCRA/CERCLA/UST Hotline: (800) 424-9346 

Office of Water 
U.S. EPA 
Drinking Water Regulations and Health Advisories 
(Contains Drinking Water Standards (MCLs, MCLGs) and Health Advisories 
Safe Drinking Water Hotline 
1-800-426-4791 

U.S. EPA Office of Solid Wastes 
Analytical Assistance with SW -846 Methods 
Leave a message with your question and someone returns your call 
703/821-4789 

U.S. EPA 
Air Programs Office Documents 
University of North Carolina 
919/541-2777 

National Technical Information Services (NTIS): (703) 487-4650. 
Rush Orders Only 1-800-553-6847 

DOE Hotline (800) 736-3282 

Other EPA Guidance and OSWER Directives 

References - 8 

Guidance documents in the 530 series and OSWER Policy Directives in the "9400" and "9500" series can be 
obtained by writing to: 

U.S. EPA, RCRA Docket Information Center (OS-305) 401 M Street, S.W., Washington, DC 20460. 

ATTIC (Alternative Treatment Information Center) Database: Several databases providing information on 
treatment technologies (descriptions and performance data), underground storage tanks, oil and chemical spills. 

Hotline 703/908-2137 
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INTERNET/EPA DATABASES ELECTRONIC VENUES 

EPA World Wide Web Page general address: http://www.epa.gov 

ORD published documents can be obtained through the ORD Publications Department at: 
ORD Publications Office, Center for Environmental Research Information (CERI): 

U.S. EPA 
ORD Publications 
Cincinnati, OH 45268 
(513) 569-7562 
Internet Address: http: II es .inel. gov /program/ epaorgs/ ord/ ordpubs. html 

EPAs' Office of Research and Development 
USEPA-CERI 
26 W. Martin Luther King Drive 
Cincinnati, OH 45268-1072 
(513) 569-7562 
Internet Address: http: I I es. inel. gov /program/ epaorgs/ ord/ ordpubs. html 

CLU-IN (Clean-up Information)BBS 

Hazardous Waste Clean-up Information: Designed for hazardous waste cleanup professionals who need current 
information on innovative technologies and remediation. It contains: four EPA newsletters (Tech Trends, Ground 
Water Currents, bioremediation in the Field, and Underground Tank Technology Update); key EPA publications; 
a training calendar; a hotline for Information on RCRA and CERCLA. It can be accessed via modem The 
Hotline number is 3011589-8368. 
Internet Address: http:/ /clu-in.com/publ.htm 

Office of Solid Waste and Emergency Response 

RCRA Documents and Catalogue and Information Center- Lists publications and methods for ordering. 
Internet Address: http://www. epa. gov I epaoswer /hotline 

Department of Energy Innovative Technology Reports 

DOE's Office of Environmental Management 
(800) 736-3282 
Internet Address: http://www .em.doe.gov/plumesfa/intech/index.html 

Vendor Information System for Innovative Treatment Technologies: User Manual (VISITT Version 3.0) 

OSWER EPA542-R-94-003 
VISITT Hotline 1-800-245-4505 or 703-883-8448 

Center for Subsurface Modeling Support 
National Risk Management Research Laboratory 
Formerly: Robert S. Kerr Environmental Laboratory 

Send Requests to: 
P.O. Box 1198 
Ada, OK 74821-1198 
405-436-8594 or 8656 or 8586 
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FAX 405-436-8718 

The lab provides support for and groundwater and vadose zone models and manuals: 

Examples of Models: 

BIOPLUME II 
CHEMFLO 
GEOPACK 
HSSM 
MOD FLOW 
MOFAT 

MT3D 
PEST AN 
RETC 
RITZ 
STF 
VLEACH 

WhAEM 
WHPA 

Internet Homepage: http: I lwww. epa. gov I ada/kerrlab. html 
Anonymous FTP ftp.epa.gov/pub/gopher/ada/models 
Bulletin Board 405-436-8506 

Groundwater Remediation Technologies Analysis 
National Environmental Technology Applications Center 
615 William Pitt Way 
Pittsburgh, PA 15238 
(412)826-5511 
Fax (412)826-5552 

This center was competitively selected by the U.S. EPA to establish and operate a new national center for 
promoting innovative technologies to lean-up contaminated ground-water. 
Internet Homepage: http://www.chmr.com/gwrtac 

ASCE Geotechnical Engineering 

Seepage/Groundwater Modeling Software 

Web pages help to any interested party to create a link pointing to web pages that describe seepage/groundwater 
modeling software. Links to Department of Defense Modeling System, Hydrology Web, U.S. EPA Groundwater 
Modeling Software and Information, Ecological Data Consultants, S.S. Pappadopulos & Associates, GeoTrans, 
Ground-Water Remediation Technologies Analysis Center (GWTAC), INTERA, HydroGeoLogic, Waterloo 
Hydrogeologic Software, and many more. 

Internet Homepage: http://www .et.byu.edu/- asce-gw/ 
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FAX-on-Demand 

United States Environmental Protection Agency 
Enter for Environmental Research Information 
Center for Environmental Research Information (G-72) 
Cincinnati, OH 45268 

This service provides Office of Research and Development Project Summaries 

This is a new electronic resource service the Technical Information Branch. I features FAX-on Demand response 
for Project Summaries. These Project Summaries are condensed versions of Project Reports and are usually two 
to eight pages. FAX-on-Demand allows callers to select and receive one or more Project Summaries. An Index 
of almost 200 summaries can be obtained with a touch tone phone by pressing "111" after the initial voice mail 
message. If you prefer not to receive the complete index, you also have the opportunity to narrow your request to 
the following topics by pressing the number to the right of each topic: 

Air 
Water 
Land 
Cross-Media 
Other (Research Briefs) 

112 
113 
114 
115 
116 

After receiving the indexes and review the list of Project Summaries, enter the code numbers associated with the 
selected summaries you wish to receive. The FAX-on-Demand service will be activated and print the summaries 
to the designated FAX machine number . 

Updates to the listings will occur each quarter (March, June, September, and December). 

FAX-on-Demand is a 24-hour-a-day, 7-day-a-week phone service accessible through your FAX machine. The 
telephone number for this service is 513/569-7005. 

Miscellaneous other websites of interest 

RegAlert Website- Dedicated to monitoring state regulations in all 50 states; http://www.netscan.com/ls 

Non-Profit Pacific Northwest Pollution Prevention Center (Seattle); http://www.pprc.pril.gov./pprc 

Environmental Protection (magazine for environmental professionals); http://www.eponline.com 

ThermoQuest Corp. which makes and sells mass spectrometers and liquid and gas chromatographs has four new 
Websites: http://www.thermoquest.com, www.finnigan.com, www.ceinstruments.it, and 
pubs.acs.org/thermo2.tsp.html 

The American Institute of Mining, Metallurgical, and Petroleum Engineers, (New York); 
http://www.idis.com/aime 

The Mesh World Wide Web site hosted by Don Rittner author of Ecolinking, a guide to environmental information 
online; http://www .albany .globalone.net/theMESH/ 

The Thomas Register (useful for tracking legislative proposals in the U.S. Congress); http://thomas.loc.gov/ 
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GLOSSARY OF TER1\1S AND ACRONYMS 

FOR WASTE MANAGEMENT 

. -\.A. - An acronym forth:: assisunt administrator of 
the USEPA. 

ABS - ,-\n acron;m for aaylonioile buud.i::ne 
styr::ne. 

.ACID GAS - A byproduct of incompkt:: combustion 
of solid was~ and fossil fuels with a pH 
valu:: of I::ss L'lan 6..5. Byproducrs most 
common from th:: combustion of solid ~,:,·ast:: 

are sulfur dio:Ud.: (SO:il. hydrog::n chloride 
(HCI) and nirrot;::n o:Ud::s (NO;.;). 

ACID R.-VN - A form of poilu lion cre.a.re.d by th:: 

reh!.sr of a:::id gases from incinerators. 
facrnri::s or fossil fuel bwning power planrs. 
Acid rain has a low pH. most commonly, 
bc::au~ of the pr::s.::ncc of su1"uri::: or niui::: 
acid. Mor:: g::n::;-ally, any acidifying 
atmospheric d::position (e.g., acid snow. 
acid iog, acid fallout). 

AO.YLO!'ilTRILE BliTADIEN"E ST!"R.S"-"E (A3S) 
- A hig~ .dur2bility plastic-rubb<:~ blend. 

AD~ll?'i1STRA TIVE O~DE..t{- An ord~ issuc.::l by 
the EPA Adrninisuator (or d.:signu:) w a 
violatOr G.f the Resou..~ Cons:::rvation and 
R~ov::ry Act (KCRA) provisions th.ai 
impos.::s enfon:.c.a.ble legal duri::s (::.g., 
for::ing a facility to comply wiL'l spc:iii::: 
regulat.ions). Tn::r:: arc four types of RCKA 
orders: Compliance orders; Con-....:tiv:: 
Acrion ord::rs: Monitoring and Analysis 
ord::rs: and Immin:nt J-l..az.ard Ord::..-s. 

.. ~-.D~IT:,;lSTR.-\ llVE P~cx:=:DURES ACT (A?.~) . 
The Adminisr:-ativ: ?rccc.::lur:s A::t is a 
F::d::rcJ sGrut:: L'la! provides st2..1da.rds ior 
irlfor.ning th:: publi:: about th:: a:r.ions of 
F::d::r2.1 ag:n:::i::s and assuring to'l::m L'l2: 
th::i.; int::r::m ::..-: p:-opcrly pror:.:tc.::l. 

. ~..:=:?~~.TIO\' · Tr.:: prcc:.ss of ::xPJS~15 comyost 
i.i2~:-:.:...I to cir. 

.-\EROBIC- R~uiring the pr::scnce of free oxyg:n . 

AG - An acronym for the attorney g::n::ral of th:: 

Uni~d Sw::s. 

AGRJClJT_ TURAl. SOLID WASTE - Was~. 
including ma.nur::, plant sl2lk.s. hulls a..1d 
]ca,·es, produced from farming. 

AIR CLASSmCA llON - A p~ss of S.::p2-"2r.i.:g 
light from heavy shredded solid wast:: i.1 an 
inj::.cted air srrcarn within a conrroli::.d 
chamber. 

AIR CLASSIFIER- A mechanical d::,·ice that 
s.::pa.rar.c.s solid was~ into light and hca~-y 
componentS by using a high spc.e.d air 
srrcam. 

AIR KNJJ-::.- A blowc:r devi~ that employs an air 
srr::arn to push s::I::.::~d mat::rial(s) off 2 

conveyor. 

ALLIGATOR S'f-E.-\.1:{- s~ shear. 

ALLOY -Metal produced by combining a ba..si::: 
mc:tal with oth::r m::tal.s or non-metals to 

arr.ain c:::uin properties. 

AL1.J1v1L'L-\- The oxide of aluminum CAL203) 
produced by the chemical proc::ssing of 
bauxi~. 

ALU}.1J}1UM- A ductile, silvery whi~ metallic 
d::ment. Irs symbol is AL. 

ALU}.fiNLJ}.1 BRASS -Brass lD which aluminu~ 
has bc.::n addc:d to improve resistance to 

CarTOSIOn. 

ALLTML''<1JM BRO~LE- Copper aluminum alloys. 

A.:'vf3E..~ CUl..U::T- Broken brown glass cont2in:~s . 



ASGIS"-.1 ~10IST1J"RE- The aznount oi moisture 
from L'le surroumting ai.r pennis.sible in a 
shipment of s:::::ond..ary rr..at=rial. 

.~\ERlCA.:'i P . .l.J>E..~ 1'\'STITU 1:::. (.-\?f)- An 
organiz.at.ion b2.s::.:l in New Yor.l: City 
r::pres.emi.ng paper and paperboard 
prod.uce..-s. 

A.:'iAEROBIC- In the abs.ence oi free oxygen. 

.-\.:"-.1:'-.l-\L BEDDTI\'G - .-\11 ag:riculrural product. 
OC.::25ionally mad.: from w25t= paper, ior u.s.e 
in live.sux:.l: q~rs. 

. -\.:"-.'11-SC.-\ ~NGE OR.DTI\'.-\.:"-;CE- A gov::mm::nt.al 
. regular..ion prohibiting L'le unauthorized 
coU::..c:t.ion of s.e.:.ond..ary materials set out for 
pick up by a designat=d co!lecr.or. 

AO - Adminisoat.i v:: Order, issued from the US:::.? A. 

API - A.n acronym forth:: American Papa lrutiD.Jte. 

AQUL-:::.R- Rock or s.eilirn::nt in a formation, group 
of formations. or pan of a formation L~t i.s 
sa D.!I"2.!.U:l and s uf ii c i en ll y pc nn C2.b 1:: to 
OG!lSmit signiii:ant qu.ant.it.i::s of wat=r to 
w::Us a.;1d springs. 

.:.3.-\.~ - An acronym for appli::able or relevant and 

. -\.~TESL-\.:"-; AQUL:r.::..~- S:::: confined aquifer. 

ASH- Tn:: residue til2t r::mains a.it=r a solid v:ast.e or 
fos.sil fuel has be::n incin::r.a.ted. 

AS?H..-\LT-RUBBER- Se.e rubber-asphalL 

ASSOCL-\ TION OF STATE A.:'-."D I!:.R..~ITORIAL 
SOLID WAS 1:::. ~1A.:'iAGE?-.1E.:'-iT 

OmCIALS (.-\STS\1.'\!0) - .-\11 

organiz2.1.ion bas.ed in Washington. D.C.. 
consisting of s:..at= agencies cha:ged wi:..'l 
r::gulat.i.ng !an:iiiU disposal and inci.n::r:H.ion. 

. :..St:SWMO- .-\11 acronym for L'l:: A.ssoci.aoon of 
St2~:: and T::m:.o:-ial Solid Was::: 
.'•i.an.3g::m::nt Oifi:iaJs. 

.-\T-T.-!::::-o:::s:-:.s:::?.-8.:.. TIO\'- Tn:: so:-ci.•g ::..•d 
sto12~e of ic:::,.:I2bk. ofrl~ p27:::""S Oil 01 
~siC:: L~~ ::-::ploy~·s C::sk. 

AlJTO l.L:: -A m:::::hanicaJ de.,i:e L'l.at autom.at.ically 
;:.-raps a bale with wire. 

AlTTO \VR.ECKING - Disma.'ltling of scrap 
aur.omobiJe.s to re:::over reusable and 
r:::::ycl.a.b!e mat=rU.l.s, followe.d by crushing 
<L'ld/or shr-...rlding. 

A VOID:ED COSTS- Solid was:.:: m2.n2g:ment cost 
savings r::.sult.ing from a recycling program. 
On:: cost saving can be avoide.d dispos.al 
f:::::s. Another avoicb:l cost CZ.'l be the s.aving 
i.n garbage col!:::::rion COS!.S UUvugh r-...rouring 
and ext=nded rruck Iii:: . 

BACK E~TI SYSTEM -The pon.ion of a rcsoun:e 
r:::::ov::ry facility where r:::::lai.rned materials 
~ exoact::.d from the residue of incinerated 
municipal solid wasrc. 

BACK...1.l.AUL- The shipping of secondary mat=rllls 
by trocl: in cases where the rru::k::r normally 
would oc rerurning empty. 

BACKY A..W CO/vr?OSTING -The conrrolled 
biod::grada.J.ion of lcave.s, grass clippings 
ar.d/or oL'Je~ yard W25t::.S on the sit= where 
Li:: y were generat::.d . 

BACT - 3::sr a va.il.able concrol teChnology for control 
oi pollution. as d::fln::d byE? A . 

BAC !.:::RIA - Singl::-c:ll, micros.eopic organisms. 
some of which are imponant in the 
rr---2.!.ment of solid wast=. Bacteria can be 
ae-robic (requiring oxygen to live), anaerobic 
(able to live without oxygen) or facultat.i.,·e 
(able to live with or wiLiout oxygen). Some 
ba.creri.a are pathogenic, able to c.aus.e 
dis ::as.:: in h urn an s. 

BAG HOUSE- An ai.r pollut.ion concrol device which 
us.es a large fl.lt=r bag to nap pan.icul.a:.e 
emissions tx:forc they arc rel::.2.Sed to Lie 
a=nosph::re . 

BALE - A d:nsificd and bound cube of r.:cy::l.able 
m.ar.::ri..a..l .. such as wast:: paper. scrap met.al or 
rags. 

3 . ..u._::: TE- Annded wir:: u~d to s.e::~:: wast= 
pa;:r~r. s::rap mct2ls. !:::::riles and oui::r 
se..::ond2.ry materials in bales. 

I I 
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3A..!.~;:(.- A machine used to comp.-::ss 2..'1d bind 
colb::t:d mat:rials into high density cubes. 
L'ler::by reducing L'le shipment aJ1d s:.orag:: 
volume. 

3ALI:\'G -The pr~ss of ionning a bale in a baling 
pr::.ss by compression and binding. 

3.-UJ...ISTIC SEP.-\..~ TOR- A &vice used in some 
composcing ope:-acions u'l.at s.:parar::.s 
inorganic mat:rials from organic mau.er. 

3.-\SIC OXYGEN FUR.!'IACE (BOF)- A st.:::! 
production flllT'..ace which oxidizes molt:n 
pig iron. In some furnaces, ferrous s...-rap C2Il 

be used for a sm.a.l! porcion of the furnace 
charge (up to 35 pcr....:::nt). Pure o;~;ygen 
ent:rs the iurn.a.c:: 2! high spce.ds by a lance 
immers.:.d in the charge. 

3.-'-.UXTTE- The o.-:: from which most aluminum is 
made. usually cont..aining 45 to 60 per::ent 
a1 u.min u.i'Tl oxide. 

3Ec'."EFICA TION- See benefici:llion. 

3Ec'\"E?IC1A TION- In r~yc!ing, the m~h.a....,i:::al 
process of remo>;ng a:mt:a'T!inants and 
c!C2.Jling s...-rap gLass containers. 
B::nefi:iacion was origin.aJiy a mining 
i.,-.dus:::ry t..erm for L'1:: rre.arrnent of a mat: rial 
to improve its form or propercies, such as 
the crushing of ore to remove irnplL'ities. 

s::::ST ENGI?-;"E..E?JNG JUDGM:L'IT (BEJ)- The 
specific r::..qui.,-emcnts an O\Jmer or operator 
of a h2urdous wasL: facility must comply 
with are developed for e.a.ch spe.cifi: facility 
by penn it "'Ti L:rs. based on their best 
engineering judgment and the r~uirements 
of RCR.A. Such rUJuiremenLS a.-: L'lcn 
incorpor2~ into L'le facility's op:ra.!.ing 
p-:rmit. 

3::::\'E?~-\GE IJ','UUSTRY RECYCLING 
PROGRAM (BR?)- A state coalition of 
bo:verag:: producers. packagers. whol::..s.aJ::~s 
and r.:L?.il:::s t.hat underta>::: acriviu::.s ~1 
suppo:-1 of P"....::ycling. parci:::ularl y buy back 
c::nt.e.-s. BI?-..? syst.ems opcr2t.e in a h2..0d.fu! 
of sw::.s. 

BI-?--ET.-\.L C.-\:'-;· A b:verag:: conta.i;;er wiL'l a stcei 
t:o.:ly and aluminum top. 

BIE~1.-\.L REPORT- A repon (EPA Form 8700-
13A) submiaed by g::ne:-atcrs of h.3.12rdous 
wast: to the Regional Administrator due 
Mar-:h 1 of each even numbered ye.ar. Tne 
repon mc!udes information on the 
g::.n::r2.1or's activities during the previous 
c.alcnd.ar year. The ov.oer or operator of a 
n-...arrnent, swr2ge. and disposal faciliry must 
also prepare and submit a biennial r::pon 
using EPA Form 8700-1313. 

BILL Or LADING -A form that accompanies a load 
of ~ond.ary materials and acknowledges 
the P"....ccipt of goods for shipment.. 

BI?-;uE.:;~S WASTE- The wast: paper trimmings 
genera~ in a book bindery. 

B IOACCUMULA TION- The accurnulai.ion of 
potenti.ally toxic subsunc::.s in organisms at 
successively higher levels on the food chain. 
Due to the inabiliry of the txxly to cfficienlly 
rid itsdf of c:cnain substances (e.g .. heavy 
metals, chlorina~ hydrocarbons) they can 
concentrate as much as a million fold in 
organisms high on the food ch2in. Also 
c.alled biomagniiicacion. 

BIOCO~~~SION- The conversion of org:..nic 
wast: by means of biologica..I d::.composition 
by ba.::L:ria and/or fungi to produ~ usable 
gases or compost products. 

BIODEGRADABLE- A ma.J..::rial is considered 
biodegradable when it can be consumed by 
organisms and broken do"''Tl to simple 
substances such as carbon dioxide and 

wat:r. 

BIRP- An acronym for a Beverage Indusrry 
Recy:::ling Program. 

BTW'"".t:.EKL Y SERVICE- Generally us.:d. every other 
wee): service. L::.ss commonly u.s::d. it 
m::.ans twice-per-month service. 

BL.-\:'\"}{ ~~"E\l/S - Unprint.ed newsprint.. commonly 
g::n:::-at::d by publishing planes. 

3 L.EED B!}..1 - ?rint.::d. clean. all white book pa;:x:r 
trimmings p:-::parcd for rccycl.i"lg. 
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BLOC~-L::.ADE:R. PROMOTIO;\ -The ~of 
vo!u..lt=S to promo~ r:::::ycli.:1g coU::..:::t..ion 
servi~ in a ~ific blo::k or neighborhood. 

BOBCAT- A small front-end loader used to move 
sccon d.ary mar.:::rial s in a proc.::ssin g pIan L 

Bob:a.t i.s a trade name synonymous v.1th 
this t)-p<: of equipmenL 

BOr- An acronym for basic oxyg::n furna.::::. 

BOGUS CORRUGATING ?v1EDi1JM- The flute.:! 
middk of corrugatui coni2.in:rs mad:: 
entirely irom was~ pap::•. 

30TTL::: BA.J~J<.- A mobile, d.i\ide.d bin used for 
r:::::eiving. storing and c-:2--:sport..ing glass 
contain:rs for recycling. 

BOTTLE BILL - A generic t:.rm fOf container 
deposit kgislarion. 

BOTTOM ASH- The residual solids left over after 
incineration of waste. Also called re.sidu::. 

BOYSNC- An acronym for tx:ginning-of-y::.ar 
significant non-compli::~. 

BOX CLP?c-;Gs -Waste paper rc..::over::d i.11 bo;r; 
pla..iLS._AJso callc.:l bo;:;bo_-,_;d cuuings. 

BOX30ARD- Pc.pcrboarti us=d in th:: !112.1Ufactt.rr:: 
of cz:-..ons and rigid box::s. 

BOA.'BOA .. W ClJTTD'iGS - s~ box clippings. 

3R..!..SS - A copper-zinc alloy. 

BRIQUET- A very dens:: brick ofproces.sc.:l scrap 
metal. 

3R.!QtE1T.::.R -A machine th3t produces briqu::LS. 

3RrT1S:-: J:£::>~'·f.AL lJ~TI (3Tl.J)- A m::25UI:: oi 
h::.at ::n::rgy. The ::n::rgy r-_.qui.rcd tO ruse u'l:: 
t::mp::r2tuJ-:: of I pound of w21::r from f:JJ 
d::gr~ F to 61 d::gr::.::s ::at sea b·::I. On:: 
p-Jund of solid was:..: ustl.?lly con:.air.s -'!_500 
to 5.COJ BTUs. 

3?.0:-.:.E- ?a;x• e;'l:Jt has iY...::n d.is.::.?.:d::d at 2 r.:iU 
du..·ing rnaJlu.ia.:ll!r::, com:71only as 
ui..-;on1i.ngs or spoi.ic.:l p.3pc. It c.?Jl i>duc:: 

boLf-t finished, eL-y pzpc;- as well as p..""p::r 
from the wet press of a paper ma.:::hin::. 
;--;early all broke is r::pt.:l~. 

BRO:CS~ - A fmn thai pur:::has.::.s s.::..:::ond:ary 
ma~rials from process~ for r-...sale to 
coo sum as, acting an in r.:rm ediazy in th:: 
rnarl:::rplace. A broker ty-pically does not 
take physical poss::ssion of the scmnd:ary 
mar.: rials. 

BR01';7E - An alloy of copper and tin. 

BRO\VN GOODS - Obsoler.: el::..::::roni:: producLS, 
such as radios, s~recs a.•d t::l::\1sions. 5:::: 
also white goods. 

BTU- An acronym for British th:::-maltmiL 

B UL~ GRADES -The high volume gra~ of post 
consumer was~ paper including old 
newspaper, old comJgatc.:l comainc::rs and 
rni.A ed waste paper. 

BULI(-CULLET BOX- A p:alkt si.zw reusable 
corruga!til container used to ship culJeL 5~ 
also Gaylord container. 

BUL~Y WASTE.- Large waste su::h as fu..-nitur::, 
appfi.aJl~s. tires, br.anches, stumps and tr~s. 

BUY BACK CENTER- A facility at which 
ra:: lai m =d waste rna t::rial is pur::: has::d t-om 
the public or 1,1,·ast:: brol:c.."S to b::. 
r::inrrodu::.::.d to u'lc com:71odiry m2Iket i.n a 
r<~w or processed form. 

BUY -BACK. -The r::pur:::h.asc of ru:yclablc producLS 
from the public. 

BUY-BAC'J\: RECYCLING CS'-.!ER- A 
commercially located, s:affcd r::..:::ycling 
faciliry tha1 ptin:hascs smal!2.l11ounLS of post 
consumer secondary materials from th:: 
public. Buy back c::n~:-s typically pUICr.:.s.: 
aluminum cans and may also ha.1dle glass 
coni2.in::~ and newspaper. LiuJ:: p~ssing 
of mat.crials occ~ at buy-back c::nt:::-s. 

BUY -LL"<"E - An intcgrat::d set of buy-ba.:k r:::::y:::l i.ng 
c::n:..:r ~uipmcm L'121 allows for the 
e:fi::i::nt weighing 2J1d pUICh~ of used 
aJu:71inum tx:v::r2g:: ca.--:s. 
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3Y-??..ODUCT- A mat=rial produ~ without 
s::pa.~ commercial int=nt during L'lc 
manufacture or processing of o!h::r 
mat= rials. 

CA - An a.cron~m for corr~tive action. 

(A_-\ - An acron)m for !he O::an Air AcL 

C\N SEPARATOR- A machine developed i11 the 
1970s to s....-panr.: ferrous cans from 
aluminum beverage cans. Su also magnet.ic 
s::p3T31.Dr. 

C.A?/COVE:~. - Cover is the soil applied ov::r waste 
at !he :::;d of each working day at a landfill. 
A cap is a permanent layer of impervious 
mat=ri...3.l (e.g., clay, polyethylene lin::=. PVC 
liner) a.::Jd~ tn the cover upon clo.sur:: of a 
l.and.ftll. 

CAP A CITY - A me.a.sure of the ma:cimurn output 
under norma.J operating conditions. 

C.-\PIT AL COSTS- Outlays for T""'...a.l propcny, plant. 
equipment and other depreciable 
invesonems. 

CA..~ON BLACK - A reinforcing mat=rial us::d in 
tire m.2 ... nui3:tur::. 

CA..~BON DIOXIDE.(C~)- A colorless, cxlorl::s.s, 
nonpoisonous gas that is produced dming 
the incineration and dc::omposition of solid 
r;:.·ast=. ·yrnen rn.iJ:::.d witl1 wat=r it forms 
carbonic afid. which may conrribut= tn acid 
rain and !he gn:.::nhous:: effen 

C.A....~30N MONOXIDE (CO)- A colorless, 
poisonous gas that is produc::..::l dlL""ing L'le 
incineration of solid wast= when !he oxygen 
supply is limiled. One.:: rel::.ased intn the 
aunosphere. CO can be orid.iz.::.d to form 
carbon dioxide a."ld may conrribut= tn a::id 
rain and t.'l:: gr::::nhous:: efi::t:L 

CA..~CASS- Tn:: foundat.ion s::ru:::rure of a tire. 
including sid::wa.J.Js. b--...ad and cord. 

C.-\ST l?..O>i · A ;::n::~:: t:::rm for a s::rie.s of al.Joys of 
i.-on. (.2;'2--Jn 2..1d si.Ji::on. 

C3 I- An acronyi71 for coniid::n:..ial business 

CDI- An acron)m ior cas.:: development inspection. 

CEI - An acron)m for compliance evalu.ation 
i.nspc!: t.i on . 

o::r LULOSE - A caroohycL-:3.1!: (i.e .. a substance 
containing carbon, hydrogen and oxygen) 
that is a major component of the c.::U walls 
of many plants. Paper is almost tntally 
c.::Uu.Ja:s::. Wood is about 40 percent 
c.::U u.J OS e. 

C"'.::LLULOSE INSULATION- Blow in insulation 
produced from s.hredded and chemically 
o-.....ated old newspap:rs. 

C"'.r:.RCLA - .An acronym for the Comprehensive 
Environmental Respons::, Comp:ns.acion. 
and Liabi li ry Ac L Also l::n own as 
"Sup--...rfund". 

CERCUS - An acronym for the CERCLA 
Information Syst=m. 

GR - An acronym for Ihe Cod:: of Fcrl::ral 
Regulations. 

CHA.IN-FLA.ll.. CRUSHER- A simple. low-.,.olmnc 
glass container crusher using a motnr driven 
chain. 

CHARACTERISTICS -EPA has identified four 
chara!:t=ris Jcs of a h.az..ardous was tc: 

lgnit.abiliry; Corrosiviry; Reactivity; and EP 
To:\iciry. Any solid wast= that exhibits on:: 
or m crre of Ihe.s.:: c h2l<l c tcri s tics is c J..as.sifi ::d 
as a h2..zardous waste under RCRA. 

CHARGE- The quantity of mat=ria.Js fed to a 
fumac.::. 

CHARGING HOPPER -The dcvic.:: used tn i::t:.d 
refus:: intn an incinerator. 

CHE/YflCAL PULP- Pulp produc.::d by breaking 
down wood into fibe.-s by us:: of ch:::mic.al.s. 

CHIPPER- A device using sharp blades attached to :1 

rot.acing shaft to sr.a\·:: off pieces of an it=m. 

CHLOR~ATED HYDROCr~~ON- Synt.'l::ric 
organic mol::cul::s i.1 which on:: or mor:: of 
the hydrogen awms ar:: r::plac.::d wit.'! 
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- chlorine awms. Th::.s.c compounds arc non
biodegradable and, th:::reiore, pos.:: a 
potential health haz.2.rd. ?--.1any have l:x:.::n 
shoW<~ to produce canc::.r in labor-mry 
a.TJimals. Also ~ferr-....d to as 
organochloride.s. 

CTVIL ACTION- A law suit ftled in court against a 
person who has either failed to comply with 
statutory or regulatory r-....quir::.ments or an 
a.dminisrrc.rive ord::r or has contributed to a 
release of hazardous 9."2.Ste.s or consriruents. 
Tncrc arc four types of civil action: 
compliance: corrective; monitoring and 
analysis; and imminent hazard. 

CL.-\.\fSrET I BUCKET- A materials hand.Jjng 
de vic.: us.::<:l to hoist and move materials. It 
consists of two jaws that clamp together 
when lifted by spc._--i.a.lly attached cables. 

CLASSIFTCA TION- The a.:t of s.::para.ting wast.= 
materials manually, by s.::rc::ning, or by air 
classification into C2t!:gorie.s of s~. weight. 
and/or color. 

CLAW TRUCK -A specially d::signed a.tt.achmcnt to 
a front-end loader us.::d to pick up loos.:: yard 
waste at t!-Je curb. 

CI....=..-\.'~ AIR ACT (CAA)- Tnis act contains 
regulations ior the pr::vcm.ion and conrrol of 
discharges into the air of substance.s !.hat 
may harm public h ca.! th or nat UJG..! re sour.: e.s. 
In cl u dcd arc both s taJ.i o nary sour.: e.s o f 
poUution (e.g., f.a.::mrie.s) and mobile sour.:e.s 
(e.g., cars. rrucks, air.::raft). Sc:: ~0 CFR 50-
80. 

CL.!:A,'i WATER ACT (CW A) -This a.:t provide.s 
the l::gisla.t.ive vehicle for regulating the 
discharge of non-ho~o·dous wast.: intO 
surface wa.L'"TS by municipal sour-.....:::s, 
L~dusai2..! sour-.....:::s and ol.h:::r ~ific and 
non-sp:::.:ific sour.::::.s. Tnc act's uJl.imat.: !;Oal 
is to el.imina.LC all d.is.::harge.s into surf.a.::::: 
wat.::-s. Its int:::rim goal is to m.ak::: all 

suri.a.::c waters us.abl:: for fishing a.'ld 
swimmL~g. Sc:: ~0 C??- 100-1~0. ~0 et=K 
~~70. 

CLOSl.B.E ·The act of SC..:t:.ring a waste 
ma.~25em:::nt f2::il.iry or unit purs:.:.2.nllO t..'-::: 
r::qui.::::m:::nts of ~0 C:=?- ?an 2~. Tn:: 

own::: or opcrawr of a wast:: facility is 
expc.=ted to clos.:: the facility in a mann:::r 
that m.inimize.s the nc.cd for fu.-u'lcr 
maintenance, and conrrols, minimiz..::s or 
el.imin.ate.s, to the e:x:r.::nt ~s.s::.ry to 
prevent threats to human health and th::: 
environment, poSICiosure ~r.e of v.-as!=. A 
wri&n closure plan must be submitted a11d 
appro\·cd. 

CME - An acronym for comprehensive groun.:l war..:::r 
monitoring evaluation. 

C~EL - An acronym for complianc::: monitOring 
evaluation log. 

CMJ - An acronym for corrective measures 
implementation. 

CMS - An acron)111 for corrective measun:s s:udy. 

CO-COMPOSTING -The composting of municipal 
solid wasl.C and wasr.::water rrcaan::.:1t plant 
sludge. 

CO-MINGLE (or COM:?vUNGLE)- To blend 
togcr.h:::r similar recycled mar.::ria.ls- such as 
mixed brown, green, and clear glass - but 
scp2..ra.t.: from disposable ma!!:rials in the 
wast.: scream. 

CODE OF rr:.DERAL REGULATIONS (G'R)- A 
document conta.inin g all f mafuc.d fed:::ral 
regul.a.t.ions. Normally the CFR is reier:::nc:::d 
as: 40 CFR Sc.:::t.ion 261. 

COG'Cl'-<'ERA TION- The production of both sr.::a.m 
and elc::oiciry by a power gener.llion facility 
(e.g., a wast.:-t.O--<nergy facility). 

COllECTION -The procc.s.s of picking up wasr.::.s -
· at home.s, business::s, insrirut.ions and ot.hcr 

lcca.tions - !earling them into an enclosed 
collc.::tion vehicle. and hauling for 
processing. 

COLLECTIO~ C"~--R - A site designed t.o acc.::pt 
s.::.cond.ary ma.terials (e.g., glass. newsprint. 
aluminum ~a.~s) from individuals. S::.:: drop· 
off CC."ll.CL 

COLLECTIO~ fR.EQl.J"S'iCY -The s.::hcdu!e for 
rc::ycli.ng coUc::tion s.::rvice (e.g., weekly, 
mont..".ly, :::tc.). 
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COLLECTION ROlJTcS -The authorized routes 
foilow::.d by colle-ction vehicles forth::: 
proc::ss of collection. 

COLL=:CTION" SYS 1.::.M- The combination of 
people and equipment u.sul in the collection 
oi solid wastes. Solid waste collection 
systems may be cl.assified LO include mode 
of opcration, 1:4uipment used. or rypcs of 
wastes collected. 

COLORED LEDGER -See. sorted color l::.dg::r. 

CO:'\Gr:N"A TION BOARD- See. recycled 
paperboard. 

CO:\GUSTION- The ignition of oxygen with an 
org31lic subsl2J1Ce that r-....sults in the 

production of energy. 

CO;>vGUSTION AIR- Air blovm into a flliTl2~ to 
provide oxygen LO the Ere for the bW11ing of 
refuse. Commonly, th::: combustion air is 
blown from under the grate (und:::rfu-e air) 
and directly inLO and over the flame 
(ov:::rfir::: air). To ensure complete 
combustion, more air than necessary usually 
is blown into the [lliTIUe (ex~ss air). 

CO:\CvE~CIAl... SOLID WASI.c.S- Solid wastes 
gcncr.lled by whole..s.a.lc. retail or s.:ni::::: 
businesses. and multi-unit residential 
struCrures. Some communities d:::fl!)(! 
ins ti w ti o naJ solid wastes as co mm c.r:: i.a1 
solid wastes. Commc.r::ial solid wast.e.s arc 
one form of municipal solid wastes. 

C0:'-1:\fi?'./GLED COLLECTION · The pick up of 
s.:vcnl re.cycbble mat=ri.als mucd together. 

CO:'.D.fON CAR.'UE.K- A fum licensed w ship 
mar.=ri.als for a fee. 

CO:'.i?.-\C"il?'iG ORO? BOX -A roll-off box 
2!.tached to a compacting device for 
receiving and compressing a secondary 
r.:ar.=ri2J. such as old co;-aJgat::.d conLa.i.::::s. 

CO~•f?ACTOR.- A pow-.:r driven d::vi::::: us.:::d lO 

compr::s.s 2nd r::du::::: L'lc volume of wast:s 
or s.econdzrJ mat:::rials. 

CO;\i?ACTOR COU..ECTION VEHICLE- A hrg::: 
vehicle with an enclos.:d C2!'go area r.3ving 
special power-driven e.<juipment for loading, 
compressing, and distributing wastes ..-..iL'lin 
the body of the vehicle. 

COM? A TIBll.ITY- The ability of mar..cria.ls LO ::::Ust 
wgethcr without adve.rs.e environmental 
e:ff:::.:ts or health risks. Primarily appli::.d to 
waste fluid combinations and liner 
materials. 

COM?LlA.i'iiT ORDER/ACTION"- An order or 
action issued under Section 3008 (a) of 
RCRA. r1:4uir:::s any person who is not 
complying with a requirement of RCR..A to 
take steps lO come into compliance. 

COM?00i"EN"T SEPARATION- The s.:par2Lion of 
Q."aSteS into classes. Cl.ass:::s include p2per. 
C2rdboard, plastics, food v.·aste, glass. 
met.a.ls, yard waste, leather. rubber, 2..1d 
mi s.:: dl.an ro us o th :::r mai.::ri.al s. 

CO/vfPOSmON- D:::s::riplion of the componc.1ts of 
solid waste, with th::: amount of each 
compon:::n t :::;:;pressed as a pcrcem.ag:: of the 
total waste. 

CO~f?OST- As a noun, a mutcrc of organic v.:astes 
aerobically dccompos.ed to an intcrmc.di.atc. 
r:::lativ::ly stable state. Compost can be us.ed 
as a soil conditioner. As a verb, to d.::.:::2y. 

CO;>-.f?OSTING- Th::: conrrolled d.isposal of solid 
organic wast.e.s by means of biological 
decomposition LOa SUite where the product. 
compost. is :::nvironmcntally inert. Compost 
is u.sul as a soil conditioner. Composting 
can be conducted out-of-doors in windrows 
or in mechanical aeration tanks within a 

·res our-:::: r:::c.ov:::ry fa:iJ icy. 

COM?OSTING rAC!l.ITY- A facility that 
st2biliz:::s solid waste by using 
mi:::roorganisms to a.crobicall y dcc.ompos.: 
all organics within th::: waste. Tile end 
product cont2in.s only in:::n (nonreactive) 
compound..s .. which can be s.af:::ly swr::.d. 
handled. and .applied LO !.and. 

CO ;'vf??..EHEN S IVr: E/'N IR ONM:ENT AL 
R.ES?ONS::.. cm.1P::.NSA TION and 
LIABll.ITY ACT (C:::.JKLA) -This act. 
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pass.:.::! in 1980. is commonly kno'"''TI as 
"Suycrfund." C::::RCLA gives the F~ra.l 
government u'le power to respond to 
releas.::s. or thr-...atene.d release. of any 
iuz.ardous subs:.ance into u'le environment as 
well as to a rele2SC of a pollutant or 
cont2.minant that may pre.s.ent an imminent 
and substanti.al danger to public health or 
weLfare. CER CL\ c.sta.blis he.d a tiaurdo us 
SubStance Trust Fund (Superfund), ,.,·hich is 
available to flJUJlce ~ns::.s taken by the 
F::.d.:ra.l GovcmmenL Spills or ou'lcr r::le.a.scs 
of sjgni.ficant quantities of a substanc:: listed 
as h2..Z.2.rdous must be reported at once to the 
National Response Center at (800) .Q-4-

8802. s~ .;o CFK 300. 

CO;\r?U 1 ER ?~Il'iTOl.Tf (CPO)- As a p2;x-r stcx:k 
gra.rie, consistS of white sulfite and sulfaLc 
papc rs in forms man uf a c t'l.lrCd for us.:: i n d.a t2. 

processing machines. All stoek must be 
un tre.3! erl and un co a te.d. 

CO~BNED AQUfr1:.~ (ARTESIAN AQUF.::.R)
An aquifer which is overlain by 
im p:rm ::able s trat.a (co nflni n g b:.d..s). 

CO:<SERVA TIO~- The pre.s.erva.tion and wise usc 
of n?.cu.."'21 reso:.:r::es. 

CONSTRUcnON A.:".'D DEMOLmON WASTE -
Waste matiri.al produc:::.d in the consrruction, 
n:mo:i::Ling repair or demolition of 
buildi.-:gs. homes. industrial plantS, 
pavemeiJ.LS and srructur-...s. 

CONSTRUcnON WASTES- Wastes producerl in 
building homes. offices, industrial plantS, 
ct.::. Tne materi.als usually include lumber. 
mis:::dlancoU5 metal pans. packaging 
materials. e!!:. 

CO:<SLT\E~ - Se.e end user. 

CO:<Su'}.1?110N- The 2rnount of any reso~e or 
cn:r_sy use.::! in a given time by a given 
numbc- of pcopl::. 

CO:"."T A.TI,f!:R CULL :::I· Broken s...oap glass i:x:lltb 
and j::..r;;. Se.:: a.!s.cJ culleL 

CO~'"T A..['-."!:R D::.?OSIT !...EGIS LA llON- A law 
rec:ci,-ing d::?Osirs on ~if1c b-::v:::-2ge 

con!.:iin:rs. su::h as ~rand soft C.--ink 
contain::..--s. An idiomatic t=rm is boule bill. 

CONT..i..J:N'}.·fENT- Any methoo or t=::tu10logy L'ut 
preventS migr;:.::ion of waste into u'le 
enviror1menL 

COi'tl AMINA.:'<I- (1) Any solu~ that cnLCTS the 
hydrologic cycle through human behavior, 
or (2) a mau:.--i.al Ih3t is harmful tO the 
recycling process when include.d with a 
r:cycla.ble materi.al. Calle.d contraries in 
some countries. 

CONT A.:\11NA TION- Impurity. 

CO:--."'TTNGENCY Plr\J'i - A document sening out an 
orgar1ize.d, plannerl, and coordinateD co~ 
of action to be followed in case of a fire or 
explosion or a release of haza.--dous waste or 
iuz.ardous constiruenLS from a treatment, 
storage, or disposal faciliry that could 
thrc.aten human health or the environment. 

CONVEYOR - A mechanical devic:.e usu:! to move 
materi.als berw~n operations. 

CO?PER - Mall::able, ductile, n:rldish bro"m metallic 
elemenL ILS symbol is Cu. 

CORRECTIVE ORDE..-:{}ACTION- An order EPA 
issues that re.qu.ir::s corrective action under 
RCRA Section 3008(h) at a ia::iliry when 
L~n: has be::n a n:lc.as.e of hazardous waste 
or consriruenLS into the environmenL 
Corrective action may be required beyond 
the faci l.iry boundary and can be n:q u ired 
regardless of when the waste was placed at 
the facility. 

CORJWGATION MEDIUM- Flute.d paperboard 
· usu:! in making corrugate.d boxes. 

C!?C- A.n 2:ron::r·m for closure/post-closure. 

C?O - An acronym for computer printout waste 
paper. 

c:::m.,.tJ:NAL ACTION. A prosecuting action taken 
by the U.S. Government or a State towards 
any person(s) who has knowingly and 
willfully not complied with L'le law. Such an 
a:lion can ~suit in the impcsition of fines or 
imprisonmenL 
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G~R.L.i. ?OU.l.Tf.-\!'rrs - Thos.: airborne 
che:nic.al pollut.antS userl to define the 
:\arion.al Ambient Air Qu.aliry st2nd.ard. L1 
accordance wiu"l the O:an Air Act. the.s.: 
include carbon monoxid?, ozone, lead, 
sulfur dioxide, nitrOgen oxides and 
hydn:x:.arbons. 

CR.LJ'?-.G Rl.BBER- Ground or shredded rubber. 

CRUS~- A mcchanic.al c!.:Yice us::.d to break 
s.:cond.ary maL:rials such as glass bonles 
into smaller pieces. 

CR. YOG~'i1C PROCESSING - Tne fr:::zjng and 
cracking of secondary m2.1=rials to assist in 
S.:?a.-aLion. 

CSI- An acronym for compliance sarnpling 
inspection. 

CLJ-LLET - Broken scrap glass rr..a.terial, usually 
prq;arul in uniform. small pi~s. S::.: also 
container cullet. 

Cu;;GSIDE RECYO.ING- Tn: generic t.:rm for 
s.:hedul::d rc=ycling collc=tio01 s.:rvice to 
households. Some curbside recycling 
coll:ction prog;ams collect from alleys. 
Typical..ly, curbside rc=ycling docs not r:ier 
to s.:i'Yi~ to mulci-f2mily dwdlings. 

CWA - An acronym for the Clean W21..:r Act. 

D . .i..:\ - An acronym for the depury assistant 
a.1minisrrator of the USEPA. 

D.-\E... Y C..i.?ACTTY- Tne .ar010unt of ""-ast.:- usually 
e:::.pres.s:d as weight in tons- capable of 
being process.:.d or landiilled each d.3y at a 
fa=ilit)'. 

DECO~f?OSrnON- The breakdou.11 of organic 
""'2..SteS by various m::.a.1s. Complw: 
ch:mic.al ox.id.3tion !::.aves only carbon 
c.io:::.id:. ~,:,·ater. and inorga.1ic solids. 

DE::.?-\\ ~LL INJECTION- The subslL-fac: 
impi.a::.:m:nt of Ouids LWugh a bored. 
d..-111:=-d or driven well. or through a dug well 
1,:,·hos.: depu'1 is g:-:.ater L'1an the largest 
sw-f?..:~ d.im~nsion. 

D.EINX HIGH GR..-\.DES -Print:.:! ,.,.ast.: paper that 
ca.& be deinkc.d, such as v.·hitc ledger. 

DE..L'i"KED PAPER STOCK - Tne pulp mad.: from 
wast.: paper deinking. 

DENtCING (or DE-INKING) -The removal of ink, 
flllcr and other non-fibrous mat.:rial frorn 
recycled newspaper as pan of the pulping 
process. Ait.a d:!inking, the pulp is reus::.d 
to make new paper products. 

DELACQu.r:.R -~ss us::.d to remove lacqu:: 
from s...--rap metals, such as aluminum cans. 

DEMOLmON WASTES - Bulky wast.:.S produ::c.d 
from the destruction of buildings, roads, 
sidewalks, etc. Thes.: wastes usually 
include l.arge, broken pi:::=es of concrete: 
mis.:ellan::.ous construction metals; brid:..s: 
and glass. 

DErvn.JRRAGE- (I) The det.::.ntion of a truck or 
railroad car for the loading or unloading of 
second.a.]· mat.aials, or (2) L'1e 
compensation p~d to the shipper for 
d et..ai nin g the rru c.l: or rail.roa d car. 

DENSE ?-.1EDL.i. SEPARA.TOR- Equipment us.::.d to 
·noat" recoverable mat.:rial of a lighter 
density from the bull:: of the wast.: srr-... am. 

DENSIFE.R- A machine developd in the 1980s to 
compress used aluminum c.a.1s into a smal..l, 
dense brick. 

DENSITY -The mass dividerl by the volume at a 
s t.a.J.ed t: m pcr:a rur e. 

DEPOSIT- Money paid for an it.:m which is 
refunded upon rerum of the used producL 

DESIGNATED FACll.ITY- A hazanious wast.: 
o-...at.ment.. stor:age, or disposal facility ~·hi::h 
has rc:::eiverl an E?A, or St2.!..C, permit (or has 
interim status) and has been d:!signaterl on 
the manifest by the gener:a:.or as the fa.:iliry 
to which the gener:ator's waste should !:><! 
delivered. 

DESTRUCTION REMOVAL EmCIENCY (D?-E) 

- A spc:::ific mathematic.al formula us.:d tO 
determine how efficiently an incineratOr 
,,.orks. By law, incinerc.1ors must desrroy 
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- ar1d r=move 99.99- 99.9999% of e.a:h 
?OHC. s~ 40 GR ?2..1 2~-~3. 

D:=:!=CTION LEVEL- Tne minimum con:::.::mntion 
of a subs1.2.nce which 2JW)"U:al t=:chnique.s 
can detu:t with some degr~ of accu.;-a.cy in 
various environmental samples such as 
ground\1/at::r or soil. 

D:=:TINNlNG - The chemical ~paration of rinpla~ 
st.eel, including s...--rap tin cans, into 
recyclable tin and st::.:l. 

D:=:v1JLC.-\.:";1ZA TION- The processing of s:::rap 
tires by use of a thcrmochemical reaction. 

D!G:=:STION- The decomposition ofproc.::s.sul 
organic wast::.s to met.:'lane and carbon 
dioxick under ana::robic (o;r;ygen-st:.rved) 
conditions. · 

DIOXIN' (?olychlorin.a~ dibc:uo dio:cins, PCDDs)
A synthetic organic compound made up of 
chlorina~ hydrocarbons blo""'Tl to cau~ 
such things~ binh defec!S, skin disorders, 
liver damage, immune system suppression 
and canc=r in lab::Jratory animals at 
e:wemdy low doses. Dioxin is pmduce.d in 
L'le combustion of solid ""'ast:: and in the 
rmnufacturing of c::nain herbicides and 
wood pr~rvatives. It has become a 
widespread environ.'i1ental pollutant 

D!SCH..!...~G:=:- The accidental or iJlt::ntional spi.Jling. 
le.aJ::ir1g, pu.,...,ping, pouring, emitting, or 
dumping of waste onto any land or into any 
water. 

D:S:'-L-\.'\ll.ER- An i.;·Hiividu.al or i'lrrn that takes 
apart items for reu~ and r-...cycling, such as 
S-.."T<!p autos or appliances. 

DIS?OSAL- All activities as.soci.at::.d with the long
teTm handling of both colle.cted solid wastes 
and r::sidu.al wast::s that occur after solid 
"-'ast:: is pro:cs.su:l or re.c.oven:d for 
conversion produc!S. Ultimate dispos.a.l of 
wast::s is usi..!..ally accomplished by means of 
S.2.o'1 i:..?.ry lan:ifillin g. 

DiS?OSAL COST SAVINGS- Savings of re.du::ed 
wast.:: hauling r-...qui.remen!S, avoided tipping 
f~s and oL"ler ope.-atior.2.1 cost s.avings 

rel2le..d to .,':a.Ste d.is}Xls.al be::au~ oi L"le 
Opcnlrion of a recycling progra.'il. 

DISPOSAL FACTI.. In' - A facility or pa.1 of a 
facility at which solid a.."Jd/or hazardous 
v.-aste is int::ntionally placed into or on any 
land or \1/at::r, and at which v.-aste will 
T""..main aft::r closure. 

DISPOSAL SURCHARGE- A special f~ levied 
against waste disposal volumes. 

DfVERSION CREDIT- See waste diversion crediL 

DI'Yt:.RSION R.-\ TE -The amount of municipal solid 
waste diver..e.d from disposal through 
T""..duction, reuse and T""..cycling efforts. 

DrY - An acronym ior a do-it-yours.df us.e.d oil 
changer. 

DO=: - An acronym for the ~parun::nt of Energy. 

DO-IT-YOURSELF USED Oil.. CHANGER (DrY)
An i.ndivici!Ul who r::moves used motor oi.J 
from an autOmobile, rrud:, ~etc. 

DOl - An acronym for the ~paronent of Just!~. 

DO~fESTIC CULLET- Cull::t generated from 
v•iL'lin a gl.as.s production facility. Also 
termea fac~ cuUet 

D0~1ESTIC WASTE- See r::sid::nrial solid "-'2.St::. 

DOOR HA..NGE.~- A prin~ card. disnibu~ to 
households and hung on a door, promoting a 
rc:ycling service. 

DOOR TRADE - The volume of a dealer's or 
proc.::s.sor's business from purt:hasing 
materials delivered by peddlers, scavengers. 
individuals and other independent suppliers. 
A!so s.e.e over-the-scale tra.de. 

DOT- An acronym ior the ~pa.runent of 
Transportation. 

DOWNGRADE- To purchase a shipment of a 
su:ond2ry material at a grade lower than 
int::nded be:aus.c the shipment docs not 
conform to the grade spc:ified. 
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DOW?\STi:WKE BA.LER- A baling deYice in whi:::h 
thG compr::s.sion ram ai1d p!.a1::n move do:.:.11 
ve.."li::.ally in th::: chamber. 

D:Z...'...0""ED WriOLE BA TTERES - A scnp m:'-?.1 
grad::: consisting of lead acid batt::.ri:::.s fr-__:; 
of liquid and extranc:<)US maJ...~ cont.:::JL 

DRI'l-=:3 YS - Th::: number of hous::holds or 
businesses on a specific r-....cycling colic: :.ion 
route ( s). This is the th eor:: tical s....--rvi ce 
population, given participation by all 
pot::ncial housiholds or business.:s. 

DR.O? BOX - A rectangular m:::tal box. generally 
ranging from 10 to 40 cubic yards in 
vo I urn::. th.a t can be n-anspon.ed and drop:x-cJ 
by a Ol.Jck. 

DR.O?-Orr CENTER- A rc:ycling collection 
Icx:a.tion where citizens can deliver s::p.-:!.!~ 
~ondary mat::rials, such as newspapers. 
gl.a.s.s containers and mew cans. The typiC2..1 
cent::r is una!l::nded. 

DROSS -Extraneous metallic ~r crcat::d in L".c 
me 1 tin g pro:: ::s.s. 

DRY SCRl.BBER- An air pollucion control de vi::.:: 
which rcmov::.s paniculat:: and gas.::.ous 
pollutantS from exhaust emissions by 
injc:ting a reagent into the exhaust flue of a 

combustion chaffitx:r. 

DLJM? -See crpcn dump. ' 

DLJ:'•l?-.-iu"-i"D-?ICK -The recovery of sc:ondlly 
mar.::rials from mued ~,::as:..:: loads. oit.=-.1 
using manual sorring. 

Dli"K.-\BU:- Lasting in spi1:: of e:x:t::nsive us::. 

DliRA..BLE GOODS -ProductS &signed for long 
t=rm us::. su::h as furniture. cir:::.s and 
appliances. 

ED :J ':' O.TR. .. ~.!:.NT S::? AR.A Tl 0 N · Th::: s:: p2I2:: on 
of nonferrol!S s.::r2p mews from mi:x::::d 
·mat::rials. The mixed materials pass t."..:ou5h 
a varying magneric fi:::ld. cr::2ting e.:idy 

currents in the nonferrous s....12p. Tne.s.: 
cur.::nLS coun:..e~t with r.he magn::u::: ~~!d 
artd e:x:en a repelling ior:::::: on th::: mew;, 

thus s::pa.--a!.ing the meWs from L'le oL'l::r 
materials. 

ELE CTRl C-AR C F1JR. '\I A C:C - A m::: tal rc:ydi n g 
furnace generating h::ar by using an el::::u-1::: 
an:: between carbon el::.cmx!:::.s and the 
f~ charge. In_:::l:::rri:: arc steel furr.z::::.s 
thG charge is almost entirely ferrous s....~p. 

ELECTRODYNAMJC SEPA..~-\TOR- Equipment 
u.s::.d to induce a magn:::Uc field in .the was:..:: 
SU""....am, usually on a conveyor belt. that 
caus.::s a field of opposite magnetic pol.ari ry 
to pl!Sh normally non-magnetic whit:: 
materials (aJwninum cans) out of L'le wasc: 
srream for recycling. Also r::f:::rr-...0 to as an 
cdd y-currenr s::par2to r. 

ELECTROSTATIC PRECIPITATOR. (ESP) · An air 
pollurion control de vi:::: which o-aps 
elccoi:::ally charged panicles out of an air 
emissions exhaust scream by au:racring them 
to plat::s with an opposite el::.crrical cha:3::. 

ELlJTRlA TION -The s::par.llion of small, light· 
d:::nsiry panicles (usually resulting from 
shredding and scn:::ning operations) from 
coa.-s::r panicles by using an upward flow of 
air passing through a s....--r-~n. 

E?vER..-\LD GREEN - A coior of g:rc:::n glas.s 
containe.rs. 

S'ffi USER - Mills and other industrial faciliti:::.s 
where s::condary ma~::rials are convc~ 
imo new materials. Paper mills. stc:::l mills 
and glass container production plants are 
exampl:::.s of end users. 

S"-.'D.-iu~GERED ~1) TI.IREA liN "'ED SPECIES -
Spc:ics whose populations arc so redu::::.d in 

, number or whose rang:: is so limited in 
g:::ogr2phic extent that further redu::tion in 
numbers or in size of available habitat could 
inalt::rably reduc.: thG br::c.ding succ::s.s of 
the sp:.ci:::.s and lead to subs::.quent 
cxtin:::rion. These sp:.ci::s are listed in 
Section~ of the Endanger-...0 Spc::i::s A::L 

E:"-i""E..~GY B.-\L.-iu~CE- An a:::counting of the :::n::rgy 
flows ::ntering and leaving a proc::s.si.:1g 
system (su::h as an in:::irterator and pow::~ 
cy::l:::). l!Sdly on an hourly basis. 
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E:>""E..~G_y RECOVERY- A form of r::sour.....e 
r::::ov:;-y in whi:::h the organic part of the 
v.·as~ in conv:n.::rlw us.aole energy. En!:r5)' 
r::::ovcy from proccsse.d or raw refuse is 
a::hieve.d through combustion of the was~ lD 

produce high pr-...s rur: s t:.2l11 u s.ed in an 
el::::tri::: gem:ration facility, through 
p]TOlysis lD produce an oil or gas product. 
a11d through anaerobic digestion to produce 
meL'lane gas. 

E.:'.""E..-q_GY SALES CONTRA.CT- The contra:::t 
tx:rween the facility ovmer and a utiliry 
whcr::in the utility agr-....:.s lD pun:~ 

electric power generat:.d from the 
combustion of wast:. The Public Uwiti::s 
Regu12lory Policies Act of 1978 (PLTR?A) i.s 
the natioru.l govemin;; legislaticn for L'l::S!: 
transactions. 

.::? TOXJOTY - A t:.St, calle.d the exrraction 
proc::.dure (EP), that is designe.d to identify 
was~s likely lD le.ach h2Z2rdous 
concentrations of a particular tox.ic 
constiruent inw the ground wa~r as a result 
of improper managemenL It is a 
ch2ra::~ristic cif hazardous was~. 

.::?.-\ · An a::ronym for the U.S. EnvironmenL3.l 
Pro~lion Ag::ncy. 

.::? A IDE:--;JlFlC.-\ TION_ NlJ"}.BE..~ -The unique 
number as.signe.d by E.? A lD ca:::h generator 
or rranspo~r of hazardous waste, and C3Ch 
u-...almcnt.. storcge, or disposal faciliry. 

.::?! · A.n acron]m for the environmental prioriti::s 
inir..i.ative. 

.::_::>,_p ·An acronym for enfon:::ment response policy. 

ES? · An a::ronym for el::::uost2tic prc::ipitawr. 

EXC.::PTlON REPORT- A report L'lat g::nercc.Jrs 
who C?.."lsport hazardous was~ off-s!~ must 
submit to L'le Regioro.l Administrator if they 
do not r::::eive a copy of the mani f:st si gn::.d 
and d..at!:.d by L'l:: owner or 07=:-alDr of L'l: 
d::sign2l:d fa:::ility to which t.r.ei.r -.:.·as~ .,.as 
shippd wiL'lin ~5 days i'rom L'le d..a~ on 
whi:::h th!: i.."Jiti:U rranspor..!:r ac:::ept::.d L~:: 

was~. 

EXlSTL'iG FACll..ITY - A hazardous W2S~ 
rn.anagem::.nt facility which was in operation 
or ior which construction began on or befor:: 
November 19, 1980. 

EXPORT CONI A1NER - A sracl:.able mew 
container, typically berwee.n 20 and 45 feet 
in len gih. used lO cranspon s.:wnd2.--y 
mat: rials by s.h.i p. 

EXPORT DENSITY- The pref::IT"'....d density of a 
proc::ss::.d secondary rna t.::ria1 cksrin ed for 
shipment to another country. 

EXPOSURE PATHWAYS- The environmental 
rou~s through whi:::h living organisms can 
tx: exposed lD wxi::: maL--rials. 

EXTRUSION- Products formed by pushing material 
through a rue on a special machine . 

F.O.B.- An acronym for free on board. 

FACTORY CULLET - s~ domestic culi::L 

FAULT- A br::.ak in the e:anh's crust along which a 
measurable amount of mo,·ement has taken 
pia :::.e • 

FEASIBILITY STUDY- A planning document used 
as a fuse st:p to determine whai. types of 
was~ management should be p14Cri:::.e.d. as 
weU as L'leir capital and opc::r.aring costs, 
environmental eff::::ts, ;md re.:::.ommended 
schedule of i'mplem::ntarion. Also referred 
to as a planning study. 

FEDERAL HAZARDOUS SUBST ANc-.t:.S ACT 
(FHSA)- This act allows the Consumer 
Product Safety Commission to ban or 
regulat: hazardous ma~rials produced for 
u~ by consumers. Under the act. th::: 
commission has labeling authority over 
consumer products that are wxic. corrosive, 
flammable. irril2llt or radioactive. See 16 
cr::K 1500- 1512. 

FEDE..-q_AL INSECTlCTDE. FUNGICIDE. Al"<TI 
RODENTICIDE ACT (r-t..:-RA)- This act 
provid::s r~gularory authority for registration 
and use of pesticides and similar products 
intended to kill or control insects. rodents, 
...,.e.uis and oth:::r living organisms. See 4D 
C:=?, 162-180. 
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r=:D:::..':\.A.L R.EGIST=:.."':\ (rR) - A docum~nt publish~ 
d.:.ily by the rederal goYernment th.at 
conl2.ins either proposed or fl!l.2..l r~gul.ations. 

r=:::DSTOCK- A raw mat=rial ~during 
production pro:ess::.s. 

rE~":\OUS - Penaining to or derive.d from i.run. Most 
f::.rrous meWS 2.:-e magnetic. 

rER.':\OUS METALS -Any mew containing a high 
perc:::nr.age of iron. In the wast..e scre:J.m, 
these metals usually include cans. 
automobiles, refrigeratorS, stoves, et.::. 

rrC.-\- An acronym for the federal facility 
compliance agr~menl. 

r:=JS - .-\.n acronym for the federal facility 
information syst=m. 

i=""riS.-\ · An acronym for !.he Federal Haz..anlous 
Substances AcL 

~-\·An acronym for !.he Federal Insecticide, 
Fungicide, and Rodenticide AcL 

:-1: I !i WHEEL- The device us.cd l.O arr.ach a trailer 
l.O a cruck.. 

::1?\.A.L STATuS - A h.az.ardous c;ast.e management 
facility that has lnt.eri.m Sl.alUS ac:!{uir-....S lLi.:?J 
sr.a.tus when fma.l adrni.:·usu.ni ve disposition 
has b<:::n made oi its p:mlil application. 

:=LA.IL ~~ • Ror.ating ~uipment using chains l.O 

open or spr-...ad s.olid wast..e and shred or 
crush mat.erial such as paper, cardboard.. or 
glas.s. 

?c...-\S:-: ?0['.1- Tne Jo-..::est t.em;x:rature at which a 
liquid will give ofi enough flammable vapor 
at or nc..?.r iLS suriacc s.o that a spark or flarn:: 
wiU ign.ite it in air. 

:=-!...OJD?LAL'i · T.'lc flat ar::J.S adjacent l.O sc-::.1.'71 
cha.1:1::ls and cov::r::.d by '-''2!.::r during 
periods of flcx:x.ii ng. 

::-I..OJ~ ?~iC!:. - Tne mi:1i.rnum or~ pri:::: ~' a 
~onrhr;· mat::ri-'..1 pur::h.a.s.:: conu-a::t. 

FLO\V CONTIOL · A reguLation or ordinance used 
by a govemmenw agen::y 10 assu.-: L"lat 
coll~ted solid wastes are destined for a 
wast..e-r.o-energy facility. Some !low control 
regulations prohibit or restrict iT:::: market 
access l.O secondary mal::rials. 

FLUE- Chi..11ney carrying L'le hO{ gas prodt:::lS of 
combustion within !.he inciner.llOr stack. 

FLU.r.r:E.R- A device u.sc.d l.O fluff wast..e paper in 
order to improve baling ::fie::tiven::ss. 

FLUIDIZED BED- A rype of combustion system, 
ofl::n favore.d for sludge disposal, L'lar mixes 
combustible wast= mat=ria.ls wilh very hot 
sand !.hat i.s fluidized by hot ai.r. Energy 
n:cov::ry i.s possible using a wast.e h::.at 
boi.l::.r. 

FLY ASH -Small solid particles of ash and SOO( 

genera..tcd when wast=s ar:: burned. (SeJ:: 
Bag house a'ld ESP) 

FOLA - An acronym for the Fr::::..-::!om of Information 
Acl 

FOOD W AS!.c.S - Animal and veger.able -..:.·ast::.s 
r-....su.lting rrom !.he pr::pa-ation, cooi::i.ng. and 
serving of foods: commonly called garbag::. 

FOOD-CHA.IN CROPS · Crops gruwn for human 
consumption and crops gruwn l.O f::::..-::1 
animals. 

FORC'"::..D DEPOSITS. A l::rm for container deposit 
legislation used by opponents of such 
measures. Sec container deposit l::g-i.sl.ation . 

FOREIGN CULLET · A glass indusoy term for 
cu.lb supplied l.O a glass producer iTem an 
outs ide s.oun:.::. 

FORKLI?f TRUCK· A motorized v::hicl:: u".Jt 
mov::s materials using a power opc:-alc.d 
pronged pLatform !.hat can be raised 2nd 
lowered. 

FOSSIL FlJELS -Fuel produ::ts form::.d r.aD..:J>.J.Iy in 
!.he environment. including coal. oil. 2nd 
natun.l ga;. 

Glos~-;- ?ag~ 13 



rOLJ-:--,;::;R y . An indusrrial ::s-:2.01..ishm:::lt for Li~ 
pro:iu:::tion of metal casings, oit:n usi.;g 
s--:-2.p metals. 

::?. · :\n Ac;unym for the F::d::..-z! R::gist::.r. 

R.E::: ON 30.-\R.D (F.O.B.) ·The lcca.tion from 
wh.ich a pur::h.asc is :r.msact:d. Some buyers 
pur::hase secondary rm~rials f.o.b. the 
supplier's sit: and p3Y ior shipping. Others 
pay f.o.b. the buyer's plant. thereby 
r-...quiring the supplier to pay for shipping. 

FRO:--;! E.i'fD R.ECOv.::.RY- A s.olid wast: h2..1dling 
syst:m wh.i:::h combines m::::::hanical 
s.::pa..--:u.ion and r::s.ourt:e r::::::overy of p::~r. 
gb..ss. metals and compostabl:: organics from 
unprcx:::.s.s::d solid wast: prior to d::l2i.!::rl 
prcx:::s.sing or incineration. Solid wast: 
volumes may be r-...duc.::d by 15 pcr:::::nt in 
tk proc.::s.s. Also s.::.:: int:rmcd.i~ 
proc.:ssi n g c:: n t: r and ma.t:ri.a.I s r-...co very 
fa.:iliry. 

rROi'iJ.E~TI LOADER- (1) A solid wast:. 
coU~tion c-ud:: which h2s a power driven 
loading mechanism at L'1:: fronL (:2) A 
vehicle with a pow::.r driven ~P or bucket 
2l the front. us ::d to I oad s::::::: on dar)' rm t: rials 
into proc::s.sing cquipro1::nt or shipping 
con t..ain crs. 

FRO:--;J.S';TI SYSTEMS- .Ally prcx:css.::s u.scd for 
L'lc sep-aration of the mass of solid ""-as~s 
into indi vidlll.l component mat::i.a.ls for 
subSUJucnt convcrsio:-~. (Se.:: RC2.f-End 
Syst::rns) 

?ULL Y AL!..OCA TED COSTS ·The assignment of 
alll::no""11 com of r::::::y:::li.:lg to the program. 
including the portion of costs sh2r::d with 
oL'l::r opcratior.s or programs. 

?u'RA.:'-:S (?o\y:::hJorinat:d dit:--=:1:0 fura.ns. ?CD:=-s) · 
Tn::s:: coro1pounds arc v:-;y simil2: to 
dio~a..'1S. both i:-~ tll::ir r:1ol~uJa.r s~c~:: 
2..1d their physiological eii::::::ts. 

?u'?~'-.lSH · Tn:: mi.Atu::: of v2..-ious mat::r:.=Js us::.::l i:-~ 

rrl2.ki1g a t:v= of p2;x:: or pa;x:rboa.:d. 

G.~~3.-\GE- (1) Dis.:ard::d food wast:.s. (::?.) Wast:.s 
li.k::l y to dcc.ompose. 

GAYLORD CON! AIN"ER- The trade name for a 
large r::US3bl:: corrugat:d container us.::.d for 
shipping mat::rials (dimensions 
approxima.t:ly 4D by 48 by 37 inches). 

GEN"ERA. TE- To originau: or produce. 

GENERATOR· A.s dcflnea uncia RCRA a generator 
is any person who fmt cr-...a..t.es a haza:rdous 
wast:. or any person who fmt r...a.l:c..s the 
w~ subject to the Subtitle C regulations 
(::.g .. impons a hazardous wast:, initiates a 
shipm:nt of a hazardous wast: from a 
rr-..arm::nt. storage or disposal fa.::iliry (TSD) 
or mues hazardous wast:.s of different 
Dcpar-un::nt of Transportation COOD 
shipping dcs:::riptions by placing them into a 
single container). In mor:: general u.sagc, a 
generator is an individual. company. 
organizar.ion or acriviry that produces wa.st::s 
or secondary ma.t:rials. 

GEORGIA GRFN- A color of green g!.as.s 
containers. 

GLAS?H.A..L T- An alt:matc spelling of glasspha!L 

GLASS · .All inorganic product resulting from fusion 
tfult has cooled to a rigid condition without 
crystallizing. For pre:ision, the t::rm "glas.s" 
s.h o u I d not be u.scd alone, as there a.rc 
numerous glas.s products. such as glas.s 
contain::..--s. Oat gb..ss and glass tableware. 

GLASS BEAD- A family of silica produ::ts used in a 
vari::ry of manufacruring and industrial 
applicaJ..ions, including sand blasting. paint 
manufacture and til:: production. 

GLASS CG:'IT AIN'J=...RS · Glas.s boul::s and jars used t1111t 

to pack2ge food. bc:::r.liquor. wine, juice. 
soft drinks. medic in::. toil::oies a.1d 
chcmi::.2.ls. 

GL.-\SS?HAL T ·Asphalt utilizing grou.1d gb..ss as a.1 
aggr::g-at: .. 

GLASS?:-lAL T ·Trade r.arn:: for a highway paving 
mac::~..al i:-~ which r::::::ov::r::d grour.d glas.s 
r::pla.::es some of L'l:: yavel norm:illy used i:-~ 
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GOOS'i:;\"'E(K TRAll...E~ -A l2i.l:r attach::D to a 
truck using a sl:nd::r. curv::.d goos.ene:::k 
hit;h. 

GO\-=:R.:.'.'}.£"\1 AL ~?USE COUECTION A.:'\TI 
DISPOSAL ASSOCI..i. TION (GRCDA)- A 
Silver Spring, Maryland based organiz.ation 
repr::s.:nting municipalici:.s that wlle.ct 
and/or dispos.: of solid wc..sr.::. 

G::Z.-\3 SA..\iPLE - A sing!:: s::..:npl:: of a se.cond2.r)' 
m.at::rUl t..ak:n ar no s.:t rime for evaltUrio:-~ 
or t:.sting. 

G :\.A.D E - A c l2.s.s of s.:c on d.:a.r)· l"i1.?.U rial thar i s 
clistinguish::d from si..mil.?..r classes on the 
basis of qu.3.lity, color. us.c. content, 
appe2.ranc::, d:nsity or other factors. G2d:.s 
of re::yclabl:: mat.::ri2ls can be d:termin::.:J 
informally as pan of common indusuy 
pracriccs or officially as part of a trade 
association or governmental effort. 

G:Z.-\DJ?-;G -The hand soning of mi.A::d 
heterog:n::.ous solid was:.: irlto s.:parat.:: 
c.at;gories. 

G:Z.:..DL\'G - The sorrir1g or cl2..s.siiicat.ion of 
se.co n d..ary mar:rial s in tO ~iii c grad e.s. 

G?-.:..;"\1JLATOR- A me:::hanical d:vice thar 
produc:.s small plastic particles. 

G?!.A.??LE- A rype of C1""2De bucket ha~ing more L1..at 
two ~th. 

G?~:.. VTTY S~AR.A TION- Th: s.:pa.-arion of mi.:::.d 
mat.::rials bas::d on the d.ifi:r::nccs of 
m.a t.:: ri2.J s iz..:: and spec iii:: g:;a vi t y. 

G?!.CDA · .-\n a::ronym for u'le Govemmen!.2.1 Refuse 
CoU::crion a."ld DispOs.a.l .:...s.sociarion. 

G?..I';""Di"NG- A siz..:: redu::::ion te:::h:-Uque ustll!l:• 
employing a s.::...-i:.s of ro!Je:-s. 

G?!.OSS TOS- A mC2.Scre of '':eight cqtll! to l.CI::<l 
k.i.Jo;;-a.-ns or 22~.62 pounds. Also call:.:j 

m:t::-i::: or lo:-~g ton. s~ net ton. 

G?.Ou"""\TI COvC...~- ~~t::rial us.::j tO cover the s.oil 
sun"a::e tO co>1c:-ol erosion and l::.a::hing. 
shad.: Lr.e grot.::ld a."ld ofier prot..!.:: Lion f;o:-:-~ 

excessive heavi11g a.'"ld fr:::::z.ing. Some . 
ground covers are pro::iuc::.d from yard .,.-aste 
composL 

GROl.J"?';TIWA TER - Fresh wat.::r deposits. 
a::cumularing in subt.::rr:a.nean aquif:..-s in a 
zone of saru.ra.rion. Th::sc deposits are 
r:::::harg::.d by inftlcrating rain and sno~;.· melt 
and s...-rve as reservoirs for w::lls and springs. 

GROl.Jl'iTIW A TER FLOW - Th::: direction of 
groundwat.::r movement and of any 
coma.-ninants it contains; governed primarily 
by the hydraulic grad.ie..'1L 

GROU?\'DWATER QUALITY- The ambient 
ch:::mi::a.l. physical and biological ql!3.!iry of 
groundwat::r: generally defined by St.:::.e and 
lcx:.al standards to dc.t.::rmine suir.abiliry as a 
d.rinbng-wat.::r source. UnconLarnin3ted 
ground-wat.::r's suitabiliry as a drinking 
wat.::r SOll!""CC is generally bas.:::d on its total 
dissolved solids (TDS) cont.::nL 

GROUNDWATER RECHARGE- The addition of 
wat.::r to th::: groundwat.::r syst.:::m by naru;al 

or arriii c ial process c.s. 

GROl.Jl'iTIWOOD P APE.'<S - Paper produced from 
mcch2.ni:::al pulp. 

GUlDA.:~CE- Documents issued mainly to ehborat.:: 
and provide dire:::rion on the impl:::menr..at.ion 
of regulations. 

GUILL 0111'.=: SHEAR - S e.e shear. 

GWM - An a.:ronym for ground wat.::r monitOring. 

HA..M}.£R PROVISION - St..arutDry ~uirc.m:::nts 
that go into effe:::t automatically if E?.-\ fail5 

. to issue r::gularions by certain dat:.s 
spe.ciii:::d in the sr.atut.::. 

l-L~\L\ER.MILL - A Large shredding m.a:::hin::: us::.d 
to viole:1tly crush wast.:: in the prep2.:"2r.ion of 
r::fus.c-d::riv:::d fuel (RDf). 

1-L·\MlvE? • .l~m.L SHREDDER- A broad grot.:;:J of 
rn.a:::hin:.s that crush. chip or grind m2t:rials. 
Hamm:::rmiU shredders typically employ 
high~ rotating equipment wiL'1 i~::.d o~ 
pivoting h2.mm::::-s on a horizonL1.1 or v:::n.i:::al 
sh2...'1. 
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:i..'..UL DISTA.:'-'CE- The distanc:: a coll::.:tion 

v::hick rra v::Js a.ft::r picking up a load!d 
container. or from iLS last pickup stop Oil a 
coll::.:tioil route, to the solid was~ 
pn:x:::s.sing landfill, and, ait::r unloading. to 
the location where L'le empty container is to 

be d::posit::.d or to the be;inning of a new 
coll::.:tion route. 

HA l.JL TTh1E - The time sp::: n t transporting solid 
wast::s be(;l.•::cn (;l.'O spe::ific loc.aL.ions. 

H.-\ZARD RA.:'i:<ING SYSTEM- Th:: modd u.s.::d to 

det::rmine inclll5ion of a waste site on the 
EPA's Narion.al Priorities List for CE.~CLA 
(Superfund) cbnup. 

H.-\2.-\....'illOUS ?-.1A i.c.Rl-\LS TRA.NS?ORT A no:-; 
ACT (:--L'vrr A) -This act provides authorit]' 
for regulating the tran.sporution of 
haz..ardol!.S mar::rial by road. air and rail. The 
D::;:::;mment ofTransponarion's (DOT) 

lvia t::ri:ili T ranspo ruuio n 3 ur::.au (?vfTB) 
identified particul2.r quantities and forms of 
rna t:: rials as hazanl ous and spc....-ifies 
pa::bging, labeling and shipping 
r::!Juir::menLS for L'1e materials L'1ar po.s.c a 
risk to health .. safery or propeny. Se.e ~9 
C:=?. JC.5. 107. 171-179. 

!-L-\2.-\...:WOUS SOLID WASE A.M~"-'D?vE0.!S 
(HSWA)- Tne 19~ Act (?ublic Law 98-
616) that si;nificarllly e:.:p.a.1d::.d both L'le 
S(:Op<: and the cove:-2ge of RCRA. 

H.-\2:.-\...'illOUS WASTE - A.s defin::.d in RCRA the 
term "haz..ardol!.S wast::" m::2..1s a solid ~,:,·ast:::, 

or combination of solid wast::.s, which 
bo:au.s.c of iLS quantity, concenrr:ation. or 
physical, chemical, or inf::.:tious 
du. -a:: t:: :-is :.i cs may: 

( . ..'..)Cause. or signitiC2Jltly conuibut:: to an 
ir...::r~:s.- i.n moruliry or an 
incr-...as.c in .serious 0.-::v::.-sibk. 
or incap.acir..at.ing r:::v::;-sible. 
iUness: or 

(3) Pos.:: a substanti.?J p;-::.s.cnt or pot::nt.i.::J 
h 07 ~'d to hum2n h::.:!lth or L'l:: 
::rwironm:::H wh::n irnpro;x:rl y 

r::-::.2l::d., stnr!:-:1. C'2.. 'lS'fJOr:::.d. or 

?2_5~ 15- GIOSS2.."',• 

dispo.s.::d of. or o:.h::r...-~ 
managed. 

A.s d::ftn::.d in the regulations. a solid was::: is 
h.az.a.rdous if it me.eLS one of four conditions: 

( 1) E.x.'libiLS a charact::ristic of a h.a:z.arcous 
wast:: (40 c:::K Sections 
261.20 through 262.24) 

(2) Has been list::.d as haz..ardous (40 C::-R 
S::.:::Iions 261.31 throug,'l 
261.33) 

(3) Is a mixture containing a list::.d 
hazardous waste and a non
hazardous solid wast:: (unl::s.s 
the mix tur.: is spe:: iii call )' 
e:.:clud::.d or no longer e:.:hibiLS 
any of the cl-.arGCt::risi..ics of 
h.az.ardous waste) 

(4) Is not :::.:eluded from regulation as a 
haz.ardous waste. 

2) The e:.:traetion of u.s.cful marerials from solid 
wastes. 

H.-\2:.-\...WOUS WASTE DATA MANAGE?-.fENT 
SYSTEM (HWDMS) - A databas.:: 
maintain:::.d by the EPA in which brie.f 
summary conclusions from inspe=con 
reports are traekcd. 

HD?E- A.n a::ronym for high densiry polyethylene 
plast.i::. Se.e polyethyl::nes. 

MEA vY t.fEDIA SEPARATION- The~ of a fluid 
m::d..ium to .s.cpar.lle materials. The fluid's 
density lies betwc.::n the h::.avy and light 
ira:: ti o ns being sc pcnt::.d. 

~A vY M:ET AL- Any metal with a specific gravity 
g;-....ar..er than 4 (that is. any metal more than 
iour rimes as den.s.c as water). lnclud:::.d arc 
metals such as lead. m::r::ury, cadmium and 
zinc. All conslirut:: a serious pollution risk 
bc::au.s.c of their tox..icity in relat.iv::ly low 
conc::nrr:at.ions and their t::ndc:ncy lD 

bioac.:umul.at::. 

HH\1 - S:..a.'lds for higher h::.at.L•g value: The h::.ar of 
combustion with th:: moisru;e conte:ot of L'1e 
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fuel conden~. =:xpres~d in BThs -per 
p(iund. 

J-JGH DENSITY POLY.::. 1 HYLEN"E ('r:::DPE)
Pl.a.stic commonly us:!d ior conr.ainers ar:d 
l.and.fJ..!lliners. 

HJG :1-GR.-\.DE W ASE -Was~ paper from ofii::es. 
including compu~r prinr.out paper, th2l 
gencr.lily commands a fairly high price as a 
recyclable. 

t--JGH-GRADE WASTE PAPER- Was~ paper with 
the most value, consisting of the pulp 
substitu~ and deinking high grade 
ca~gories. 

}-[\ rr .-\ - An a.cron ym for the P..22aidOUS Mal.:: rials 
Transponation Act. 

HO:VE: SCRAP- Scr.ap that is u~ within the plant 
where it origina~. 

HO?JZONT AL B.AJ..ER- A baling de~,;ce in which 
the rnm and pl.aJ.::n move horizom.a..l.ly in the 
chamber. 

HOUS::::HOLD SEPARATION UNlT- Sec 
household storage conl2iner. 

HOlJS::::HOLD STORAGE COl'<! All'<.ER -A sr.1.ill 
bin. tub, paiJ or box pro~,;d~ r.o resid!:nlS for 
usc in storing scc.Ondzry r.JaL...-ri.als and i or 
carrying them to the curb for coU::.ction. 

HOUS"i:HOLD WASTE..- Sec residential solid "''as~. 

HSWA- An acronym for t.he Hn~·dous Solid Waste 
Amendments of 1984. 

r-ru;..rus -The organic portion of soil crcaru:! by the 
pa.n..i2.1 decomposition of OfEanic mar~r. 
Yard waste composring can create humus. 

i-t""\\'D~fS - An acronym for L'ie H.?.z.a.rdous Was~ 
Dat3 1'-.i.anagem::nt System. 

l-:~~'!J:Z.-\PUL?=:.~- Trade r.ame for a pulp miU 
r.Jachi;::: L'ia.t uses armor and blades to r.1i.A 
dry fibers, such as waste p2;::-2;, and :.:.·at:r 1.0 

produ:::: a pulp slurry . 

:-:""'~'LH.:..l.JL!C- Mov~ or op-e:-at~ by fluid :..::1de; 
prcsst.:"::. 

HYDRAULIC GR.-\.DIS"'T- The direction of ground 
wa~r !low. May be different from the 
ci.ir-...:tion of surface wata !low. 

HYDROCHLORJC ACID (HO) - An acid gas in L'lc 
flue gas of refuse combustion. HCl is one of 
the most significant components o( acid gas 
typic.a..l.ly found in the flue gas. 

HYDROGEN SULFIDE (H2S)- A poisonous gas 
produced from the reduction of sulf2!.e.s in. 
and the putrefaction of, organic rna!~ 
containing sulfur. Can be distinguish~ by 
an odor oi rot~n eggs. 

HYDROlvfULCH -Sec was~ paper hydromukh. 

IGLOO- A half sphere container us~ at drop ofT 
ccn~rs for the receipt and storage of 
!"".....Sid::ntial recyclable ma~rials. such as 
glass and metal containers. 

IGP- An acronym for an i.nt.crm~ glass 
proc::.sso r. 

DvL'vfll', "ENT HAZARD ORDER - Used by the 
responsible agency under 2llthoriry of 
RCRA Section 7003 to force any person 
contributing 1.0 an imminent and subs:2ntial 
endangerment to human health or the 
environment cau~ by the handling of non
haz..ardous or hazardous solid waste to take 

st.cps to clean up the problem. 

INCL'i.t:.RA TION -The process by which solid. 
liquid, or gaseous combustible was~ arc 
burn::.d and changed into gaseous brproduclS 
and residue (referred to as ash). 

INCIJ'i"ERATOR- Any enclosed device in which 
. conrroll::d fl2me combustion is such that it 

cannot be classified as a boiler or as a.n 
industrial furnace. 

IN COM? A TBLE -Two or more substances L'la.t 
cause fue, explosion, generation of 
fl2mmable or toxic g~s. or other violent 
reactions when mued. 

l};C?...E/v!L"-.'T AL COSTS- See partially alloca!.!:d 
costs. 
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[',uiCA TO?. P.-\..:Z.A .. M::: 1 .::...~5 - Was~ cor.sC:CJ::nts 
(e.g., speciiic conduc12nce, total orgar1ic 
carbon, total organic halogen) t.'ur pmvic:: a 
r::li.able indication of t."te pr-~n~ of 
h.az.ardous materials in groundwa~r. 

I0;"DU5TR.IAL SCRAP- S::.:ond.ary maL...'"Ti.als 
gen::rare.d by a marmfacruring operation. 

I00;uUSTRL:.J... W A5TI:S - SoLid and Liquid v.-ast=..S 
g::n::rare.d by indus:ry. Of1.::n this is in the 
form of slags, sludges. cak::.s, fines and 
dusts. Only a few communities considc..r 
industrial was~s as a subset of municipal 
solid wast=..S. 

L'\'GOT- A cast form suitable for shipping, r::.rn::lting 
and/or fabrication. 

C'i!=:CTION \\f!:..U- see d::..::p well i.nj~tion.. 

['\';,--:=_.~ LL'\CR - A continuous layer of rna~ri.al 
pla::ul inside a tank or contain::.: to pm~t 
the co llS tru cri on rna~ rials of the t.arU:: ex 
conta.i.n::r from the conta.i.ne.d was!.:: or 
rc.2g::nts us.e.d to lr::..?..l the wast.:s. 

J::",'O?.GANlC- Not composed of on~ living 
rnat.:rial. Minc:r.Us arc inorganic subs:.a.1c::s. 

C\SITTl..TTro OF SCRAP IRON AND SE;:I (15IS) 
- 5::..:: Institute of Sc'2p Re.::ycling Jndus::ri::s. 

C'\ SITTlTTro OF SCRAP RECYCLING 
C\"DU5T?.IES (1SRI)- An org:ani.z.a!.ion 
forrne.d from the mcg::r of tk National 
Association of Re.::ycling Industries and L'1e 
Instiru1.:: of Scrap Iron and Steel. The 
orgaruz..ation r::pr-~nts primari1 y s-..---r2 p 
metal processors and wast.: paper d::.a.l::rs, 
and is local.e.d in Washington. D.C. 

J::",'STITl.JT10NAL SOLID W AS!cS -Solid wast=..S 
g::n::r'2le.d by schoo!s. hospitals. univ::rsici::.s. 
rnus.:urns. govemrn::ntS and other 
instirutions. Some communities define 
instirutiona.l solid wast.:s as cornrn::.-::i..:?J 
solid wast=..S. Institucional solid wastes a::: 

on:: portion of municipal solid was:..:s. 

[';STTTl..TTJON.-\L WA5Tr:5- Wastes from s.::hoo!s. 
hos-pil.2..ls. 2.nd gove;-;-,rn::nt bulld.i.ngs 
co~.:..?..ini..ng a hi;ll r~:-~nt2g:: of pap-:::. 
i71c.ii:2.J ',.l.·as:~. a.-~d fo:-j v:2.5:~. 

L'-rTJ::GRA TI:D WASTI: M .. A.!'iAGO::M::S''-rT- A solid 
was~ ma.'12g::ment Si:'2t.:gy L'-:3t ra.w L'1:: 

pr::f::rre.d altemati..-...s in the following ord::::-: 
sour~ r---duction and r::~. r-~]·cling, 
r-...sour:::: r-....cov::ry (::.g., front end r::.::overy, 
waste-to-energy incineration) and land...."lll 
ctisp:>sal. 

L'\'TENSIVE RECYCLING -A concept promoted by 
opp::m:: n ts of wast.:- to-energy syst::.:ns. 
whereby municipal ~ycling efforts target 
all r~yclable..s in the waste sn-...am. 

L'\TERTh1 STATUS - Allows owners and ope-a tors 
of h.az.ardous waste facilitie..s (spc::iil:::.a.lly 
TSDs) t.ha! were in e:r.is~oce, or for which 
construction had commence.d.., prior LO 

~ovcm bcr 19, 1980 to continue to operate 
without a permit aft.:r this dat.:. Owners and 
operntors of TSDs are eligible for in~rim 
staruS on an ongoing basis if the TSD is in 
e:r...is~n::e on the efi::ctive dau: of regul.aLory 
changes under RCRA that cause the faciliry 
to be subject to Subtitle C regulation. 
Owners anj oper2.!Jrs in interim S'..arus an:: 
subject to and must comply with the 
applicable standards in 40 CFR Part 265. 
Interim s!.a!us is ga.ine.d through t.'le 
nociii::ation process and by submitting Pan 
A of the p-::..-mit application. 

L'IER..\1EDLA TE GLASS PROCESSOR (IG?) -
Busine.s.ses which purchase s.::rap glass 
materials from suppliers. precess L'1e glass 
materials and sell the contaminant~ cul!et 
to consuming plants. 

TI'-rf!::R..\1E.DIA E PROCESSING CENTER (IPC)
(I) A t.:rm commonly us.::.d for a faciliry that 
se p arG.L::..S m i.x e.d g la.ss and metal con ta.i n ers 

·· and proc::.sse..s the materials for sale to end 
~rs. Also calle.d a materials r-....covcry 
faciliry or mat.:ria!s r~yding fa::iliry. (2) A 
ft.rm t."tat purchases. procc.s.ses and markets 
so~-s.eparate.d m2.t::rials. For ins:.cnc.::, 
un~r this definition a wast:: paper d.::a.ler 
would be an int::rrne.diate prccessor. Also 
see front end re:::ov::ry. 

C'i t ::.R~10DAL SHIPPL'\'G -The linking of rwo 
forms of lr2..I1sporution. such as U1Jck.s and 
rc.ilro2.d.s. to ship materials. For e:r.ample, 
one might us.: in!.::rmoda.l shipping by 
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I ca a.ir1 g s=:: on d.ary rna :=ri.:al.s ir1 a rru c l:: 
rrail::r, having it rruck::.d to a T2ilroad yard. 

puci.:g the trai.l::r on a railc.:r, mo~·ing L'l~ 

aail::r by rail and unloading it for rrucl:: 
d::liv::ry to L'l:: r::c::iving mill. 

L';v=:SThfEN1 TAX GEDIT- A T"'..ducrion in ux::s 
penniu::d for the pur.:h~ and installation 
of spc.::ific types of e!iuipm::nt and oth::r 
inv::suncnts. 

I?C - An a.::ron;m for im::rm::rli:aLC processing c:::H:r. 

80:"11' ALl.J?viiNUM- Obsolet= aluminum S..."T3p, 
such as lawn chairs, s....'l::.cn doors and 
auwmobile pan casings, cnmaining a small 
amounc of iron or sc::el pins, brads, bolts, 
scr::ws and nuts. 

ISiS - An acronym for the now dciuncc lnscicut= of 
Scrap Iron and St=el. Sc.:: th:: Insrirut= of 
Scrap Recycling lndustri::s. 

ISRl - .-\!1 acronym for the lnsticut= of Scrap 
R::cyding Industries. 

JlJ?-. :C - As g::n:: r:a t=d se.::o n dary rna.t= rials. 

JlJN:C YARD- A common t=rm for an au co 
dis!112Il ilin g or scrap m:: !2.l prcx: cs.s in g 

facilitr. 

JL~:C:::~- A d::;;c.:: u~ in a hydnpulpcr w remove 
cnnL1I!1inants such as r"'in::, v.-ir:: and rags. 

:c:\.-\:-1 PAPER- A compam.ivcly cnarse, srrong 
paper mad:: primarily from wood pulp 
producu:l by the sulf~t= proc.::ss. 

r-..IV:O::- Kilowan-hour of cl::ctricicy. 

L-\.:',"D TREATMENT- A facilicy or pan of a facility 
at which wasc:: is applied omo or 
incorporat=d in:.o the soil suria.::::. Such 
facilities arc disposal facilities if the wasc:: 
remains aic::r closure. 

!...~_'<'D:=n.J,..- A disposal fa.::ilicy or pan of a facility 
where waste is placul in or on land and 
which is not a land rr::2rment fa.::iliry. a 
suria.::e irnf>Oundment. man inj::ction weU. 
.:..! s.::> s::.: s2.n i i2i}' I an d.f ill. 

I..D:=: · ,:..,, a.::ronym ior l2.1d disposaJ fa.::i!..iry . 

LDPE- An acron)m for low density polyethylene. 
Sc.:: polyethylenes. 

LDR- An acronym for land disposal restrictions. 

LEACHATE - Any liquid (oft=n rainwat=r or oL'>::r 
pr::cipitarion), including any suspended 
components in the liquid, that has rno~·ed 
through or diainu:l from wast:. Oft=n 
con tam inat=d w:i th d::.:om pose.d wasc.::s, 
bacc::ria, and other materials. Not to be 
confused with a leak. 

LEAD- Blue-whit=, safe me!2.l occurring mainly as 
galena. Its s;mbol is Pb. 

LEAD-ACID BATrERY- The type of electrical 
storage bacc::ry commonly used in auws and 
trucks. The major sou:r-::e of lead (a he.aY)' 
metal) in municipal solid wast= and in the 
ash of wast::- to-energy incinerawrs. 

LEAF ATE- A t=rm useD by some yard wast= 
composring professionals for the lc.achac:: 
from leaf piles. 

LEAK -The mii"auon of liquid wasc.::s outside of 
containment srructUT"'..S. 

LEDGER PAPER- Writing paper usu:l for 
ac::ouncing and book l::::::ping. Sc.:: whit:: 
ledger and colored ledger. 

LIABILITY- Tne staJ.c of being legally n:sponsibk 
forprop::ny damage or bodily injury cai.!.Sed 
during operation, closmc or post-closur:: 
ph.as.::s of a wascc management faciliry. 

LIFECYCLE V ALlJE- The value of an assec in 
Lerms of its operating life. 

LIGHT CO?PE.'R.- M.is.::::llan::ous, unalloyu:l cnppc: 
scrap ha~;ng a nominal 92 percent copper 
content (83 percent minimum). 

LL';"ER- A cnncinuous layer of natural (e.g., clay) or 
synthetic mac::rial (e.g., HD?C., PVC), 
tx:n::2.Lh or orr th:: sides of a suriac.:: 
impoundment. landiiU, or landfiU cell, 
which resrricts the dov.11ward or lateral 
escape of wast::, wast:: constituents, or 
le.achat=. Sophislica!ed liner sysc::ms uxiay 

ofc::n combine layers of welded HDPE 
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pb..st.ic shee::s, s.ar1d.s, and clay. L;:.a:::ha~ 

colle.:tion pip:.s a.J·~ laid above the lin=.:- to 
colle.:t l:.acbrc and d...""2in it w a tr::a::ne>~t 
plant. 

LISED W ASES- Hn~rdous wastes L'ur have 
been p l.a::ul on one of three l.i.ru de v·d ope<i 
by EPA: Nonspc::ific source wast..::s; 
Specific sour...:: wast..::s; Commercial 
chemic.a.l products. The~ lists were 
developed by examining difier--..nt rypes of 
wast..:: and chemic.a.l products w se.::: if they 
e:dtibit one of four ch.aract:::riscics, meet the 
staruwry definicion of haz.ardous was :..e. a.-: 
acut=ly toxic or .acutely hazardous, or are 
otherv.·is.e toxic. 

LI 1 l.::.R- Solid was!!: s.::.at!!:ru:l about in a ca.-: less 
manner. 

LITTER -That visible portion of conswner solid 
wast..:: thar is dis::zrdu:i outside the r::gubr 
disposal sysl!:m. 

Lit 1 .:::R TAX - A fe.::: paid by manufacrurer.;, 
distributor.> and reLllier.; of goods which 
commonly end up as liuer. 

LOA..\i- A mixrure of silt, sand or clay, or a 
combinal.ion of any of th::.s::. wiu1 hu,-nus. 
See hu,-nus. 

LOGG::::.R- A m::::hanic.a.l de\ic:: usu:lw flart.::n s:::-2p 
metal S:.J:::h as wh.ite gcxxis. M.?.ny logger.; 
are mobU:: and are l2ken periodically w 
disposal sit..::s to process coll::.:::t::d s....""':-2 p 
metal. 

LOIS - A.n acronym for loss of int.::rim st.atus. 

LO:\G STOCK- Waste paper with relatively lo>~_!; 
fi i:x: r.>. 

LO~G TO~ - Se.::: gross to>~. 

LOW O=:.'-.'S m· POLY::. 1 riYl..E:'i!: (1...0?:::) . 
Plastic commonly us..:d for product 
\l.T2ppi>~g. 

\LAC:-ITNE BRO:<..E- Se.::: broke. 

~·L-\G~!:TlC S=:?A...':{ATOR- A devi:::::. su::h as:: 
;-ulJey. drum or belt. use-d w capture i:::-rous 

?2 z: ~0 - G loss2.-: 

S...l""...p from a stream of mat::ri.2.!. A can 
~p~r is on:: form of magnetic s..:pa:z.cr. 

M.~"fDA TORY RECYCLING - Progra:ns r-....qui...-i>~g 
by ordinance, Sl.alute, or other forms of 
coercion u'ut r::.sidents or busi.n::.ss::.s k::::p 
speci.fi c s.ccon d.ary ma.te..-ial s from their so l.i d 
wast::.s and pr:pare the mat..::rials for 
r:::c ydin g. 

MPu'<Lr..::ST- The shipping docwnenr (EPS Form 
87C0-22) used for id=nrifying the quantity. 
composition. origin, routing, and d::.stinal.ion 
of hazardous waste during its transportation 
from the point of generc.Lion w the point of 
o-...aunent, storage. or disposal. 

1'-i~";'U.A.L s:::?.A....~A 110~ - A rype. of sol!J""'...e 
s..:parat.ion that is done in the home or offi::::: 
by ke::ping food wastes s...-p~ from 
newsppa and other recyclable.s. 

?vLA..I\o'UAL-TE- Equipment requiring u.s.: oi manu.:..! 
labor w wrap a bale or bundle with wire or 
st:r..pping. 

1->i-\..'Z..l(:.l - A fum or operation purchasing 
s.:.:ond.ary male rials. The term of reference 
may vary. For instanc.::, a proc::.ssor is 
consid::r-....d a market for a coll::.:::tor while an 
end ttser is consid.::ru:l a market for 
p~s.sor.>. 

lviARSH- A wetland dominat.::d by emergent 
veget.acion. 

MASS BUR,'/- Combustion of solid wast.:: without 
pr::-pl'OC!:ssing, as in a mass-bum 
inci.neraror. 

lvf..\SS B lJ~'<"ING - Dir::::t combustion of 
unproc::.sse.d solid waste in an incineration 
facility. 

1'-f..\SS-BURJ""'NG WATERWALL 
L"!C]};"E..':{A TION -Direct combustion of 
l).np-oc::.sse.d solid wast.:: within a wat.::rpipe 
juk~t::d furnace. resulting in energy 
rc:::overy in the form of steam. 

MA E._':{!AL S?ECIFICA 110NS - Se.::: 
SfY"...C i f1::ations. 
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:\fA. TE.~IALS BA.LA"'-'CE- An accounting of the 
mass of solid waste entering and leaving a 

pr~ss such as an incinerator. 

M.A TE.~L-\LS RECOVE...~ Y - Tne exrraction from 
the waste stream of economiC4lly reusable 
substan~s or byproducts by manual and/or 
mechanical separation and rea) very. (See 
Resource Recov::ry) 

;>-.f..\ TE.'UALS RECOVERY F ACTI.ITY (MRF) · 
Semi -automated in termedi.ate processing 
faciliry used for recycling co-minglw 
rna te rials . 

/'.1ECH.A.I'\ITCAL PULP- Pulp produ=:l by grinding 
wood into fibers . 

/'.1ECH.A.I'\ITCAL SEPARATION- Th-! separation of 
wastes into various classes. such as met:?Js. 
glass, and plastics, by mechanical means. 

MECHA..!'TJCAL SEPARATION AND RECOVERY 
·The mechanical (e.g., electromagnetic, air 
class iD cation) s::para tin g of mix e<1 s.o lid 
waste into CGtegorie.s for recovery . 

:'vEL T ·A specific quantity of s~l or glass made at 
one time . 

:-..1ET ALS ·All ferrous, nonferrous and alloy 
rna te rials. · 

:\l:::Tl-L~"-i"E (Cl-1~) · A highly vol.aJile, odorless. 

colorless. and a_sphyriating gas that is 
producw by the decomposition of solid 
wastes under ana=robic conditions by 

methanogenic bacteria. 

:-..ETRIC TON - Se.e gross ton. 

/'.fJCROORGA1'-1SMS ·Generally, any micros::opic 
being. in::luding bacteria. yeasts. simp!:: 
fungi. some algae. slime molds. and 
protozoans. Microorganisms are used in 
composting to stabilize wastes and in 
s::wage tr"'....atment prcx:ess::.s. 

\ GD\1G HT Dlflvl:?ER - A.n idiomauc term for an 

individual or business th.at disposes of W2..St.c 

in an iJ!egaJ, s~thy manner. 

MJGR.-\ TION ROUTE ·The environmental m~a. 
that is, air, water or land, through which 
waste can be released. 

.Mll.L BROKE • See broke. 

?vfiNIMILL- A metal recycling facility that i.s 
smaller in capacity than typical mills and 
produces a limilW number of products. 
Nearly all U. S. steel and aluminum 
minirnill use scrap exclusively. 

MIXED CULLET- Glass cullet not sone.d by color. 

MIXED THERMOPLASTICS · A miAnrre of post 
consumer and industrial plastics used to 
produc~ compressed sections and other 
products. 

rvrrx:ED W ASIT - Randomly associated solid waste 
materials. 

MIXED WASTE PAPER· A miArure of various 
grades of recyclable waste paper not limited 
by packing or fiber conl!nl 

MOA- An acronym for memorandum of agreement. 

MODULAR COM:BUSTION UNIT (MCU) · 
Factory-fabrie2ted incineration device of 
r::larively low capaciry. Small-scale waste· 
~nc:rgy sys~.ems can be CT""....ate.d from 
seven! such units or modules. MCUs often 
have two chambers and operate in the 

controllw-air mode. 

MOISTURE CONTE.NT - The amount of water 

containw within solid waste. Del!rminw as 
the loss of weight (expressed in percent) 
when a sample of solid wasl.l:s is dried to a 
constant weight at a temperarure of more 

than 212 degrees F. 

MOLDED PULP PRODUCTS · Products such as 
egg canons and fruit Oats formed from a 
pulp slurry in a contour~d mold. 

MOi'<TIOR.L"iG - Methods us::d to inspect and collect 

data on a facility's operational paramel!rs or 

on contig'JOUS air. groundwal!r, surface 

wal!r or soil quality. 

MO/'.'TTORJNG A.l"ill M~A.L YSIS ORDER· Usul to 
evaluate the nature and extent of a 
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- sub sun tial hazard 10 human h e.a.lth or the 
environment that exists at a hazardous wast= 
TSD facility. It can be issued tO either the 
current owner or to a past 0""1ler or operator 
if the facility is not currently in operation or 
the present owner could not be expecu:.:l to 
have knowledge of the release por.=ntial. 

MONOFTI..L LANDFTI..L- A landfill designed for 
and lia:nsed tO accept only one. type of 
mat!:ria.l. Proposed as a disposal option for 
the ash from municipal wast!: incinerators. 

1-vf?.R.SA- An acronym for the i'-.1arine Prote.etion, 
Research and Sancruaries AcL 

.\8F- An acron)m for materials recovery facility or 
mat!:ria.ls recycling facility. Sec int!:rme.d.iate 
processing cenl!:r and front end r---eovery .. 

:\!SW- An acronym for municipal solid waste. 

MSWLF- An acronym for municipal solid wast= 
landfill. 

?vfULCH - An organic product.. produced from the 
yard waste composting process, ior 
placement on the soil or lawn tO improve 
growing conditions. rewn soil moisrure and 
supply minimal levels of nurrienlS. 

:"> fl.Jl..LS"l' TEST- nie measurement oi a paper's 
resistance tO a bursting pressure. 

.\HJL TI-?vL..\ I::RI01-- A collection or processing 
sysr.=m handling more than one se.:ond.2.r; 
mat!:ria.l. For ex..ample. a drop-off center 
accepting newspaper and aluminum cans is 
considered a multi-material oper4l..ion. 

Mu 0.1 CIP AI... ALUM.I!'H.J?--.1 SCRAP - M.ued 
aluminum alloy produclS recovered from 
municipal solid was~. 

.\::U0.1CIPAL SOLID WASTE 01S\V) · Wasr.=s 
generated by residenLS, businesses and 
irlSCirut.ions. 

"fU!'.lCI?AL WASTES- The combined residential 
and selected commer::ial solid 1,::astes 
generate..:! in a given municipality. 

1\'.-\..~l - .-\n a:ronym ior Lhe National Associat.ion of 
::\.e;::y::ling lndusr:ies. 
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NATIONAL ASSOCIATION OF RECYO.ING 
~"DUSTRIES (NARI)- See Institute of 
Scrap Recycling Industries. 

NA TIONA!... PRiORITIES UST -The list of 
hazardous waste sites targeted for cleanup 
action under CERO.A CSuperiund"). 

NATIONAL RECYCLING COALmON (NRC)- A 
coalition of organizations representing a 
\'ariety of waste recovery interests, with a 
primary emphasis on municipal waste 
reduction and recycling. 

NA TIONA!... RESPONSE CENTER- Under 
CERCLA. aU spills or discharges intO the 
environment of certain amounts of mat!:ri.als 
designated as hazardous must be reponul 
immediately to the National Response 
Center. The center maintains a 24-hour-a
day telephone line for reporting spills (800-
424-8802). When the c:nter is called, 
responsibility for dealing with the rei~ is 
immediately assigned tO either the Coast 
Guard or EPA, depending on the location 
and type of emergency. 

NATIONAL SOLID WASTE MANAGE.MENT 
ASSOCIATION (NSW?vfA) - A 
WashingtOn, D.C. based organization th.a.t 
represents primarily private waste haulers 
and landfill operators. 

NATURAL RESOURCES- The supply of mat!:rials, 
not create.d by humans. that are usea for 
making goods. Also called raw, primary or 
virgin materials. 

NEPA - The Na.r..ional Environmental Policy AcL 

NET TON - 2,000 pounds. Also called short l0!1. 

Compare with gross ton . 

l'i'EW FACILITY- A hazardous waste TSD faciliry 
which began operation or for which 
consrruction was begun after November 19. 
1980. 

!'."EWS?Rit-fT- The t)'pe of paper generally used for 
printing newspapers. 

1'.1:'-.GY (Not-In-M:--Bad:-Yard)- An assertive 
re.sp:mse from a community or individUJ..l to 
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th~ potential introduction of a waste 
management facility in L"leir vicinity. 
Nl?-.1B Y is often p::r~iv::.d by waste 
nunagement ::;.;pens as an unreasonable, 

reactionary response to their rational 
proiXJsal. NIMBY has also been e;.;plained 
as a reasonable response to a p::n:eived ie2r 
of health ris.l.:, loss of prop::ny value, or 
diminished quality of life. 

1\0. 2 COPPER- Miscellaneous. unalloyed coppe: 
scrap having a .nominal 96 percent copper 
content (94 pen:ent minimum). 

,\'00 - An acronym for notice of deficiency. 

1\0~"B !ODEGRAD ABLE -This refers t0 materials 
(e.g., plastics, metals, many synthetic 
chemicals) which cannot be broken down to 

simple molecules (i.e., carbon dioride and 
water) by biological organisms. Those 
nonbiodegradable tOxic chemicals which 
tend tO bioaccumulate are a parricular 
environmental and health risk. 

,\'ONr=.RROUS METALS- Any metal or metal 
alloy containing either no iron or only very 
small amounts. These metals cannot be 
attracted by magnets. Nonferrous metals 
include brass, bronze, copper and aluminum. 

,\'00-~RROUS SCRAP METALS - Metals wh.ich 
contain no iron. 

,\'OC\~","E.W ABLE RESOURCES- Raw materials 

(e.g., metal ore.s:- oil, coal, tin) wh.ich exist in 
finite, nonreplenishable deposits in the 
earth's crusL 

:\"01'o"RETURNABLE- A package that cannot be 
returned to the retailer or supplier for 
reftlling. 

,\'OV - ,-\n acronym for notice of violalion. 

~O;r,. - Oxides of nirrogen are products of all air· 
oxidiz.ed combustion processes including 
r:iusc combustion. The predominant fom1 
of NO produ~d during combustion is nirric 

oxide (,\'0), although nirrogen dioride 

(,\'02) is also produced in lesser amounts. 
lipan emission L"lrough the stack to the 
a:.rnosphere, ::ssemi2!Jy all of the NO 

formed during combustion is further 
oxidiz::,d tO form N02. 

NPL - An acronym for the natiorul priorities lisL 

N"RC- An acronym for the Natiorul Recycling 
Coalition, the Nuclear Regulatory 
Commission, and the NalionaJ Response 
Center. 

NSPS -New Source Performance Standards, wh.ich 
apply tO new facilities . 

NSWMA- An acronym for the National Solid Waste 
Management Association. 

0 & M-An acronym for oper.Wons and 
maintenance. See operating costs. 

OBSOLESC'"'!:.NCE -The process of becoming 
useless. 

OBSOL=.Ir. SCRAP- A term usul in the ferrous 
s.::rap processing industry for pnx!ucts which 
have completed their useiul economic life. 

DCC- .An a:::ronym for old corrugated containers. 

OCCUPATIONAL SAFETY AND HEALTH ACT 
(OSHA) -This act provides the regulatory 
vehicle for assuring the saiety and health of 
workers in firms generally employing more 
than 10 people. lts goal is to su standards of 
safety that will prevent injury and/or illness 
among worlcers. Safety, chiefly 
encompassing the physical wor.l:: place, and 
health, which governs exposure to senings 
that could induce acute or chronic health 
efiects, are covered by the acL See 29 CFR 
1910, 1915, 1918, 1926. 

OERR -'An acronym for the Office of Emergency 
and Remeilial Response. 

OFF-SITE- The logical opposite of ON-SITE (see 

on-site) 

OFF-S?E.CIFICA TlON RESINS - Re.sin supplies 
t.h.at do not meet producer requirements or 

a.~ surplus to demand. Off-spec;i fic.a!.ion 

resins often compete against recycled 
plast.ics. Also called off-spec re.sins. 
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O::FiC:C: PAPER- Secondary fibers produced by 
office workers, including ledger, computer 
and bond papers. 

OLD CORRUGATED CONTAINERS (OCC)- As a 
paper stock gnde, baled corrugated 
containers having liners of test lin a, jute or 
ha.fL The boxes are generated in retail 
stores, factories and homes when 
mert:handise is removed from them. 

OLD !'.""EWSPAPERS (ONP)- As a paper stock 
grade, baled printed newspapers (containing 
less than 5 perc.ont of other gndes) th.a! have 
been distributed to I"'"....ad::rs and are available 
for recycling. 

OLD SCRAP ZINC- Clean dry zinc s....,-ap, such as 
sheets, jar lids, castings and anti-corrosion 
plates. 

0:\fB - An acronym for the Office of Management 
and BudgeL 

0~-SITE- Me.ans on the same or geognph.ically 
contiguous property which may be divided 
by public or private right(s)-<:>f-ways, 
provided the entrance and e:Ut betwe::n the 
properties is at a cross roads, intersection, 
and access is by crossing as oppose-d to 
going along the right(s)-<:>f-way. 
Noncontiguous properties owned by L'le 
same pas.on but connected by a right-of
way which the person a:mtrals and to which 
the public docs nO{ have access, also 
considaed on-site propeny. 

ON-SITE HANDLING, STORAGE, AND 
PR()C'"'!:.SSING- All activities associa!Ul 
,;th the handling, stnrage, and processing of 
solid wastes before being collected and 
taken lD the disposal ar::.a. 

o:--..:;..t-l1J?','DRED- YeAR FLOOD PLAIN. AI-...as 

adjacent to srrc:m~s where the probability of 
flooding in any given years is one in a 
hundred. 

0~'? · An acronym for old newspaper. 

0!0 · A acronym for owner/operator. 

0?:::.:--; BlT?"'<ThG · Un:::ont:"oll::d c'Jmbustion of 
solid wast: i..r1 the o::;oen air. r::.:::ogn.i..z:.:J as a 

signifi:::4nt conoibutor to air pollution a..r1d 
generally prohibit.ed by law. 

OPEN DUMP- Specifically, any facility or site 
whae solid waste is disposed of wh.ich is 
not a sanitary landfl.ll which meets the 
Criteria list.ed in40 CFR Part 257 CSubtitle 
D Criteria") and which is not a facility for 
the disposal of hazardous waste. 

OPERATING COSTS -Recurring program costs,· 
such as labor, equipment operation and 
mainl!:nance, utilities, administration and 
promotion. 

ORDINAl"iCE- A local government starute. 

ORGM'1C- Living or once living mal!:rial. 

ORGA.NlC I\1A TERJALS -Materials containing 
organic carbon and its derivatives that are 
generally manufacrured in the life processes 
of plants and animals and that are a source 
of food for bacteria and are decomposable 
and usually combustible. 

OSHA - An acronym for the Occupational Sa..fer:y and 
He.alth AcL 

OSW - An acronym for the Office of Solid Waste. 

OSWE~ - An acronym for the Office of Solid Waste 
and Emergency Respons-e. 

OUST- An acronym for the Office of Underground 
Stor.1ge Tanks. 

OlTTT"riROW- Waste paper so manufacrurerl or 
a-...ated or in such a forrn as to be unsuitable 
at another grade. For instance, old 
newspapers are an ounhrow when selling 
old corrugated containers but not an 
oua.hrow of mixed waste paper. 

OVER-ISSUE N'EWSPAP!:R- Printed newspapers 
that were not circulated and are available for 
recycling. 

OVER-TIIE-SCALE TRADE- The volume of 
business at a de.al::r or processor-generated 
from purchasing materials delivered by 
independent scavengers, peddlers. 
individuals and others. Also see door uad::. 
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OW?.t: - An acronym for the Office of Was~ 
Programs EnforcemenL 

PAC:C.:::R- (!)A processing operation where waste 
paper is convened into paper stoc:k and 
baled for shipment to cnnsumers, or (2) a 
solid waste cnllection vehicle employing a 
compaction mechanism. 

PACKER TRUCKS - Collection vehicles that 
cnmpact refuse intO high density masses for 
m.a.x.irnwn collection efficiency. 

P A?.t:R - A type of mat~d or she.u.ed fibrous 
producL In common terms, paper is 
distinguished from paperboard by being 
lighter. thinner and more flexible. s~ also 
specialty products. 

P:\?.ER STOCK - Sorted and graded waste paper 
meeting mill specifications. An al~ma~ 
spelling is paperstock. 

PAPERBOARD- A type of maaed or sheeted 
fibrous producL In cnmmon terms, 
paperboard is distinguished from paper by 
being heavier. thicker and more rigid. See 
also specialty products . 

PA.?!:RSTOCK - An altema~ spelling for paper 
StOCk . 

PA.:~.T A- The f1nt pan of the two part application 
that must be submitted by a h.az.ardous waste 
TSD facility to receive a permiL It cnntains 
general facili~ information such as location. 
waste typeS. quantities, process types. and 
capacities. There is a standard form for the 
PART A . 

PA.~T B- The second part of the permit application 
that includes detailed and highly tc:=hnical 
information concerning the h.az.ardous waste 
TSD facility in question. There is no 
standard form for the ?ART B. ins~ the 
facility must submit information. based on 
the regulatory requirements. on exactly how 
the operator or owner will comply wiL'l 

RCRA. 

?.:.3TI.-\l... QOSlJ?-E- Tne closure of a ~re~ part 

of a hazardous waste facility in accord.ance 
wiL'l the applicable closure requirer.1ents oi 
40 CFR Parts 2M and 265. For ex.2.:nple. 

partial closure may include the closure of a 
trench, a unit operation, a land.Ell cell, or a 
pit, while other pans of the same facility 
continue in operation. (A proposed 
redefinition was published on M.ar;:h 19, 
1985, ~ 40 CFR 11068). 

PARTIALLY AllOCATED COSTS - The cnSts of 
adding a recycling program tO an existing 
operation such as a waste hauling company 
or public works depa.nmenL Also known as 
incremental costs. 

PARTICULATE l'viATTER- Emissions from a 
waste-to-energy facility in the form of solid 
panicles or cnndensable vapors (vapors that 
can become liquids under alterul 
temperature or pressure cnndilions). 
Particulates are emiaed as a result of 
incomplete cnmbustion of fuel as well as the 
entrainment of noncombustible inert maaer 
in the flue gases . 

P A.RTICULA TES - Partially incinerated microscopic 
man=r (e.g., ash, soot. dust. ch.arr-..d paper) 
suspended and discharged in the exhaust 
gases of an incinerator. 

PASSBYS- The tOtal number of potential 
participants on a residential recycling 
coll~tion route. 

PE- An acronym for polyethylene. See 
polyethylenes. 

PEDDLER- A historic term for individual scrap 
metal and waste paper cnllectors. 

PELLETIZER - A machine that produces chips or 
granules. Pelletizm are commonly used in 
plastics processing. 

PER-CAPITA GEN""t:.RA TION- The quantity of 
solid waste producerl by each individual. 
generally determined by dividing the total 

amount of municipal solid waste generated 
each year in a srudy area by the number of 

residents in that area. In the U.S .. the per 

capitA gen~ration rate is currently between 
1.CXXl and 2.CXXl pounds per year. 

PEP-..:'vEA.BILm' -The degree to which a liquid 
(usually water) can pass through a substance 
or mass. Note: Some solvents can r.1ove 
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quickly through clays thal are impermeable 
to water. 

PERMIT- An authorization, lic.:ns.=, or e<:juivalent 
conrrol document issued by EPA or an 
authorized Sta~ to implement the regulatory 
re<:juirements of RCRA Subtitle C Parts 264 
and 265 for hazardous waste TSD facilities. 

PERMIT REQUIREMENTS- R.ei:juirements in a 
RCRA permit, including ambient, 
pc:rf a rman c.:, design, and/ a r a pe.ra.ti.n g 
sr.mdards contained in the regulations that 
the owner or operator must meet in 
perperuity in constructing, operating, 
closing, and caring for the facility. 

?ER,'vfiT-BY-RULE- A provision of Subtitle C 
whaeby a hazardous was~ management 
facility is deemed tO have a RCR..-\ permit if 
it is permitted under the Safe Drinking 
Water Act, the Oean Water Act, or the 
?-viari ne Pro teetion, R esc.an: h, and 
Sanctuaries Act and also me:::ts a few 
additional Subtitle C rei:juirements as 
~ified a! 40 CFR Section 270.60. The 
term "permit" docs not include RCRA 
"int::rim status" nor refer to any permit that 
has not yet ~n the subject of fmal agency 
action. such as a d.."2ft permit or a prnpos.=d 
permiL 

PZ:T · All acronym for polyethylene t.crephthalate. 

pH· A measur::: of the acidity or alkalinity of a 
solution on a scale of 0 to 14 (low is acidic, 
high is alkaline or caustic, 7 is neutral). The 
pH of normal rainwater can be as low as 5.6 
becaus.= of carbonic acid resulting from the 
narural proa:ss of water taking up 
atmospheric carbon dioxide. Vim.lall y all of 
eastern Nonh America receives rain with a 
pH below 5.0. This is referred to as "acid 
rain". Rain is southern NDchigan h2d a pH in 
1983 ranging from 3.9 to 4.7. Much lower 
pHs in rainwater have been record~. 

?;.{OTODEGRADABLE- A pr~ss where 
ultraviolet radiation degrades the c~mic..:U 
bond or link in the fXJlym:::r or che:-ilic..:U 
structure of a plastic. 

?.1ge 25. Gloss2..; 

PICKING BELT- A conveyor and work stations 
us.=d in the man uaJ soning a f secondary 
materials from a solid waste srrearn. 

PIT- Storage plac.: for solid was~ in a mass-bum 
facility. A pit is nonnally sized to store 
about a tbree-d.ay supply of solid wastes. 

PIT BALER- See upsrroke bala. 

PLASTIC - A synthetic material consisting of a 
~ific polymer in combination w:ith 
various amounts of plastic~rs. stabilizers, 
colorants, fillers and other organic and 
inorganic comfXJunds. 

PLASTICS - Man-made materials, made from coal 
and oil, thal degrade very slowly in the 
natural environment after disposal. 

?LA TEN -The rectangular face of a baling ram. The 
pla!.!:n pushes or compresses the secondary 
material into the baling chamber. 

PM-10- Particulate maner below 10 microns in size. 
This smalla particulate siz..e has been of 
particular concern to the regulatory 
agencies, who have ~ntly promulgated 
saic:.:r emissions sr.mdard.s for PM-I 0. 

POI?-. I SOUKCE- Any dis.:.ernible. confined, and 
discrete conveyance, inc!udirtg, but not 
limited to any pipe, ditch, channel, runnel, 
conduit, well, discrete fissure, container, 
rolling stock, concentrated animal feuiing 
operation, or vessel or other floating craft. 
from which pollutants are or may be 
discharged. This term does not include 
return flows from irrigated agriculture. 

POLICY- A document that specifies oper.lling 
- policies that must be follo .... ·erl. They are 

used by program offices to outline tile 
manner in which pieces of the RCRA 
propam are to be carried out. 

POLLuTION -The contamination of the 
environment by the exposure of wasteS or 
oLf-ter harmful materials. A result of human 
aclivir:·. 

POLYETHYLENE TEREPHTHALA TE (?ET) - A 

-

lightweight, tranSparent, rigid fXJlymer """' 
resisr.mt to chemie2J and moisrure, and with 
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grxxl insulating properties. Commonly used 
for soft drink containers. 

POL YETrfYLENES - A group of resins cr-...ated by 
polymerizing ethylene gas. The two major 
categories are high density polyethylene and 
low density polyethylene. 

POL Y?vfER - A large molecule containing a chain of 
chemically linked sub-units (monomers). 

POL YOLEFINS - A plastics sub-group including 
polyethylene and polypropylene. 

POL ¥PROPYLENE - Heavy-duty plastic. 

POLYSTYRENE (PS) - A hard. medium-duty. 
dimensionally stable thermoplastic that is 
easily molded. 

POL ¥VINYL CHLORIDE (PVC)- A plastic made 
by polymerization of vinyl chloride with 
peroxide ca.talysts. 

POL YVI}i'l'l.CHOLRIDE (PVC) -Plastic 
commonly userl for product v.rr.apping and 
containers. 

POST-CLOSURE REQUIREMS'-!S- Monitoring 
and maintenance !Ujuirements for closed 
hazardous waste management units 
L'u-oughout the post-closure care period (i.e., 
30 years); these are speciiierl as pan of 
facility s~ific permit conditions. A 
specific re!juirement of hazardous waste 
management ui'l.its. 

POST-CONSUMER M.-HERlAL- Those pn:xiucts 
generate!! by a business or consumer which 
have served their intended end uses and 
which have be.::n sep2.r<lted or diverted from 
solid waste for the pUif>Os.es of colle.stion. 
recycling and disposition. Also called "post
consumer rc..::.overed materials'" by the 
USEPA and "post-consumer waste". Post
consumer marerial does not include disc.a..-:is 
from indusrrial and manufacturing 
p r c:>a ss.e.s . 

?? - An acronym for pol]-prOpylene. 

?~IC:: I:'i·m:x- A list of regional s.econd.ary 
mate:i2.1 prices published by an inde~:-~d::nt 
l!-7.1 on a p::riodic basis . 

PRI;<..fARY MA E.~IA . .L.S- Raw mar:::rials used for 
manufactming primary products. bam pies 
include sand, wood pulp. a...-1d iron ore. Sec 
narur.li r:::so urc e.s . 

PRINCIPAL ORGAi"<lC HAZARDOUS 
CONSTITUENTS (POHC)- Constituents 
specifieD i..-1 a hazardous waste incineratOr's 
facility pennit. from among those 
coostiruents listui in 40 CFR Part 261. 
Append.ix VIII. for each waste feed to be 
burned. The specification is based on 
degree of diificulty of incineration, of 
organic constituents in the waste, and on 
their conc::no-arion or mass in the waste 
feu:!. 

PROCESS WASE- Dis.:ards from an indusuial 
process. 

PROC".t:.SSOR- A r~ycling operation where 
se.cond.ary materials are sorterl, graded, 
cleanerl, densifiw or packaged. Included are 
s.:rap met2.l yards and waste paper dealers. 

PRODUCT CHARGE- An excise ta;~; leviw on 
specific products or acts of production. 

PROHIBmVE /1.1ATERIAL- (!)Any material 
included in pape.r srcx:k. in excess of the 
amount allowed., which will rna.ke the p3pe.r 
stOCk shipment unusable at the grade 
~ifie.d. (2) Any marerials thar may b: 
damaging !D r-....cycling e!juipmenL 

PROMPT I}.'DUSTRlAL SCRAP- Ferrous s.:rc.p 
generated by fabrical.Ors. 

PS -An acronym for polystyrene. 

PSI- Depending on the context, either(!) an 
acronym for the Paper Srock Institute of 
America. a division of the Institute of Scrap 
R~ycling Indusrries or (2) pressure in 
pounds of ior.....e p::r square inch (psi). 

PULP - Fibrous material used to make paper and 
pap::rboa:d.. 

PULP SUBSTillJ 1 ::.S -Unprinted. clean wast:: 
pap::r that can be used d.ir~tly in 
pap::rmaking. 
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Pul...?i:..~ . Sec hydr:apuJp:r. 

PlJRCHA.SED SCRAP - Secondary materials 
obtain~ by an· end us::r from outside 

sources. 

PlJ"RPA- Public Utiliry RegulatOry Policies Act of 
1978. This act pertains to electric 
generating resoun:e recovery facilities in 
that it directly "provides maximum inc::nrive 
for the development of cogeneration and 
small power production." 

PUTRESCIBLE - As in food wastes and other 
organic wastes, wastes subject to 
decomposition or decay. 

PVC - An acron)m for polyvinyl chloride. 

PYROLYSIS - A waste treannent process that 
involves the chemical decomposition of 
material by heat, in the absence of oxygen, 
yielding a gaseous or liquid product which 

can be u.seD as a fuel. 

PYROLYSIS - Chemical decomposition of organic 
materials by he.a.ting in a low oxygen 
environmenL 

QUALIFYING FACll.ITY STATUS 
CERTIFICATE- A certificate issu~ by L'1c 

Federal Energy Regulatory Commission to 
the effect that the faciliry qualities as a small 
power production facility (as deftn~ in 

section 210~ofPURPA). 

RA · An acronym for regional administrator of the 
US EPA. 

RACK COllECTION- The collection of old 
newsp2p:rs at the same time as residenti2.1 
waste coUection. The waste paper is plac~ 

in a side or front rack attached to L'>c waste 
wlle.ction OlJCk.. 

RAGGE.~ - See junker. 

RAW MA TERlALS · See natural resour~s. 

RC?~A · An acronym for L'l: Resou:ce Cons::r•ation 
and Recovery AcL 

RC?JS · An acronym for L'l:: RCRA lnforrn2tion 
System. 

RDF · An acronym for refuse derived fuel. 

RDF BOll..ER • A waterwall combustion chamber in 
which ::fuse derived fuel (RDF) is used to 
generate steam. Compare with mass burning 
waterwall incinerator. 

RE-R.EFIN'ED MOTOR Oil..- Reclaimed lubrication 
oil pl"UCt:ssed for reuse. 

RE-R.EFIN'ER- A fum producing re-refinerl motor 
oil. 

RE-RE..t-lNING -The use of petrOleum refining 
techniques on used motor oil to produce 
lubrication stocks. 

REACTIVE- A substance that i.s normally unstable 
and readily undergoes violent change; or 
reacts violently with water. or generaLeS 
toxic gases, vapors or fumes in a quantity 
sufficient to present danger to human health 
or the environment when mued with water. 

REAR-END SYSTEM • A chemical, thermal. or 
biological system and its supplementary 
facilities used for the conversion of pre
processed wastes into us::ful or 

nonhazardous products. 

RECH.-\RGE ·The replenishment of groundwater by 
infiltration of aunospheric water 
(precipitation) through the soil 

RECLAThfED RUBBER ·The reclamation of rubber 
from sm:~p tires by grinding, shredding and 
pulverizing the tire, and exposing the 
material to a thermochemical reaction. See 
de vul cani.z.a ti on. 

RECLAMATION - 1) The restoration of air. land. or 
wat.er to a better or more useful statt:, such 
as reclan1ation of sni"[}-mined land by 
sanitary landfiUing or reclan1ation of 
abandoned landft.lls by recreational 
parkland. 

RECOVERABLE RESOURCE· Materials that can 
be reused or recycl~ after serving a specific 

pLLlXJSC ~llSe they st.i..ll have uscf ul 
physical or chemical properties. 
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!ECOVE:R.ED MA Yr.R.L.I.J...- M:a~rialand 

byproducts which have be::n recovered or 
diverted from solid was~. This term does 
not include those materials and byproducts 
gene~ from, and commonly reused 
within, an original manufacruring process 
(e.g., mill broke, horne scrap). 

RECOVERED PAPER MATI:RIAL- Paper was~ 
generated after the completion of a 
papermak.ing process, such as post
consumer material, envelope cuttings, 
bindery trimmings, printing waste, cutring 
and other convened was~. mill wnppers, 
obsolete inventories and rejected unused 
stock. Recovered paper material, however. 
does not include fibrous waste generated 
during the manufacturing process such as 
fibers recovered from waste water or 
trimmings of paper machine rolls (e.g., mill 
broke), or fibrous byproducts of harvesting, 
extraCtive or woodcuning processes. or 
forest residue such as bark. 

RECOv.t:.RY RATI:- The total amount of solid 
waste I""'....COvered through source red.ucrion . 
reuse and recycling jn a given comrnuniry. 
Commonly, the recovery rate is expi""'...SseD as 
a percent of solid waste genac.rion . 

RECYCLABLE- When commonly used, refers to 
the technical abil.iry oi a mar..."'Tial lO be 
reused in manufacture. A more precise 
definition incorporates requirements t!ut a 
recycling collection, processing and market 
system be in pl2ce and economically 
functioning in order far a material to be 
recyclable. Using this definicion. many 
ma~rials are t.echnically C2pable of be~•g 
recycled but are not considered recyclable 
due to the lack of a \iable r::covery system. 

?-.E.CYCLED PAPERBOARD- Paperboaro made 
from a variery of secondary fibers. Also 
c.:J.!led combination board. 

?-.E.CYCLJ:l'.:G -The separacion, proc.:ssing. and 
marketing of a waste ma~rial (e.g., glass. 
aluminum) from the was~ stream so that it 
can be reused. Commonly. re.cycUng is the 
use of secondary materials i.,-, r..he production 
of new i~ms. 

RECYCLING ADVISORY COu"NCll.. (RAC)- A 
forum for discussing and advocating 
national waste reduction aid recycling 
policy and rese.an:h. First proposed by the 
EPA in their 1989 ·Agenda for Action· 
document. irlltially funded by the EPA and 
administered by the National Recycling 
Coalition out of their Washjngt.On, D.C. 
office. 

RECYCLING &"J=lCIENCY- The likelihood a 
recycling program participant will prepare a 
specific material for recycling. 

RECYCLING PROCESSOR - A generic term for 
businesses and operations that prepare 
secondary materials for sale to end users. 
Waste paper dealers, scrap metal yards, 
drop-<Jff centers and buy-back cen~rs are 
examples of recycling proc.:ssors. 

REDEMPTION- To turn in a secondary rna.t::rialto 
the original supplier. 

REDUCTION- To diminish'the amount of solid 
waste destined for disposal. 

R&uSE- (See Solid Waste). 

REFUSE C0?-.1PACTION VEHJCLE- Collection 
vehicles equipped with hydraulic sys~ms to 
compress waste mar..erials while on route to 
waste management facilities. 

R&uSE DERIVED FUEL (RDF)- An easily 
handled peller..lled fuel' derived from the 
combustible pan of municipal solid waste. 

REGIONAL ADM'TI'.'IS1RATOR- The highest 
ranking official in each of the ten EPA 
regions. 

REGRJ?'-,'D - Ground-up recyclable plastics. 

REGl.JLA TION -The legal mechanism that spells 
out how a sr..atute's broad policy directives 
are to be carried ouL Regulations are 
published in the Federal Register and then 
ccxiified in_the Code of Federal Regulations 
(CFR). 

REGL.i'LA TORY COMPLJAJ~CE- Meeting the 
re.qu.ir::menlS of F::d::ra.l or Sr..ate regulations 
regarding faciliry ~sign, consO'l.lction . 
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_operation, perfonnan~. closun: and post
closure care. 

RE~i.A.,~lJFACTURING - The rehabilital.ion or 
rcparr of durable items such as motors, 
automotive pans and tran.Sfonners. 

RE?-.EDlAL ACTION- Those cle.anup measw-...s 
consistent with a permanent remedy taken 
instead of or in addition to removal. 

REMEDIAL INVESTIG A TION!FEASIBTI.ITY 
STUDY (RS/FS)- A comprehensive study 
of h.az.ard o us waste site conditions. thn:.a ts 
posed, the effectiveness of alternative 
Remedial Actions and costs associated with 
each alternative. Recommends activities to 
be carried out to address site cont.amination 
problems and pollutant sources. 

RE\fOV.-\L ACTION- The cleanup or removal of 
re leas:: d h.az.ard o us substance from the 
environment to prevent, minimize or totally 
mitigate damage. 

REPRESB'ff A TIVE SAMPLE- A sample of a 
whole (e.g., waste pile, lagoon, ground 
wat::r, or waste stream) which can be 
expe.:ted to have the aver.~ge properties of 
the whole. 

REQl.JEST FOR BID (RFB)- A mechanism for 
se.ek.ing bidders to supply recycling goods 
and servi~s or to purchase secondary 
materials. 

REQLTEST FOR PROPOSAL (RFP)- A mechanism 
for seiling quaJjfied firms or indi,iduals 1.0 

supply r-....cycling goods or services. The 
RFP contains a detailed description of the 
proje.ct. 6nanci.a.l r-....quirements, and 
somet.in1es, the propos.e.:l contracts for the 
projecL 

REQU::ST FOR QUALIF1CA TIONS (RFQ)- A 
me.chani.sm for detennining the experience, 
skills. fmancial resources or expertise of a 
potencial bidder or propos::r. 

?-..::sm:::~c::: TI\E ·The kngth of time c!u.:ing 
whi::h 3 ·,~,·aste is subj~ted to el::vared 
t::mpe~~s during inciner.~tion. 

RESIDE.NJIAL SOLID WASTE (RSW) - Solid 
v.-aste generat::d from housing structures. 

RESIDENTIAL WASTES - Wastes generat::d in 
homes generally consisting of consumer 
goods wastes, including newspaper. 
cardboard; beverage and food cans; plastics; 
glass; and food, garden, and la""11 wastes. 

RESIDUE - The solid matter remaining :Uta 
completion of a physical or chemical 
process, such as incineration. 

RESOURCE CONSERVATION- Reduction of the 
amounts of solid waste that are generated, 
reduction of overall resource consumption, 
and utilization of recovered resources. 
Accomplished through waste reduction, 
recycling, composting, and resource 
recovery to:hniques. 

RESOURCE CONSERVATION AND RECOVERY 
ACT (RCRA)- A 1976 federal law on 
which much of the U.S. Environmental 
Protection Agency's solid and hazardous 
waste progr.m~ is based. Commonly referred 
to as RCRA, this act is an amendment to the 
first piece of Federal policy on solid waste 
management called the Solid Waste 
Disposal Act of 1965. RCRA was amended 
in 1980 and again on November 8, 1984 by 
HSW A. Al!.hough RCRA was passed to 
control all varieties of solid waste disposal, 
both h.az.ardous and non-hazardous, and to 

encourage recycling and alternative energy 
sour-...c.s, its major emphasis during t.hc 
1970s and 1980s had been the control of 
h.az.ardous waste disposal. See 40 CFR 240-

271. 

RESOURCE RECOVERY- The recovery of 
materials or energy from waste often via a 
high technology. physical/chemical · 
conversion facility. 

R.....>=TREADING -Removal of the worn tread and the 
fitting of a new tread on an undamaged lire 

casing. 

RETIJRNABLE- An item that can be returned to the 
original supplier for ultimate reuse. 

REUSE . To us.e a material more than one lime. 
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REVERSE Y"""!:.NDING MACH:IN'"ES- Fully 
automat=d TT13chines Li.al receive used 
beverage containers and present cash or a 
coupon to the consumer based on the 
number or weight of containers red~med. 

REVERT SCRAP- Sec home s....--rap. 

RFA- An acronym for RCRA facility as.sessmenL 

RFB - An acronym for request-for-bid. 

RFI · An acronym for RCRA facility investigation. 

RFP - An acronym for request-for-proposaJ. 

RFQ- An acronym forr-....quest-for-quali.fications. 

Rll' - An acronym for RCRA implementation pLan. 

RJSK ASSESSf'..f.ENT- An analytical prcx:ess for 
calcub.ting the probability that a mx..ic efie:::t 
will occur as a result of e,;posure to a ccnai.n 
concencration of a given chemical. 

ROU-OFFTRUCK- A special trud: which deposiLS 
and pi::k.s up a 10 to 50 cubic yard conr..ainer 
at a site. 

ROOFING FELT- An interim pn:xluct made from 
wast.= paper and then us::.d in making roofing 
mat= rial. 

RSW · An acronym for residential solid waste. 

Rl.JBBER-ASPHAL T- A product that combines 
ground-up scrap tires and asphaJ L It is 
primarily used in highway, runway aJ1d 
srre:t proje:::LS as a srress absorbing 
membrane int.erlayer. 

RUBBISH- Solid waste that docs not contain food 
wast= and ashes. 

Rl.TN.-\..tzOill·tO SCRAP· s~ home s.:::rap. 

S.-\_::::: ORI]'."':o\.L':G W Xlt:.R ACT (SDWA) · Tn.is a:t 

. r-.....qui.res the establishment of uniform 
federal s t.a.n dard.s for drink.in g water q u .?li ry 
and development of a syst.em to reg'Jlate 
underground injection of wastes and ot..'ler 
subs:2.n~s t..'13t could potenLi.:illy 
cont.a:ninat= underground water sources. 
Not= u'lal surface water is prot.e..::te..d u."lder 

the CW A. An1ong oL'1er things, the act bans 
the underground inj~tion of c::na.in 
materials in or nC3r an underground water 
sour....:: and r::.quin:s issuing of permiLS, 
moruLOring and recordk:c...-ping for 
underground injection th.ar is pc.rmia::.d.. Sec 
40 CFR 140-149. 

SALVAGE- The act of obtaining a secondary 
mat=rial through coU::.ction, soning, etc . 

SANITARY LANDFILL - As defined by the 
An1erican Society of Civil Engineers: A 
method of disposing of refuse on land 
without creating nuisances or hazards lO 

public health or safety, by utilizing the 
principles of engin~ring to confll1e the 
ref~ to the smallest practical volume. and 
to cover it with a layer of C3Tth at the end of 
each day's operation. or such more frequent 
intervals as may be n~essary. 

SM'TT AR Y LM'DFILLING- An engineered 
method of disposing of solid wastes on land 
in a manner that protects the environmenL 
Includes ext=nsive designing of a lea::hate 
collection system. a lining system, and an 
appliul management plan . 

SARA- An acronym for the Superfund AmendmenLS 
and Reauthorization Act of 1986. 

SCALE- Device for weighing refuse and ash trucks. 

SCAVENGING - The unauthorized and uncontrolled 
removal of secondary materials. 

SCRAM- An acronym for the Stat= Consolidaled 
RCRA Authorization lvianual. 

SCRAP- A waste rnat.erial which is usually 
segregated and suitable for recycling or 
reuse . 

SCRAP TIRE . A tire considered unusable due to a 
worn rread or damaged carcass. 

SCRAP YARD- A recycling processing facility, 
generally for scrap metals. 

SCRE.E.l-<"'[i';G . Separation of material by size, 
usually using either a rrommel screen or a 
disc s...--re.en. (See Oassification) 
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SCRUBBER- A pie.ce of equipment used to control 
acid gas emissions at a waste-to-energy 
fa=ility. 

SDWA- :\n acronym for the Safe Drinking Water 
AcL 

SECONDARY CONI AJN}.f2'rr- This applies to 
containe~ and tanks. In container systems, 
se..rondary containment consists of a base 
(concrete or other impervious mar.eri.al) 
which must have the capa.::ity to contain ten 
percent of the volume of the container or a 
volume of the largest container, whichever 
is greater. In tank systems, secondary 
containment includes one or more of the 
foUowing: an ext::ma.lliner, a vault. a 
double-walled tank or equivalent devi~. 

SECONDARY FIBERS- A term for waste paper. 

SECONDA.~Y /'.1.-\ TERIA.L- A material that is used 
ins t.e.a.d of a primary rna tc ri.al in 
manufacturing a product, including waste 
paper, glass, or scn!p metals. 

SECONDARY SMELTER- An industrial facility for 
the remelting of nonferrous scrap metal, 
such as copper, le.ad or aluminum. 
Secondary smelt=rS typically produce 
interrnediar.e products, such as ingots. 

SEIS~f!C ACTTVIn'- Eanhq~ activity. s~ 
faulL 

SELF HAULERS- Resicknt and businesses that haul 
their 0.,.11 solid wastes to transfer or disyos.:li 
sites. 

SE?ARA TION- Di\ision of wastes, either manually 
or mechanically, into groups oi similar 
matcri.als. such as paper, glass, or mew. 
Also usul to describe Lhe further soring of 
mat.:rials into more spc.:ific categories. such 
as clear glass/dark gl.ass. 
alu.-ninwn/iron/copper, 
newspper/cardboa.-d/of5::e p2per. 

SET OLTT- A hous::hold pl2::ing secondary materials 
at Lhe designated loc.acion for recycling 
collection. s~ stop. 

5:--::E.-\.:J,.- A devi~ usul to r"...du::.e s.::r2p metals in 
size. It employs t·,;,·o large bl2ces (alligator 

shear) or a tllade and a stationary edge 
(guillotine shear). 

SHORT TON- See net ton. 

SHREDDER - A mechanical device that ~or 
grinds maLeri.alto reduce it in size. 

SHREDDING -A process in which waste is 
mechanically fragmented into 1 to 2 inch 
diameter pieces for the purpose of 
increasing waste compaction density in a 
landfill 

SHRINKAGE -The difference in the purchase 
weight of a se..rondary mar.erial and the 
actual weight of the ma.terial when 
consumed. For example, ambient and 
beverage moisrure in purchased used 
aluminum cans are causes of shrinkage at a 
se..rondary aluminum smelter. Also se:: tare. 

SITE- The land or water ar"'..:l where any facility or 
activity is physically located or conducted. 
including adjacent land used in connection 
with the facility or activity. 

SIZE REDUCTION (MECHA.NJCAL)- The 
conversion of solid wastes into small pieces 
through mechanical means. In practice, the 
terms shredding, grinding, and milling are 
usuJ int.:rchangeably to des...--ribe this 
pra.cti~. 

SLAG -The ma~rial that forms from the melting and 
sub5U1uent cooling of ash and solid by
products within the combustion chamber of 
an incinerator. 

SLUDGE- Any solid, semisolid. or liquid waste 
generated from a municipal, commercial, or 
industrial was~wai.Cr treatment plant, water 
supply treaunent plant, storm water control 
facility, or air pollution cono-ol facility 
e::cclusive of the treated effiuent from a 
wastewater trea!.ITlent planL 

SLURRY WALL- An underground vertical wall 
made of relatively impermeable material 
that significantly retards leachate and 
ground water migration. 

SMALL QUA!'-t'lTTY GEl'< "ERA TOR- A generator 
who produces less than 100 kilogra."Tls of 
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ha::3rdous wast:: per monL'l (or ac::umul:!t.es 
less than 100 kilograms at any one time) or 
on:: who produ~s less L'lar 1 kilogram of 
acut:ly hazardous wast: per month (or 
accumulat:s less than 1 kilogram of acut-ely 
hazardous waste at any one time). 

S:'>ELTIN'G- A metallurgical operation in which 
metal is separated by fusion from impurities 
with which it may be chemically combined 
or physically mixed. 

s:--:c - An acronym for significant non-compli::r. 

SOCIETY OF THE PLASTICS JNDUSTR Y (SPT) -
A Washington, D.C. based organization 
representing plastics producus. 

SOIL .-\..\fEND?vfEl"<'T- Any material, such as yard 
was~ compost., addul to the soil to improve 
soil chemistry. 

SOIL COI'<TiillONER - Any rna~rial. such as yard 
was~ compost., ad~ to the soil to improve 
the physical soil srructure. 

SOIL STRUCTURE- Defines the overall appearan~ 
of soil aggregat:s as to their grade, size and 
form or type (shape). Det:rmines the soil's 
physical condition at different moisrur:: 
levels and itS ability to retard or ac::elerate 
wat:r and rontarninant movement. 

SOLfD WASTE - As defined in RCRA the term 

"solid waste" means any garbage, refuse, 
sludge from a waste rrcarment plant. warer 
supply rreatment plant, or air pollution 
ronrrol facility and other discarded material, 
including solid, liquid, semisolid, or 
contained gaseous mat:rial resulting from 
indusrrial, commercial, mining, and 

agriculrural operations. and from 
communiry activities, but doe.s not incluce 

solid or dissolved material in domestic 
sewage, or solid or dissolved mat:rials in 
irrigation rerum Oows or industrial 

discharges which are point sources subje:::t 
to permitS under ~o'Je Clean Warer Act. or 
s?cciaJ nuclear or byproduct material as 
define.d by ~o'le Atomic Energy Act of 19~. 
in more common usage ~o'Jis t::rm means any 

wast: materials produce.d by residentS. 

busines.ses. insurutions and industry. b1et not 

liquids, hazardous wastes and other non
solid mat:ri.als. 

SOLID WASTE DISPOSAL ACf OF 1965 - See 
Resource Conservation and Recovery Act. 

SOLID WASTE ?.1A."TAGEMENT- A dii-....ct:.d 
approach to the sys~maric management of 
solid wast::.s from the point of generation to 
the point of final disposal. This includes the 
elementS of gene:ration, on-si~ swrage, 
collection, transfer and transpon, recycling, 
reduction, processing, recovery, and final 
dis jXls.al . 

SOLID WASTE i'.iANAGEMENT PLAN- A plan 
developed LO defme the roles and obje:::tive.s 
of managing solid wast::.s at any level- city, 
country, regional, sta~. or federal. 

SOLID WASTE MANAGEMEN'T PROGR.A.M -
lnrorporating solid waste management 
elementS intO a program to fmd a solution to 
existing or po~nlial solid waste problems. 
The program can inclw:le all aspectS of 
management., including engineering, master 
planning, financing, and addressing legal, 
instiwtional, and social concerns. 

SOLID WASTE MA!"'AGEMENT SYSTEM- The 
assembling of one or more elementS of solid 
was~ management to achieve a given goal 
or objective. 

SOL VENT- A liquid capable of dissolving another 
substan~. 

SOP- An acronym for standard operating procedure . 

SORTED COLOR LEDGER - As a paper stock 
gra!l::, consists of printed or unprint:.d 

sh~ts. shavings and cunings of colored or 
white le!.lger, bond, writing and other papers. 

This grade must be t:r-..c of o-..ate.d, coat:d. 
padd::d or heavily printed stock. 

SORTED WHITE LEDGER- As a paper stock 
grad::. consistS of printed or unprinted 
sh~tS. shavi.ngs. books and cuttings of 
whit: ledger, bond, writing and other paper;;. 
This grade must be free of o-..ated, coat:d. 
padded or heavily printed stock. 
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SOR"i'11'.'G - Separation of waste into unifonn 
categories. 

SOURCE REDUCTION - An action that reduces the 
·generation of waste at the source. Tnis often 
refers to the decr~ generation of 
household solid waste. This is acromplished 
by reduced consumer ronsumption. 
increased product durability, repairability, or 
reuseability and r-..rlt.:eed packaging. Also 
see waste reduction and waste minimization. 

SOURCE SEPARATION- The process of having the 
waste generatOr (e.g., household, 
commer.:ial facility) son their wastc into 
categories in pn::para:..ion for collection and 
transportation to a recycling facility. 

SOx -Oxides of sulfur that are generaJ.ed during L'le 
rombustion process at a waste-1..0-<nergy 
facility, the most common of which is sulfur 

dioxide csov. 
S?:::CIAL NEWS DEINK QUALITY - As a paper 

stod:: grade, ronsists of baled, soned. fresh 
dry newspapas, free from magazines and 
ron12ining no more than the normal 
perrentage of rolored sections. 

S?:::CL-\L WASTES- Any waste requiring s~ial 
handling, such as s..--rap rir-....s, used motor oil. 
hospital wastes or household hazardous 
wastes. 

SPECIALTY PROJ?UCTS -A category of fiber 
products including insulation ooard, roofing 
fell, cellulose insulation, arumal bedding, 
hydromulch and molded pulp. The other two 
principal forms of fiber prcxlucts are paper 
and paperboard. 

S?EC~1CA TIONS -The characteristics of a 
recyclable mat::rial thar meet nece.ss.ary 
performance requln:ments. 

S?f- :\n acronym for The Society of L'le ?l..:tstics 
Industry. 

S?r..rTTING OF TIRES- Cuning of s..12p tires to 
obt::in small pieces with which to make 
prcxlucts such 25 mats. 

S?.'.:S- .-\.n a::uny;-;: for se2:::gic planning aid 

SQG - An acronym for small quantity generator. 

ST ABII...IZA TION - The process by which wastes are 
rendered relatively inert. uniform, 
biologically inactive, nuisance-free, or 
harm les.s. 

STACK - A tall, usually cylindrical struCW..'"'::: 
containing f1 ues through which the cleanse.d 
gases from a combustion process are 
discharged into the arrnosphere. 

STATE HAZARDOUS WASTE PLA:'-i- A scheme 
generaJ.ed at the SLate level to deal vrith the 
management of hazardous waste generated, 
m:.ar.ed, stored or disposed of within the 
SLate or o-ansponu:l outside the Sr.au:. 

ST A TIJTE - The law as passed by Congr=ss and 
signeD by the President. 

S I .t±L- An alloy of iron and carbon. The carbon 
content is usually between 0.2 and 1.7 
pa::enL Steel products can contain 
add.itional alloys. such as nid:d, copper, 
tungsten, cobalt, siliron and maganese. 

STICKlES - Contaminants such as tape which adhere 
to paper mill equipment. 

STOP - A stop made by a recycling collection 
vehicle and crew to pick up mat::ri.als from a 
household or busines.s. See set oul 

STORAGE -The holding of hazardous waste for a 
temporary pericxl, ar the end of which the 
hazardous waste is rreatu:l, disposed of. or 
stored elsewhere. 

STRAPPING - A steel band use.d to hold a bale 
together. 

SULr ATE PULP - Kraft pulp produced by ch::mical 
methcxls using a.r1 alJcaline solution of 
caustic soda and sodium suliit::. Sulfat:: pulp 
is used primarily in paperboard and coarse 
paper grades. 

Sl!1..r II:::. PULP- Acid pulp produced by chemiC3.11y 
cooking wcxxl using sulfurous acid. Sulfite 
pulp is use.d for most printing a.'ld tissue 
grades of paper. 
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SlJ?E;z...u;-.;TI- See CERCLA. 

SL""RFACE Th1POUNT>I'.fE?-;'"T- A facility or pan of a 
facilicy which is a natu.-::.lropographic 
depression, eAcavation, or diked area formed 
primarily of earthen mat:rials (although it 
may be lined with synthetic materials). 
which is designed 1.0 hold an accumulation 
of liquid wast:s or was!!:S containing free 
liquids, and which is not an injection welL 
:Examples of suriace imp:mndmems are 
holding, sto!4ge, setr.ling, and ael4tion pitS, 
ponds and lagoons. 

SURFACE WATER- Any body of water that is 
found above ground (e.g., canals, cre.::.ks, 
lakes, ponds, rivers, sn-....arns). 

SWA:-.1?- Wooded wetlands. 

SWEAT FURNACE- A scrap metal pro::essing 
deviu that separar.es metals by melting at 
different t:mpe.ra.rures. A sweat furna~ is 
commonly used 1.0 prt:>Uss irony aluminum. 

sw~ru- An acronym for solid waste management 
uniL 

TA.?-E -The weight of ex04Ileous mau:ri.al, such as 
palletS, scrapping, and bulkhead and side 
boards, that is deduc!!:d from the gross 
weight of a sec.on_d.ary material shipment to 
obtain net weighL 

IDr- An acronym for tire derived fuel. 

TEGD- .-\n acronym for Technical .Enforcement 
G uid.anc.: Doc urn en L 

TIE.~:--.1AL TREATMEi'·ff- The c-...aunent of wast: 
in a device which uses high t:mpe14tures as 
the primary mC2JJS to change the chemical, 
physical, or biological character or 
composition of the waste. Incineration is an 
eAample of thermal rre.arrnent. 

TI··---=?-.\-lO~iEC!-!A.J';lC.A.L PULP- ?ulp produc.:d by 
he3ring wood, then subje.:r.ing it to repe:3t~ 
comprcssions and su-::ss relaxations betw~n 
opposite bars and grooves to break the wood 
into fibers. 

TIE.R.MO?LASTICS - Plastic mat:ri.al that can be 
melte.d to a liquid or semi!luid state, which 
~n rehardens when cooled.. 

THER...'viOS.E.TS - Plastic material set to permanent 
shapes when heat and prcs.sw-e are applied 
during forming, and which cannot be 
soft:ned again when r-...he.a.te.d. 

TIIIRD-PARTY SYS"ITM- An operation in a 
beverage container deposit Stale that picks 
up containers from retail our.lelS, countS and 
sons the containers, and prt:>a:s.ses the 
mar..eri.als for recycling. 

TIN' - A rmlie.able, ductile, soft white metallic 
clement with a low melting temperature. It's 
symbol is Sn . 

TIN CAN - A container made from tin plated ste::l. 
The tin coating typically consistS of 0.25 to 
4.0 percent of the can's weighL 

TIN-FREE STEEL - S tee! coat::.d with chromi urn 
oxide rather than tin for use in the 
production of food and beve14ge cans. 

TIPPING - The act of unl oad.in g co lle.ct:d wast: from 
a san.i tat.ion truck. 

TIPPING r.::.E -The charge assessed (e.g .. f~-pa
too) for unloading solid waste at a disposal 
or rransfer sit:. 

TIPPING FLOOR - The area of a waste-LO-<ncrgy 
facili cy or transfer station onto which the 
delivery trucl:.s discharge their cont:nlS. 

TIRE CASING - The structural pan of a tire left after 
the rre.ad has worn off. s~ carcass. 

TIRE DE.RJVED FUEL (TDF) - A form of fud 
consisting of s.....--r:ap tires shredded into chips. 

TQU...l).1G -The processing of secondary materials 
for a r~. 

TON - s~ gross. long, metric, net and shon ron. 

TON!fO~'NAGE- A unit of weight equal to 2,00J 
pounds: also called a shan ron . 
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TO?. DRESS~G- A covering rnaL~..al. S'..lch as )"2rd 
v.·asl.= compost. spread on soil without being 
plowed under. 

TOPOGRAPHJC MAP- A map indi:.ating surface 
elevations of an ar--...a through th:: use of 
contour lines. It also shows population 
c.=nt=rs and other cultural and land use 
f::arures, surface water drainage panerns and 
forests. These maps enable quick 
id::ntific.a.r..ion -:>f areas of slopes that are 
more suitable for sanitary landfills. 

TOTAL DISSOLVED SOLIDS (TDS) - A 
measurement of all solids that are dissolved 
in water, waste water, or leachate, usually 
staten in milligrams per liter or pans per 
million. 

TOTALLY ENCLOSED TREA TME''ff FACILITY 
- A facility for the tre.aliTient of hazardous 
wast:: which is dir::.:tly conn::.:ted to an 
industrial production process and which is 
constructed and operated in a manner which 
prevents the rei~ of any ha.zzrdous wast:: 
or any constituent of ha.zzrdous waste into 
the environment during tre.a.unenL An 
example is a pipe in which wast:: acid is 
neutralized. 

TOXIC - Cipabl:: of producing injury, illness, or 
damage to living organisms L'lrough 
ingestion. inh..a.Iar.ion or absorption through 
any txxly surfac.=. The United States 
A can em y of Sci::n::.::s defines L'le toxicity of 
a given mat:: rial using four parameters: (I) 
rate of rei~ to th:: environment., (2) 
r-....sid::nce time in the environment, (3) 
potential for bioaccumulation. and (4) 
adverse effects on h::aJth. 

TOXIC ~1ET ALS - Metals (usually H::.avy Metals) 
which inr..=rf::re ~,~,;th the respirat.ion, 
metabolism or growth of orga:usms. 

TO:\lC SLT3ST A.c'~CES CO~TROL ACT [fSC.A). 
This act provides the r::gul.Jtory vehicle for 
controlling exp.Jsure a.nd use of raw 
industrial chemicals that fal I outside the 
junsd.ict.ion of other ::nvironm::nul l.Jws. 
Wnerc OL'lcr environmenul Laws control 
ch::m ;C2.ls during use. tranSJXlrt a.nd 
disfXJs..ll. L'lc TSC.A was pass::.d to assure 
ch::mi:.:.:ili would be enJL!2t::.:l bdore use ro 

make sur:: they pes:: no unn::.::ss.a.; ris.k to 
human h::aJth or the environm::nL S~ 40 
CFR 700-799. 

TI'D- Tons per day. The most common method of 
illu.strating the capacity of a fa.:ility is to 
measure the quantity of materials (e.g., solid ._ 
wast::, residue, recycled materials) handled 
pa day at the facility. 

TI'D, TI'W, TI'Y- Acronyms for tons per day, tons 
per week, and tons per year, respectively. 

TI'Y -Tons per year. 

TR-\DE WASTE- A European tenn for recyclable 
mar..=ri.als such as envelope cuttings and 
boxboard cuttings generated by 
manufacturers. 

TRANS FE.~ - The act of moving wasr..=s from 
coll::.:tion vehicles to larger transport 
vehicles. 

TRANS FE.~ STATION- A facility where wast~ are 
removed from STTl2.l1 collection vehicles 
(::.g., compactor 01Jcks) and loaded onto 
larger tranSport vehicles (e.g., tractor 
trai I e rs) for transpon to dispo s.al areas. 
Compaction or separation may occur prior 
to loading. 

TR . .i..NSrc..R TRAILER- A vehicle used to transport 
large qu.amities of waste over long 
dis ta.n c.=s. 

TRA.."iSPORTER - Any person engaged in the off
sit:: transportation of haz..ardous waste within 
the United StaLes, by air, rail, highway, or 
water, if such transportation rC(juires a 
manifest under 40 CFR Part 262. 

TRASH- Commonly used t::nn for solid wastes: 
in:::Iuding yard wast~ but not food wasr..=s. 

TR.E:.-\D - Th:: outer portion of a tire that meets the 
road. 

TREA TM:El'{T- Any method, te.:h.niqu:: or proce.s.s. 
including ~eutralizat.ion. designed to 
change the physical. chemical, or biologi::2l 
charc..cter or composit.ion of a.ny hu.ardous 
waste so as lO neurra.I.ize it, or render it non
h2Z2.Idous or less hu.ardous, or to recover it. 
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make it s.afer to transpon, store or dispose 
of, or amenable for recovery, storage, or 
volume I""...duction. 

TRJAL Bl.JRJ~- A. o-i.al incineration of hazardous 
waste that teSts an incin=ator's destruction 
removal efficiency. 

'J""KO:.fELLING - The process of removing fine, 
dense mar::ri.al (e.g., glass fragments, grit) 
from shredded waste. An open ended 
screened drum, called a o-omel, allows small 
panicles to pass as waste is tumbled within. 

TSCA- An acronym for the ToA.ic Substances 
Control AcL 

TSD- An acronym for hazardous waste treatment, 
storage, or dispos.al facility. 

TSD?- Another acronym for haurdous waste 
o-eaunent., storage, or dispos.al facility. 

TIJB GRINDER- A machine used to proc:ess 
agriculrural and organic waste.s, including 
yard debris. The device incorporateS a 
rotating tub. feeding a grinder. 

UDC- An acronym for used beverage cans . 

l.T:\CO"'~"ED AQUTI-..::.R- An aquifer that contains 
water under atmospheric pr-..ssure. Not 
overlain by impermeable so-arum, the water 
kvel in the aquifer may ri.sc or fall 
according to the volume of water stored, a 
variable dcpenfknt upon seasonal cycles of 
narural recharge. 

u;-.;"D::::RGROtJ?','D STORAGE T AN}C (UST) -
Under RCRA an underground storage t.ank 
is defined as any tank with at least I 0 
percent of its volume buried below the 
ground, including any pipes attached to the 
tank. Thus. above ground tan.l.:s with 
e;nensive underground piping may be 
regulat.ed under Subtitle 1 of RCRA. 

t.J:--.:S.-\ TURA TED ZOl\"E- The geDiogi::allaycr 
below the earth's surface and above u'le 
uppermost seasonal level of the wat~r t3ble. 

LT?Sl?.OKE BALE...';?_ · A baling devi~ in which u'le 
compr:.s.sion rarn and pbten move upward 

into the chamber. Pit balers are a type of 
upstroke baler. 

USED BEVERAGE CANS (UBC) - Used cans 
generated from the consumption of beer, 
soft drinl:s, juice and other beverage.s. The 
reference is typically to used aluminum, 
cans. 

USED BROWN KRAFT- As a paper swck grade, 
consists of baled brol,lffi kr.llt bags free of 
objectionable contents . 

USED MOTOR OIL- Any oil previously used in 
machinery. 

USEPA- An acronym for the United States 
Environmental Protection Agency. 

UST- An acronym for underground storage t.ank. 

VECTOR- A carrier, usually an insect., which is 
capable of o-ansmining disease from one 
organism to another. 

VER11JCOMPOSTING - The use of worms to digest 
raw or stabil.iz.ed organic waste. 

VERTICAL BALER. Dol,lffiso-oke or upso-oke baler. 

VIBRATING SCREEN- A mechanical device which 
sons ma.teri.al according to size. 

V1R GIN MA TERlAl...S - Sec na.rural I"" ..Sour.: es. 

VOLA TILE- Evaporating readily at normal 
temperatures and pre.ssure.s. 

VOLm1E REDUCTION- To decrease the volume 
of solid waste by methods of incineration 
(90-98% reduction) or compaction (50-80% 
reduction). 

VOLlfl'.'T AR Y SEPARATION- The participation in 
waste r-...<:ycl.ing willingly, as opposed to 
mandatory recycling. 

VULCA.:"<lZA TION . The proc:ess of treating crude 
rubber to make it non-plastic and to increase 
its sm:ngtfi and elasticity. Vulcani.ut.ion 
involves the use of sulfur and heat., thereby 
cross linking the polymer chain. 
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\VAST.E COMPOSmON- Th:: relatiYe amount oi 
various types of maJ.erials in a specific waste 
scream. Also c.all e.d waste charac t::riz.a ti on. 

WAST.E DIVERSION CREDIT- A financia.l 
incentive proYided to municipaliri::s or 
private recycling operations based on the 
tonnage diven.ed from the waste str::am. 

W AST.E EXCH:-\..~."l'GE- An action leading to the 
reduction of waste generated by another 
frrm. 

WASTE GENERA.TION -Tile act or pn:x:::ss of 
cre.ating solid wastes, usually as a byproduct 
of another action. 

WASTE Mfu~AGEMENT PRACTICES - Rc:ius to 

aspects of a facility's design, operation and 
closure that ensure protection of hunun 
health and the environment while treating, 
storing or disposing of waste. 

WASTE lvill';ThiTZ.A.TION- .An action leading to the 
reduction of waste generation, particularly 
by industria.! frrms. Also~ waste reducr..ion 
and sotm:e reduction. 

WASTE PAPER- Re.::ycl.?.bk paper and paperboard. 

WASTE PAPER HYDROMULCH- A growing 
medium produc:.d from waste paper. 

WASTE REDUCTION -The du:T-...asul g::neration 
of solid --:.aste. This is accomplished by 
changing or r-...rlucing consumer 
consumpr..ion. inCT""..2Sing product durability, 
repair.lbility, or reusability, changing 
pa::kaging p;-actices or reducing packaging, 
and introdu:::ing new production 
technologi::s which are kss wasteful. Also 
~ waste minimiz.a.Lion and sourc.: 
reduction. 

WASTE REUSE - Se:: reuse. 

WASTE SOURCES -Agricultural. residential. 
commer:::ial. and industrial areas t.bt 
generate s.::Jlid wastes. Can also include 
n-..21ment plants L'iat generate sludge 
Lhruugh proc.es.sing. 

\'.' . .'..) i::. S17...EJ.~'vl - Th~ '-'-'2St.:: mate:i2l ou:put of a 
cor:lmu:li•y. region or fa::ility·. 

??.~e 33- Gloss~• 

W ASTE-TO-E.t'il:RGY (WrE) - A tam used for 
municipal solid waste incinera.tor.; which 
recover the heat of combustion and us.e it to 

generat.e st.eam for h::ating or conver.;ion to 

elu::tricity. 

WATE...-q_ TABLE- Either (1) the upper limit of the 
part of the soil or underlying rock material 
th.a t is who 11 y satur.l ted with wa1a or (2) the 
upper surface of the zone of sarunuion in 
ground wa.terS in which the hydrostatic 
pressure is equal to aunospheric pressure. 

W A l.t.R-WALL FURNACE -Field-erected 
incineration equipment the side of which 
consists of wa.r.er-c.arrying tubes. As water 
circula.r.::s through the tubes, it e:.::tracts the 
energy produced by waste combusr..ion and 
turns into st.eam. 

WET SCRUBBER - An air pollution control d::vice 
which removes particulates and gaseous 
pollutants from exhaust emissions using 
either a spray or a weru:.d surface. 

WETLANDS - Fragile environments such as bogs. 
bayous, swamps. marshes, tidal flats or 
other ar-....as that are regularly inundated or 
saru.rat.ed by ground or surface water with a 
fre!juency sufficient to support a prevalence 
of vegetative or aquatic life that r::quires 
saru.rat.ed or sasonall y sa mra.r..e.d so iJ 
conditions for growth and r:producr..ion. 

\llHITE GOODS - A generic term for obsolet.e major 
a::rpliances such as refrigerator.;, dryer.;, 
washing machin::s. water h::a.r.us and stoves. 
The term derives from the white enameled 
metal used in many appliances. See also 
brown goods. 

WI-ilTE LEDGER - See s.::Jrted white ledger. 

WI0"DRO\VING -The placement and management 
of compostable material in a piled row 
(windrow). 

\\'IPL\:G CLOTH~ A recycled product marl:: from 
scrap textiles and us.ed in industrial and 
commercial applications as a cleaning rag. 

WOOD PULP- The primary material from whi::h 
most paper and paperboard are marl::. It 
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""' I \VT=:- An acron)·m for waste-to-energy incinerators. - Y:\JW DEBRIS -See yard waste. 
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Determining Well Volume 

~ 

hi The following table lists the conversions for determining the gallons of water per linear foot 
of well casing. 

I Well Diameter (inches) I Multiplier I 
2 0.163 

3 0.367 

4 0.653 

5 1.020 

6 1.469 

7 1.999 

8 2.611 

9 3.304 

10 4.080 

11 4.936 

12 5.875 

Instructions: Multiply the number of feet of water measured in the well (height) by the 
corresponding multiplier to determine the number of gallons present in the 
well. 

Example: Facility personnel measure the depth to water in MW-1 to be 18.52 feet from 
the top of the well casing. Facility personnel then measure the total depth of 
MW-1 to be 30.00 feet from the top of the casing. MW-1 is a 2-inch diameter 
monitoring well. The volume of water contained within the well is calculated 
using the following equation: 

Height = (total depth of the well) - (water level) 
Multiplier = 0.163 (2-inch diameter well) 

therefore: 
Volume = Height x Multiplier 

= (30.00- 18.52) X 0.163 
= 11.48 X 0.163 
= 1.87 gallons 
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Background 

The EPA Regional Ground Water Forum is a group of EPA 
professionals representing Regional Superfund and 
Resource Conservation and Recovery Act Offices {RCRA), 
committed to the identification and resolution of ground-water 
issues impacting the remediation of Superfund and RCRA 
sites. The Forum is supported by and advises the Superfund 
Technical Support Project. The compatibility of remediation, 
well construction, and sampling materials with nonaqueous 
phase liquids {NAPLs) is an issue that is a concern of 
Superfund decision-makers. 

This issue paper provides a comprehensive literature review 
regarding the compatibility of NAPLs with a wide variety of 
materials used at hazardous waste sites. A condensed 
reference table of compatibility data for 207 chemicals and 28 
commonly used well construction and sampling equipment 
materials is provided. Field experiences illustrating 
incompatibility problems of common wastes are also included. 
This will assist monitoring and recovery system design 
personnel with the decision making process concerning the 
most effective materials to be used in heavily contaminated 
subsurface environments. 

For further information contact Scott G. Huling {405-436-
8610). 

Introduction 

NAPLs typically have been divided into two general 
categories, dense and light. Dense nonaqueous phase 
liquids {DNAPLs) have a specific gravity greater than water, 
and light nonaqueous phase liquids (LNAPLs) have a specific 

gravity less than water [Hu/ing and Weaver, 1991]. Both of 
these liquids are of major environmental concern because 
they are commonly found in the subsurface at Superfund 
sites as well as other hazardous waste sites. 

A national Superfund DNAPL site assessment study 
concluded that approximately 60% of the National Priorities 
List sites are expected to have a medium to high potential of 
having DNAPL present [Hubbard eta/., 1993]. It is also 
known that LNAPLs affect ground-water quality at thousands 
of sites across the country [Newell eta/., 1995]. DNAPLs 
[Mercer and Cohen, 1990; Huling and Weaver. 1991; Cohen 
and Mercer, 1993] and LNAPLs [Newell eta/., 1995] present 
significant technical challenges to remediation efforts and 
their transport and fate are often complex. 

DNAPLs commonly found at Superfund sites include 
halogenated solvents {e.g., tetrachloroethylene (PCE), 
trichloroethylene (TCE), dichloroethane {DCA) and carbon 
tetrachloride); polychlorinated biphenyls (PCBs); pesticides; 
chlorinated benzenes and phenols; and polycyclic aromatic 
hydrocarbons (PAHs). Common LNAPLs include fuels and 
oils. Constituents of NAPLs include volatile aromatics 
{benzene, toluene, styrene and xylenes); halogenated 
volatiles (vinyl chloride and chloroethane); and volatile 
ketones and furans. Due to the diverse characteristics of 
these chemicals in conjunction with the broad range of 
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materials available, it is apparent that the incompatibility 
issue is complex and broad in scope. 

Contaminants may be introduced into the subsurface as a 
LNAPL or DNAPL, but may partition into the soil pore water 
and ground water; volatilize into the gaseous phase; and 
partition onto soil and aquifer material. The two phases of 
contamination that will be the focus of this issue paper are 
the nonaqueous phase and the soluble phase. NAPLs may 
be held relatively immobile by capillary forces as small 
discontinuous blobs or isolated droplets, generally referred to 
as residual saturation. As the NAPL saturation increases, the 
NAPL phase becomes continuous and the mobility of the 
NAPL increases. NAPLs at residual saturation may affect 
equipment and materials similar to continuous phase NAPLs. 
Lastly, the soluble constituents of mixed NAPLs differentially 
dissolve into the ground water as a function of their mole 
fraction and solubility. Although these dissolved compounds 
are no longer NAPLs, near-solubility concentrations of some 
organic compounds may adversely affect the structural 
integrity of some mater. 

All ground-water sampling, well construction, and remediation 
materials are subject to degradation or corrosion in the 
natural environment. For example, metal components may 
corrode when: 

pH< 7.0, 
dissolved oxygen > 2 ppm, 
H2S > 1 ppm, 
total dissolved solids > 1000 ppm, 
C02 > 50 ppm, or 
chloride > 5000 ppm [Aller eta/., 1989]. 

Materials exposed to NAPLs may also be degraded or 
corroded, which may lead to structural failure. This 
vulnerability applies to materials exposed to these chemicals 
in both the subsurface and above ground. A design 
consideration during any NAPL recovery program should 
include a material compatibility review to minimize failures 
[Huling and Weaver. 1991]. Additionally, at sites where the 
presence of NAPLs is suspected, a materials compatibility 
review should be conducted. Since the time requirements for 
subsurface remediation systems (product recovery, ground
water remediation) at most RCRA and CERCLA sites are 
usually long-term, it is economically and technically 
important that these systems be constructed of materials with 
known chemical resistance qualities to provide reliable 
service over many years. 

Compatibility 

There are two types of effects that NAPLs have on materials 
used in well construction, sampling, and remediation. First, 
the structural integrity of a material may be compromised by 
corrosion or solvation. Secondly, dissolved ground-water 
contaminants from NAPLs can sorb to or leach from 
monitoring materials which affect ground-water quality 
measurements. Another way of viewing these two effects is 
from a concentration perspective. Sorption to monitoring 
surfaces may have the greatest effect on water quality 
measurements when contaminants are present at low 
dissolved concentrations. Conversely, sorption of 
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contaminants present as NAPLs or in high dissolved 
concentrations, may have a minimal effect on water quality 
measurements, while the effects on the structural integrity of 
the materials may be at a maximum. Compatibility in the 
Chemical Compatibility Table of this issue paper is defined 
as a material's ability to withstand corrosion or degradation 
under specific experimental conditions. This refers to the 
effects that NAPLs and high concentrations of dissolved 
organic compounds have on the structural integrity of 
materials. While the focus of this issue paper is the 
structural integrity issue, a short discussion on incompatibility 
issues from a water quality measurement point of view is 
included for clarification. 

Water Quality Measurement Incompatibility 

Incompatibility caused by contaminants sorbing to or leaching 
from monitoring well materials and sampling devices yielding 
misleading information on the quality of ground water has 
been demonstrated repeatedly [Llopis, 1992; Gillham and 
O'Hannesin, 1990; Barcelona eta/., 1988; Jones and Miller, 
1988; Sykes eta/., 1986]. This type of incompatibility is 
greatest with low dissolved concentrations of heavy metals 
and organic compounds. Presently, the high degree of 
accuracy (parts per billion) required of some chemical 
analyses dictates that all potential sources of error of a 
ground-water sampling program be identified and minimized 
[Liopis, 1992]. Correspondingly, a properly installed ground
water monitoring well should be constructed so that well 
materials do not influence the ground-water sample for at 
least 30 years [Morrison, 1986]. 

The composition of contaminated ground water and sediment 
(pH, Eh, conductivity, temperature, specific organic 
compound species, and co-solvent effects) in contact with 
well construction and sampling materials influences sorption 
and leaching processes. In addition, the complex and varied 
nature of site-specific ground-water contamination in 
conjunction with numerous material types makes it 
challenging to predict the sorption and leaching potential of 
various sampling materials. However, recent studies show a 
general agreement on which well casing materials are the 
best to use to reduce measurement anomalies. 

Rigid polyvinylchloride (PVC), polytetrafluoroethylene (PTFE), 
and fiberglass reinforced epoxy (FRE) had relatively low 
sorption rates when exposed to trichloroethane, 
tetrachloroethane, trichloroethylene, tetrachloroethylene, 
hexachloroethane, and bromoform compared to flexible 
polymers [Reynolds eta/., 1990]. Stainless steel, rigid PVC, 
and fluoropolymer well casings generally adsorb minor 
amounts of trace-level organic compounds once equilibrated 
with the subsurface environment and none of the casings 
leached organic compounds when solvent cements were not 
used to connect the casings [Gillham and O'Hannesin, 1990; 
Parker eta/., 1990: Parker and Ranney, 1994]. Some iron
based casing materials may influence abiotic degradation of 
halogenated aliphatics [Reynolds eta/., 1990; Gillham and 
O'Hannesin, 1994]. 

Studies indicate that stainless steel can leach dissolved 
metals under anoxic conditions [Hewitt, 1989; 1992; 1993; 
Parker eta/., 1990]. 
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Structural Integrity Incompatibility 

Structural integrity of materials can be affected by both pure
phase NAPLs and dissolved organic compounds in ground 
water. In the following discussion, corrosion of metals and 
the types of polymer degradation are presented with a review 
of concentration-related effects of dissolved organic 
compounds with monitoring materials. The Chemical 
Compatibility Table in this issue paper was prepared to 
evaluate the effects of pure-phase or 100% concentrations of 
compounds, except where noted. 

Corrosion: Chemical corrosion results from chemical 
reactions with metals and soil or water [U.S. Dept. of Interior, 
1981]. The corroded metal usually goes into solution and is 
carried away from the point of attack [Moehrl, 1961]. 
Galvanic corrosion occurs when two or more dissimilar 
metals are in contact and an electrolyte is present 
[Schweitzer, 1991]. Accordingly, corrosion in this issue paper 
applies to the breakdown of a metal surface attacked by 
chemicals, resulting in a measurable reduction of metal 
thickness over time. 

Degradation: Plastics do not exhibit a corrosion rate, but 
undergo degradation by various mechanisms. Types of 
plastic degradation in a ground-water environment are 
oxidative, mechanical, microbial, and chemical attack. 
Oxidative degradation of polymers is catalyzed by heavy 
metals, such as copper, in a redox reaction in which peroxide 
groups are decomposed, accelerating the degradation 
reaction [Al-Malaika, 1987]. However, many polymeric 
formulations include antioxidants which inhibit oxidation 
reactions. Bond cleavage may result in mechanical 
degradation when stress is imposed on polymer chains 
through grinding, milling, or stretching [Dole, 1983; Agarwal 
and Porter, 1988]. Mechanical degradation is a term that 
describes changes in a material when applied stresses from 
manufacturing, machining, handling, and installation 
techniques cause chips, fractures, and other deformations. 
It has been observed that enzymes attack noncrystalline 
regions preferentially; therefore, the resistance of susceptible 
polymers to microbial degradation is related directly to the 
degree of crystallinity of the polymer [Bradley eta/., 1973]. 
Chemical resistance of a polymer is its ability to withstand 
attack by chemicals over a period of time without excessive 
changes in dimensions, weight, or mechanical properties 
[Seymour, 1989]. Plastic materials are primarily degraded by 
solvation, which is the penetration of the plastic by an organic 
solvent that causes softening, swelling, and ultimate failure 
[Schweitzer, 1991]. At a given chemical concentration, 
diffusion of a chemical into the polymer will proceed until 
equilibrium conditions are attained. Due to the inter-polymer 
diffusion ofthese chemicals, polymers may dissolve, swell 
due to absorption and diffusion, or they may stress crack by 
selectively absorbing solvents [Seymour, 1989]. The 
Chemical Compatibility Table in this issue paper does not 
differentiate between types of degradation. 

Concentration-Related Effects: Ambiguity exists on the 
subject of structural compatibility. This is partially attributed 
to studies being conducted at different aqueous 
concentrations, from NAPLs to below solubility 
concentrations. For example, a lack of agreement exists 
concerning the use of PVC well casing in the presence of 
gasoline [U.S.EPA, 1986]. EPA has concluded that PVC is 
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not an acceptable material for monitoring well construction 
because the PVC casing may swell and deteriorate in the 
presence of the aromatic hydrocarbon fraction of gasoline. 
This finding is consistent with the Chemical Compatibility 
Table in this report where pure-phase aromatic compounds 
(e.g., benzene, toluene, and xylenes), which are a few of the 
numerous components of gasoline, will degrade Type I PVC. 
However, Schmidt [1987] published an opposing report 
concerning PVC and gasoline compatibility that included both 
laboratory immersion tests and field observations. Schmidt's 
conclusion was that "Schedule 40, rigid, Type I PVC casing 
and screen could be used with confidence when monitoring 
for the occurrence of gasolines on the ground water table." 
The literature review conducted for this issue paper found 
that all chemical resistance test data recommend Type I PVC 
for use in gasoline, diesel, and jet fuels. The conflicting 
recommendations of these reports may be related to the 
different concentrations of aromatic compounds tested. 

Recent work with methylene chloride, an excellent solvent of 
PVC, softened PVC at activities as low as 0.1 (10% of the 
solubility limit)[Parker and Ranney, 1994]. Activity of a 
compound was estimated by dividing the aqueous 
concentration by its solubility. Experiments with TCE, which 
is not as good a solvent of PVC as methylene chloride, 
suggest that softening of PVC did not occur at activities 
below 0.6. A mixed-organic-solvent study indicated that 
when dealing with an aqueous mixture of organic solvents 
there is some type of cumulative or interactive effect resulting 
in softening of PVC at activities above 0.3 [Parker and 
Ranney, 1994]. Acetone, miscible in water and a good 
solvent of PVC, caused rapid softening at 50% 
concentrations (0.5 g/ml) (Parker and Ranney, 1994]. 

Another example illustrating the lack of agreement involves 
structural degradation effects under high concentrations. 
Barcelona et al., [1988], suggested that significant losses of 
strength and durability of rigid PVC may be expected under 
conditions where organic contaminants are present in high 
concentrations. However, Taylor and Parker [1990] reported 
that PVC, PTFE, and stainless steel (304, 316) casing 
material did not change surface structure (using scanning 
electron microscopy) when exposed to dichlorobenzenes, 
toluene, and PCE at activities of 0.25 after 6 months. This 
discrepancy may be partly due to the different compatibility 
testing protocols; strength and durability versus visual effects. 

Annular Sealants and Barrier Wall Materials 

Compatibility of annular sealant materials, cements, and 
grouts with NAPLs has not been comprehensively studied. 
However, the permeability of clay and other materials in 
landfill liners and barrier walls has been measured to study 
the deterioration effect of various leachates and select 
soluble organic liquids. 

Abdul et al., [1990], found that organic solvents (benzene, 
toluene, p-xylene, nitrobenzene, TCE, PCE, ethyl acetate, 
2-butanone, and phenol) at 0.1 to 0.5 activities in water 
solutions did not significantly increase the permeability of 
bentonite or kaolin clays that were first stabilized with 
0.005 N CaSO •. The hydraulic conductivity of bentonite in all 
of the 0.1 solutions was lower than with water, while kaolin 
was slightly more permeable with these solutions. However, 
it was determined that neat (100%) solutions increased the 



measured hydraulic conductivity of the clay materials by up to 
two orders of magnitude. Phenol, ethyl acetate, and ,rxylene 
neat solutions increased the permeability of bentonite. 
Benzene, phenol, and toluene neat solutions increased the 
permeability of kaolin. In general, hydrophobic solvents 
caused clays to shrink, producing distinct large vertical 
cracks. The hydrophillic solvents typically caused the clays 
to aggregate and fracture, forming a network of cracks [Abdul 
et at., 1990). 

In another study, cement-asphalt (Aspemix), bentonite-sand, 
and organophilic clay-cement mixtures were found to have 
increased hydraulic conductivities above 1x10·7 cm/s when 
contacted with pure methylene chloride [Sai and Anderson, 
1992]. In the same study, attapulgite clay-cement (lmpermix) 
mixture maintained hydraulic conductivities below 1x1Q-7 cm/s 
in the presence of pure methylene chloride. 

DNAPL composed of dichloromethane, xylene, halogenated 
semi-volatiles and a mixture of other solvents (density 1.1 
g/cm3 ) was used to evaluate the effects of DNAPL on the 
integrity of cement and a 3% bentonite-cement grout [Cassi/ 
and Barton, 1994]. In column studies where cement was 
added to tubes containing varying amounts of DNAPL, the 
DNAPL amended columns were discolored, pitted, and had 
channels where the DNAPL had moved along the interface of 
the tube wall and the grout. This was not observed in the 
control where water was initially present In a column study 
where a 3% bentonite-cement grout was added to the same 
DNAPL in a column, the permeability was significantly greater 
than in the control where an equal volume of water was 
added. The grout was mottled, irregular, and had the 
presence of voids, cavities, and channels. The control 
column which initially contained water did not exhibit these 
characteristics. Therefore, both the cement and cement
bentonite mixture were more permeable when set in a 
DNAPL environment 

In light of these few studies, NAPLs may act to promote 
vertical migration of contaminants along a well casing or 
breach containment systems designed to separate 
contaminated zones from cleaner zones. However, this issue 
has not been fully investigated. The compatibility of NAPLs 
with annular sealants, well packing, and barrier wall materials 
should be determined on a site-specific basis by testing the 
proposed materials and chemicals that are likely to be in 
contact with those materials. 

Annular sealants, well packing, and barrier wall materials are 
not included in the Chemical Compatibility Table because of 
the limited information available. 

Field Experience and Practical Considerations 

Relatively little field experience is reported in the literature 
regarding remediation, well construction, and sampling 
materials compatibility with contaminants. This may be due 
to several reasons. The environmental field is relatively 
young and many materials may not have had sufficient 
contact time for significant failures to be observed. Lack of 
reporting may also be due to the inherent hidden effects of 
subsurface chemical incompatibility with materials. For 
example, extraction and monitoring well structural failures are 
seldom observed from the surface. Wells that do appear to 
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be malfunctioning are usually sealed or grouted without 
knowing the real cause of the problem. Additionally, silting-i 
of a well is routinely diagnoised as a screen size design n 
problem, but may acutally be the result of screen 
deterioration from chemical incompatibilty. 

Field experience with various types of wastes and materials 
commonly found at hazardous waste sites provides useful 
information. While the information is qualitative, it illustrates 
a few guidelines regarding chemical compatibility. 

Creosote Wastes: Creosote manufacturers generally 
recommend against the use of PVC and recommend the use 
of steel materials when creosote is pumped under pressure. 
In the field, the PVC will become "gummy", (i.e., altered 
physical integrity) and will definitely fail under pressure (Sale 
1993]. However, PVC has been used with creosote fairly ' 
reliably as a product thickness well, or gravity drainline, 
where it is not under pressure. Polyethylene was used 
successfully as creosote drainline material (i.e., DNAPL ··/ 
recovery). These drainlines have been jet-routed to remove 
solids which have accumulated in the pipe and continue to · · V 
operate successfully. ·! 
Most of the components used in pumps are made of steel. 
However, there are some butyl rubber or plastic washers and 
seals which will fail in the presence of creosote [Sa/e, 1993]. 
Therefore, it is recommended to examine the various 
pumping parts that come in contact with creosote and 
ascertain that they are not butyl rubber or plastic. 
Specifications for pump parts can be provided by pump 
manufacturers. Typically, incompatible washers, seals, and 
bushings may be replaced with more chemically resistant 
Kei-F® or Viton-A®. 

Coal Tars: There are several distinct types of coal tars from 
manufactured gas plant processes, hereinafter all types are 
inclusive to the term coal tar. There are similarities between 
coal tar and creosote; they are both a by-product from the 
production of coke from coal and when coal tar is distilled, 
the 200° to 400° C fractions are creosote [McGinnis et at., 
1988). Many of the same PAHs in creosote are also found in 
coal tar (Ripp et at., 1993]. Taylor [1993] and Unites (1993] 
report that PVC material used in heavily contaminated coal 
tar sediments under non-pressurized conditions appears to 
function properly. However, PVC wells placed in coal tar 
sediments did appear swollen after prolonged exposure and 
the screened interval may have been compromised 
(Vi/laume, 1993]. Others have observed that screened 
intervals become clogged with coal tar, presumably due to 
the viscous nature of coal tar (Murarka, 1993]. Based on the 
chemical similarities between creosote and coal tar, it is 
reasonable to assume that PVC is suitable for product 
thickness wells, or gravity drainlines, under non-pressurized 
conditions, but it may fail under pressurized conditions. 

Mixed NAPL (Solvents) Wastes: Hazardous waste sites 
usually involve the co-disposal of various chemicals which 
collectively float or sink as a NAPL. For example, a mixed 
DNAPL composed primarily of bis, 2-chloro-ethyl ether 
(38%), DCA (2.5%), styrene, TCE, and an oil carrier was 
found at a Superfund site in Texas. At this site, a dedicated 
PVC bailer in a PVC cased well underwent partial solvation 
due to the incompatibility between the dedicated PVC 

I I 



c 

material and the NAPL. The remaining PVC bailer and well 
casing were sufficiently degraded so that both materials 
became fused together as a single unit. This resulted in a 
permanent "cementation· of the bailer to the casing requiring 
abandonment of the well and construction of a new well with 
compatible materials [Newell, 1993]. This field observation is 
consistent with information in the Chemical Compatibility 
Table. For example, PVC is reported as unacceptable 
material to use with ethers {general), dichloroethane, styrene, 
and trichloroethylene. 

At the same site, a paddle-wheel flowmeter was used to 
evaluate flow of a water-DNAPL mixture. The flowmeter had 
a rubber seal component that lasted approximately 48 hours 
before failure. A Viton~ covered rubber {inflatable) packer 
and a pump with Viton~ seals were unaffected after 30 days 
by the same DNAPL. The Chemical Compatibility Table does 
not include butyl rubber. However, butyl rubber is known to 
be vulnerable to degradation in the presence of some organic 
solvents. In this particular case, there is a conflict in the 
literature regarding the compatibility of Viton~ with ethers 
{general) and trichloroethylene. Therefore, the potential for 
failure exists in this situation. 

Material incompatibility with c;hemical wastes generally 
requires the use of a more resistant, and usually more costly 
material. One approach to minimize cost is to use PVC 
casing that is not in contact with the incompatible chemical, 
with a resistant {stainless steel) screen which is in more 
immediate contact with the chemical. This must be evaluated 
and designed on a site specific basis [Newell, 1 993]. 
Additionally, the use of PVC material on the periphery of the 
source area where NAPL is not present may also minimize 
construction costs. 

While very little information regarding fiberglass reinforced 
epoxy (FRE) exists and is not included in the Chemical 
Compatibility Table, field information from a DNAPL 
Superfund site in Texas was obtained with respect to FRE 
compatibility with chlorinated solvents. An interception well 
field with five extraction wells was installed to collect DNAPL 
and prevent it from discharging to a stream. The DNAPL 
primarily consisted of 1,1,2-trichloroethane, vinyl chloride, 
and 1,2-DCA with a smaller amount of methylene chloride. 
Previous experience at this site indicated that PVC material 
was clearly incompatible due to its almost instantaneous 
deformation upon installation [Meyer. 1993]. The potentially 
responsible party selected FRE casing and screens due to its 
predicted superior performance. Approximately one month 
after installation of the FRE wells, the pumps in two wells with 
DNAPL failed due to clogging with pieces of fiberglass. 
Subsequently, complete deterioration of the screen and/or 
the casing occurred as evidenced by the silting up of the 
pumps. The pumps were cleaned and the wells were 
retrofitted with smaller diameter stainless steel insert wells 
which presently are functioning appropriately [Meyer, 1993]. 

Surfactants: There is a significant amount of surfactant 
research presently being conducted for its potential use in the 
field. Since there is very little information on the compatibility 
of surfactants with remediation materials, specific 
compatibility testing should be conducted. One case study 
involves the use of an alkaline polymer surfactant {APS) in a 
pilot treatability study at a creosote waste site in Laramie, 
Wyoming. The APS completely destroyed PVC material 
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under non-pressure conditions presenting significant 
incompatibility problems [Sale. 1993]. Ultimately, steel pipmg 
was necessary to minimize incompatibility failures. 

General DNAPL Consideration: Due to the known 
heterogeneous nature of stratigraphy at any site, it is likely 
for DNAPLs to be present at numerous vertical locations. 
Therefore, compatibility evaluations need to be made for 
each contaminated zone along the complete length of a well 
casing. It is possible that subsequent degradation or 
corrosion of well casing material or annular sealants may 
create a vertical pathway where DNAPLs can migrate 
through previously uncontaminated hydrostratigraphic units. 
Therefore, it is reasonable to assume that a compromised 
well, through improper construction or deterioration, may 
facilitate the transport of DNAPLs. 

Remediation, Well Construction, and Sampling 
Material 

Well casing and screening, plumbing appurtenances, bailers, 
sampling tubes, sample bottles. pumps, water-level 
indicators, interface probes and a variety of water chemistry 
probes all may be exposed to corrosive and degrading 
compounds in heavily contaminated subsurface 
environments. The information available from equipment 
manufacturers for each of these products currently on the 
market either does not exist or is too voluminous to 
assimilate into a single compatibility table. These products 
do have a common ground. namely the materials from which 
they are constructed. Therefore, the materials provide the 
basis for the Chemical Compatibility Table. Many 
manufacturers use similar chemical resistance data for their 
materials to specify acceptable applications for their 
products. 

Quite often, equipment manufacturers recommend that 
compatibility experiments be constructed by the user prior to 
use. This practice has the added benefit of providing specific 
information regarding the specific composition and 
concentration of the chemicals involved. One problem with 
this approach is the uncertainty associated with the duration 
of the experiment. For example, compatibility testing is 
typically conducted for a short duration. Since the selection 
of proper materials is partially dependent on long-term 
performance, data from the short-term tests do not 
necessarily represent long-term performance. 

Manufacturers of polymer resins, metals, and metal alloys 
provide chemical resistance test data for a variety of 
chemicals. These data have been incorporated into the 
Chemical Compatibility Table. Since there is no 
comprehensive compatibility guide available for subsurface 
contaminants with specific ground-water sampling and well 
construction products, it is necessary to determine what 
materials {e.g., wetted parts) will be exposed to which 
contaminant. 

The following materials {and their acronyms) were included in 
the compilation of the Chemical Compatibility Table: 
acrylonitrile butadiene styrene {ABS). acetal/ Delrin~. 
chlorinated polyvinyl chloride {CPVC), fluorinated ethylene 
propylene{FEP), nylon 6 and 66, high density polypropylene 
{HOPE), polytetrafluoroethylene I Teflon~ {PTFE), polyvinyl 
chloride {PVC). polyvinylidiene fluoride I Kyna~ {PVDF), 



ethylenepropylenediene (EPDM), perfluoroelastomer(Kei-F" ). 
neoprene, Nitrile Buna-N, polyurethane, silicone, Tygon". 
Viton-A". ceramic, silica, 304 and 316 stainless steel, carbon 
steel, aluminum, brass, copper, and nickel-alloy steel 
(Hastelloy-C"). Rigid PVC is listed in two columns, medium
impact Type I, and high-impact Type II [Harper, 1975]. 

In the table, well construction and sampling materials listed 
are referenced by these materials and not the many available 
configurations (e.g., schedule 40 vs. schedule 80 PVC pipe). 
Bailers, well casing, and drain materials generally are 
constructed from PVC Types I and II, CPVC, nylon, HOPE, 
PTFE, FEP, 304 and 316 stainless steel, carbon steel, 
Hastelloy-C". or aluminum. Fittings and tubing are made of 
brass. copper. stainless steel. aluminum, nylon, Tygon". 
PTFE, or silicone. Pump diaphragms, gaskets. and o-rings 
are made of PTFE. EPDM, Kei-F". Neoprene, Nitrile Buna-N, 
polyurethane, silicone, or Viton-A". Other wetted pump parts 
are made of various metals and plastics. Silica was included 
to represent sand packing material. Ceramics represent 
lysimeter material. There was very little compatibility 
information published on fiberglass reinforced epoxy (FRE); 
therefore, FRE was not included in the Chemical 
Compatibility Table. 

Compilation of Contaminants 

The Chemical Compatibility Table contains 207 organic 
compounds which are primarily NAPLs or contaminants 
associated with EPA's list of 129 priority pollutants [Viessman 
and Hammer. 1985]. Metals from the EPA's priority pollutant 
list were not included in the Chemical Compatibility Table. 
The compatibility table does not differentiate between 
isomers of a single compound (e.g., 2-nitrophenol and 
4-nitrophenol) or variations of trade name chemicals (e.g., 
the 7 different Aroclors). In addition to the EPA's priority 
pollutant list, the table includes several common mixtures 
(e.g., gasoline, white liquor) and other organic compounds 
that may be problematic if present in pure phase. Although 
the data presented were compiled primarily for NAPLs, there 
are numerous exceptions. For example, there are several 
entries for compounds which are miscible with water (e.g., 
acetone, ethyl alcohol, methyl alcohol). Some entries are 
reported as percent(%) mixtures of organic compounds 
which represent the aqueous phase concentration in water 
(i.e .. Aldrin, Chlorodane, DDT). Additionally, there are 
several inorganic chemicals (e.g., carbonic acid, H
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). 

There are 47 environmentally important chemicals listed at 
the end of the Chemical Compatibility Table for which no data 
were found. Thirteen (13) of these compounds are polycyclic 
aromatic hydr.ocarbons (PAHs) which are commonly found in 
creosote and coal tar type wastes [McGinnis eta/., 1988; 
Ripp eta/., 1993]. Creosote and coal tar are mixtures of 
hundreds of compounds which these PAHs represent only a 
fraction. At room temperature (and below), these 
compounds are solids in pure form. As such, no compatibility 
data for these compounds were available. 

References and data tables listing the resistance properties 
of common well construction and sampling equipment 
materials to hundreds of additional chemicals (i.e., calcium 
hydroxide, nickel nitrate, butylbromide, etc.) can be found 
among the published literature {Cole-Parmer Instrument Co. 
Catalog, 199fr1996; Schweitzer, 1991; Craig, 1989; 
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DeRenzo, 1985; Harper, 1975; Rabald, 1968}. These 
additional chemicals, however, have not been included in th 
Chemical Compatibility Table because of their limited e 
occurrence as environmental contaminants. 

Several references were used to compile the Chemical 
Compatibility Table. The two major references were the 
1995-1996 Cole-Parmer Instrument Co. Catalog, Chemical 
Resistance Charts, and the Corrosion Resistance Tables 
presented in Schweitzer, 1991. Other references were used 
for cross-checking data and for less common chemicals 
{Craig, 1989; DeRenzo, 1985; Harper, 1975; Rabald, 1968]. 

Chemical Compatibility Table 

The Chemical Compatibility Table has been compiled to 
assist remediation design personnel with selecting the most 
appropriate remediation, well construction, and sampling 
materials for specific waste conditions. This table should only 
be used as a guide since it is extremely difficult to universally 
represent actual conditions in the testing procedure. It may 
be necessary to perform additional, site-specific testing under 
actual operating conditions to obtain compatibility information 
regarding the suitability of a particular material. This is 
especially true considering the number of possible 
combinations of chemical and physical conditions which 
occur at any given hazardous waste site. 

At a minimum, the references used in compiling the Chemical 
Compatibility Table generally reported findings from 48-hour 
immersion tests with 100% or neat solutions, unless 
otherwise noted. 

Remediation, well construction. and sampling materials have 
been divided into four categories: plastics, elastopolymers, 
earth-materials, and metals. The compatibility classification 
for the corrosion of metals is: 

Excellent (E) = less than 2 mils per year 
Satisfactory (S) = less than 20 mils per year 
Good (G) =less than 50 mils per year 
Unsatisfactory (U) = greater than 50 mils per year 

(note: 1 mil equals one one-thousandth of an inch) 

The corrosion rate data may be used with material thickness 
data to estimate the lifetime of the materials. There are 
several other variables and parameters which will influence 
actual corrosion rates and, therefore, this approach should 
only be considered a rough estimate. 

Two classification schemes were used to represent 
degradation data for the plastics, elastopolymers, and earth
materials categories: 

applicable to applicable to 
at least 22"C at/east 15°C 

A = Excellent - No Effect 
B = Good - Minor Effect R = Resistant 
C =Fair- Moderate Effect 
U = Poor - Severe Effect U = Unsatisfactory 

The A, B. and C classifications are roughly equivalent to the 
R "resistant" classification. In order to provide a reliable 
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compatibility table, data for each chemical were cross
checked between references whenever possible. The 
notation • X = Conflicting Data" refers to the situation when a 
chemical and a corresponding material had two or more 
references that did not agree on the compatibility 
classification, and at least one of the references reported the 
compatibility as unsatisfactory. For example, a conflict was 
noted when the compatibility of a chemical with a given 
material was reported as "U" and "A"," B" or "C"; or if the 
compatibility was reported as ·u· and "R". The notation·-· 
refers to no data available when none of the references had 
compatibility data for a chemical and material. 

Example 

Remediation, well construction, and sampling materials 
comprise the columns of the Chemical Compatibility Table, 
while the chemicals are listed alphabetically by row. The 
compatibility classification may be read from the chemical 
(row) and material (column) intersection. For example, if 
trichloroethylene (TCE) was the chemical of concern and 
compatible well construction and sampling materials needed 
to be identified, then TCE could be located by row and 
compatible materials could be determined. 

Materials in the metals group are compatible with pure-phase 
TCE, but many plastics and elastopolymers are not. If a 
recovery well was being designed, then 304 or 316 stainless 
steel would be a compatible choice. PVC, however, is 
incompatible with pure-phase TCE and is not suggested for a 
recovery system. 

In designing a sampling system, compatibility of materials for 
pumps and sampling lines can be evaluated. Specifically, all 
components of the system should be evaluated, including 
well casing and screen, sampling lines, bailers, pumps and 
their component parts, above ground piping, etc. For 
example, wetted parts of a pump such as seals and bushings 
constructed of Kei-F® and Teflon® are compatible with TCE, 
but products containing neoprene and silicone are not 
recommended. It should be noted that no compatibility data 
were reported for TCE and Tygon® and that conflicting data 
were reported for TCE and Viton-A®. 

In general, most metal and plastic materials may be 
adequate for use in low dissolved concentrations of NAPLs, 
from a structural integrity point of view. However, some 
elastopolymers may not provide adequate service because 
these materials seem to be the most susceptible to 
degradation. The Chemical Compatibility Table provides a 
comprehensive list of published information for pure-phase 
compounds. Data on various concentrations of compounds 
in water are not included in the table. 

Summary 

NAPLs are common contaminants at hazardous waste sites 
and are present in the subsurface in continuous and residual 
phases. Their soluble constituents dissolve into the 
surrounding ground water. High aqueous concentrations of 
organic compounds and NAPLs can be detrimental to long
term subsurface monitoring and recovery systems by 
degrading well construction, sampling, and remediation 
materials. 
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This issue paper provides a guide on the compatibility of 
NAPLs and other environmentally important contaminants 
with materials used in well construction, subsurface sampling, 
and other various remediation activities. A Chemical 
Compatibility Table is presented which identifies the 
compatibility of 207 contaminants with materials such as 
metals (stainless steel, nickel steel, aluminum, etc.), plastics 
(PVC, PTFE, polypropylene, etc.), earth materials (ceramic, 
silica) and elastopolymers (Tygon~>, silicone, Viton-A~>, etc.). 
This information can assist scientists and engineers with the 
decision-making process when designing monitoring and 
recovery systems for heavily contaminated subsurface 
environments. 

The Chemical Compatibility Table was compiled from 
numerous sources which employed various testing protocols. 
The conditions and duration under which the information was 
generated are not universal. As such, the compatibility 
information should only be used as a guideline. Site-specific 
compatibility tests would provide more reliable information. 

The field experiences reported in this issue paper serve to 
illustrate the compatibility problems of a few of the common 
wastes and materials found at hazardous waste sites. These 
experiences also emphasize the need to report material 
failures to minimize similar occurrences in future remediation 
work. 
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For All Non- Metals 

R = Resistant 
A = Excellent - No effect 
B = Good - Minor effect 
C = Fair- Moderate effect 
U = Unsatisfactory 
X = Conflicting Data 
- =No Data Available 

Acetaldehyde 

Acetamide 

Acetate Solvent 

Acetic Acid I 0% 

Acetic Acid. Glacial 

Acetone 

Aceton~rile 

Acetophenone 

Acetyl Chloride 

Acetylene 

Acrylon~rile 

Adipic Acid 

Aldrin (I ozlgal) 

Allyl Alcohol 

Allyl Chloride 

Ammonium Acetate 

Ammonium Oxalate 10% 

Amyl Acetate 

Amyl Alcohol 

Amyl Chloride 

Aniline 

Aniline Hydrochloride 

Antifreeze 

Aroclor 1248 

AsphaH 

Benzaldehyde 

Benzene 

Benzo Sulfonic Acid 1 O% 
Benzyl Alcohol 

Benzoic Acid 

Benzol 

Benzonitrile 

Benzyl Chloride 

Bromobenzene 

Butadiene 

Butane 

Butyl Alcohol 

n-Butyl Amine 

Butyl Ether 

Butyl Phenol 

Butyl Phthalate 

U A 
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X X 
u u 
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U B 
R A 
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B U 
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X A 
U A 
R 
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R B 
U A 
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X 
A 
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A 
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A 
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X 
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A 
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X 
A 
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u 
u 
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CHEMICAL COMPATIBILITY TABLE 

Plastics 
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R A 
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R R R 
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Elastopolymers 
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For Metals 

E < 2 mils Penetration/Yea 
G < 20 mils Penetration/Y: 
S <50 m~ls Penetration/Ye:; 
U > 50 mils .Penetration/Yea 

( 1 m1l = .001 inch) r 
A = Excellent - No effect• 
B = Good - Minor effect• 
C =Fair- Moderate effect• 
* No corrision rate reported 
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sutylacetate u A X R A R X A u u B B A X u - u u u - R G G G G E G G 

Butyric Acid u A u R u u R R u u A B A u u u u B R G G u E G G G 

CarbOn Tetrachloride u B u R X u u R u u R u A u u u u B A A R E E G E u G E 

CarbOnic Acid R B A R R R A A R R A B A X X R A A A G G G E E G G 

Chloroacetic Acid u u u R u u c A R R A B A u u u u A u - u u u E u u u 
Chlorobenzene u X u R R u u B u u A u A u u u A A A R G G G E G G G 

Chlorobromomethane - - - - c - A A u - B - u u u A A - - - - - B 

Chlordane (1/4 lblgal) u - - - R - - u - c B - u - A - G G G 

Chloroethane u A u R R R X A u u A X A u u - u B - G G G - - G 

Chloroform u A u R R u X A u u A u B u u u u B A A R E E u G G G G 

Chloronaphthalene u - - R - - - u u - - - G E u 
Chlorophenol 5% (aq.) - R u R u - - R u u R - - - G G s E 

CrtricAcid u B B R R A A A R - A A A A A - A - A A R E E u E E E 

cresol u u u R u u u R X u R u A u u u u u X - R E G G G G 

Cresylic Acid 50% u u u R u R X R R R R X - u u u u A - G G G G G -
Crude Oil R R R R R u R u u u u u - u R R R E E G E E G G 

Cyc:lohexane R A u R R R u A X - R u A u B R u u A G G G G G G G 

Cyc:lohexanone u A u R R u u A u u R B u u u u u u A G G u G G G G 

DDT5% - u - - - u u - - - E E G E 

Detergents (general) B A A R R R A A R R A A A B A A A A A - E G G E G G E 

Diacetone Alcohol A u R R R R A R A A B u u u B u - - G G G E E E E 

Dibutyl Phthalate u u R R u R R u u u R u u u u - G G G G G G G 

Dichlorobenzene u u R X u c A u u A u u u - u c - - G E G 

Dichloroethane u A u R R R X A u u A u A u u - - u c A R G G G G G G -
Dichloroethylene u R R - R R u u R u u u - - R G G - G G 

Dichlorofiuoromethane - - R - - - R u u - - - - - - . - - -
Diesel Fuel A A R R R A A R - A u A B A u - A E E G G E E 

Diethanolamine - R R - R R u u u R - - - - E E E E E G 

Diethyl Amine u B u R R u A X u - X B A A c - B c A - G G u G 

Diethyl Ether u R u R R u R A u u R u c u u - u - u - - G G G G G G G 

Oiethyl Phthalate - - - - - - R - - - - - - - - - - - - -
Diethylene Glycol B A A R R R A A X - A A - A A B c A - - E E E G G G 
Dimethyl Aniline u u u R R X A u u A B A u u u u u B B - B A -
Dimethyl Ether - - R - - - R - - u R - - - G G G G G 
Dimethyl Formamide u X u R R R A X u u u X A X u c u X - - G u E 

Dimethyl Phthalate u - R R R R u u R - - u u - - R - E E E E 

Dimethyl SuHoxide - R u R R R R R u u - - - - - - - - -
Dinrtrotolu~tne - - R - - - u - u u - u - X - - G G - - -
Dioctyl Phthalate u - u R R u u R u u R R - u u u - R - - G G G - E -
Dioxane u R - R R u R R u - u u - u u - - u - - G G G G G G G 

Diphenyl . - R R u A u . u - B u R u - A - - G G G G G G G 
Diphenyl Oxide u - u A u - B u - u A c u A - - B A - B B - A 
Esters (general) - - u R R - R u u R - - - - - - - - G - - - - -
Ethane A A u - u A A - A u - B A - u A A - - A A - - - AI 
Ethanolamine - u u R R - X A u - X B u B B - B - u A - E E G G G -
Ethers (general) u A u - R u u A u u R c B u X - u c X - R E E G G G G G 
Ethyl Acetate u A u R R R A A u u X B A u u u B u u A R G G G G G G 
Ethyl Alcohol B A B R R R A A R R R A B A c u B c A A R G G G E E G G 
Ethyl Benzene R R - u u R u u R u - u u - - - R - - s G u E G - -
Ethyl Benzoate u - u - u B A u u - - u u - u u A - - - - - - - -
Ethyl Chloride u R u R R u u R u u R R - u R u - - B - R E E G G - - G 
Ethyl Ether u A u R R u u A u u R u A u X u u u - R G G G G G G G 



Ethyl sunate 

Ethylene Bromide 

Ethylene Chloride 

Ethylene Chlorohydrin 

Ethylene Oiamine 

Ethylene Oibromide 

Ethylene Glycol 

Ethylene Oxide 

Formaldehyde 100% 

Formaldehyde 37% 

Formic Acid 5% 

Fuel oils 

Gasoline (high-aromatic) 

Gasoline (leaded) 

Gasoline (unleaded) 

Glycolic Acid 

Heptane 

Hexachloroethane 

Hexamine 

Hexane 

Hexyt Alcohol 

Hydraulic Oil (petro.) 

Hydraulic Oil (synthetic) 

Hydrazine 

Hydrogen Peroxide (dilute) 

Hydroquinone 

Hydroxyacetic Acid 70% 

Iodoform 

Isobutyl Alcohol 

lsooctane 

Isopropyl Acetate 

Isopropyl Alcohol 

Isopropyl Ether 

lsotane 

Jet Fuel JP..C, JP-5 

Kerosene 

Lacquer thinners 

Lacquers 

Lactic Acid 

Lead Acetate 

Unoleic Acid 

Maleic Acid 

Malic Acid 

Melamine 

Methane 

Methyl Acetate 

Methyl Acetone 

Methyl Acytate 

Methyl Alcohol 

Methyl Alcohol 10% 

Methyl Amide 

Methyl Bromide 

Methyl Butyt Ketone 
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u u 
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Methyl Chloride u B u R R u u A u u A u A u u u u u A E E u G u E G 

Methyl Chloroform u - u R - - u R u u R u u u - - R - -
Methyl DiChloride - u - c - u - - u u - u - A - - -
Methyl Ethyl Ketone u u u R R u B A u u u A A u u u u u u A G G G G G G G 

Methyl tsopropyl Ketone - - - A - - A u - c - u u c - u - A A - A - A 

Methyl Methacrylate - u R R - - X R R u B u u u - c - u - G G u G 

Methyl Pentanone u - u R R R R A u u X B A u u u - u - G G G G G G G 

Methylene Chloride u B u R u u B A u u B X A u u u u B - R G G G E E G G 

Monochloroacetic acid - u - u u - A - - B c B A u - c - - A A A u· B u· 
Monoethanolamine - u - R R - B A u u u B - X B - B - X - E E G G G G G 

Motor Oil c B A R R u u A R R B u A B A - A R A - G G G - G G 

Napthalene u X u R R u R A u u A u A u u R u c A A - E E G G G G G 

Nttrobenzene u X u R R u B A u u A u A u u u u u B - R G G G G E G G 

Nitromethane u A u R u - R A R R A B A u u - u B u - - G G G - G - -
Nttrophenol - - - - R - - - - - - - - - - G G - G - G 

octane - - - R R R R u u R u R R - - R - - - G G - G G G 

octyt Alcohol A A B A - - - - - B - B B B - B A A c A A 

Oleic Acid X A A R R u B A R R A B B X B R u c B A - E E G G G s G 

oxalic Acid 5% R u R R u R R R R R R R - R u - - R - - u G u G G s G 

Palmttic Acid 10% A A A R R R B A R R A B - u A R u B A - - G - - G G G 

Pentachlorophenol - - - - - R - - - - - - R - - - - E - - -
Pentane - B - - A - u A A A u B A u A A - - c c - A B - -
Petroleum B B A R - u B A R - A u - B A - u A - G G - - G G G 

Phenol tO% u X A R u R B A u u A B B u u u u c A A - G G G G E G G 

Phthalic Acid B c X R R A A u u A A - A u - B - A - - G E s G G G G 

PhthaUc Anhydride B c u R - u A u - A A - A u - - B A - E E G E E G 

Picric Acid X A u R u u A A u u A A - A X - B - A - R G G u G E u u 
Propyl Alcohol X A A R u R A A R R A A A A A - A A A A - E E G E G G G 

Propylene B - - - - - A B - - u - u u - u B A - - B A - - A - A 

Propylene Glycol B B X R R R A A u u A A - c A - A - A A - G G G G G G G 

Propylene Oxide - - - R - R R R u u u R - u u - - - u - E E - - - -
Pyridine - B u R R R A A u u u X A u u u u u A - G G G E G G G 
Sodium Acetate B B A R R R A A R R A A A B B u - u A . G G u G E G G 
Sodium Benzoate A - A R R R A A R R A A - A B - - B A - - - - G G E 

Sodium Hypochlorite 20% R u R R u R R R R R R R A u u - B c A - u u u u u G G s 
Stearic Acid u A B R R R A A R R A X - B B R B B A - R G E s E G s G 

Styrene A u A u - A u - - u - u u - u - B - A A - u· A A B 

Tartaric Acid - B A - B - A A A - B B A A A . A B A A - c c - B B u· A 
1'1111 Tetrachloroacetic Acid R R R R R R R R R R u - R R R - R - - E E - G G s u 

Tetrachloroethane - A X R R - c A u u A u A u u u . A - R E E E E G - s 
Tetrachloroethylene u A u R R u u A u u R u A u u u u - A - - E E G G G G G 
Tetrachlorophenol - - - - - R R - - R - - - - - - - - - - - - - - - - -
Tetraethyl Lead u - R R - u R R R R R u - - u - - - R - - G G G - G G -
Tetrahydrofuran u A u R R u c A u u B u A u u - u - X A - E G E E u - -
Toluene u X u R R u c A u u A u B u X u u u c A - E E E E E E E 
Toxaphene-Xylene t0-90"Ao - u R - - R R u - - - - - - - - - - - G G s - s - -
Trichloroacetic Acid - R R u R A A R - B B A u R - u c c A - u u u G u G G 

1!11111 Trichlorobenzene - - - - - R u - - - u u u - - R - - - E - - -
TriChloroethane A - - - - c A c - A u A u u - u - A - - - - - - - -
TriChloroethylene u u u R R u c A u u B u A u u u u X A - G G G E E G G 
Trichloroftuoromethane - - - - - - u - - u u - - - - - - - G - - G - -
Trichloropropane u A - - - - A - - A A u - u A - - A A - A u- - A 
Triethanolamine R u R R R u R R u u R R - R u u - - R - - G G G G G u E 
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Triethylamine u u A R R - u A R R A A A A c A X B G G 

Trimethylpropane u R R u R R R R R R 
Turpentine u A A R R u X A X u A u A u R u u B A A E E G G G s G 
Vinyl Acetate u u R u B A u u A B X X u u A B E E G E E G 
Vinyl Chloride u u A A u B c u u u A A B A A B B 
WMe liquor (Pulp mill) X u R R R R R R R R R R R R G G s G G 
Whtte Water (Paper mill) R B R R R - A A A A 

Xylene u A u R R u B A u u A u A u u u u u X A G G G E G G G 

This table should only be used as a guide since it is difficult to duplicate operating conditions. To fully guarantee the suitability of 
a particular material, chemical resistance tests should be conducted under actual operating conditions. 

No data was found on the following environmentally important chemicals: 

Acenaphthene 1'1 
Acenapthalene 1'1 
Acrolein 
Anthracene I'J 
Benzidine 
Benzo(a)athracene r'J 
Benzo(b)fluoranthene r'J 
Benzo(g,h,i)perylene 1'1 
Benzo(a)pyrene 1'1 
Bromophenylphenylether 
Butylbenzytphthalate 
Chlorodibromomethane 
Chloroethoxymethane 
Chloroethylether 
Chloroethylvinylether 
Chloroisopropylether 

Chloromethylether 
Chlorophenylphenylether 
Chrysene 1'1 
DDDI2l 

DD£121 
Dichlorobenzidine 
Dichlorobromomethane 
Dichlorophenol 
Dichlorophenoxyacetic acid 
Dichloropropane 
Dichloropropylene 
Dieldrin 121 
Dinitrophenol 
Diphenylhydrazine 
Endosulfan 
Endrin 121 

Fluoranthene 1'1 
Fluorene r'J 
Heptachlorr21 

Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclohexane 
lndeno(1,2,3-c,d)pyrene 1'1 
lsophorone 
2-Methylnapthalene 
Parachlorometa cresol 
Phenanthrene f!J 
Phenylenepyrene 
Pyrener'J 
Trichlorophenol 
Trichlorophenoxyacetic acid 

1'1 Component of cresotoe and coal tar. At room temperature and below, these compounds are solid in pure form. 
r2J Pesticides 
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Notice 

This guide has been reviewed by the U.S. Environmental 
Protection Agency and approved for publication. Mention of 

trade names or commercial products does not constitute 
endorsement or recommendation for use. 
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How to Use This Guide 

This guide describes many field methods and procedures 
that can be used for (1) preliminary site reconnaissance, 

(2) detailed site and contaminant characterization/sampling 
for transporVfate modeling and risk assessment, and (3) 
remediation selection and design. 

All methods and procedures described in this guide 
are simple and inexpensive. When used early in site 
reconnaissance, site characterization, or remediation 
projects, the methods in the guide may reduce project 
costs by providing a basis for more efficient application of 
more complex and expensive field methods, when they 
are needed. 

This guide has also been designed to serve as a 
companion to EPA's Guide to Site and Soil Description 
for Hazardous Waste Site Characterization (Cameron, 
1991), which also serves as the basis for the site and soil 
components for metals of the Environmental Sampling 
Expert System (ESES) under development by EPA's 
Environmental Monitoring Systems Laboratory, Las 
Vegas. 

Use for Preliminary Site Reconnaissance. If a 
soil survey prepared by the Soil Conservation Service 
(SCS) of the U.S. Department of Agriculture is available 
for the site, this guide in combination with Cameron (1991) 
can be used to develop preliminary interpretations 
concerning the potential for site and soil conditions to 
facilitate or inhibit contaminant transport. 

Use for Detailed Site and Contaminant 
Characterization: 
1. To assist field personnel in preparing for a visit to a 

contaminated site by providing checklists to ensure 
that no documents or equipment are accidentally 
left behind (see Forms 1-2 and 1-3 in Chapter 1). 

ix 

X 

2. To provide a concise, but comprehensive, 
reference source for methods of describing and 
analyzing site and soil characteristics in the field 
that require only visuaVtactile observation or very 
simple equipment. Chapter 2 provides this 
information for site characteristics. Chapter 3 
provides this information for soil characteristics, 
placing special emphasis on soil description 
procedures of the U.S. Soil Conservation Service. 
Abbreviations and codes that can be used for 
specific soil features are suggested to facilitate 
notetaking. Where soil conditions favor use of a 
soil probe (no coarse fragments), description 
procedures outlined in Appendix A.1 may be useful 
for characterizing soils at a site prior to sampling 
for detailed chemical characterization. 

3. To assist in selecting and obtaining alternative soil 
sampling equipment if unforeseen problems at the 
site prevent use of sampling procedures specified 
in the Soil Sampling and Quality Assurance Plans. 
Chapter 4 provides information on sampling 
equipment characteristics. A series of Appendices 
describe some standard soil sampling and 
handling protocols that may help address quality 
control concerns related to alternative procedures 
that may be required by unforeseen site conditions. 

4. To facilitate use of EPA's Environmental Sampling 
Expert System (see Section 1.6). 

Use for Modeling and Remediation 
Selection/Design. When site soil parameters that are 
required for modeling or remediation selection/design are 
known, the appropriate sections of this guide can be used 
for data collection. Characterizing Soils for Hazardous 
Waste Site Assessments (Breckenridge et al., 1991) and 
Cameron (1991) may assist in identifying soil parameters 
of interest. 



Chapter 1 

Field Methods, Equipment, 
and Documents 

This chapter provides tables and checklists that can be 
used to help select specific field methods, and to iden

tify equipment and documents that should be assembled 
prior to going into the field. 

1.1 Nature of Soil Pollutants and Surface 
Pollution Situation 
Before beginning field sampling and charac

terization, it is necessary to have some knowledge of the 
nature of soil pollutants at a site, whether they are heavy 
metals, toxic organics, or both, and of the areal extent of 
pollution. EPA's Environmental Sampling Expert System 
(ESES) defines two major types of surface pollution situa
tions related to the areal distribution of the contaminants: 
(1) large (covers a wide area, primarily on the surface), 
and (2) localized (areas usually polluted near the source). 

Once all available site information has been 
evaluated, an exploratory soil sampling program may be 
undertaken to further define the nature and extent of soil 
pollutants, before developing a detailed soil sampling plan. 
Soil descriptions of near-surface soil cores (1.5 to 2 m) 
taken on a grid at the site using procedures described in 
Appendix A.1 may provide valuable additional information 
at relatively low cost prior to developing either an ex
ploratory or detailed soil sampling plan. 

Existing data, or soil sampling results, will indicate 
the nature of pollutants. Specific contaminants of concern 
are broadly defined in EPA's ESES as relatively mobile 
and toxic (residence time in the solid phase is relatively 
short, enhancing toxicity) or relatively nonmobile and 
nontoxic (residence time in the solid phase is relatively 
long, decreasing potential toxicity). 

Field Methods, Equipment, and Documents 

Field Methods, Equipmen~ and Documents 

1.2 Soil Parameters for Field Sampling and 
Characterization 
This field guide assumes that: 

2 

1 . Physical, hydrologic, and chemical/biological 
parameters of soils and contaminants have been 
selected for description and sampling prior to the 
field collection phase for characterization of a con
taminated Site. 

2. These parameters and methods or protocols are 
contained in statistically sound and detailed Soil 
Sampling and Quality Assurance Plans for the site. 
Guidance for the preparation of such plans can be 
found in Mason (1983), Barth et al. (1989), van Ee 
et al. (1990), and U.S. EPA (1986, Vol. 2, Chap. 9). 

Appendix D in a companion document to this field 
guide, Guide to Site and Soil Description for Hazard
ous Waste Site Characterization (Cameron, 1991), may 
provide assistance in selecting site and soil charac
terization parameters and in identifying available field, 
laboratory, and calculation or lookup methods for in
dividual parameters. 

This field guide is intended to assist in carrying out 
three major types of activities in the field: 

• Description of site and soil features based on 
visual and tactile observation 

• Field tests or measurements that involve rela
tively simple procedures and equipment 

• Methods for collecting undisturbed or minimally 
disturbed samples for physical and microbiologi
cal characterization in the laboratory 

Collection of samples for chemical characterization 
in the laboratory is not covered in detail in this guide, be
cause it is assumed that this is defined in detail in the 
Sampling and Quality Assurance Plans for the site. 
However, general protocols for sample handling and 
preparation and for sampling with a spade and scoop, 
augers, or thin-walled tube samplers are contained in Ap
pendices A.2 through A.4. 

Specialized field procedures involving more com
plicated equipment, such as for measuring unsaturated 
hydraulic conductivity, are not covered in this field guide. 
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Procedures involving such methods should be described 
in the Sampling Plan. 

1.3 Field Description of Soils 
Multiple soil profile descriptions at a site can 

provide a great deal of information that may be useful in 
evaluating the variability of soil properties, and the direc
tions and potential for transport of contaminants in the 
subsurface. Detailed soil profile descriptions have not 
been commonly used at contaminated sites. One purpose 
of this field guide is to encourage greater use of this rela
tively easy field method. 

Table 1-1 summarizes the key features that should 
be noted in detailed soil profile descriptions and identifies 
the sections in this field guide that cover individual fea
tures. Preparation of a complete, detailed soil profile 
description requires the digging of a pit so that feature can 
be observed laterally as well as vertically. Although this 
method is time consuming, the ability to observe small
scale lateral variations in soil features associated with in
creased or reduced soil permeability, justifies, . in most 
instances, a limited number of such soil profile descrip
tions at a site. 

Where soils are not rocky, a thin-wall soil probe 
can be used to prepare a moderately detailed soil profile 
description in a sufficiently short time so that larger scale 
variations in soil characteristics can be identified. Appen
dix A.1 describes a general protocol for description of soil 
cores. Table 1-1 recommends that all the features used in 
preparing a pit soil profile description be observed. It 
should be recognized, however, that the soil core may be 
too small a sample of the subsurface to accurately 
describe a number of features, such as transitions 
between horizon boundaries, certain types of soil structure 
(columnar, for example), pore and root distribution, and 
genetic horizons (fragipans, for example). These features 
are indicated with an asterisk in Table 1-1. 

Preparation of an accurate, detailed soil profile 
description requires training and experience, and such 
descriptions are best done under the supervision of some
one familiar with procedures developed by the Soil Con
servation Service in the U.S. Department of Agriculture. 
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Table 1-1. Suggested Soil Parameters for Field Description 

Parameter Section Soil Soil 
in Guide Profiles Samples 

Horizons 3.1.1 R* 
USDA Texture 3.1.2 R 
Color 3.1.3 R 
Porosity 3.1.4 R* 
Zones of Increased Porosity/Permeability 

Soil structure 3.1.5a R* 
Extrastructural cracks 3.1.5b 
Roots 3.1.5c R* 
Surface features 3.1.5d R 
Sedimentary features 3.1.5e R* 

Zones of Reduced Porosity/Permeability 
Genetic horizons 3.1.6a R* 
Consistency 3.1.6b R 
Root restricting layers 3.1.6d R* 
Compaction 3.1.6e 

Moisture Condition 3.2.1 R 
Water Table 3.2.2 R 
Saturated Hydraulic Conductivity 3.2.4 R** 
Clay Minerals 3.3.7 
Other Minerals 3.3.8 
Odor 3.3.2 

R Recommended for all situations. 
r = Recommended where climatic, geologic, and soil 

conditions make parameter significant. 
• Soil pit may be required for accurate description of this 
soil feature. 

R 
R 
R 

R 
R 

•• Estimation of Ksat class based on other observable features. 



Soil samples for chemical characterization in the 
laboratory should generally not double as samples for 
detailed soil description, because exposure to the air 
before placement in sample containers should be mini
mized. However, abbreviated descriptions should be 
made to identify the samples and possibly help in relating 
sample results to other soil profile descriptions. Table 1-1 
recommends that, at a minimum, soil horizon (or depth in
crements), color, texture, moisture condition, and relation
ship to the water table be observed. The table also 
identifies several other features (porosity, structure, and 
roots) for which observations would be useful, if the nature 
of the sample allows (soil core) and exposure to air is less 
of a concern (heavy metals in aerated soil). 

1.4 Field Sampling and Testing 
A number of tests involving relatively simple proce

dures and equipment can be used to measure or charac
terize soil physical and chemical properties. Such tests 
are generally not as accurate as laboratory tests but have 
the advantage of being inexpensive and may be used for 
preliminary screening or selection of samples for more ac
curate laboratory testing. 

Form 1-1 provides a checklist of soil engineering, 
physical, and chemical parameters for which field tests are 
described in this field guide. Special sampling procedures 
for microbiological characterization are covered in Section 
3.3.10. 

Before going into the field, this checklist should be 
used to identify the specific tests that appear to be of 
value for the site of interest. This procedure will assist in 
locating the appropriate section of the field guide where 
specific procedures are described, and in identifying 
equipment needs (see next section). 

1.5 Field Equipment and Documents 
Form 1-2 is a checklist of over 90 items that may 

be required for field description, analysis, and sampling of 
soils. Major categories covered in this checklist include (1) 
documents, (2) protective equipment, (3) miscellaneous 
equipment, (4) site surface characterization, (5) soil 
description equipmenUmaterials, (7) texture analysis and 
sample preparation equipment, (8) sample, equipment, 
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and waste containers and forms, and (9) field testing and 
analysis. Form 1-3 contains a checklist of around 20 items 
related to quality assurance and quality control of the sam
pling process, such as (1) QA/QC forms and samples, (2) 
material required for sample preservation and transport, 
and (3) decontamination equipment. 

These checklists have two columns: the first is to 
identify those items that are needed for the site in ques
tion; the second column can be checked when the item 
has been obtained and packed. Required items can be 
identified by reviewing the site Soil Sampling Plan and 
Quality Assurance Plan and the checklist of field tests 
contained in this guide (Form 1-1 ). 

1.6 Use of EPA's Environmental Systems 
Monitoring Laboratory 
EPA's Environmental Systems Monitoring 

Laboratory is developing an Environmental Sampling Ex
pert System (ESES) which ultimately will integrate a 
Geographic Information System and Site Description Sys
tem (including data quality objectives, quality assurance 
and quality control, and site description) with a Knowledge 
Frame Manager (for analysis, interpretation of data, and 
report preparation) for contaminated sites. 

The Guide to Site and Soil Description for Haz
ardous Waste Site Characterization (Cameron, 1991) 
provides the basis for the site and soil components for me
tals in the ESES. Site and soil parameters (called Ob
jecVAttributes in the ESES), are assigned "values" which 
have significance for contaminant transport and fate. 

Form 3-1 (Soil Profile and Related Information) 
contains space to record observations related to all the 
site and soil knowledge frames in EPA's ESES. Data on 
this form can be coded on Forms 1-4 and 1-5 (Coding 
Sheet for Use of ESES Site and Soil Knowledge Frames) 
to aid in data interpretation using the ESES or Cameron 
(1991 ). These forms also indicate the section in this guide 
that covers description procedures and nomenclature. 
Where standard SCS descriptive procedures do not readi
ly allow assignment of a "value" for the ESES, definitions 
used in the ESES are provided for use during field obser
vations. Cameron (1991) provides additional definitions of 
terms. 
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Form 1-1. Checklist of Soil Physical and Chemical 
Property Sampling and Field Test Procedures 

Soil Physical Properties 

Color ignition test (Section 3.1.3) 

Extrastructural crack tests (Section 3.1.5b) 

Fragipan identification (Section 3.1.6a) 

Cementation test (Section 3.1.6b) 

Bulk density (Section 3.1.6c) 

Pocket penetrometer test (Section 3.1.6e) 

Soil temperature regime characterization (Section 3.1.8) 

Soil moisture (Section 3.2.1) 

Water table estimation (Section 3.2.2) 

Available water capacity (Section 3.2.3) 

Saturated hydraulic conductivity class estimation 
(Section 3.2.4) 

Soil drainage class placement {Section 3.2.4) 

Soil Engineering Properties 

Unified {ASTM) texture (Section 3.1. ?a) 

Atterberg limits {Section 3.1. ?b) 

Shear strength (Section 3.1. ?c) 

Shrink-swell tests {Section 3.1.7d) 

Corrosivity characterization (Section 3.1. ?e) 

Soil Chemical Properties 

Organic matter ignition test (Section 3.3.1) 

Cation exchange capacity/exchangeable acidity 
{Section 3.3.3) 

pH {Section 3.3.4) 

Redox potential {Section 3.3.5) 

Electrical conductivity {Section 3.3.6) 

Clay minerals-nitrobenzene test {Section 3.3. 7) 

Calcium carbonate-HCI test {Section 3.3.8) 

Soluble salts-<:hloride and sulfate {Section 3.3.8) 

Gypsum acetone test (Section 3.3.8) 

Iron oxides-ignition and streak tests {Section 3.3.8) 

Manganese-streak and hydrogen peroxide tests 
{Section 3.3.8) 

Sampling for soil microbiota (Section 3.3.1 0) 
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Form 1-2. Soil Description/Sampling Equipment and 
Documents Checklist 

Check first column to identify needed items. Check second 
column when item has been obtained and packed prior to leav
ing for the field. 

Documents 
Sampling plan 

Quality assurance plan 

Health and safety plan 

Log books 

Protective Equipment 
Protective suits 

Boots 

Gloves (inner/outer) 

Duct tape 

Respirators, respirator cartridges, and/or dust 
masks 

Raingear and/or warm clothing 

Insect repellent (should not contain chemicals that 
will be target analytes or in matrix spikes) 

Miscellaneous 
Keys for access to site, graphite lubricant for locks 

Folding table 

Camera and film 

Flashlight and extra batteries 

Toolbox, including hacksaw 

Calculator 

Site Surface Characterization 
Maximin thermometer 

Humidity gage or sling psychrometer 

Hand-held anemometer 

4-ft staffs with flags or flagging (for wind direction 
indicators) 

Clinometer for slope measurement 

6-ft rod and colored tape to mark eye level for 
clinometer readings 

8 

(Continued) 



Form 1-2. (Continued) 

Soil Description Equipment/Materials 

Field notebook, pencils, ballpoints, and markers 

Clipboard with cover 

Microcassette recorder, spare microcassettes and 
batteries (optional for notetaking) 

Map of soil sampling locations 

Soil profile and related information forms (Form 
3-1) 

Unified (ASTM) texture determination form (Form 
3-2) 

Other soil data collection forms: 

Carpenters rule (for measuring horizon depth) 
and/or steel tape 

30-cm by 2-m plastic sheet for placing soil cores 
for description 

Munsell Soil Color book 

Knife (for cleaning exposed soil surfaces) 

Nails (for marking horizon boundaries) 

10 power hand lens (surface features. mineral 
identification, carbonate test) 

Sand size and coarse fragment determination 
scales 

1/2 in. mesh (for estimating areal distribution of 
features on excavated profile) 

Tile probe (soil depth determination in rocky soil) 

Stiff, 2-mm wire for crack depth measurement 

Graded sand of uniform color for crack 
characterization (excavation method) 

Stereoscopic microscope (5 to 6 in. working 
distance, 20 to 80 power) 

Small high intensity 6v flexible lamp (for 
illuminating microscope) 

(Continued) 
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Form 1-2. (Continued) 

Soil Sampling Equipment (specified in Sampling Plan) 

Hand-held sampling devices 
(Check all items that may be required at the site.) 

Shovel/spade 

Spoons 

Scoops 

Screw-type auger 

Barrel/bucket auger (regular, sand, mud, stone, 
planer, in situ soil recovery) 

Thin-walled tube 

Chisel rock breakers 

10 

Crescent wrenches, vice grips, pipe wrenches (for 
changing drill rod length and sampling tips) 

Weighted plastic mallet 

Tube sampler cleaning tool 

Power-driven sampling devices 
(Check types planned for use at the site.) 

Auger 

Split spoon 

Thin-walled tube samplers 

Texture Analysis and Sample Preparation Equipment 

_ _ Sieves (3 in., 112 in., No. 10, for characterizing 
coarse fraction) 

Hanging spring scale with canvas sling or pail (for 
weighing coarse fragments) 

No. 10 mesh stainless steel screens (for TOC and 
semivolatile samples) 

No. 10 mesh Teflon® screens (for metals samples) 

Compositing bucket/mixing containers (stainless 
steel, glass, Teflon® -lined suitable for all 
contaminants; aluminum pans for any contaminant 
except AI; plastic for metals analysis only) 

1-m square piece of suitable plastic, canvas, or 
rubber sheeting (for sample preparation) 

(Continued) 
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Form 1-2. (Continued) 

Sample, Equipment, and Waste Containers and Forms 
Brown plastic trash bags for dirty equipment 

White plastic trash bags for clean equipment 

Ziplock type plastic bags for protecting equipment 
that cannot be decontaminated (cameras, 
notebooks, etc.) 

Sample containers (sealed clean and labeled plus 
20 percent) 

Plastic bags for sample containers 

Sample description/identification forms 

Sample labels/tags 

Soil moisture tins 

Field Testing and Analysis 

_ _ Photoionization detector (PID) or flame ionization 
detector (FlO) 

Calibration gases for meters 

Hydrogen gas for FID 

Specialty gas meters (HCN, etc.) 

Explosimeter 

Scale/balance (0.1 gram accuracy) for weighing of 
samples (moisture, bulk density, organic matter) 

Infrared lamp, or small oven, and thermometer 
scaled to at least 120°C (for drying samples for 
moisture, bulk density, and organic matter tests) 

Portable gas soldering torch and porcelain crucible 
or small tin (not AI) with wire bracket or tongs (for 
ignition tests) 

Saran-ketone mixture (bulk density clod method) 
or sand-measuring or rubber balloon apparatus 
(bulk density excavation method) 

pH measurement kit and standard solutions (spare 
batteries, if necessary), and/or color dyes, pH test 
strips 

Glass or plastic stirring rod (pH test) 

Small containers for mixing water and soil (pH, 
specific conductance tests) 

(Continued) 

Field Methods, Equipment, and Documents 11 

Field Methods, Equipmen~ and Documents 

Form 1-2. (Continued) 

Field Testing and Analysis (Continued) 
_ _ Conductivity meter and specific conductance 

standards 

_ _ Quart container of distilled deionized water in 
squeeze bottle (for pH, texture, and carbonate 
tests) 

Common laboratory spatulas (for texture tests) 

Porcelain spot plate (carbonate test, iron oxide, 
manganese oxide scratch tests) 

Clean glass rod (carbonate test) 

1 0-percent HCI in plastic squeeze bottle 
(carbonate test) 

Solution of malachite green in nitrobenzene (for 
clay minerals test) 

Hydrogen peroxide (manganese test, organic 
matter tests) 

Test tubes or plastic vials and 5-percent silver 
nitrate, and 5-percent barium chloride solutions 
(chloride and sulfate tests) 

Small stoppable bottle, filter paper, and acetone 
(gypsum test) 

12 

Field sampling glove box and core paring tool (for 
aseptic core samples for microbiological 
analysis-see Section 3.3.1 0) 



Form 1-3. Soil Sampling Quality Assurance/Quality Control 
Checklist 

Check first column to identify needed items. Check second 
column when item has been obtained and packed prior to leav
ing for the field. 

Forms 

List of sample locations where duplicates and 
other OA samples are to be taken 

Sample alteration form (Form 3-1), multiple copies 

Field audit checklist (Form 3-2) 

Soil sample corrective action form (Form 3-3) 

QA Samples (check types specified in QA Plan)' 

Double-Blind Samples 

Field evaluation samples (FES) 

Low level field evaluation samples (LLFES) 

External laboratory evaluation samples (ELES) 

Low level external laboratory evaluation samples 
(LLELES) 

Field matrix spike (FMS) 

Field duplicate (FD) 

Preparation split (PS) 

Single-Blind Samples 

_ _ Field rinsate blanks (FRB)-also called field 
blanks, decontamination blanks, equipment 
blanks, and dynamic blanks 

_ _ Preparation rinsate blank (PRB)-also called 
sample bank blanks 

_ _ Trip blank (TB)-also called field blank 

Sample Preservation and Transport 

Chest or 6-pack cooler 

Ice 

MaxiMin thermometer 

Chain-of-custody forms and seals 

Shipping forms 

Analytical analysis request forms, if different from 
chain-of-custody forms 

(Continued) 

Field Methods, Equipment, and Documents 13 

FJeld Methods, Equipmen~ and Documents 

Form 1-3. (Continued} 

Decontamination 

Decontamination vessel 

Wash solution(s)-should be specified in 
Sampling Plan. 

Garden spray cans for wash fluids 

Rinse solutions (acetone, deionized water) 

Labels for containerized wastes (solid or liquid) 

• See van Ee et al. (1990) for more detailed discussion of these 
types of samples. 
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Form 1-4. Coding Sheet for ESES Site Knowledge Frames 

Object/ Attribute 

Nature of Heavy 
Metal Pollutants 

(enter elements 
concentrations
see Table 3-1 in 
Cameron [1991]) 

Climate/Weather 

Macrofauna and 
Mesofauna 

Slope 

Surface 
Erosion/Erodibility 

Surface Pollution 
Situations 

Surface Runoff 

Vegetation 

Source• 

Test 
results 

Lookup 

2.6 

2.2 

2.3 

1.1 

2.4 

2.5 

Wind Speed/Direction 2.1.2 

Value 

Mobile/ 
Toxic 

Non mobile/ 
Nontoxic 

Humid 
__ Temperate 
__ Dry 

__ Many 
Common 
Few 

__ Steep(>12%) 
__ Moderate (3-12%) 
__ Flat (<3%) 

Severe 
Moderate 

__ Slight to none 

__ Large areas 

Localized areas 

__ Rapid (H, VH) 
__ Medium (M) 
__ Slow (L, VL) 
__ Ponded (N) 

Dense 
__ Scattered/Sparse 

Absent 

Gale 
Breezy 

__ Calm to light 

·use observations recorded on Form 3-1 or refer to indicated 
section number in this guide. For lookup methods, refer to 
Appendix D in Cameron (1991 ). 
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Form 1-5. Coding Sheet for ESES Soil Knowledge Frames 

Object/ Attribute 

Bulk Density (glee) 

Cation Exchange 
Capacity 
(meq/100 g soil) 

Clay Minerals 

Color 

Compaction 

Consistency 

Corrosivity 

Source· 

3.1.6c 
Lab 

3.3.3 
Lab 

3.1.2 
3.3.7 
Lab 

3.1.3 

3.1.6e 

3.1.6b 

3.1.7e 
Lookup 

Electrical Conductivity 3.3.6 
(Salinity, mmhos/cm) Lab 

Fertility Potential 3.3.9 
Lab 

Value 

__ Low(<1.3) 
__ . Medium (1.3-1.6) 
__ High (>1.6) 

__ Low(<12) 
__ Medium (12-20) 
__ High (>20) 

__ Abundant (>27%) 
__ Mod!Siight(1-27%) 
__ None/Neg. (<1%) 

Dark 
Red and Yellow 
Brown 

__ Gray/Whitish 
Mottled 

__ High 

Moderate 
__ Low/Slight 

__ High 

Moderate 
Low/Weak 
Cemented 

__ High 

Moderate 
Low 

__ Nonsaline (<2) 
__ Slight (2-4) 
__ Moderate (4-8) 
__ Very (8-16) 
__ Extremely (> 16) 

__ High 

Moderate 
Low 

(Continued) 



Form 1-5. (Continued) 

Object/ Attribute 

Horizons 

Hydraulic 
Conductivity 
(micrometers/s) 

Infiltration/ 
Percolation (cmlhr) 

Micro biota 

Moisture 

Conditions 

Odor 

Organic Matter 

Porosity 

Reaction (pH) 

Source• 

3.1.1 

3.2.4 

3.2.5 

3.3.10 
Lab 

3.2.1 
Lab 

3.3.2 

3.3.1 
Lab 

3.1.4 

3.3.4 

Value 

Master Horizons 
Transitional 
Disturbed 
Buried 

__ High (> 1 0) 
Moderate (0.1-1 0) 
Low (0.01-Q.1) 

Inhibited ( <0.01) 

__ High(>5) 

Medium (1.5·5.0) 
Low(0.15-1.5) 

__ Inhibited (<0.15) 

Abundant 
Common 
Few 
None 

Wet 
Moist 

--Dry 

__ High 
__ Mod/Slight 

None 

Abundant (>4%) 
Moderate (2-4 o/o) 

__ Sparse ( <2%) 

__ Coarse (>5mm) 
__ Medium (2-5mm) 

Fine (0.5-2mm) 
Very fine (<0.5mm) 

Acid (<6.6) 
Neutral (6.6-7.3) 
Alkaline (>7.3) 

(Continued) 
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Form 1-5. (Continued) 

Object/Attribute 

Redox Potential 

Roots 

Structure Grades 

Surface Features 

Temperature 

Temperature 
Regimes 

Texture Classes 

Source• 

3.3.5 

3.1.5c 

3.1.5a 

3.1.5d 

3.1.8 

3.1.8 
Lookup 

3.1.2 

Value 

__ High Oxidized 

Intermediate 
__ Highly Reduced 

__ Many 

Common 
Few 

Structure less 
Weak 

Moderate 
__ Strong 

Prominent 
Distinct 
Faint 

__ High 

Medium 
Low 

__ Pergelic 
__ Cryic 

__ Frigid-lsofrigid 

Mesic:-lsomesic 
Thermic-lsothermic 

__ Hyperthermic-

-- lsohyperthermic 

__ Fragmental 
__ Sandy 
__ Silty 
__ Loamy 

__ Clayey 

__ Organic soils 

·use observations recorded on Form 3-1 or refer to indicated 
section number in this guide. For laboratory and lookup 
methods, refer to Appendix Din Cameron (1991). 
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Chapter 2 

Site Characteristics 

This chapter covers a number of weather-related factors 
that affect the ease or difficulty of soil description and 

sampling in the field (Section 2.1) and other site surface 
features at locations where soils are described or 
sampled. These features include slope (Section 2.2), sur
face erosion (Section 2.3), surface runoff (Section 2.4), 
vegetation (Section 2.5), and macro- and mesofauna as
sociated with the surface and subsurface (Section 2.6). 

2.1 Climate and Weather 
Climate exerts a profound influence on soil directly 

through soil forming and weathering processes such as 
precipitation, evapotranspiration, and temperature, and in
directly by its influence on vegetation. Climate is a known 
factor at a site that is usually evaluated by analysis of 
meteorologic records from nearby weather stations, al
though in some instances detailed monitoring of 
meteorologic parameters such as precipitation, tempera
ture, and wind may be required as a part of site charac
terization and remediation. This guide does not cover 
methods for systematic monitoring of climatic factors. 

Weather refers to the state of the atmosphere at a 
site during field investigation activities. Unusual weather 
conditions are usually noted during the sampling and 
description of soils. Weather usually doesn't become a 
concern during field work unless conditions, such as rain 
or snow, adversely affect the carrying out of field proce
dures or create health and safety concerns for field per
sonnel. The major weather parameters to be monitored 
during field work include air temperature, wind speed and 
direction, and humidity. The site health and safety officer 
is primarily responsible for evaluating adverse weather 
conditions and pacing field activities accordingly, but field 
personnel should communicate their own feelings about 
working under adverse weather conditions. 
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2.1.1 Air Temperature 
Air temperature is primarily a concern when it is at 

one extreme or the other. Heat becomes a special con
cern when protective clothing must be worn on site, be
cause the impervious material used increases sweating 
and the possibility of heat stress from dehydration. Ex
treme cold makes sampling and notetaking difficult. Max
min thermometers are relatively inexpensive and daily 
extremes should be recorded along with periodic observa
tions through the day, if appropriate. Wind speed (see 
Section 2.1.2) should be monitored when working in the 
winter to determine wind chill temperatures. Humidity (see 
Section 2.1.3) should be monitored when the climate is 
humid and temperatures are high. 

2.1.2 Wind Speed and Direction 
In winter, wind speed should be monitored to es

timate wind chill temperature. Hand-held anemometers 
can be used for this purpose. High winds create un
favorable conditions for soil sampling, especially when soil 
is dry, because of the possibility of contamination from 
blowing surface soil and the mobilization of contaminated 
subsoil that is brought to the surface. When it is breezy, 
personnel should position themselves upwind during soil 
sampling, and avoid sampling in locations where con
taminated soil might blow into the exclusion area. ~our
foot staffs with flags or flagging placed around the site can 
serve as wind direction indicators. Wind speed and direc
tion should be recorded at each location where soils are 
sampled. 

EPA's ESES defines wind speed classes as follows: 

Gale: >32 mph (>37 knots) 
Breezy: 4 to 32 mph (3 to 37 knots) 

Galm to light: <4 mph ( <3 knots) 

2.1.3 Humidity 
Relative humidity, the ratio of measured atmos

pheric water vapor pressure to that which would prevail 
under saturated conditions, is the most commonly used 
measure of atmospheric moisture. For general field use, 
relative humidity can be measured using a humidity gage, 
but if very accurate measurements are desired, a sling 
psychrometer should be used. 



Humidity is primarily a concern for field operations 
when it is very high or very low. Very high humidity as
sociated with high temperatures increases the danger of 
heat stress in field personnel, especially when protective 
clothing must be used on site. When sampling for soil 
moisture when the humidity is low, special care should be 
taken to minimize exposure of soil to the air- to avoid 
drying before the sample is sealed. 

2.2 Slope 
Slope is an important site feature that influences 

the distribution of precipitation between the soil and sur
face runoff, and the movement of soil water. Slope 
gradient is usually measured as a percentage, but may be 
measured in degrees. Both gradient and the length of the 
slope (to the point where surface runoff loses its energy 
and deposits suspended soil particles) are required for es
timating erosion using the Universal Soil Loss Equation 
(see Section 2.3 below). Slope shape and topographic 
position influence the movement of water on the surface 
and in the subsurface. Slope aspect affects the moisture 
status of soil, with southern exposures usually drier than 
northern exposures due to increased evapotranspiration. 

Soil surveys prepared by the U.S. Soil Conserva
tion Service (SCS) differentiate soil map units in upland 
areas by the dominant soil series and a slope range (such 
as 0 to 2 percent, 2 to 6 percent, 6 to 12 percent, etc.) that 
is based on soil management considerations. Slope 
classes are based on slope gradient limits as follows (Soil 
Survey Staff, 1991 ): 

Slope Gradient 
Classes Limits(%) 

Simple Complex 
Slopes Slopes Lower Upper 

Nearly level Nearly level 0 3 

Gently sloping Undulating 1 8 

Strongly sloping Rolling 4 16 

Moderately steep Hilly 10 30 

Steep Steep 20 60 

Very steep Very steep >45 
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Different SCS county soil surveys may specify dif
ferent slope ranges for a slope class within the lower and 
upper limits identified above. 

The following slope features should be observed 
when preparing a soil description: 

Gradient (percent or degrees)-Measured using a 
clinometer and a rod with a marking at the ob
server's eye level. Siting through the clinometer up 
or downslope to the marker on the rod allows a 
direct reading in percent or degrees. Accurate 
readings require that (1) the line of siting is perpen
dicular to the contour of the slope, and (2) there is 
no change in slope gradient over the distance the 
siting is taken. 

Length (if erosion potential is evaluated). 
Shape-Convex, concave, or flat. 

Topographic positio~Summit, shoulder, back
slope, footslope, toeslope, or floodplain. 

2.3 Surface Erosion and Erodibility 
Reid evaluation of surface erosion has two com

ponents: (1) assessment of soil loss or deposition that has 
occurred in the past, and (2) evaluation of the future 
erosion potential. 

In upland soils, the amount of erosion can be in
ferred by comparing observed texture and color in the A 
and B horizons (see Section 3.1.1 for definitions of 
horizons) with a nearby undisturbed soil in a similar 
topographic setting (if available), or with a soil profile 
description prepared by the SCS for the soil series to 
which the soil belongs. The thickness of the A horizon is 
reduced in moderately eroded soils, and may show 
mixing with the B horizon if the soil has been cultivated. 
Rill erosion, the removal of soil through the cutting of 
many small, but conspicuous channels, may be evident on 
unvegetated soil. In severely eroded soils, most of the 
topsoil is missing and gully erosion (channels that cannot 
be obliterated by ordinary tillage) may be evident. Soils 
with slight to no erosion have fully developed A horizons 
and surface material showing little evidence of erosion. 

II 

-.. 
11!111!1 .. 
-IIIII 
11111111! .. 
Ill 

IIIII 

... 
IIIII .. 
IIIII 

-... 
111!11 

11111111 

... .. 
IIIII 

... 

-IIIII 
"" lllllit 

IIIII .. 
IIIII .. .. 
IIi 

111111 

lllllli 

111!111 -.. 
• 



•• 

-

In depressional areas, the thickness of soil that has 
accumulated as a result of accelerated erosion can be 
measured by finding the top of the natural A horizon, 
provided the eroded material can be differentiated by 
color, texture, and other soil features. Surface con
taminated soil preferentially concentrates in such areas, 
and special sampling may be desirable. 

Use of the Universal Soil Loss Equation (USLE) or 
its revised version (RUSLE) to estimate erosion potential 
from a site requires the following field observations: (1) 
slope gradient and length (see Section 2.2 above) and (2) 
vegetation (Section 2.5). The soil erodibility factor (K) can 
usually be obtained from SCS soil series interpretation 
sheets. If classification of a soil is uncertain, the K factor 
can be estimated using soil erodibility nomographs (SCS, 
1983). The following soil properties must be described or 
estimated to use these soil nomographs: (1) percent silt 
plus very fine sand, (2) percent sand (0.10 to 2.0 mm), (3) 
percent organic matter (see Section 3.3.1), (4) soil struc
ture (see Section 3.1.5a), and (5) permeability class (see 
Section 3.2.4). 

EPA's ESES defines soil erodibility classes based 
on estimated annual soil loss, using the USLE or RUSLE, 
as follows: 

Severe: >10 metric tons/hectare. 

Moderate: 2.5 to 10 metric tons/hectare. 

Slight: <2.5 metric tons/hectare. 

2.4 Surface Runoff 
Surface runoff potential is important for evaluating 

the potential for transport of contaminants at the soil sur
face to surface streams or water bodies. 

SCS defines six runoff classes that can be used for 
qualitative comparison of runoff from different locations at 
a site (See Table 2-1}. Placement requires measurement 
of the slope gradient (see Section 2.2) and measurement 
or estimation of the saturated hydraulic conductivity (see 
Section 3.2.4). 

Computation of runoff by SCS's Curve Number 
Method requires placement of soils in hydrologic groups 
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based on saturated hydraulic conductivity (Ksar-see Sec
tion 3.2.4) and water table characteristics (Section 3.2.2). 
If the hydrologic class of the soil of interest is not known it 
can be determined using Table 2-2. ' 

2.5 Vegetation 
Vegetation at a site serves as an indicator of site 

history and site productivity and is a major detenninant in 
erosion potential at a site (see Section 2.3). 

Features observed and noted should include the 
nature, kind, extent, and distribution of plants and plant 
cover. The charts in Figure 3-3 (Section 3.1.2) for estimat
ing areal percentages of coarse fragments and mottles 
also can be used to estimate amount of vegetative cover. 
Vogel (1987) describes more precise methods for measur
ing vegetation cover such as the point-quadrant method, 
rated microplots, and line intercepts. 

Stunted vegetation or discolored leaves may be an 
indication of toxic effects from contaminants in the soil. In 
heavy metal contaminated sites, sampling of vegetation 
along with soil may be desirable to assess exposure 
through bioaccumulation. 

EPA's ESES defines qualitative vegetation classes 
as follows: 

Dense: Site completely covered with vegetation of 
predominant forms or varying composition and 
species, usually with slow temporal variability. 

Scattered to sparse: Plant cover, aerial, or soil 
surface vegetation, is intermittent or infrequent at 
site. 

Absent: No visible macrovegetation can be ob
served, but some scattered soil vegetation cover 
(e.g., algal-lichen crusts or mosses) may be 
evident. 



Table 2-1. Index Surface Runoff Classes 

Slope Runoff Classes* 
Gradient Ksat Class•• 

(%) VH H MH ML L VL 

Concave··· N N N N N N 

<1 N N N L M H 

1·5 N VL L M H VH 

5·10 VL L M H VH VH 

10-20 VL L M H VH VH 

>20 L M H VH VH VH 

• Abbreviations: Negligible-N; very low-VL; low-L; medium-M; 
high-H; and very high-VH. These classes are relative and not 
quantitative. 

•• See Section 3.2.4 for definitions. Assumes that the lowest 
value for the soil occurs at <0.5 m. If the lowest value occurs 
at 0.5 to 1 m, reduce runoff by one class. If it occurs at >1m, 
then use the lowest saturated hydraulic conductivity <1m. VL 
Ksat is assumed for soils with seasonal shallow or very shal
low free water. 

••• Areas from which no or very little water escapes by flow 
over the ground surface. 

Table 2-2. Criteria for Placement of Hydrologic Soil Groups 

Criteria* 

Soil 
Group• Ksat Free Water Depth!Ouration 

A >55 ov·· (>1.5 m) 

8 5.5to55 DorDV(>1 m) 

c .55 to 5.5 >S (>0.5 em) 

D <.55 S or SV (O to 0.5 m); 

Tthrough P 

·The criteria are guidelines only. They are based on the as
sumption that the minimum saturated hydraulic conductivity 
occurs within the uppermost 0.5 m. If the minimum occurs 
between 0.5 and 1 m, then Ksat for the purpose of placement 
is increased one class. If the minimum occurs below 1 m, 
then the value for the soil is based on values above 1 m 
using the rules previously given. 

•• See Section 3.2.2 for meaning of abbreviations. 
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2.6 Macro- and Mesofauna 
Soil macrofauna, such as burrowing animals, 

earthworms, and larger insects that can be measured in 
centimeters, and mesofauna, such as smaller mollusks 
and arthropods, affect soil profiles by mixing, changing, 
and moving soil material. The activities of soil macro- and 
mesofauna tend to increase the secondary permeability of 
soil horizons and thus provide preferential paths for sub
surface migrations of contaminants. 

Surface features that animals produce include ter
mite mounds, ant hills, heaps of excavated earth beside 
burrows, the openings of burrows, paths, feeding grounds, 
and earthworm or other castings. 

These features can be described in terms of (1) 
number of structures per unit area, (2) proportionate area 
occupied, and (3) volume of aboveground structures. 
Krotovinas, irregular tubular streaks of soil material with 
contrasting color or texture, resulting from filling of tunnels 
made by burrowing animals, may be observed in soil pits. 

Where soils are contaminated with heavy metals, 
collection of soil macro- or mesofauna for chemical 
analysis may provide evidence of bioaccumulation for ex
posure assessment, provided that similar species on near
by uncontaminated soils with similar characteristics can be 
obtained for comparison. 

Macro- and mesofauna are described for EPA's 
ESES by species and abundance per unit area as follows: 

Class Number/m2 

Macrofauna 

Many >10 

Common 5-10 

Few 1-5 

None 0 

Mesofauna 

Many >100,000 
Common 100-100,000 

Few 10-100 

None <10 
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Chapter 3 

Field Description 
and 
Analysis of Soils 

This chapter presents field test and soil description pro
cedures that can be done visually or with simple field 

equipment. Appendix D of Cameron (1991) identifies ref
erences where more detailed information can be found 
about more complex field procedures for measuring 
specific soil parameters. 

For nonengineering applications, the soil taxonomy 
of the U.S. Soil Conservation Service is the most widely 
used system for describing and classifying soils. The basic 
reference on this system is Soil Taxonomy, Agricultural 
Handbook 436 (Soil Survey Staff, 1975). Revisions and 
amendments are periodically published in looseleaf form 
as Soil Taxonomy Notes. The most recent edition of the 
pocket-sized Keys to Soil Taxonomy (Soil Survey Staff, 
1990) is the best concise reference source on classifica
tion of soils, and is recommended for use in the field (price 
and ordering information are given in the reference sec
tion). 

Unfortunately, the most up-to-date reference for 
current SCS soil description procedures, a major revision 
of Agricultural Handbook 18, Soil Survey Manual (Soil 
Survey Staff, 1991 ), is not yet readily available. Most of 
the soil description procedures in this guide are taken from 
the latest version of the new manual. Other important ref
erences for field investigation procedures for noncon
taminant parameters are published by SCS (1971 and 
1984). Procedures from the geologic literature for descrip
tion of unconsolidated material below the weathering zone 
are also included in this chapter. 
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3.1 Soil Physical Parameters 
A number of soil physical parameters such as 

coarse fragments, pores, mottled colors, roots, lateral fea
tures, and mineral concentrations require area measure
ments on the ground surface or the wall of a pit for 
conversion to volume or weight percentages. Section 
3.1.2 includes charts for estimating proportions of a fea
ture at the surface, but if more accurate measurements 
are desired, traverses on an arbitrary grid can be used. 

Coarse screening such as hardware cloth or rat 
wire with a 1/2-inch mesh makes a convenient and 
durable grid for small and medium objects as large as 2 to 
4 inches (5 to 10 em). A screen 1 foot square is suitable 
for most situations. Marking every fifth, tenth, or twentieth 
wire in each direction, or at intersections, with paint makes 
counting easier. When the screen is tacked over the area 
to be measured, a small wire pointer pushed into the soil 
at the intersection of each wire allows the most accurate 
counting of features in the grid. SCS (1971, Section 12.7) 
provides additional guidance on making linear and volume 
measurements. 

Form 3-1 provides a sample form for description of 
a soil profile. This form follows the sequence of features 
for description of soil horizons in this chapter. Standard 
forms used by SCS and coding sheets for computer 
programs, which automatically prepare narrative soil 
profile descriptions, can also be used. 

A dug pit that provides a lateral view of soil 
horizons is best for accurate and detailed soil profile 
description. Thin-walled tube samplers are the next best 
alternative. Appendix A.1 outlines procedures for soil 
descriptions using tube samplers and augers. Com
prehensive descriptions using one or two pits, along with 
less detailed tube/auger sampler descriptions at each 
sampling site, would probably provide the maximum 
amount of useful data. 



Form 3-1. Soil Profile and Related Information 

Soil Type or Designation ------------

Date, _________ ID No.--------
Described by ________________ _ 

Location'--------:----:---------
__________ Elevation _______ _ 

Wind Speed/Direction (2.1.1) -----------
Other Weather Conditions (2.1) -----------

Parent Material---------------
Topographic Position (2.2) 

Slope Gradient ____ Slope Length ------

Slope Shape Slope Aspect -----

Erosion (2.3) ---------------
Surlace Runoff Class (2.4) ------------
Vegetation (2.5) _______________ _ 

Macro· and Mesofauna (2.6) ___________ _ 

Engineering Properties (3.1. 7) 

USCS Texture---------------
Shear Strength Corrosivity ______ _ 

Soil Temperature/Regime (3.1.8) ---------
Water Table (3.3.3) 

Depth (MaxiMin) _____________ _ 
Thickness, if Perched ____________ _ 

Duration------------------
Drainage Class (3.2.4) -------------

lnMration (3.2.5) --------------
Redox Potential (3.3.5) ------------
Electrical Conductivity (3.3.6) -----------

Fertility Potential (3.3.9) -------------

Soil Classification --------------
Additional Notes----------------

(Continued) 
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Form 3-1. (Continued) 

Horizon (3.1.1 )" 

Depth 

Boundary 

Texture (3.1.2) 

Fines (<2 mm) 

>2mm% 

>2 mm description 

Color (3.1.3) 

Moist 

Dry 

Mottles (3.1.3) 

Color 

Description 

Pores (3.1.4) 

Structure (3.1.5a) 

Roots (3.1.5c) 

Surface Features 
(3.1.5d) 

Sedimentary Features 
(3.1.5e) 

Consistency (3.1.6b) 

Moist/Dry 

Cementation 

Bulk Density (3.1.6c) 

Compaction (3.1.6e) 

Water State (3.2.1) 

AWC(3.2.3) 

Ksat (3.2.4) 

OM (3.3.1) 

Odor (3.3.2) 

CEC (3.3.3) 

pH (3.3.4) 

Clay Minerals (3.3. 7) 

Carbonates (3.3.8) 

Other Minerals (3.3.8) 

Micro biota (3.3.1 0) 
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3.1.1 Soil Horizons 
Table 3-1 provides a key to SCS's 1981 system for 

designating master horizons, layers, and transitional 
horizons, along with the lower case letters that are used 
for subordinate distinctions within horizons. If an SCS soil 
survey of the site is available, the soil series descriptions 
should be reviewed for a general idea of the types of 
horizons likely to be encountered. SCS soil surveys pub
lished prior to around 1984 contain soil profile descriptions 
using the 1962 system. Table 3-2 compares the 1962 and 
1981 systems and provides approximate equivalencies 
where nomenclature has changed. 

In glaciated areas, it may be useful to make more 
precise designations for the C horizon. Table 3-3 shows 
subdivisions and diagnostic characteristics of four types of 
C horizons recognized by the Illinois State Geological Sur
vey. If this notation is used in the description, it should be 
clearly noted on the field sheet. 

Key features to record are the depth and charac
teristics of the boundary between horizons. The foliowing nota
tion can be used to describe horizon boundaries or contacts: 

Distinctness 

a abrupt (<2 em) 

c clear (2-5 em) 

g gradual (5-15 em) 

d diffuse (>5 em) 

Topography 

s smooth (nearly a plain) 

c - clear (pockets with width > depth) 

irregular (pockets with depth >width) 

b broken (discontinuous) 

A disturbed soil has been truncated or manipulated 
to the extent that its principle pedogenic characteristics have 
been severely altered or can no longer be recognized. 

A buried soil, or paleosol, is covered by an alluvial, 
loessial, or other depositional surface mantle of more 
recent material, and usually lies below the weathering 
profile of the soil at the land surface. As noted in Section 
3.1.5, buried soils may have high secondary porosity com
pared to materials above and below it, forming a potential 
zone for preferential movement of contaminants. 

Field Description and Analysis of Soils 31 

Field Description and Analysis of Soils 32 

Table 3-1. Definitions and Designation Nomenclature for 
USDA Soil Horizons and Layers (Adapted from SSSA, 1987) 

Master Horizons and Layers 
0 Horizons-Layers dominated by organic material, except lim

nic layers that are organic. 

A Horizons-Mineral horizons that formed at the surface or 
below an 0 horizon and (1) are characterized by an ac
cumulation of humified organic matter intimately mixed with 
the mineral fraction and not dominated by properties charac
teristic of E or B horizons; or (2) have properties resulting 
from cultivation, pasturing, or similar kinds of disturbance. 

E Horizons-Mineral horizons in which the main feature is loss 
of silicate clay, iron, aluminum, or some combination of 
these, leaving a concentration of sand and silt particles of 
quartz or other resistant materials. 

B Horizons--Horizons that formed below an A, E, or 0 horizon 
and are dominated by (1) carbonates, gypsum, or silica, 
alone or in combination; (2) evidence of removal of car
bonates; (3) concentrations of sesquioxides; (4) alterations 
that form silicate clay; (5) formation of granular, blocky, or 
prismatic structure; or (6) a combination of these. 

C Horizons--Horizons or layers, excluding hard bedrock, that 
are little affected by pedogenic processes and lack properties 
of 0, A, E, or B horizons. Most are mineral layers, but limnic 
layers, whether organic or inorganic are included. 

R Layers-Hard bedrock including granite, basalt, quartzite, and 
indurated limestone or sandstone that is sufficiently coherent 
to make hand digging impractical. 

Transitional Horizons 
Two kinds of transitional horizons occur. In one, the properties 

of an overlying or underlying horizon are superimposed on 
properties of the other horizon throughout the transition zone 
(i.e., AB, BC, etc.). In the other, distinct parts that are charac
teristic of one master horizon are recognizable and enclose 
parts characteristic of a second recognizable master horizon 
(i.e., E!B, B!E, and B/C). 

Alphabetical Designation of Horizons 
Capital letters designate master horizons (see definitions above). 

Lowercase letters are used as suffixes to indicate specific char-
acteristics of the master horizon (see definitions below). The 
lowercase letter immediately follows the capital letter 
designation. 

(Continued) 



Table 3-1. (Continued) 

Numeric Designation of Horizons 
Arabic numerals are used as (1) suffixes to indicate vertical sub

divisions within a horizon and (2) prefixes to indicate discon
tinuities. 

Prime Symbol 
The prime symbol (') is used to identify the lower of two horizons 

having identical letter designations that are separated by a 
horizon of a different kind. If three horizons have identical 
designations, a double prime (") is used to indicate the 
lowest. 

Subordinate Distinctions within Horizons and Layers 
a - Highly decomposed organic material where rubbed fiber 

content averages <116 of the volume. 

b - Identifiable buried genetic horizons in a mineral soil. 

c - Concretions or hard nonconcretionary nodules of iron, 
aluminum, manganese, or titanium cement. 

e - Organic material of intermediate decomposition in which 
rubbed fiber content is 1/6 to 2J5 of the volume. 

f - Frozen soil in which the horizon or layer contains 
permanent ice. 

g - Strong gleying in which iron has been reduced and 
removed during soil formation or in which iron has been 
preserved in a reduced state because of saturation with 
stagnant water. 

h - llluvial accumulation of organic matter in the form of 
amorphous, dispersible organic matter-sesquioxide 
complexes, where sesquioxides are in very small quantities 
and the value and chroma of the horizons are <3. 

i - Slightly decomposed organic material in which rubbed fiber 
content is more than about 215 of the volume. 

k -Accumulation of pedogenic carbonates, commonly calcium 
carbonate. 

m - Continuous or nearly continuous cementation or induration 
of the soil matrix by carbonates (km), silica (qm), iron (sm), 
gypsum (ym), carbonates and silica (kqm), or salts more 
soluble than gypsum (zm). 

n -Accumulation of sodium on the exchange complex sufficient 
to yield a morphological appearance of a natric horizon. 

(Continued) 
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Table 3-1. (Continued) 

o - Residual accumulation of sesquioxides. 

p - Plowing or other disturbance of the surface layers by 
cultivation, pasturing, or similar uses. 

q -Accumulation of secondary silica. 

34 

r - Weathered or soft bedrock including saprolite; partly 
consolidated soft sandstone, siltstone, or shale; or dense till 
that roots penetrate only along joint planes and which is 
sufficiently incoherent to permit hand digging with a spade. 

s - llluvial accumulation of sesquioxides and organic matter in 
the form of illuvial, amorphous dispersible organic matter· 
sesquioxide complexes, if both organic matter and 
sesquioxide components are significant and the value and 
chroma of the horizon are >3. 

-Accumulation of silicate clay that either has formed in the 
horizon and is subsequently translocated or has been 
moved into it by illuviation. 

v - Plinthite which is composed of iron-rich, humus-poor, 
reddish material that is firm or very firm when moist and that 
hardens irreversibly when exposed to the atmosphere 
under repeated wetting and drying. 

w - Development of color or structure in a horizon but with little 
or no apparent illuvial accumulation of materials. 

x - Fragic or fragipan characteristics that result in genetically 
developed firmness, brittleness, or high bulk density. 

y - Accumulation of gypsum. 

z -Accumulation of salts more soluble than gypsum. 
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Table 3-2. Comparison of the 1962 and 1981 USDA Soil 
Horizon Designation Systems 

Alphabetical Designation of Horizons 
Capital letters designate master horizons in both systems, but 

there are some changes in specific letter designations (see 
below). 

Lowercase letters are used as suffixes to indicate specific char
acteristics of the master horizon in both systems, but there 
are some changes in specific letter designations (see below). 
In the 1981 system, the lowercase letter always immediately 
follows the capital letter designation. 

Numeric Designation of Horizons 
1962 System: Arabic numerals used as suffixes to (1) indicate 

kind of 0, A, or B horizon, and (2) indicate vertical sub
divisions of a horizon; Roman numerals used as prefixes to 
indicate lithologic discontinuities. 

1981 System: Arabic numerals used as suffixes to indicate verti
cal subdivisions within a horizon and as prefixes to indicate 
discontinuities. Their use to indicate kind of 0, A, orB 
horizon has been eliminated. 

Prime Symbol 
1962 System: The prime used to identify the lower sequum of a 

soil having two sequa (horizon sequences), although not for 
a buried soil. 

1981 System: The prime used to identify the lower of two 
horizons having identical letter designations that are 
separated by a horizon of a different kind. If three horizons 
have identical designations, a double prime is used on the 
lowest. 

(Continued) 
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Table 3-2. (Continued) 

Comparisons of Horizon Designations (see Table 3-1 for 
definitions) 

Master Horizons Subordinate Horizon 
Distinctions 

1962 1981 1962 1981 

0 0 a 
01 Oi,Oe b b 
02 Oa,Oe en c 
A A e 
A1 A I 
A2 E g g 

A3 ABor EB h h 

AB 

A&B EIB ca k 

AC AC m m 
B B sa n 

81 BAor BE 0 

B&A BIE p p 

82 BorBw si q 
83 BCorCB 

c c ir s 
R R 

v 

IIB23t 28t3 w 

X X 

cs y 

sa z 

Source: Adapted from Guthrie and Witty (1982). 
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Table 3-3. Subdivisions of the C Horizon Used in Illinois 

Horizon Mineralogy Carbonates Color 

C1 

C2 

C3 

Strongly Leached 
altered 

Uniform, 
mottled 
or 
stained 

Altered 

Partly 
altered 

Unleached Uniform, 
mottled, 
or 
stained 

Unleached Uniform; 
rare 
stained 

C4 Unaltered Unleached Uniform 

Source: Follmer et al. (1979). 
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Structure 

Some soil 
structure, peds 
with clay films; 
structure of 
parent material
blocky; layered, 
or massive-
dominant; often 
porous 

Less soil, 
structure, clay 
films along 
joints; structure 
of parent 
material-blocky; 
layered, or 
massive-
dominant; 
often porous 

Massive, layered, 
or very large 
blocky; 
conchoidal 
fractures; dense 

Massive or 
layered, 
conchoidal 
fractures; dense 

37 
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3.1.2 Soil Texture Classes 
Soil texture, the relative proportions of silt-, sand-, 

and clay-sized particles (also called particle-size distribu
tion), is an important property from which many other soil 
parameters can be estimated or inferred. This section 
focuses on the USDA soil texture classification system. 
Many other classification systems have been developed, 
but of these, only the ASTM (Unified) system, which is 
oriented toward soil engineering applications, is covered in 
this field guide (see Section 3.1.7a). 

Figure 3-1 shows the USDA soil texture triangle. 
Classification is based on the fine fraction (less than 2 
mm), with modifiers applied where coarse fragments are 
more then 15 percent by volume. For example, a sample 
that plots on the texture triangle as a sand, contains 40 
percent rock fragments, which are mostly around 30 mm in 
diameter. Using Table 3-4, the adjective modifier for 35 to 
60 percent coarse fragments is the dominant rock plus the 
word "very." The SCS adjective for coarse fragments 
around 30 mm is gravelly or coarse gravelly. Thus, the full 
texture description would be "very coarse gravelly sand." 
The noun used to describe the coarse fragments is peb
bles or coarse pebbles. Table 3-4 also shows simplified 
descriptors for the >2 mm fraction based on the Wentworth 
scale, which is more commonly used by geologists. 

Sandy soil classes are often divided into subclass
es according to the coarseness of the sand grains. Figure 
3-2 shows the criteria for subclasses of sandy soils. Table 
3-4 summarizes abbreviations and designations for record
ing USDA soil texture in the field. Figure 3-3 provides 
charts for estimating percentages of coarse fragments in a 
soil horizon. Field determinations based on estimated per
centages of clay and sand should be verified by laboratory 
analysis of samples. 

The following general groupings of texture classes 
are sometimes used (see Table 3-4 for abbreviations): 

Sandy (light or coarse)-s, Is 

Silty (medium)-si, sil, sicl 
Loamy (medium)-sl, I, cl, sci (sil, si, sicl may be 
included in this category) 

Clayey (heavy or fine )-sc, sic, c 
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Using Materials Less Than 2.0 mm in Size. If 
approximately 20% or more of the soil material is 
larger than 2.0 mm, the texture term includes a modifier. 
Example: gravelly sandy loam. 

Example of Use: A soil material with 35% clay, 30% silt, 
and 35% sand is a clay loam. 

Figure 3-1. USDA soil texture triangle. 
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Table 3-4. Abbreviations and Designations for USDA Soil 
Texture Classes (including coarse fraction) 

<2 mm Fraction >2 mm Fraction (SCS) 

(See texture triangla, Adjective modifier 
Figure 3-1) (see text explanation) 

<15% none 

s sand <15-35% dominant rock 

Is loamy sand 35-60% dominant rock+ very 

sl sandy loam >60% (>5% fines) dominant 

I loam rock+ extremely 

si silt >60% (<5% fines) dominant 

sil silt loam rock adjective 

cl clay loam Other Descriptive Features 

sicl silty clay of >2 mm fraction 

loam Percent 

sc sandy clay Roundness 

sic silty clay Mineralogy/rock type 

c clay Sorting 

Rock Descriptors for >2 mm Fraction (SCS) 

40 

Adjective/Noun 

Shape/Size 
rounded, subrounded, 
angular, or irregular 

(diameter, mm) 

g gravelly/pebbles 2-76 

fg fine gravelly/fine pebbles 2-5 

mg medium gravelly/medium pebbles 5-20 

cg coarse gravelly/coarse pebbles 20-76 

k cobbly/cobbles 76-250 

st stony/stones 250-600 

b bouldery/boulders >600 

Flat (long, mm) 

st stony/stones 280-600 

b boulderylboulders >600 

ch channery/channers 2-150 

fig flaggylflagstones 150-380 

(Continued) 



Table 3-4. (Continued) 

Simplified Descriptors for >2 mm Fraction {IDEM) 

gn granules 2-4 

pb pebbles 4-64 

fpb fine pebbles 4-16 

cpb coarse pebbles 16-64 

cb cobbles 64-256 

b boulders >256 

Source: Soil Survey Staff (1991) and IDEM (1988). 

The USDA soil taxonomy defines particle-size 
classes for differentiation of the soils at the family level 
(Soil Survey Staff 1975, 1990) as described below: 

Fragmental-Stones, cobbles, gravel, and very 
coarse sand particles with too little fin~ earth to fill 
some of the interstices larger than 1 mm in 
diameter. 
Skeletal-Rock fragments make up 35 percent or 
more by volume. The dominant fine earth fraction 
(sandy, loamy, or clayey) is used as a modifier. 
Sandy-Texture of fine earth is sand or loamy 
sand with <50 percent very fine sand; <35 percent 
clay; <35 percent rocks. 
Loamy-Texture of fine earth is very fine sand or 
finer; <35 percent clay; <35 percent rocks. Sub
divisions include coarse-loamy, fine-loamy, coarse
silty, and fine-silty. 
Clayey-Texture of fine earth is >35 percent clay; 
<35 percent rocks. Subdivisions include fine and 
very fine. 

3.1.3 Soil Color 
Soil color is described using Munsell Soil Color 

charts (available from Munsell Color Company, 2441 N. 
Calvert St., Baltimore, MD 21218). Color is usually a good 
indicator of the redox status (see Section 3.3.5) of a 
horizon (uniform high chroma colors indicate oxidizing con
ditions; uniform low chroma colors usually indicate reduc
ing conditions; mixed chromas indicate variable 
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Soil separates 

Basic Subclass Very Coarse Medium Fine Very fine 
soil class coarse sand, 1.0- sand, 0.5- sand, sand, 0.1-

sand,2.0- O.Smm. 0.25 mm. 0.25- 0.05mm. 
1.0mm. 0.1mm. 

Coarse 25%ormore Less Less Less 
sand than 50"/o thanSO"'o than 50"/o 

Sand 25% or more Less Less 
than 50"/o than 50"/o 

Ill 

I 
"" Fine 

I 
50% or " .. sand more C/) -or- Less 

Less than 25"/o 
than 50"/o 

Very fine 50"k or 
sand more 

Loamy 25%ormore Less Less Less 
coarse than 50% than 50"k than 50"/o 
sand 

Loamy 25%ormore Less Less ., sand than 50% than 50% 
"" c: 

Loamy 

I I 
.. 50"/oor 

C/) ,.. fine sand more 
Less E -or-.. than 50% 0 Lass than 25% -' 

!Loamy 50"k or 
very fine more 
sand 

Coarse 25% or mora Lass Less Less 
sandy than 50% than 50% than50"k 
loam 

Sandy 30%ormore 
loam 

-and-.. Less Less Less E .. than25% than 30"4 than30% 0 
...J ,.. Fine 30"/oor Less , 

sandy than30"k " more .. 
loam 

-or-
C/) 

Between 15 and 30"/o 

Very fine 

I I 
30%or 

sandy -or- more 
loam 

Less than 15% More than 40% 

•Half of fine sand and very fine sand must be very fine sand. 

Figure 3-2. Percentage of sand sizes in subclasses of 
sand, loamy sand, and sandy loam basic texture classes 
(Source: Portland Cement Association, 1973). 
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Figure 3-3. Charts for es1imating proportions of coarse 
fragments and mottles (each fourth of any one square has 
the same amount of black). 
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saturation). In addition, low chroma, low value colors are 
often indicative of high organic matter content. 

Dark colors have low value (generally <3) and low 
chroma (generally <2). Red colors generally have hues of 
10YR or 2.5YR, and values and chromas >3. Yellow 
colors generally have values and chromas >6 and hues of 
7.5YR, 10YR, or 2.5Y. Brown colors typically have values 
from 3 to 6, chroma from 3 to 5, and hues of 7.5YR or 
1 OYR. Gray or whi~ish colors may be of any hue with 
chromas <2 and values generally >3. The Munsell Soil 
Color charts provide precise descriptors for any soil color 
reading. 

The following data should be recorded in field 
description of color: 

Color name. 

Color notation (chroma, hue, value) . 

Water state (moist or dry). 

Physical state (broken through ped is the stand
ard state. Others are rubbed between fingers 
(moist), or crushed/crushed and smoothed (dry)). 

Soil mottling is usually an indication of variable 
saturation, and is described according to abun
dance, size, and color contrast. Figure 3-3 
provides charts that may help in estimating mottle 
abundance, and Figure 3-4 provides guidance in 
identifying contrast. 

Abbreviations, descriptors, and criteria for descrip-
tion of mottles are: 

Abundance 
f few (<2%) 

c - common (2-20%) 

m - many (>20%) 

Size 

1 fine (<5 mm) 

2 - medium (5-15 mm) 

3 - coarse (>15 mm) 

Contrast (see Figure 3-4) 

f faint (1 or 2 units H,C,V) 

d distinct (2-4 units H,C,V) 

p prominent (4-5 units H,C,V) 



CONTRAST OF MOTTLES 
For Use with Munsell Color Chart 

Ill 
4 

:::l 
iii 
> 
E 3 
Ill 
Cl 
c:: 
co 

0 2 

2 3 4 5 

Change in Chroma 

CHART DIRECTIONS: 

A. Select Change in HUE (None Ref. to Same Page). 

B. Record Greatest of VALUE or CHROMA at 

HUE Line Intercept (Faint, Distinct, or Prominent). 

Figure 3-4. Guide for designation of mottle contrast. 
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Shape (spots, streaks, bands, tongues, tubes) 

Location (inped, exped) 

Boundaries (sharp-like a knife edge; clear
colors grade over <2 mm; diffuse--colors grade 
over>2 mm) 

Color Ignition Test 
An ignition test using 2 or 3 grams of soil can 

provide useful information for interpretation of natural soil 
colors. The equipment and procedures described in Sec
tion 3.3.1 for organic matter should be used, except that 
weighing of the samples is not required. The following 
provides some guidance for interpreting colors: 

Organic matter contributes black, brown, reddish 
(spodic horizons), and grayish colors. It burns away, leav
ing a whitish residue if it is the only colored material. 

Minerals such as quartz, which make up the bulk of 
sand and silt-sized particles, are mostly colorless or pale 
colored to gray. These particles will not change color with 
ignition. Mineral grains may be cemented with lime or 
silica or stained with iron oxide, especially in dry regions. 
SCS (1971, Section 17.1) describes procedures for clean
ing mineral surfaces of cement and stains. 

Iron oxides are red, brown, or yellow. If browns 
and yellows become redder and brighter with ignition, 
highly hydrated iron oxide (goethite) is present. 

Ferrous (reduced) iron is indicated by gray, blue, 
or green colors, and turns red when ignited to form 
hematite. 

Manganese oxides form black and purple bodies 
and effervesce vigorously in a 5 percent solution of 
hydrogen peroxide (See Section 3.3.8). Dark reddish 
brown and dark brown surface soils in the southeastern 
United States usually contain enough manganese oxides 
to give a positive reaction to peroxide. 

3_tA Soil Porosity 
Laboratory analysis is required for accurate deter

mination of soil porosity, but field description of soil pores 
can provide useful qualitative data for estimating per
meability and characterization of soil variability at a site. 
Johnson et al. (1960) provides more detailed guidance on 
classification and description of soil pores. 
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Figure 3-5. Charts for estimating pore and root size. 
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SCS describes pores according to (1) abundance, 
(2) size, (3) distribution within the horizon, and (4) type. 
Figure 3-5 can be used to estimate pore size in the field. 
Below are abbreviations, descriptors, and criteria for 
describing pores in the field: 

Abundance No./Unit 
Classes Area 

1 few <1 

2 - common 1-5 
3 - many >5 
Size Classes Diameter Unit Area 
vf very fine <0.5 mm 1 

fine 0.5-2 mm 1 

m medium 2-5mm 10 

cos coarse 5-10 mm 10 
vcos- very coarse >10 mm 

Distribution within Horizons 

in - inped (most roots and pores are 
within peds) 

cm2 

cm2 

cm2 

cm2 

m2 

ex - exped (most roots and pores follow 
interfaces between peds) 

Types of Pores 

v - vesicular (approximately spherical or 
elliptical) 

tubular (approximately cylindrical and 
elongated) 

irregular 

3.1.5 Zones of Increased 
Porosity/Permeability 
Weathering and other soil-forming processes often 

increase the secondary porosity and permeability of un
consolidated materials. In addition, the mode of deposition 
of unweathered materials may create vertical and lateral 
variations in permeability that should be described. In
creased secondary porosity is usually confined to the zone 
of soil weathering near the surface. Buried soils 
(paleosols) in glaciated areas represent zones of potential 
lateral movement of contaminants due to increased secon
dary porosity, if underlain by less permeable material. 



3.1.5a Soil Structure Grades 
Soil structure is an important feature that affects 

the movement of contaminants in soil. Contaminants often 
move preferentially along the interfaces between soil 
structure units. SCS describes soil structure according to 
shape (see Figure 3-6 for illustrations), grade, and size 
(see Figure 3-7 for charts). Below are abbreviations, 
descriptors, and criteria for describing soil structure in the 
field: 

Grade 

0 structure less (massive or single grain) 

weak (poorly defined individual peds) 

moderate (well formed peds, but 

1 

2 

3 

Size 

vf 
f 
m 
c -
vc-

not distinct) 

strong {durable peds, quite evident in 
place; will stand displacement) 

Shape 

abk-
pi-platy angular 

gr- blocky cl-
granular sbk- columnar 

cr- subangular pr-
crumb blocky prismatic 

very fine <1 mm <5mm <10mm 
fine 1-2 mm 5-10 mm 10-20 mm 
medium 2-5mm 10-20 mm 20-50mm 
coarse 5-10 mm 20-50 mm 50-100 mm 
very >10mm >50mm >100 mm 
coarse 

Accurate identification of columnar or prismatic 
structure generally requires a soil pit. Blocky structure can 
usually be identified in cores taken from thin-walled 
samplers, but size class cannot always be accurately 
identified. Augers disturb the soil too much to allow ac
curate description of soil structure. 

3.1.5b Extrastructural Cracks 
Cracks are macroscopic vertical planar voids with 

a width much smaller than length and depth, which result 
from soil drying. Extrastructural cracks extend beyond the 
planar surfaces between soil structural units and represent 
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A 

tl" 
CP 

c D 

E 

Figure 3-6. Drawings illustrating some of the types of soil 
structure: A, prismatic; B, columnar; C, angular blocky; D, 
subangular blocky; E, platy; and F, granular. 
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Platy 

Granular 

mm Crumb 

2 fine 

3 

4 medium 

5 

7 
coarse 

0 

2 

2 0 

- very 

coarse 

5 0 

Shape 

Blocky 

very 

fine 

fine 

medium 

coarse 

Columnar 

Prismatic 

very 

fine 

fine 

medium 

Figure 3-7. Charts for estimating size class of different 
structural units (see also Figure 3-5 for platy, granular, and 
crumb structures). 
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major potential channels for increasing infiltration of water 
during precipitation and preferential contaminant move
ment into the soil. The presence of irreversible cracks in 
the soil increases ponded infiltration (see Section 3.2.5). 

cracks: 
SCS define four major types of extra-structural 

Surface-initiated reversible cracks form as a 
result of drying from the surface downward. They 
close after relatively slight surficial wetting and 
have little influence on ponded infiltration rates. 

Surface-initiated irreversible cracks form from 
freeze-thaw action and other processes, and do 
not close completely when rewet. They extend to 
the depth that frost action has occurred, and act to 
increase the ponded infiltration rates. 

Subsurface-initiated reversible cracks form in 
subsoils with a high shrink-swell potential as the 
soil dries from field capacity. They close in a matter 
of days if the horizon becomes moderately moist or 
wet. They extend to the surface (unless the surface 
horizon does not permit the propagation of cracks), 
and increase ponded infiltration and rates of soil 
evaporation. 

Subsurface-initiated irreversible cracks are per
manently present in the subsurface. 

Tests for Crack Characterization 
A crack index value may be obtained by using a 

blunt wire, approximately 2 mm in diameter. More detailed 
characterization of cracks can be accomplished by pour
ing loose sand into the crack and excavating after wetting 
and after the crack has closed. 

Penetrant cracks are 15 em or more in depth as 
measured by an inserted wire. Surface-connected cracks 
occur at the ground surface or are covered by up to 1 0 to 
15 em of soil material that has very high or high saturated 
hydraulic conductivity with soft, very friable, or loose con
sistency. Surface connected cracks increase ponded 
infiltration . 

Crack development is primarily associated with 
clayey soils and is most pronounced in high shrink-swell 
soils (see Section 3.1.7d). 



3.1.5c Roots 
The penetration of plant roots into the soil in

creases the secondary porosity of soil, and, after the plant 
dies and the root decomposes, leaves channels for more 
rapid flow of water through the soil. The absence of roots 
in the near surface is also an indication of reduced 
porosity/permeability. 

A soil pit is required to accurately describe soil 
roots. SCS conventions for describing roots in soil are 
similar to those for soil pore description, although the 
criteria for abundance and size classes are different from 
those for pores. These classes are described below: 

Abundance NoJUnit 
Classes Area 

1 - few <1 
v1 - very few <0.2 

m1- moderately few 0.2-1 

2 common 
3 - many 

1-5 

>5 
Unit 

Size Classes Diameter 

<0.5mm 
0.5-2 mm 

Area 

vf very fine 

fine 

m 
cos 

medium 

coarse 
2-5mm 

5-10 mm 
vcos - very coarse > 10 mm 

Distribution within Horizons 

1 

10 

10 

in - inped (most roots are within peds) 

ex - exped (most roots follow interfaces 
between peds) 

cm2 

cm2 

cm2 

cm2 

m2 

Figure 3-5 provides charts for estimating root size. 

3.1.5d Surface Features 
Surface or lateral features such as clay films and 

silt coatings are often indicators of areas of increased per
meability in the soil. Stress formations, on the other hand, 
are good indicators of active shrinking and swelling of 
clays in the soil. SCS describes lateral features according 
to (1) kind, (2) amount, (3) distinctness, and (4) location. 
Section 13.1 in SCS (1971) provides more detailed 
guidance on the observation of features on ped faces. A 

Field Description and Analysis of Soils 53 

Field Description and Analysis of Soils 54 
:,:.,;,:.::·!«.:"::::::::::•K-:-:.-::-:::.~-:-:~:·::::::::::~:-:,.;.:,:,:,;.:,:,:::.,:,:.;•:•:•:·:·:::·:·:::·:'i!·:,:-::~.;..;,::,-:,:,:.,:,::::::~«·:{-:,:;:,:.:.,:::·:•:·:::·:::·:::::::-:::::::·:·:::-:::·:::-:::·:::·:O:·!·!•:·:.;.;.;;:-:::-:·:·:::•:·::: 

stereoscopic microscope illuminated by a high-intensity 
lamp is useful for more detailed observation of lateral 
features. Criteria for descriptors of lateral features are as 
follows: 

Kind Amount 

Coatings 

Clay films 

Clay bridges 
Sand 

Silt 

Other 
Stress formations 

Pressure faces 

Slickensides 

Distinctness 

vf 

c 
m 

very few ( <5%) 

few (5-25%) 
common (25-50%) 

many(>50%) 

Faint-Requires 10 power magnification; little con
trast in properties with material. 
Distinct-Detectable without magnification al
though magnifier or other tests may be req~ired ~or 
positive identification. Contrast in propert1es w1th 
adjacent material evident. 
Prominent-Conspicuous without magnifier; 
properties contrast sharply with adjacent material.· 

Location 
Surfaces of peds, channels, pores, primary par
ticles or grains, soil fragments, rock fragments, 
nodules, or concretions. 

3.1.5e Sedimentary Features 
Sedimentary features in unweathered uncon

solidated materials often allow inferences to be made 
about the depositional history of the material a~d, _when 
combined with particle-size distribution data, ass1st m the 
location of zones of more rapid lateral movement of con
taminants. The main features described are type and 
orientation. The following types and orientations are taken 
from the Indiana Department of Environmental Manag_e
ment guidelines for description of unconsolidated matenal 
at hazardous waste sites (IDEM, 1988): 

I I 

IIIII 

... .. -.., -
IIIII 

IIIII 

... -
~ ... 
~ -
IIIII -.. 
!IIIIi 

... -
IIIII 

""" 
1111111 

... 
1!!11 

"iii 

IIIII! -
illlll .. 

'IIIII! -.. 
~ 

... -.. .. 



"'"" 

... 

Type 
(describe thickness) 
1 - bedding/lamination 

2 - cross-stratification 

3 - deformation 
in bedding 

4 - bedding/surface 
structures 

5 - fossils/bioturbation 

6 massive 
(no structure) 

3.1.6 Zones of Reduced 
Porosity/Permeability 

Orientation 
ver vertical 

hor horizontal 
obi oblique 

Low-permeability soil or other horizons in uncon
solidated material inhibit the downward movement of con
taminants. Ground water tends to perch above such zones 
and transport contaminants laterally. Soil features indicat
ing such zones include (1) slowly permeable genetic 
horizons, (2) very firm and very hard consistency classes, 
(3) high bulk density, (4) root restricting layers, and (5) 
high penetration resistance. 

3.1.6a Genetic Horizons 
Fragipans and cemented or indurated horizons 

formed by the precipitation of carbonates, silica, iron 
oxides, or other minerals are distinctive features of certain 
soil series. Determination of degree of cementation re
quires wetting the sample for at least an hour (see 3.1.6b). 

There are substantial problems in the field iden
tification of fragipans. Witty and Knox (1989) suggest the 
following essential characteristics of a fragipan: 
1. One or more of the subhorizons are brittle at or 

near field capacity throughout the subhorizon or at 
least in any large prismatic structural units that 
have horizontal dimensions of 10 em or more and 
constitute 60 percent or more of the volume. 

2. Air-dried fragments of 5 to 10 em in size from any 
part of the horizon slake or fracture when placed in 
water. 
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3. 

4. 

Roots are virtually absent, except in vertical 
streaks, between any large prismatic structural 
units that have horizontal dimensions of 1 0 em or 
more and that constitute 60 percent or more of the 
volume. 

There is evidence of pedogenesis in the form of 
mottles, clay films, or vertical streaks that define 
large prisms. 

Many or all fragipans also exhibit one or more of 
the following characteristics: 

1. Relatively low vertical saturated hydraulic conduc
tivity (slow or very slow permeability), as measured 
or as revealed by evidence of perched water in the 
form of mottles, an E horizon, or seasonal seepage 
immediately above the pan. 

2. High bulk density (commonly <35 percent porosity 
of the fine-earth fraction) relative to overlying 
horizons. 

3. Large prisms defined by vertical streaks that are 
arranged in a polygonal pattern on a horizontal 
exposure. 

Both vertical and horizontal exposure of the 
horizon is required for complete description of a fragipan. 

3.1.6b Rupture Resistance 
(Consistency) 

Rupture resistance, also called consistence or con
sistency, is a readily observed feature in the field. Terms 
used to describe rupture resistance vary depending on the 
moisture content of the sample tested (see Table 3-5). 
The very firm (moist) and very hard (dry) classes, and 
those that are firmer or harder, are indicative of reduced 
porosity/permeability. The footnotes to Table 3-5 describe 

·the procedure for estimating rupture resistance classes. 
SCS recommends practice with scales to gain a more 
precise tactile sense of the transition between the different 
classes. 

Cementation Test. Degree of cementation can be 
estimated by applying the rupture resistance tests in Table 
3-5 to an air-dried specimen that has then been placed in 
water for at least an hour. Terms used to describe 



Table 3-5. Rupture Resistance (Consistency) Classes 

Moist 
~os·) 

Loose 
Very 
friable 

Friable 

Firm 

Very 
firm 

Dry Conditions of Failure .. 
(DM. ov·) 

Loose Specimen not obtainable 
Soft Fails under very slight 

force applied slowly 
between thumb and 
forefinger 

Slightly Fails under slight force 
hard applied slowly between 

thumb and forefinger 

Hard Fails under moderate 
force applied slowly 
between thumb and 
forefinger 
Fails under strong force 
applied slowly between 
thumb and forefinger 

Extremely Very 
firm hard 

Cannot be failed between 
thumb and forefinger but 
can be by applying 

Extremely 
hard 

pressure slowly with 
hands; fails if placed 
on a hard surface and 
gentle force applied 
underfoot 
Cannot be failed in hand, 
but can be crushed or 
broken underfoot by the 
full body weight applied 
slowly 

Stress 
Applied ... 

<8N 

8-20N 

20-40N 

40-SON 

80·160N 

160-SOON 

Rigid Rigid Cannot be failed underfoot 800N-3J 
by full body weight but 
can be by <3J blow 

Very 
rigid 

Very 
rigid 

Cannot be failed by blow >3J 
of3J 

Source: Adapted from Soil Survey Staff (1991 ). 

·see Table 3-8 for definitions of abbreviations. 
.. Standard specimens should be block-like and 25 to 30 mm on 
edge. If specimens smaller than the standard size must be 
used, corrections should be made for class estimates (i.e., a 1 0-
cm block will require about one-third the force to rupture as will a 
30-cm block). Stress is applied along the vertical in-place axis of 

(Continued) 
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Table 3-5. (Continued) 

the specimen by compressing it between extended thumb and 
forefinger, between both hands, or between the foot and a non
resilient flat surface. If the specimen resists compression, a 1-kg 
weight is dropped from progressively greater heights up to 30 
em, until rupture. 
... Both force (newtons; N) and energy Goules; J) are employed. 
One newton is equivalent to the force necessary to accelerate a 
1-kg mass 1 meter per second per second. One joule is the ener
gy delivered by dropping a 1-kg weight 1 0 em. A tactile sense of 
class limits may be learned by applying pressure through the 
tips of the fingers or ball of the foot to postal or bathroom scales. 

cementation are as follows (use Table 3-5 to estimate 
stress applied): 

Class Stress Applied 

Uncemented <8N 

Weakly cemented 8-80N 

Moderately cemented 80-800N 

Strongly cemented 800N-3J 

Indurated >3J 
Other consistence classes used in the field are 

plasticity and stickiness. These are a function of clay con
tent and are covered in Section 3.1.7a. 

EPA's ESES defines the following consistency 
classes: 

High: A soil when wet that shows high cohesion of 
soil particles, or adhesion of soil particles to other 
substances. 

Moderate: A soil when moist that shows moderate 
cohesion or adhesion. 

Low to Weak: A soil, usually dry, that shows 
reduced or poor cohesion or adhesion. 

Cemented: A type of soil that remains hard or brit
tle after an air-dried specimen has been placed in 
water for at least 1 hour. 

3.1.6c Bulk Density 
Accurate measurement of bulk density, expressed 

as glee, requires weighing a known volume of soil or 
determining both the weight and volume of an undisturbed 
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soil sample. Some commonly used methods are described 
below. 

Core Method. This method involves collecting a 
core of a known volume using a thin-walled sampler (to 
minimize disturbance of the soil sample), and transporting 
the core to the laboratory for weighing. Inserting a sam
pling cylinder inside the sampling tube allows other meas
urements to be made in the laboratory such as pore-size 
distribution, hydraulic conductivity, and water retention. 
Core samples should be placed in moisture-proof con
tainers to maintain field moisture content. 

Hole or Excavation Method. Bulk density can be 
determined directly in the field by excavating a quantity of 
soil, drying and weighing it (in the field or laboratory), and 
determining the volume of the excavation. This volume 
can be determined by measuring the volume of sand re
quired to fill the excavation, or placing a rubber balloon in 
the excavation and measuring the amount of water or 
some other liquid required to fill the space. SCS (1971) 
and Blake and Hartge (1986) describe equipment and field 
procedures for these methods. 

Coated-Clod Method. Bulk density of cohesive 
soils can be measured by coating a clod with a saran
ketone mixture and comparing the weights of the clod in 
air and water. Blake and Hartge (1986) describe this pro
cedure in detail. This procedure can be done in a field 
laboratory with a scale that weighs accurately to 1 gram in 
a range of 500 to 1,000 grams. SCS (1971) describes pro
cedures for determining the field-moist density and dry 
density of a clod. With these measurements, one can 
determine the minimum and maximum density, field mois
ture capacity, percentage of volume change, and ratio of 
moist and dry volumes for calculation of the coefficient of 
linear extensibility (COLE-see Section 3.1.7d). 

The bulk density at which resistance to root penetra
tion is high varies with texture as follows (SCS, 1983): 

Family Texture Bulk Density 
Sandy >1.85 

Coarse-Loamy >1.80 
Fine-Loamy >1.70 
Coarse-Silty >1.60 
Fine-Silty >1.50 
Fine >1.35 

Field Description and Analysis of Soils 59 

Field Description and Analysis of Soils 60 

3. "1.6d Root Restricting Layers 
Root restricting layers are an indicator that con

taminants will tend to move laterally along the top of the 
restrictive layer rather than vertically in the soil profile. 

SCS classifies root restricting soil layers, whether 
they are genetic horizons or not. based on a combination 
of other soil properties as follows (the sections that 
describe specific features are indicated in parentheses). 

Root depth observations are the most reliable in
dicator, with horizons incapable of supporting more than a 
few fine or very fine roots (see Section 3.1.5c) considered 
root restricting. 

Continuously cemented zones (see Section 
3.1.6b) of any thickness are considered root restricting. 

Zones >10 em below the rooting zone are con
sidered root restricting if they exhibit the following charac
teristics when water state is very moist or wet (Section 
3.2.1): (1) structure is massive, platy, or is weak of any 
type for a vertical repeat distance of <1 0 em (Section 
3.1.5a); and (2) rupture resistance is very firm (firm, if 
sandy) or extremely firm (Section 3.1.6b), or has a large 
penetration resistance (Section 3.1.6e). 

When a root restricting layer is present, soils are 
classified according to the following depth classes: 

Very shallow <25 em 
Shallow 25 to 50 em 

Moderately deep 50 to 1 00 em 
Deep 1 00 to 150 em 

Very deep >150 em 

3. "1.6e Penetration Resistance 
(Compaction) 

Penetration resistance is the capacity of the soil in 
its confined state to resist penetration by a rigid object. It 
is usually reported as megapascals (1 MPa = 10 bars or 
9.9 atmospheres of pressure). Large penetration 
resistance is an indicator of compaction or other soil fea
tures that impede vertical flow of contaminants (see Sec
tion 3.1.6a and d). Truck or tractor-mounted cone 
penetrometers are commonly used in engineering 
investigations and are increasingly being used to charac
terize the subsurface at contaminated sites. 



For soil descriptions, the pocket penetrometer, a 
hand-operated, calibrated-spring penetrometer, is a useful 
tool for helping identify root restricting layers. It is simple 
to operate, and can be pushed into the soil surface, core 
samples, or soil exposed in an open pit investigation. 

Penetration resistance depends strongly on water 
state (Section 3.2.1), which should be specified. Orienta
tion of the axis of insertion should also be specified. SCS 
defines penetration resistance classes based on the pres
sure required to push a pocket penetrometer with a 
diameter of 6.4 mm a distance of 6.4 mm into the soil in 
about 1 second, as follows: 

Classes Penetration Resistance (MPa) 

Small <0.1 
Extremely low <0.01 

Very low 0.01-0.1 

Intermediate 0.1-2 

Low 0.1-1 

Moderate 1-2 

Large >2 

High 2-4 

Very high 4-8 

Extremely high >8 
Compacted near-surface zones resulting from 

equipment traffic or tillage will have large penetration 
resistance, and higher rupture resistance (Section 3.1.6b) 
and bulk densities (Section 3.1.6c) than undisturbed near
surface horizons. 

Soil Survey Staff (1991) and Bradford (1986) 
provide further guidance on use and interpretation of 
pocket penetrometer readings. 

EPA's ESES uses the following soil compaction 
classes: 

High: Surface soils have been subject to high com
paction and consequent effects on soil structure, 
such as by vehicular and foot traffic, or livestock. 

Moderate: Surface soils have been less subjected 
to compaction, either through reduced applications 
and frequency of pressure on surface soils or be
cause the soil structure is more resistant to 
compaction. 
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Low to Slight: Surface soils are only slightly af
fected by compaction, either because of resistance 
to compaction or because they are less subject to 
application of compacting stressor. 

3.1.7 Soil Engineering Parameters and 
Properties 
Texture, clay content (amount and types of clays), 

and strength behavior at different moisture contents are 
the key properties affecting soil engine·ering. A number of 
classification systems have been developed for the selec
tion of soil materials and design of foundations and 
earthen structures. The ASTM (Unified) soil classification 
is the most widely used at contaminated sites and is the 
only one covered in this guide. 

Only field procedures for preliminary estimation of 
soil engineering properties are covered here. Laboratory 
tests are required for accurate determination of soil en
gineering properties. Once the Unified soil class has been 
identified, other properties such as permeability and 
suitability for different types of engineering applications 
can be estimated using Figure 4-14 in SCS (1990). 

3.1.7a Unified (ASTM) Texture 
Form 3-2 can be used to record the results of 11 

tests for field classification of soil texture for engineering 
uses. These tests are drawn from Brown et al. (1991), 
SCS (1990), and Soil Survey Staff (1991). Figure 3-8 sum
marizes how the results of these tests are used to es
timate texture in the Unified soil classification system. 
Procedures for specific tests identified in Figure 3-8 are 
described below, along with some alternative versions 
described by Soil Survey Staff (1991 ): 

Test 1 - Coarse-Grained Soil Test 
a. Spread a sample of soil on a flat surface (clip

board) and examine the particles. 

b. Approximate the grain size by visual inspection. 

c. If more than 50 percent of the grains are easily 
distinguished by the unaided eye, the material is a 
coarse soil; if less than 50 percent of the grains 
are easily distinguished by the unaided eye, the 
material is a fine soil. 
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If some of the particles could be aggregates of fine 
particles, saturate a small sample of the soil with 
water. 

Rub a large marble-sized (2 em) sample between 
the thumb and forefinger. Sand grains (coarse 
material) will feel rough and gritty, whereas 
aggregates of fine materials will break down and 
feel silky. 

Alternative Jar Method (Soil Survey Staff, 1991) 

Thoroughly shake a mixture of soil and water in a 
straight-sided jar or test"tube, and allow the mixture 
to settle. 

g. Sand sizes will fall out first, in 20 to 30 seconds; 
successively finer particles will follow. Estimate the 
proportions of sand and fines from their relative 
volumes. 

Test 2 - Sand/Gravel Tests 
2.a Gravel/Sand 

a. Spread a representative sample of soil on a flat 
surface. 

b. If more than one-half of the visible grains are 
greater than 2 mm, the material is gravel; if they 
are not, it is a sand. 

2.b Clean/Dirty Test 
c. Remove any coarse material greater than 2 mm in 

diameter. 

d. Saturate the remaining materials with water and 
work it with your hands. 

e. Hands will not be stained when fines are less than 
5 percent (GW or GP; SW or SP); hands will be 
stained when there is more than 12 percent fines, 
and weak casts can be formed (GM or GC; SM or 
SC). 

2.c Sorting Test 

f. Take a second sample of soil and place it on a flat 
surface. Spread it out and observe the grain size 
distribution. 

g. If coarse materials consist of evenly distributed 
particle sizes, the material is well graded (GW or 
SW); if they are chiefly of one size particle or large 
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and small particles without intermediate sizes, the 
material is poorly graded (GP or SP). 

Test 3- Fine-Grained Test 
a. When Test 1 indicates fine-grained soils, complete 

Tests 4 through 7 to determine if the material is 
clayey or silty. 

b. If Test 2b indicates dirty sands or gravels (> 12 per
cent fines), complete Test 4 to determine whether 
fines are plastic or nonplastic. 

Test 4 - Plasticity Test 
a. Wet and mold a small 2 x 2 x 2 em (3 teaspoons) 

soil sample so that it can be rolled into a thread 
without crumbing. The material will not stick to the 
hands if the correct amount of water is added. 

b. Roll the moist soil with the palm of the hand on any 
clean, smooth surface, such as a piece of paper or 
clipboard, to form a coarse thread and pull it apart. 

c. Observe difficulty of pulling thread apart: GC, SC, 
CH, or CL =tough (hard to pull apart); GM, SM, or 
MH = medium tough; GM, SM, or ML = weak 
(easily pulled apart). 
Alternative Plasticity Test (from Soil Survey 
Staff, 1991) 

d. Find the minimum thickness a 4-cm long roll must 
have to support its own weight: nonplastic = >6 mm; 
slightly plastic = 4-6 mm; moderately plastic = 2-4 
mm; very plastic = <2 mm. 

Test 5 - Ribbon Test 
a. Take a quantity of soil measuring at least 2 x 2 x 2 

em (3 teaspoons). Square and wet it with water 
until it reaches a plastic state. This condition 
prevails when the soil contains just enough mois
ture so that it can be rolled into 3-mm diameter 
threads. These threads or ribbons are formed by 
squeezing and working the sample between the 
thumb and forefinger. Plastic limit is governed by 
clay content. 

b. Observe properties of ribbon: ML =weak (breaks 
easily); MH = hard (does not break easily); CL = 
flexible with medium strength; CH = strong and 
flexible. 

I I 

""' -
.,..., 

---
..... 

-
-~ 

-
"""' -.. 
--....., 
"""' 
"'* 

""' 
...... 

.... 

.... 

... 
. .... 

... -.. -
...._ 

... .. 
--...... 
• -
llfl! 
.... 



,. 

, .. 

... 

, .. 

liiil 

Test 6- Liquid Limit Test (from SCS, 1990) 
a. Take a pat of moist soil with a volume of about 

8 cc (1.2 in.3) and add enough water to make the 
soil soft but not sticky. 

b. Rapidly add enough water to cover the outer sur
face, and break the pat open immediately. 

c. A positive reaction has occurred when the water 
has penetrated through the surface layer: LL = low, 
ii water has penetrated (ML, CL); LL = high, ii the 
water has not penetrated (MH, CH). [Note: direct 
sunlight facilitates observation of this phenomena]. 

Test 7 - Dry Crushing/Clod Strength Test 
a. Obtain a dry block of soil at least 2 em (3/4 in.) in 

its smallest dimension. 
b. Crush the clod between fingers and observe the ef

fort required: ML = easily crushed; CL or MH = 
medium-hard to break; CH = almost impossible to 
break. 

Test 8- Dilatancy Test (from SCS, 1990) 
a. Mold material into a ball about 15 mm (112 in.) in 

diameter. Add water, if needed, until it has a soft 
but not sticky consistency. 

b. Smooth the soil in the palm of one hand with the 
blade of a knife or spatula. 

c. Shake horizontally, striking the side of the hand 
against the other several times. Note the ap
pearance of water on the surface. Squeeze the 
sample and note the disappearance of water. 

d. Describe the reaction: none = no visible change 
(CH); slow= water appears slowly on the surface 
during the shaking and does not disappear or dis
appears slowly when squeezed (CL, MH); rapid= 
water appears quickly on the surface during shak
ing and disappears quickly when squeezed (ML). 

Test 9 - Toughness Test (from SCS, 1990) 
a. Take the specimen for the dilatancy test and shape 

it into an elongated pat and roll it on a hard surface 
or between hands into a thread about 3 mm (1/8 
in.) in diameter. (If it is too wet to roll, spread it out 
and let it dry.) 
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b. Fold the thread and reroll repeatedly until the 
thread crumbles at a diameter of 3 mm (1/8 in.). 
The soil has reached its plastic limit. 

c. Note the pressure required to roll the thread and 
the strength of the thread: circumferential breaks= 
CH or CL material; longitudinal cracks and 
diagonal breaks= MH. 

d. After the thread crumbles, lump the pieces 
together and knead until the lump crumbles. 

e. Note the toughness of the material during knead
ing. Describe toughness: low= only slight pressure 
required to roll the thread near the plastic limit, the 
thread and lump are weak and soft (ML); medium= 
medium pressure is required to roll the thread near 
the plastic limit, the thread and lump have medium 
stiffness (CL, MH); high = considerable pressure 
required to roll the thread near the plastic limit, the 
thread and lump are very stiff (CL, CH); nonplastic 
=thread cannot be rolled (CL, CH). 

Test 10- Stickiness Test 
a. Saturate a sample of the soil and let it dry on the 

hands. 
b. Observe ease with which soil is rubbed off: ML is 

brushed off with little effort; CL or MH require 
moderate effort to brush off; CH requires rewetting 
to completely remove. 

Alternative Stickiness Test (from Soil Survey 
Staff, 1991) 

c. Saturate a sample of the soil and press between 
thumb and forefinger. 

d. Observe the adhesion to thumb and forefinger 
when they are pulled apart: nonsticky = practically 
no adhesion (ML); slightly sticky = sticks to thumb 
or forefinger (MH); sticky = adheres to both, 
stretches slightly before breaking (CL); very sticky 
= adheres to both, stretches decidedly (CH). 

Test 11 - Organic Soils Test 
a. Smell soils suspected of having a high organic 

matter content. 
b. A distinctive, pungent musty odor is indicative of 

organic soils. 



c. Feel texture of soil: PT =spongy or fibrous texture; 
OL or OH = nonfibrous. 

d. If nonfibrous, do plasticity test (Test 6): OL = low 
plasticity; OH = high plasticity. 

3.1.7b Atterberg Limits 
Atterberg limits define various states of fine

grained soil material ranging from dry to liquid. The 
shrinkage limit (SL) is the water content at which a fur
ther reduction in water does not cause a decrease in the 
volume of the soil mass. The plastic limit (PL) is the 
water content at which soil changes from a semi-solid to a 
plastic state. At the plastic limit, a fine-grained soil will just 
begin to crumble when rolled into a thread approximately 
3 mm (1/8 in.) in diameter. The liquid limit is the water 
content at which soil consistency changes from a plastic to 
a liquid state. This is the water content at which a pat of 
soil, cut by a groove 2 mm wide will flow together for a dis
tance of 13 mm (1/2 in.) under the impact of 25 blows in a 
standard liquid limit apparatus. 

Accurate determination of Atterberg limits requires 
collection of samples for laboratory analysis. 

3.1.7c Shear Strength 
Shear strength can be estimated approximately in 

the field by the ease with which a sample can be 
penetrated by the thumb, as described in Table 3-6. 

Table 3-6. Field Estimation of Soil Shear Strength 

Consistency Identification Shear Strength 
Procedure (tonstlf 

or kg/cm2
) 

Soft Easily penetrated several <0.25 
inches by thumb 

Firm Penetrated several inches by 0.25to 0.50 
thumb with moderate effort 

Stiff Readily indented by thumb, but 0.50 to 1.00 
penetrated only with great effort 

Very Readily indented with thumbnail 1.00 to 2.00 
Stiff 

Hard Indented with difficulty by >2.00 
thumbnail 

Source: SCS (1990). 
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3.1.7d Shrink-Swell 
Certain clays shrink when pore water is lost during 

drying and subsequently swell during wetting. High shrink
swell clays are of concern at contaminated sites because 
deeply penetrating cracks create pathways for con
taminant movement during the early stages of the wetting 
phase. Where sodium rich clays with high dispersivity 
exist in the subsurface, a form of erosion called piping is 
also a concern. 

SCS defines shrink-swell potential classes based 
on linear extensibility (LE (%) = 100 x moist length - dry 
length/dry length) or the coefficient of linear extensibility 
(COLE= LE/100), as follows: 

Class LE (%) COLE Dbd/Mdb 

Low <3 <0.03 <1.1 

Medium 3-6 0.03-0.06 1.1-1.2 
High 6-9 0.06-0.09 1.2-1.3 

Very high >9 >0.09 >1.3 
LE can be measured by collecting a core from a 

wet or moist soil, carefully measuring its wet length, and 
setting it upright in a dry place. If the sample shrinks in a 
symmetrical shape without excessive cracking or crum
bling, its length should be measured and LE calculated. If 
the core crumbles or cracks, the coated clod method for 
bulk density measurement (see Section 3.1.6c) and the 
ratio of dry bulk density (Dbd) to moist bulk density (Mbd) 
should be used to place samples in shrink-swell classes 
(see table above). SCS (1971, Section 14.3) and SCS 
(1983) provide additional information on these procedures. 
SCS (1971) also describes a simple test for rough deter
mination of maximum potential shrinkage and density of 
disturbed soils. 

3.1.7e Corrosivity 
SCS soil series interpretation sheets give separate 

corrosion potential ratings for uncoated steel and for con
crete. If classification of a soil is uncertain, corrosivity can 
be estimated using the following field and laboratory
measured parameters: 

Uncoated steel - Texture (Section 3.1.2), water 
table (Section 3.2.2). drainage class (Section 
3.2.4), total acidity or extractable acidity as a rough 
equivalent to total acidity (Section 3.3.3), resistivity 
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at field capacity, and conductivity of saturated 
extract (Section 3.3.6). 

Concrete - Texture (Section 3.1.2), reaction 
(Section 3.3.4), and laboratory analysis of sodium 
and/or magnesium sulfate (ppm) and sodium 
chloride (ppm). 

Table 3-7 shows criteria for soils with high, 
moderate, and low corrosion potential for uncoated steel. 
Table 603-8 in SCS (1983) provides criteria to estimate 
corrosion potential for concrete. 

3.1.8 Soil Temperature/Temperature 
Regime 
Soil temperature affects evaporation rates of water 

and volatile contaminants and influences the amount of 
microbiological activity in the soil. In soil classification, 
mean annual or summer soil temperature and the relation
ship between mean summer and mean winter soil 
temperature are used for placement in soil temperature 
regimes. 

Ground-water temperature gives a close estimate 
of mean annual soil temperature if monitoring wells are 
available with water at a depth of 1 0 to 20 meters. AHema
tively, the average of four temperature measurements 
taken at a depth of about 50 em equally spaced 
throughout the year gives a good estimate of mean annual 
soil temperature. For mean summer temperature, readings 
may be taken on June 15, July 15, and August 15, and for 
mean winter temperature, on December 15, January 15, 
and February 15. 

SCS (1971, Section 14.4) and Smith et al. (1960) 
describe more detailed procedures for soil temperature 
regime measurement, including special procedures where 
ground water or bedrock is shallow. Taylor and Jackson 
(1986) discuss types of thermometers and methods for 
measuring soil temperature for other applications. 

EPA's ESES defines the following soil temperature 
classes based on point thermal measurements taken on 
the surface or with depth of soil at a point in time, or over 
a period of time: 

High: 38°C (100.4°F) 

Medium: 8-38°C (46.4 to 1 00.4°F) 

Low: <8°C (46.4°F) 
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Table 3-7. Guide for Estimating Risk of Soil Corrosion 
Potential of Uncoated Steel 

Class 

Low 

Moderate 

High 

Total 
Acidity* 

Drainage Class (meq/ 
and Texture 100g) 

Excessively drained <8 
coarse-textured or 
weii.<Jrained coarse-
to medium-textured soils; 
or, moderately well 
drained, coarse-textured 
soils; or, somewhat 
poorly drained 
coarse-textured soils 

Weii.<Jrained, 
moderately fine-textured 
soils; or moderately well 
drained, coarse- and 
medium-textured soils; 
or somewhat poorly 
drained, moderately 
coarse-textured soils; 
or, very poorly drained 
soils with stable high 
water table 

Well drained, fine-
textured, or stratified 
soils; or, moderately 
well drained fine- and 
moderately fine-textured 
or stratified soils; or, 
somewhat poorly 
drained, medium- to 
fine-textured or stratified 
soils; or poorly drained 
soil with fluctuating 
water table 

8-12 

>12 

Res is- Conduc-
tivity* tivity* 

(Ohm/ (mmhos/ 
em) em) 

>5,000 <0.3 

2,000to 0.3to 
5,000 0.8 

<2,000 >0.8 

• See Table 603-7 in SCS (1983) for further guidance on how 
measurements should be made and interpreted. 



3.2 Soil Hydrologic Parameters 

3.2.1 Moisture Conditions (Soil Water State) 
The terms used to describe soil properties may 

vary depending on the soil moisture content of the sample 
being observed. Soil water state is a more precise term for 
moisture conditions (Soil Science Society of America, 
1987). Soil water state should be noted for any observa
tions of properties that may vary with moisture content, 
such as color and consistency. 

Table 3-8 describes three main soil water state 
classes (dry, moist, and wet) and eight subclasses within 
these categories, as defined by SCS. The water state 
classification of a particular soil sample will depend on (1) 
texture (whether it is coarse or not), (2) how strongly water 
is held by the soil (suction), and (3) the amount of 
gravimetric water held by the soil in relation to the amount 
held at specified reference suction pressures (i.e., 1 ,500 
kPa for dry soils). 

Referring to Table 3-8, the following can be used 
as guidelines for field estimation of soil water state: 

Dry (VD) - Very little visual or tactile change be
tween field observation and after air-dried samples. 

Moist (MD) - Visual or tactile change between 
field observation and after air drying. 

Wet - Water films evident, but no free water 
(WN); free water present (WA). 

Between moist/wet and moderately dry/very dry 
separations, Soil Survey Staff (1991) describes four field 
water state tests: (1) color value test, (2) ball test, (3) rod 
test, and (4) ribbon test. These tests require calibration 
with the results of tests on similar soils that have been 
conducted at different known points on the moisture reten
tion curve. 

The following rules of thumb can be used to es
timate actual percentages of water at.different points on 
the moisture characteristic curve: 

Water (%) at 1 ,500 Kpa = 0.4 x estimated clay 
content 

Water(%) of air dry soil= 0.1 x estimated clay 
content 
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Table 3-8. Water State Classes 

Class 

Dry (D) 

Very dry (DV) 

Moderately dry (DM) 

Slightly dry (DS) 

Moist(M) 

Slightly moist (MS) 

Moderately moist (MM) 

Very moist (MV) 

Wet(W) 

Nonsatiated (WN) 

Satiated (WA) 

Suction 
(kPa)" 

>1500 

>1-1500 

Source: Soil Survey Staff (1991 ). 

Criteria 
Retention 

(%gravimetric moisture) 

<.35 x %water at 
1500 kPa 

.35 - 0.8 x % water at 
1500kPa 

0.8 to 1.0% water at kPa 

% water at 1500 kPa to 
MWR 

MWR""toUWR"" 

UWR"* to 1 or 0.5 kPa 

No free water 

Free water present 

·eoarse soil material is considered wet at 0.5 kPa suction and 
moist from 0.5 to 1500 kPa if it meets the following criteria: (1) 
sand or sandy-skeletal family particle-size criteria, (2) coarser 
than loamy fine sand, (3) <2 percent organic carbon, (4) <5 per
cent water at 1500 kPa, and (5) computed total porosity of the 
<2 mm fabric exceeding 35 percent. 

**UWR =upper water retention=% water at 5 Kpa (coarse soil) 
= %water at 10 KPa (other soil). MWR = midpoint water reten
tion= halfway between UWR and% water at 1500 Kpa. 
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Methods for accurately measuring moisture con
tent in the field require relatively sophisticated equipment 
and are not discussed further here (see Appendix D in 
Cameron (1991}, for information on field methods}. The 
same is true for accurate measurement of water retention 
at different matric potentials (moisture characteristic 
curves}. 

Moisture content and moisture characteristic 
curves are most commonly measured in the laboratory 
from samples collected in the field. Soil moisture tins with 
a capacity for about 250 grams of soil, filled to the brim 
and sealed with tape or plastic bags with any extra air 
removed before sealing, are best for determining field 
moisture content at the time of sampling. Undisturbed core 
samples are best tor laboratory measurement of moisture 
characteristic curves. 

SCS (1971, Section 14.1} describes procedures for 
determining water content that can be done in a field 
laboratory with the following equipment: balance accurate 
to 0.1 g; oven with thermometer or thermostat. or stove, 
hot plate, or infrared lamp; and thermometer with scale up 
to 150° C. 

3.2.2 Water Table (Internal Free Water 
Occurrence) 
SCS does not define a class tor saturation (i.e., 

zero air-filled porosity} because the term implies that all of 
the pore space is filled with water, a situation which can
not be readily evaluated in the field. Free water develops 
positive pressure when its depth is below the top of a wet 
satiated zone (the top of water in an unlined borehole after 
equilibrium has been reached}. 

SCS classifies free water occurrence (perched or 
regional water table} into classes depending on (1} thick
ness (if perched), (2} depth, and (3} duration as follows: 

Classes 

Thickness if perched 

Extremely thin (TE} 

Very thin (TV} 

Thin (T) 

Thick (TK) 
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Criteria 

<10cm 

10to 30 em 

30 em to 1m 
>1m 
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Depth 

Very deep (DV} 

Deep (D) 
Moderately deep (DM} 

Shallow (S} 

>1.5 m 

1.5 to 1 m 

1 to 0.5 m 
0.5 m to 25 em 

Very shallow (SV} <25 em 
Cumulative Annual Duration 

Absent (A} Not observed 

Very transitory (TV} 

Transitory (T) 

Common (C) 

Persistent (PS} 

Permanent (P} 

Present <1 month 
Present 1 to 3 months 

Present 3 to 6 months 

Present 6 to 12 months 

Present continuously 

3.2.3 Available Water Capacity 
Available water capacity (AWC} is the amount of 

plant-available soil moisture, usually expressed as inches 
of water per inch of soil depth. It is commonly defined as 
the amount of water held between field capacity and the 
wilting point. AWC is important in developing water 
budgets and designing drainage systems. 

Determination of AWC requires sampling of soil for 
moisture content when it is at field capacity. This requires 
sampling just after the soil has drained after a period of 
rain and humid weather, after a spring thaw, or after heavy 
irrigation. SCS (1971, Section 14.1} describes several 
other procedures tor bringing a plot to field capacity by 
wetting, and several methods for wetting clods or cores to 
approximate field capacity. SCS (1983} provides further 
guidance on calculation and estimation of AWC. 

3.2.4 Saturated Hydraulic Conductivity and 
Soil Drainage Class 
The terms permeability and saturated hydraulic 

conductivity are often used interchangeably to refer to the 
ease with which water moves through the soil under 
saturated conditions. Permeability rates are typically 
reported in units of in./hr based on percolation tests; 
saturated hydraulic conductivity may be reported in units 
of !lmfS, m/s, em/day, in./hr, or cm!hr. Accurate field meas
urement of both saturated (Ksat) and unsaturated hydraulic 



conductivity requires relatively complex instruments and 
procedures that are not covered here (see Appendix D in 
Cameron (1991) for information on these methods). 

SCS currently defines six classes for describing 
soils based on saturated hydraulic conductivity: 

Saturated Hydraulic Conductivity 
Class (!J.m/S) (in./hr) 

Very low (VL) <0.01 <0.001 

Low (L) 0.01-0.1 0.001-0.01 

Moderately low (ML) 0.1-1 0.01-0.14 

Moderately high (MH) 1-10 0.14-1.4 

High (H) 10-100 1.4-14.2 

Very high (VH) >100 >14.2 

Class placement is based on geometric mean of 
multiple measurements. 

Various methods have been developed for obtain
ing rough estimates of Ksat based on various soil proper
ties. Table 3-9 provides a basis for estimating Ksat based 
on field observations of structure, texture, and pores. See 
Section 3.1.2 for identification of textural classes, Section 
3.1.4 for pore definitions, and Section 3.1.5a for definitions 
of structural units. 

O'Neal (1952) describes a procedure for somewhat 
more precise estimation of soil permeability classes 
(which are defined slightly differently from those listed 
above) based on (1) structure, (2) shape and overlap of 
aggregates, (3) visible pores, and (4) texture. Soil Survey 
Staff (1991, Chapter 3) provides figures for Ksat class 
placement based on soil bulk density and texture. 

Soil drainage class refers to the frequency and 
duration of wet periods for the water regime associated 
with undisturbed soil conditions. Table 3-10 summarizes 
SCS criteria for seven soil drainage classes. 

3.2.5 Infiltration 
The amount of precipitation reaching the ground 

surface that enters the soil is determined by the infiltra
tion capacity. In a dry soil, infiltration is usually rapid, un
less there is an impervious crust at the surface. As time 
passes, infiltration slows until the ponded infiltration rate 
is attained, which is determined by the saturated hydraulic 
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Table 3-9. Guide for Estimating the Class of Saturated 
Vertical Hydraulic Conductivity from Soil Properties 

Class 
Name Rate* 

Very High <100 

Soil Properties .. 

-Fragmental 
-Sandy with coarse sand or sand 
texture, and loose consistence 
-More than 0.5 percent medium or 
coarser vertical pores with high 
continuity 

High 100-10 -Other sandy, sandy-skeletal, or 
coarse-loamy soil materials that are very 
friable, friable, soft, or loose 
-When very moist or wet has moderate 
or strong granular structure; or strong 
blocky structure of any size or prismatic 
structure finer than very coarse, and 
many surface features except stress 
surfaces or slickensides on vertical 
surfaces of structural units 
-<>.5 to 0.2 percent medium or coarser 
vertical pores with high continuity 

Moderate 10-1 -Sandy in other consistence classes 
except extremely firm or cemented 
-10 to 35 percent clay with moderate 
structure, except platy, or strong very 
coarse prismatic structure; and with 
common surface features except stress 
surfaces or slickensides on vertical 
surfaces of structural units 
-<>. 1 to 0.2 percent medium or coarser 
vertical pores with high continuity 

Mod. Low 1-0.1 -Other sandy classes that are 
extremely firm or cemented 
-18 to 35 percent clay with other 
structures and surface conditions except 
pressure or stress surfaces 
-Greater than 35 percent clay and 
moderate structure except if platy or 
very coarse prismatic; and with common 
vertical surface features except stress 
surfaces or slickensides 
-Medium or coarser vertical pores with 
high continuity, but <0.01 percent 

(Continued) 
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Table 3-9. (Continued) 

Class 
Name Rate• 

Low 0.1-0.01 

Very Low <0.01 

Source: SCS (1983). 

*Micrometers/second. 

Soil Properties"" 

-Continuous moderate or weak 
cementation 

-Greater than 35 percent clay and 
meets one of the following: weak 
structure; weak structure with few or no 
vertical surface features; platy structure; 
common or many stress surfaces or 
slickensides 

-Continuously indurated or strongly 
cemented and with less than 
common roots 

-Greater than 35 percent clay and 
massive or exhibits horizontal 
depositional strata and less than 
common roots 

•• A given soil profile would have most, but not necessarily all, of 
the soil properties associated with a particular class. 

Table 3-10. Criteria for SCS Soil Drainage Classes 

Excessively drained. Water is removed very rapidly. Internal 
free water occurrence commonly is very deep; annual dura
tion is not specified. The soils are commonly very coarse tex
tured, rocky, or shallow. Some are steep. All are free of 
mottling related to wetness. 

Somewhat excessively draim~d. Water is removed from the 
soil rapidly. Internal free water occurrence commonly is very 
deep; annual duration is not specified. The soils are usually 
sandy and rapidly pervious. Some are shallow. A portion of 
the soils are so steep that a considerable part of the precipita· 
tion received is lost as runoff. All are free of the mottling re
lated to wetness. 

(Continued) 
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Table 3-10. (Continued) 

Well drained. Water is removed from the soil readily but not 
rapidly. Internal free water occurrence commonly is deep or 
very deep; annual duration is not specified. Water is available 
to plants throughout most of the growing season in humid 
regions. Wetness does not inhibit growth of roots for sig
nificant periods during most growing seasons. Well drained 
soils are commonly medium textured. They are mainly free of 
the mottling related to wetness. 

Moderately well drained. Water is removed from the soil some
what slowly during some periods of the year. Internal free 
water occurrence commonly is moderately deep and tran
sitory through permanent (Section 3.2.2). The soils are wet 
for only a short time during the growing season, but long 
enough that most mesophytic crops are affected. They com
monly have a slowly pervious layer within the upper 1 m, 
periodically receive high rainfall, or both. 

Somewhat poorly drained. Water is removed slowly enough 
that the soil is wet at shallow depth for significant periods 
during the growing season. Internal free water occurrence 
commonly is shallow and transitory or common. Wetness 
markedly restricts the growth of mesophytic crops unless ar
tificial drainage is provided. The soils commonly have one or 
more of the following characteristics: contain a slowly per
vious layer, have a high water table, receive additional water 
from seepage, or occur under nearly continuous rainfall. 

Poorly drained. Water is removed so slowly that the soil is wet 
at shallow depths periodically during the growing season, or 
remains wet for long periods. Internal free water occurrence 
is shallow or very shallow and common or persistent. Free 
water is commonly at or near the surface for long enough 
during the growing season that most mesophytic crops can
not be grown unless the soil is artificially drained. The soil, 
however, is not continuously wet directly below plow-depth. 
Free water at shallow depth is usually present. This water 
table is commonly the result of a shallow, slowly pervious 
layer within the soil, of seepage, of nearly continuous rainfall, 
or of a combination of these. 

Very poorly drained. Water is removed from the soil so slowly 
that free water remains at or very near the ground surface 
during much of the growing season. Internal free water occur
rence is very shallow and persistent or permanent (Section 
3.2.2). Unless the soil is artificially drained, most mesophytic 
crops cannot be grown. The soils are commonly level or 
depressed and frequently ponded. If rainfall is high or nearly 
continuous, slope gradients can be moderate or high. 

Source: Soil Survey Staff (1991 ). 



conductivity of the soil. Infiltration rate is usually measured 
in rates of inJhr or em/hr. Extrastructural cracks (Section 
3.1.5b) may greatly increase infiltration rates compared to 
soils with similar texture that do not have cracks. 

SCS's permeability classification system (SCS, 
1983) can be used to describe infiltration classes: 

Penneabllity 
Class (in./hr) (cm/hr) 

Very slow <0.06 <0.15 

Slow 0.06-0.2 0.15-0.5 

Moderately slow 0.2-0.6 0.5-1.5 

Moderate 0.6-2.0 1.5-5.0 

Moderately rapid 2.0-6.0 5.0-15.2 

Rapid 6.0-20 15.2-50.8 

Very rapid >20 >50.8 

3.3 Soil Chemistry and Biology 
Most procedures for characterization of soil 

chemistry require collection of samples for laboratory 
analysis. This section focuses on pH and mineralogical 
parameters that can be tested in the field using relatively 
simple equipment and procedures. Most of these tests are 
drawn from SCS (1971 ). 

3.3.1 Organic Matter 
Organic matter (more precisely measured in the 

laboratory as organic carbon) affects contaminant mobility 
primarily by its high sorptive capacity. Accurate determina
tion of total organic carbon (TOG) requires collection of 
samples for laboratory analysis. 

In the field, black or dark colors generally indicate 
high organic matter content in near-surface horizons. In 
most mineral soils, organic matter is moderately low to 
high in the A horizon, and low in the subsoil. Severely 
eroded soils, where the topsoil has been completely 
remove~; allu~ial soils, where flooding deposits topsoil; 
and buned so1ls may not fo-llow this pattern. SCS defines 
the following classes for organic matter: 
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Class 

Very low (VL) 

% Organic Matter 

<0.5 
0.5-1.0 

1.0-2.0 

Low (LL) 

Moderately low (ML) 

Medium (MM) 2.0-4.0 

>4.0 High (HH) 

. Note that organic matter content is generally 1.7 to 
2.0 t1mes the TOG. An ignition test can be used in the field 
to approximate organic matter content and check its con
tribution to soil color. Equipment for this test includes (1) 
thermometer and heat lamp, (2) portable gas soldering 
torch: (3) a porcelain crucible or small tin car. (not 
alummum), (4) wire brackets or tongs to hold the con
tainer, and (5) a balance accurate to 0.1 grams. 

Ignition Test Procedure {adapted from SCS, 1971) 
1. Dry about 30 grams of soil to 11 0°C under a heat 

lamp. 

2. Weigh as accurately as possible about 1 0 grams of 
~ri~d soil and place in a crucible or tin, supporting 
it with tongs or wire bracket. 

3. Apply the flame of the torch to the bottom and 
lower walls of the outside of the container. Por
celain and metal glow red at 500°C. At this 
temperature, organic matter is completely burned 
and the water of hydration is removed from the 
common oxide and clay minerals. 

4. Observe changes in color in the specimen. Apply 
heat more than once until there is no more change 
apparent in the specimen. Do not apply the flame 
directly to the sample if burning or oxidation are the 
purpose of the test, because unpredictable reduc
ing conditions exist in parts of the torch flame. If or
ganic matter is the only material giving color to the 
soil, it burns away leaving a whitish residue. See 
Section 3.1.3 for interpretation of other color 
changes. 

5. When no more change is apparent, cool and weigh 
sample again. The loss in weight divided by the 
original weight times 1 00 equals the organic matter 
in sandy soils and materials high in organic matter. 
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If much clay is present, the loss also includes 
water of hydration in the minerals. 

Organic matter also reacts with hydrogen peroxide. 
In contrast to manganese oxides (see Section 3.3.8), the 
reaction starts slowly, builds up, and continues. Organic 
matter reactions decrease with depth, whereas man
ganese oxide reactions remain constant. 

Test No. 11 in Section 3.1.7a describes proce
dures for classifying organic soils in the Unified soil clas
sification system. SCS uses a number of tests for 
classification of organic soils (histosols) including sodium 
pyrophosphate color, fiber percentages, and pH in 0.01 M 
calcium chloride. Since organic soils do not commonly 
occur at hazardous waste sites, these tests are not 
described here. If organic soils are present at a site and 
more detailed characterization is required, refer to Lynn et 
al. (1974) and Appendix Ill in Soil Survey Staff (1975). 

3.3.2 Odor 
High organic matter content in soil is associated 

with a distinctive, pungent musty odor (see Test 11 in Sec
tion 3.1.7a). Organic rich topsoil in mineral soils can also 
be distinguished from subsoil that is low in organic matter 
by this odor. 

Volatile organic contaminants can impart distinctive 
odors to soil. Gasoline has an odor familiar to most 
people; aging gives petroleum a musty odor. Some other 
contaminants that may give soil a noticeable odor include 
halogens, ammonia, turpentine, phenols and cresol, 
picrates, various hydrocarbons, and unsaturated organic 
pesticides. 

Caution should be exercised in observing soil 
odors. They should not be vigorously inhaled from any 
soil, since even natural soils may contain potentially harm
ful microorganisms. Soils where noticeable artificial odors 
are present should be checked for volatile concentrations 
using a detection instrument (HNu, organic vapor 
analyzer, etc.). The health and safety officer should be 
consulted to determine whether special protective equip-
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ment, such as a respirator, should be used by individuals 
who are working close to the soil surface taking samples. 

EPA's ESES uses the following odor classes: 

High: A distinct odor, from naturally occurring soil 
organic materials with a distinctive pungent, musty 
odor, or sharp distinct odor from chemical con
taminants. 

Moderate to slight: A less distinct to faint odor, from 
naturally occurring soil organic materials, or from 
various odor-producing chemical contaminants. 

None: No detectable odor by olfactory means. 

3.3.3 Cation Exchange Capacity (CEC) 
Cation exchange capacity, measured in milli

equivalents per 100 grams (meq/100 g) or centimoles per 
kilogram (cmoVkg), is a measure of the soil's ability to ab
sorb (and release) cations. It is an especially important 
parameter at sites contaminated by heavy metals, be
cause heavy metals will often replace exchangeable ions 
such as sodium, potassium, calcium, and magnesium that 
exist in natural soil. Measurement of CEC requires collec
tion of samples for laboratory analysis. SCS (1971, Sec
tion 19.7 and 19.8) describes relatively simple chemical 
tests that can be carried out in the field to estimate ex
changeable calcium and exchangeable sodium. 

The measurement of extractable acidity, also 
called exchangeable acidity or extractable hydrogen be
cause it measures exchangeable ions that contribute to 
soil acidity, is required for evaluation of soil corrosivity 
(see Section 3.1.7e). Section 6H in SCS (1984) describes 
specific procedures for determining extractable acidity in 
the laboratory. 

EPA's ESES uses the following CEC classes (ex
pressed as meq/100 g soil): high (>20), medium (12-20), 
tow (<12). 

3.3.4 Reaction (pH) 
A variety of methods are available for field meas

urement of pH (colorimetric, paper test strips, pH meter). 
Specific procedures and instructions accompanying equip
ment for the method used should be followed. For RCRA 
sites. EPA Method 9045A Revision 1, November 1990, 
should be used (U.S. EPA, 1986). 



Soil Survey Staff (1991) defines 13 pH classes for 
soil as follows: 

Class 

Ultra acid (UA) 
Extremely acid (EA) 

Very strongly acid (VS) 

Strongly acid (SA) 

Medium acid (MA) 

Slightly acid (SA) 

Neutral (NA) 

Mildly alkaline (MA) 

Moderately alkaline (MO) 

Strongly alkaline (SA) 

Very strongly alkaline (VA) 

3.3.5 Redox Potential (Eh) 

pH 

<3.5 
3.5-4.5 

4.5-5.0 

5.1-5.5 

5.6-6.0 

6.1-6.5 

6.6-7.3 

7.4-7.8 

7.9-8.4 

8.5-9.0 

>9.0 

Redox, or oxidation-reduction potential (Eh), is 
measured in volts or millivolts (mV) as the potential dif
ference in a solution between a working electrode and the 
standard hydrogen electrode. Whether soil conditions are 
oxidizing (aerobic) or reducing (anaerobic) will strongly af
fect the types of microbiological activity and contaminant 
transformation and degradation processes that may 
occur. The mobility of many heavy metals varies with 
oxidation state. In unsaturated soil, aerobic conditions 
prevail, and measurement of Eh requires collection of soil 
water samples using a suction lysimeter. The Eh of 
saturated soil should be measured using ground-water 
samples from properly purged monitoring wells. 

EPA's ESES uses the following redox potential 
classes: highly oxidized (>+400 mV), intermediate 
(+400 to -100 mV), and highly reduced (<-100 mV). 

3.3.6 Electrical Conductivity (Salinity) 
In arid and semi-arid areas, soluble salts may ac

cumulate in the soil and are called saline. The electrical 
conductivity of a saturation extract is the standard 
measure of salinity. Electrical conductivity is commonly 
reported in units of decisiemens/meter or millimhos/cen
timeter (1 dS/m = 1 mmho/cm). Electrical conductivity 
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measurement or estimation is required for evaluation of 
soil corrosivity (see Section 3.1.7e). 

Salinity classes, based on electrical conductivity of a 
saturation extract, are defined in EPA's ESES as follows: 

Electrical Conductivity 
Class (dS/m or mmho/cm) 

Nonsaline 0-2 

Slightly saline 2-4 

Moderately saline 4-8 

Very saline 8-16 

Extremely saline >16 

Note that Soil Survey Staff (1991) uses slightly different 
terms for these classes. 

SCS (1971, Section 19.6) describes a relatively 
simple procedure for water extraction that can be used in 
the field or a field laboratory for measuring approximate 
soluble salt percentage. Accurate determination requires 
laboratory preparation of soil samples. SCS (1984, Sec
tion 8A) describes procedures for preparing a saturated 
paste and obtaining a saturation extract for electrical con
ductivity measurement. Measurement of the resistivity of 
the saturated paste (SCS, 1984, Section 8E) is required 
for evaluating soil corrosion potential for uncoated steel. 

Richards (1954) and Richards et al. (1956) 
describe procedures for testing saline soils in more detail 
and provide charts and graphs for estimating total salt 
from electrical conductivity measurements. Rhoades and 
Oster (1986) describe more complex instrumentation for 
collecting soil water using in situ samplers and measuring 
soluble salts with in situ or remote monitors. 

The electrical conductivity, also termed specific 
conductance, of ground-water samples can be readily 
measured in the field using a conductivity meter. Electrical 
conductivity is a measure of the total dissolved solids in 
the ground water and should not be confused with the soil 
salinity test described above. 

3.3.7 Clay Minerals 
The following procedures can be used to identify 

the dominant mineralogy of the clay size-fraction: 
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Clay Mineral Test 
1. 

2. 

Prepare a saturated solution of malachite green in 
nitrobenzene to use as an indicator solution (follow 
prescribed safety procedures when handling 
nitrobenzene). 

Add several drops of the indicator to a small 
sample (1 g) of soil and observe color of wetted 
soil as follows: blue or green-blue = kaolinite; yel
low-red = montmorillonite; purple-red = illite. 

Mica Shine Test 
Rub a small clod of air-dried soil with a knife blade. 
A shiny surface indicates a micaceous soil with 
high plasticity. 

EPA's ESES defines the following clay mineral 
abundance classes (see Section 3.1.2 for estimation of 
texture): abundant (>27 percent), moderate to slight (1 
to 27 percent), none to negligible ( <1 percent). 

3.3.8 Other Minerals 
Concentrations of minerals may form in soil 

horizons as a result of dissolution and precipitation 
processes. These concentrations are described by SCS 
according to (1) type, (2) amount or quantity, (3) size, (4) 
shape, and (5) composition. The following are abbrevia
tions of descriptors and criteria for describing concentra
tions in soil: 

Types 

m masses (soft, no clearly defined 
boundaries) 

n - nodules and concretions (hard, clearly 
defined boundaries) 

c - crystals (single or complex clusters) 

srf - soft rock fragments (weakly cemented 
or noncemented) 

Amount/Quantity 

f few (<2%) 

c - common (2-20%) 

m many (>20%) 
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Size 
fine ( <2 mm) 
medium (2-5 mm) 
coarse (5-20 mm) 

very coarse (20-76 mm) 

extremely coarse (> 76 mm) 
Shape 
rnd- rounded 
cyl cylindrical 
pi platelike 
ir irregular 

fe ferruginous 
mn manganiferous 
sal saline 

Composition 

calc - calcareous 
arg - argillaceous 
yp - gypsiferous 
sil - siliceous 

88 

The following features and tests can be used to 
identify major non-clay minerals in the field. 

Carbonates (calcareous) 
The presence of free calcium carbonate in soil can 

be readily determined based on effervescence in dilute 
hydrochloric acid. The test procedure is as follows: 
1. Place 1 g of soil material (about the size of a 

marble) in the well of a porcelain spot plate. 
Thoroughly moisten the soil with a few drops of 
deionized water; stir with a clean glass rod to 
remove entrapped air. 

2. Add three drops of dilute 10 percent (4 N) cold HCI 
from a plastic squeeze bottle and immediately ob
serve for effervescence of the treated sample 
under a hand lens if possible. 

3. If effervescence is observed, record intensity as 
follows: 
vse-very slightly effervescent (few bubbles seen) 

sle-slightly effervescent (bubbles readily seen) 



ste-strongly effervescent (bubbles form low foam) 

ve-violently effervescent (thick foam forms 
quickly) 

4. Repeat procedure on a second 1-g sample. 

Dolomite (calcium-magnesium carbonate) effer
v~:ces slowly in cold acid unless the mineral is very finely 
drvrded. If dolomite is suspected, place the sample in a 
contamer and warm it for 15 minutes after covering it with 
the acid solution. 

Soluble Salts {saline, gypsiferous) 
White incrustations that do not effervesce can be 

separated and checked for water solubility and taste. 
Chlorides, nitrates, and suHates of sodium and potassium 
are ~ery water soluble. Chloride salts can be tested by 
shakrng a sample of soil in distilled water, placing about 
10 mL of the supernatent solution (after the solids have 
settled) in a test tube, and adding a few drops of 5 percent 
sod~um nitrate _solution. Chlorides are indicated by the for
matron of a thrck, milky precipitate of silver chloride. The 
formation of a heavy white precipitate after adding a 5 per
cent barium chloride solution to a separate supernatent 
sample indicates sulfate ions. SCS (1971, Section 19.6) 
provides further details for these tests. 

Crystals of gypsum, which may occur as a white in
crustation in voids, are rhombic plates, laths, or some
times fibers. Gypsum crystals can be scratched with the 
fingernail, do not effervesce in acid, and are very slowly 
soluble in water. 

Gypsum Acetone Test. Place 1 part soil and 10 
parts water (by weight) in a small bottle. Seal the bottle 
and shake by hand at 15-minute intervals. Filter the ex
tract through filter paper. Mix a 50-50 solution of the filtrate 
and acetone. The formation of a milky precipitate indicates 
the ~resence of gypsum. SCS (1971, Section 19.6) 
descnbes a somewhat more complex semi-quantitative 
test for gypsum using acetone which can be used in the 
field. 

Iron Oxides {ferruginous) 
Goethite and hematite commonly occur as 

segregated bodies in soils. Hematite is red; solid bodies, 
such as nodules or sheets may be dark brown or almost 
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black but have a red streak if rubbed on a rough porcelain 
surface or a tough paper. Goethite bodies commonly are 
red but may be yellow or brown and are generally softer 
than hematite bodies. In an ignition test (see Section 
3.1.3), hematite will show little color change; the duller 
colors of goethite will brighten when it changes to 
hematite. If gray, blue, or green materials turn red when 
ignited, ferrous iron is present. 

Manganese Oxide {manganiferous) 
Black and very dark brown concretions and coat

ings on cleavage planes are likely to be the manganese 
oxide pyrolusite or a closely related mineral. It has a dark 
brown streak and is very soft. producing the streak even 
on paper. A procedure similar to the carbonate test using 
a dilute (5 percent) solution of hydrogen peroxide instead 
of HCI will result in the rapid evolution of small bubbles 
with a usually rapid consumption of the hydrogen peroxide 
if manganese oxides are present. See Section 3.3.1 for 
further guidance in differentiating possible reactions with 
organic matter. 

SCS (1971, Section 17.2) discusses in more detail 
the identification of minerals and mineral groups in the 
field. 

3.3.9 Fertility Potential 
Soil fertility is the ability or status of a soil to supply 

water and nutrients necessary for plant growth. Inherent 
physical characteristics, such as soil structure and avail
able water capacity, provide the basic elements of fertility 
potential, and are not easily modified. The nutrient status 
of a soil, on the other hand, can be improved by 
fertilization. 

Nutrient status is evaluated by analyzing samples 
in the laboratory for nutrients essential for plant growth 
such as nitrogen, potassium, and phosphorus. Soil reac
tion (pH) is an important chemical parameter, because it 
strongly influences the availability of nutrients. 

The key physical parameters affecting fertility 
potential are aeration and water availability, because plant 
roots require both air and a ready supply of moisture for 
optimum growth. These factors can be evaluated by ob
serving soil properties such as soil texture (Section 3.1.2), 
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depth to water table (Section 3.2.2), available water 
capacity (Section 3.2.3), and soil drainage class (Section 
3.2.4). Deep, well-drained soils with a high available water 
capacity have the greatest fertility potential, provided 
nutrient status is favorable. Shallow soils with low avail
able water capacity have low fertility potential even if 
nutrient status is favorable. 

EPA's ESES defines the following soil fertility 
potential or status classes: 

High: Nutrients necessary for plant growth readily 
supplied. 

Moderate: Nutrients necessary for plant growth in 
moderate supply. 

Low: Nutrients necessary for plant growth in low 
supply. 

3.3.10 Soil Microbiota 
Microorganisms in soil and ground water are now 

recognized as being of major importance in affecting the 
transformation and fate of many organic contaminants and 
heavy metals. The study of soil microbiota from soil 
samples requires carefully controlled laboratory condi
tions. The major concern in the field is that procedures 
used to collect soil samples do not allow contamination by 
microorganisms from other sources. Soil samples must be 
collected using sterilized tools and placed in sterilized con
tainers. Samples of near-surface soils for microbiological 
study should be taken from a soil pit. Scoops or trowels 
used to collect samples from each soil horizon should go 
through usual decontamination procedures. As a final 
step, they should be heated with a blow torch and cooled 
by being stuck into the horizon to be sampled before soil 
material is dug out and placed into containers. 

Samples for microbiological study taken from 
greater depths where oxygen is low require special asep
tic handling procedures to prevent oxygen from harming 
anaerobic microorganisms. Leach et al. (1988) describes 
in detail procedures for collecting such samples, which in
volve preparing nitrogen-filled sampling containers in the 
laboratory, and using a field sampling glove box that has 
been purged with nitrogen gas to reduce the oxygen level 
below detectable limits. 
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EPA's ESES defines the following abundance 
classes for soil microorganisms (as number per gram of 
soil): abundant (>1,000,000), common (10,000-
1,000,000), few (100-10,000), none (<100). 

3.4 Soil Contaminants 
Visual identification of zones of soil contamination 

is sometimes possible when the contaminants are in an 
immiscible liquid phase or a solid phase. Iridescence of an 
oily phase in water may indicate contamination from syn
thetic organics. Solid phases should be described by color 
and consistency (granular, tarry, etc.). Possible con
tamination by heavy metals from artificial pigments is evi
dent from bright colors. Toxic effects of contaminants on 
surface vegetation also may be evident. In any event, the 
presence of contaminants must be confirmed by 
laboratory analysis of samples. 

Organic vapor detectors are relatively simple in
struments that are used to identify the presence of volatile 
organics. The way in which readings are taken (distance 
from sample being checked, location in borehole, length of 
reading) should be recorded along with the readings them
selves. Procedures should be performed consistently, and 
any departures from usual procedures noted. 

Increasingly sophisticated field equipment in 
mobile laboratories is being used for onsite contaminant 
analysis. Use of such equipment is not covered in this 
guide. Ford et al. (1984) describe methods for monitoring 
toxic gases and vapors with portable field instruments. 



Chapter 4 

Soil Sampling 
and 
Quality Assurance 

Sample design, sample location, equipment and sam
pling methods, and quality assurance/quality control 

(QNQC) procedures should all be determined before 
sampling begins and be recorded in the Soil Sampling and 
Quality Assurance Plans for the site. Mason (1983) and 
Barth et al. (1989) provide detailed guidance on statistical 
aspects of sampling design and quality assurance. These 
documents will outline the specific procedures that will be 
required during field sampling. 

This chapter has two purposes: (1) to provide 
information that may be useful if unforeseen conditions 
require modification of the procedures specified in the 
sampling plan, and (2) to provide forms that may be useful 
in carrying out QA/QC procedures. 

4.1 Changes in Soil Sampling Procedures 
Soil description, use of field analytical equipment, 

and soil sampling should be conducted in a uniform and 
consistent manner, following procedures specified in the 
Soil Sampling and Quality Assurance Plans. If unforeseen 
conditions arise at the site during the field investigation 
and sampling that prevent carrying out the specified pro
cedures, it may be necessary to develop alternative ap
proaches at the site. Any such changes must be 
documented and approved (see Section 4.2). 

One situation requiring departure from specified 
procedures is when soil conditions are unfavorable for the 
equipment being used to collect samples. If this situation 
occurs, the following tables may help identify alternative 
sampling tools: 
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Table 4-1 summarizes information on applications 
and limitations for use of 15 types of hand
operated soil sampling devices. 

Table 4-2 summarizes information on applications 
and limitations for use of 1 0 common types of 
power-driven tube samplers. 
Appendix B provides the names and addresses of 
24 manufacturers and distributors of manually 
operated and power-driven soil sampling 
equipment. 
If the use of different sampling equipment requires 

altering the standard sampling protocol, the new protocol 
should be clearly specified. Appendices A.2 to A.4 provide 
some general soil handling and sampling protocols that 
can be used for guidance if revised protocols must be 
developed at the site. 

4.2 Quality Assurance/Quality Control 
Any change in standard procedures for field collec

tion of soil samples must be justified, described, and ap
proved by the appropriate project personnel. Form 4-1 
(Sample Alteration) can be used for this purpose. Multiple 
copies of this form should be available for use. 

Soil sampling personnel should be aware that their 
work may be subject to a field audit to ensure that soil 
sampling and other QNQC procedures are being fol
lowed. Form 4-2 contains a checklist of major items that 
should be covered in a field audit. Field personnel would 
do well to review this checklist periodically as a reminder 
of areas in which they would be held accountable in the 
event of a field audit. 

The results of a field audit, or review of analytical 
results, may identify problems areas requiring corrective 
action. If the need for corrective action is identified during 
a field audit, it should be implemented immediately. 
Resampling may be required if analytical results fall out
side the acceptable limits specified in the Quality As
surance Plan. Form 4-3 (Soil Sample Corrective Action 
Form) can be used to identify problem areas and specify 
measures required to correct the problems. When resam
pling is required, this form should be taken into the field 
and the specified procedures carefully followed. 
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Table 4-1. Summary of Hand-Held Soil Sampling Devices 

Sampling 
Device 

Spoons and 
Scoops 

Shovels and 
Picks 

Augers* 

Screw Auger 

Standard 
Bucket Auger 

Sand Bucket 
Auger 

Mud Bucket 
Auger 

Dutch Auger 

In Situ Soil 
Recovery 
Auger 

Eijkelcamp 
Stoney Soil 
Auger 

Planer Auger 

Applications 

Surface soil 
samples or the 
sides of pits or 
trenches 

A wide variety 
of soil conditions 

Cohesive, soft, or 
hard soils or 
residue 

General soil or 
residue 

Bit designed to 
retain dry, loose, 
or granular 
material (silt, sand, 
and gravel) 

Bit and bucket 
designed for wet 
silt and clay soil 
or residue 

Designed specifically 
for wet, fibrous, or 
rooted soils 
(marshes) 

Collection of soil 
samples in 
reusable liners; 
closed top reduces 
contamination from 
caving sidewalls 

Stoney soils and 
asphalt 

Clean out and flatten 
the bottom of 
predrilled holes 

Soil Sampling and Quality Assurance 

Limitations 

Limited to relatively 
shallow depths; 
distributed samples 

Limited to relatively 
shallow depths 

Will not retain dry, 
loose, or granular, 
material 

May not retain dry, 
loose, or granular 
material 

Difficult to advance 
boring in cohesive 
soils 

Will not retain dry, 
loose, or granular 
material 

Similar to 
standard bucket 
auger 

(Continued) 
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Table 4-1. (Continued) 

Sampling 
Device 

Tube Samplers•• 

Soil Probe 

Thin-Walled 
Tubes 

Soil Recovery 
Probe 

Veihmeyer 
Tube 

Peat Sampler 

Applications 

Cohesive, soft 
soils or residue; 
representative 
samples in soft to 
medium cohesive 
soils and silts 

Cohesive, soft soils 
or residue; special 
tips for wet or 
dry soils available 

Similar to 
thin-walled tube; 
cores are collected 
in reusable liners, 
minimizing contact 
with the air 

Cohesive soils or 
residue to depth of 
3 meters 

Wet, fibrous, 
organic soils 

96 

Limitations 

Sampling depth 
generally limited 
to less than 1 meter 

Similar to 
Veihmeyer tube 

Similar to 
Veihmeyer tube 

Difficult to drive into 
dense or hard 
material; will not 
retain dry, loose, or 
granular material; 
may be difficult to 
pull from ground 

*Suitable for soils with limited coarse fragments; only the 
stoney soil auger will work well in very gravelly soil. 

**Not suitable for soils with coarse fragments. 

Source: Adapted from Brown et al. (1991) and Rehm et al. 
(1985). 



Table 4-2. Summary of Major Types of Power-Driven Tube 
Samplers 

Sampling Applications Limitations 
Device 

Split Spoon Disturbed samples Ineffective in 
Sampler from cohesive soils cohesion less sands; 

not suitable for 
collection of samples 
for laboratory tests 
requiring undisturbed 
soil 

Thin-Walled Samplers 

Fixed-Piston Undisturbed Ineffective 
Sampler samples in cohesive in cohesion less 

soils, silt, and sand sands 
above or below 
water table 

Hydraulic Similar to Not possible to limit 
Piston fixed-piston the length of push or 
Sampler sampler to determine amount 
(Osterberg) of partial sampler 

penetration during 
push 

Stationary Undisturbed 
Piston samples in stiff, 
Sampler cohesive soils; 

representative 
samples in soft to 
medium cohesive 
soils, silts, and 
some sands 

Wireline Piston Undisturbed In heaving sands only 
Sampler samples in one sample per 

cohesive soils and borehole can be 
noncohesive sands; collected because 
used with clamshell clamshell remains 
device on open after sampling 
hollow-stem auger 

Free Piston Similar to stationary Not suitable for 
Sampler piston sampler cohesionless soils 

Open Drive Similar to stationary Not suitable for 
Sampler piston sampler cohesion less soils 

(Continued) 
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Table 4-2. (Continued) 

Sampling 
Device 

Pitcher 
Sampler 

Denison 
Sampler 

Vicksburg 
Sampler 

Applications 

Undisturbed samples 
in hard, brittle, 
cohesive soils and 
cemented sands; 
representative 
samples in soft to 
medium cohesive 
soils, silts, and some 
sands; variable 
success with 
cohesionless soils 

Undisturbed samples 
in stiff to hard 
cohesive soils, 
cemented sands, and 
soft rocks; variable 
success with 
cohesion less materials 

Similar to Denison 
sampler except takes 
wider diameter samples 

98 

Limitations 

Frequently ineffective 
in cohesion less soils 

Not suitable for 
undisturbed sampling 
of loose, cohesionless 
soils or soft 
cohesive soils 

Source: Adapted from Rehm et at. (1985) and Aller et at. (1989). 
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Form 4-1. Sample Alteration Form 

Project Name and Number: ___________ _ 

Material to Be Sampled:-------------

Measurement Parameter:-------------

Standard Procedure for Field Collection and Laboratory Analysis 
(cite references): 

Reason for Change in Field Procedure: 

Variation for Field Procedure: 

Special Equipment, Materials, or Personnel Required: 

Initiator's Name: ---------Date: ___ _ 
Project Approval Date: ___ _ 

Laboratory Approval: Date: ___ _ 

QA Officer/Reviewer: Date: ___ _ 

Sample Control Center: Date: ___ _ 
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Soil Sampling and Quality Assurance 

Form 4-2. Field Audit Checklist 

Records to Inspect 

Chain-of-custody forms 

Analytical analysis request forms 
(if different-from chain-of-custody forms) 

Sample tags 

Site description forms 

Log books 

Sampling Procedures to Inspect 

Equipment 

Techniques 

Decontamination 

100 

Collection of duplicate and field blank samples 

Security 

Sample storage and transportation 

Containers 

Contaminated waste storage and disposal 

Site description form entries 



Form 4-3. Sample Corrective Action Form 

Project Name and Number: ___________ _ 

Sample Data Involved:-------------

Measurement Parameter{s): -----------

Acceptable Data Range:-------------

Problem Areas Requiring Corrective Action: 

Measures Required to Correct Problems: 

Means of Detecting Problems and Verifying Correction: 

lnitiator:s Name: ---------Date: ___ _ 
Project Approval: Date: ___ _ 

Laboratory Approval: Date: ___ _ 

QA Officer/Reviewer: Date: ___ _ 

Sample Control Center: Date: ___ _ 

Soil Sampling and Quality Assurance 101 

References 102 

References 

Aller, L., et al. 199i. Handbook of Suggested Practices for 
the Design and Installation of Ground-Water Monitoring 
Wells. EPA/600/4-89/034. Available from ORD Publica
tions, U.S. EPAICERI, 26 W. Martin Luther King Dr., Cin
cinnati, OH, 45268, 221 pp. Also published in 1989 by 
National Water Well Association, Dublin, OH, in its 
NWWAIEPA series, 398 pp. 

Barrett, J. et al. 1980. Procedures Recommended for 
Overburden and Hydrologic Studies of Surface Mines. 
GTR-INT-71. U.S. Forest Service, Intermountain Forest 
and Experiment Station, Ogden, UT, 106 pp. 

Barth, D.S., B.J. Mason, T.H. Starks, and K.W. Brown. 
1989. Soil Sampling Quality Assurance User's Guide, 2nd 
ed. EPA 600/8-89/046 (NTIS PB89-189864). Environmen
tal Monitoring Systems Laboratory, Las Vegas, NV, 
89193-3478, 225+ pp. 

Blake, G.R. and K.H. Hartge. 1986. Bulk Density. In: 
Methods of Soil Analysis, Part 1, 2nd ed., A. Klute (ed.), 
Agronomy Monograph No. 9. American Society of 
Agronomy, Madison, WI, pp. 363-275. 

Bradford, J.M. 1986. Penetrability. In: Methods of Soil 
Analysis, Part 1, 2nd ed., A. Klute (ed.), Agronomy 
Monograph No. 9. American Society of Agronomy, 
Madison, WI, pp. 463-478. 

Breckenridge, R.P., J.R. Williams, and J.F. Keck. 1991. 
Characterizing Soils for Hazardous Waste Site Assess
ments. Superfund Ground-Water Issue Paper. EPA/600/8-
91/008. Environmental Monitoring Systems Laboratory, 
Las Vegas, NV, 89193-3478. 

II 

.... 
-... ... 
,. -
"' .... 
~ -
Mil -
!lilt -... ... 
"" -
..... -
"""! --
101111 

-... 
... -
• -

111111! --101111 

!IIIII 

-.. .. 



•• 

,. 

, .. 

Brown, K.W., R.P. Breckenridge, and R.C. Rope. 1991. 
Soil Sampling Reference Field Methods. U.S. Fish and 
Wildlife Service Lands Contaminant Monitoring Operations 
Manual, Appendix J. Prepared by Center for Environmen
tal Monitoring and Assessment, Idaho National Engineer
ing Laboratory, Idaho Falls, ID, 83415. [Final publication 
pending revisions resulting from field testing of manual.] 

Cameron, R.E. 1991. Guide to Site and Soil Description 
for Hazardous Waste Site Characterization, Vol. 1, Metals. 
EPA 600/4-91/029. Environmental Monitoring Systems 
Laboratory, Las Vegas, NV, 89193-3478. 

Cameron, R.E., G.B. Blank, and D.R. Gensel. 1966. Sam
pling and Handling of Desert Soils. NASA Technical 
Report No. 32-908. Jet Propulsion Laboratory, California 
Institute of Technology, 4800 Oak Grove Dr., Pasadena, 
CA, 91109. 

Follmer, LR., E.D. McKay, JA Lineback, and D.L. Gross. 
1979. Wisconsinan, Sangamonian, and Illinoian Stratig
raphy in Central Illinois. ISGS Guidebook 13, Appendix 3. 
Illinois State Geological Survey, Champaign, IL. 

Ford, P.J., P.J. Turina, and D.E. Seely. 1984. Charac
terization of Hazardous Waste Sites-A Methods Manual: 
Vol. II. Available Sampling Methods, 2nd ed. EPA 600/4-
84-076 (NTIS PB85-521596}. Environmental Monitoring 
Systems Laboratory, Las Vegas, NV, 89193-3478. 

Guthrie, R.L and J.E. Witty. 1982. New Designations for 
Soil Horizons and Layers and the New Soil Survey 
Manual. Soil Sci. Soc. Am. J. 46:443-444. 

Indiana Department of Environmental Management 
(IDEM). 1988. Requirements for Describing Uncon
solidated Deposits (draft revised 11/18/88). IDEM, In
dianapolis, IN. 

Johnson, W.M., J.E. McClelland, S.B. McCaleb, R. Ulrich, 
W.G. Hoper, and T.B. Hutchings. 1960. Classification and 
Description of Soil Pores. Soil Science 89:319-321. 

Leach, L.E., F.P. Beck, J.T. Wilson, and D.H. Kampbell. 
1988. Aseptic Subsurface Sampling Techniques for Hol
low-Stem Auger Drilling. In: Proc. Third Nat. Outdoor Ac
tion Cont. on Aquifer Restoration, Ground Water 
Monitoring and Geophysical Methods. National Water Well 
Association, Dublin, OH, pp. 31-51. 

References 103 

References 104 

Lynn, W.C., W.E. McKinzie, and R.B. Grossman. 1974. 
Field Laboratory Tests for Characterization of Histosols. 
In: Histosols: Their Characterization, Use and Classifica
tion. Soil Science Society of America, Madison, WI, pp. 
11-20. 

Mason, B.J. 1983. Preparation of Soil Sampling Protocol: 
Techniques and Strategies. EPA-600/4-03-020 (NTIS 
PB83-206979). Environmental Monitoring Systems 
Laboratory, Las Vegas, NV, 89193-3478, 102 pp. 

O'Neal, A.M. 1952. A Key for Evaluating Soil Permeability 
by Means of Certain Field Clues. Soil Sci. Soc. Am. Proc. 
16:312-315. 

Portland Cement Association. 1973. PCA Soil Primer. En
gineering Bulletin EB007.045. Portland Cement Associa
tion, Skokie, IL, 39 pp. 

Rehm, B.W., T.R. Stolzenburg, and D.G. Nichols. 1985. 
Field Measurement Methods for Hydrogeologic Investiga
tions: A Critical Review of the Literature. EPRI EA-4301. 
Electric Power Research Institute, Palo Alto, CA. 

Rhoades, J.D. and J.D. Oster. 1986. Solute Content. In: 
Methods of Soil Analysis, Part 1, 2nd ed., A. Klute (ed.), 
Agronomy Monograph No. 9. American Society of 
Agronomy, Madison, WI, pp. 985-1006. 

Richards, LA (ed.). 1954. Diagnosis and Improvement of 
Saline and Alkali Soils. U.S. Department of Agriculture 
Handbook No. 60,160 pp. 

Richards, LA., C.A. Bower, and M. Fireman. 1956. Tests 
for Salinity and Sodium Status of Soil and Irrigation Water. 
U.S. Department of Agriculture Circular 982. 

Smith, G.D., F. Newhall, and L.H. Robinson. 1960. Soil
Temperature Regimes-Their Characterization and Pre
dictability. SCS-TP-144. USDA Soil Conservation Service, 
14pp. 

Soil Conservation Service (SCS). 1971. Handbook of Soil 
Survey Investigations Procedures. SCS, Washington, DC, 
98pp. 

Soil Conservation Service (SCS). 1983. National Soils 
Handbook. [Available for inspection in SCS County, Area, 
or State Offices. A revised handbook was in preparation at 
the time this pocket guide was completed.] 



Soil Conservation Service (SCS). 1984. Procedures for Col
lecting Soil Samples and Methods of Analysis for Soil Survey. 
Soil Survey Investigations Report No. 1. U.S. Government 
Printing Office. 

Soil Conservation Service (SCS). 1990. Elementary Soil 
Engineering, Chapter 4. In: Engineering Field Manual for 
Conservation Practices. SCS, Washington, DC. 

Soil Science Society of America. 1987. Glossary of Soil 
Science Terms. SSSA, Madison, Wisconsin. 

Soil Survey Staff. 1975. Soil TaxorK>my: A Basic System of Soil 
Classification for Making and Interpreting Soil Surveys. U.S. 
Department of Agriculture Agricultural Handbook No. 436. 

Soil Survey Staff. 1990. Keys to Soil Taxonomy, 4th ed. 
SMSS Technical Monograph No. 6. Dept. Crop and Soil 
Environmental Sciences, Virginia Tech, Blacksburg, VA, 
24061-04C4, 422 pp ($12.00). 

Soil Survey Staff. 1991. Examination and Description of Soils, 
Chapter 3. In: Soil Survey Manual (new edition). Agricultural 
Handbook No. 18. Soil Conservation Service, Washington, 
DC. [Note that this supercedes the 1951 handbook by the 
same title, and the 1962 supplement. This manual was at the 
publisher at the time this pocket guide was co~leted.] 

Taylor, S.A. and A.D. Jackson. 1986. Temperature. In: 
Methods of Soil Analysis, Part 1, 2nd ed., A. Klute (ed.), 
Agronomy Monograph No. 9. American Society of 
Agronomy, Madison, WI, pp. 927-940. 

U.S. Environmental Protection Agency (EPA). 1986. Test 
Methods for Evaluating Solid Waste. SW-846 (NTIS 
PB88-239223 and PB89-148076). 

van Ee, J.J., L.J. Blume, and T.H. Starks. 1990. A Ration
ale for the Assessment of Errors in the Sampling of Soils. 
EPN600/4-90/013. Environmental Monitoring Systems 
Laboratory, Las Vegas, NV, 57 pp. 

Vogel, W.G. 1987. A Manual for Training Reclamation In
spectors in the Fundamentals of Soils and Revegetation. 
Soil and Water Conservation Society, Ankeny, lA, 178 pp. 

Witty, J.E. and E.G. Knox. 1989. Identification, Role in Soil 
Taxonomy, and Worldwide Distribution of Fragipans. In: 
Fragipans: Their Occurrence, Classification, and Genesis, 
N.E. Smeck and E.J. Ciolkosz (eds.), SSSA Sp. Pub. No. 
24. Soil Science Society of America, Madison, WI, pp. 1-9. 

References 105 

Description of Soil Cores 

Appendix A.1 

General Protocol for 
Description of Soil Cores 

106 

Careful description of soil conditions at sampling loca
tions can provide valuable information for interpreting 

soil analyses. Soil cores, which provide relatively undis
turbed cross sections of the soil, are best for soil descrip
tion. A few major features like texture, color (but not 
accurate description of mottling or variations in color), and 
potential zones of contamination can be described from 
auger samples, but not much more. 

At the outset, it should be decided whether soil 
descriptions will be made from the actual samples to be 
analyzed or from separate cores taken at the site. 
Describing actual samples has the advantage of allowing 
direct correlation of analyses with observed features, but 
will result in longer exposure of the sample to the air 
before it is placed in the sample container. This may not 
be desirable, even for samples taken for analysis of semi
volatiles and metals. Table 1-1 contains an abbreviated 
list of suggested features to be described from soil 
samples. 

Taking separate cores allows more leisurely and 
detailed observation of soil features. The soil can also be 
handled as necessary without concern about affecting its 
integrity for analyses. When equipment is being used just 
to describe soil features, decontamination procedures 
between locations also may be less rigorous, provided 
that there is no danger that contaminants with very low 
detection limits could be spread to uncontaminated areas. 

The upper 1.5 to 2 meters, which have been af
fected by soil weathering processes, should receive the 
most careful attention tor description because this is 
where the most complex features are likely to be en-
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countered. Weathering may extend below 2 m in older 
landscapes formed in temperate to humid climates. Below 
the zone of weathering, the more simplified descriptions 
typical of geologic drill logs are appropriate. General pro
cedures for describing both types of cores are outlined 
below. 

Soil Cores (weathered zone, usually 1.5 to 2 m) 
1. Near the location where the core is to be taken, 

spread a plastic sheet about 30 em wide and 2 
meters long on the ground, and place on it a fully 
extended carpenters rule or range pole marked 
with gradations that match the depth increments on 
the tube sampler to be used (i.e., in.lft or 
em/meter). 

2. Clear any litter away from the ground surface and 
take the first core. An open tube sampler that ex
poses most of the core when it is pulled out is 
easiest to use for this purpose. Remove the core 
and place it on the sheet at the zero end of the 
rule. If the presence of volatile contaminants is 
suspected, take the reading of the core as soon as 
it is brought to the surface with field instrumenta
tion (photoionization or flame ionization detector). 
Also take a reading near the top of the core hole 
and record the measurements. 

3. Repeat coring process trying to take equal incre
ments (12-in. increments are usually possible in 
the upper 2 or 3 ft; 6-in. increments when the soil is 
very dry and in deeper, denser horizons), placing 
each core on the sheet at the appropriate depth in
terval until the desired maximum depth has been 
reached. If the presence of volatile contaminants is 
suspected, readings with field instruments should 
be made of each core as soon as it is brought to 
the surface, and near the top of the hole before 
taking the next increment. 

4. If penetration is difficult in very dense or very dry 
soils, a weighted plastic mallet can be used to 
drive a sampler with a T-handle into the ground. If 
such conditions are typical, consider using 
samplers with specially designed weighted drivers. 
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5. If rock fragments prevent further penetration of the 
tube sampler before the desired depth has been 
obtained, an auger (screw or bucket) can be used. 
If the diameter of the auger is larger than that of 
the tube sampler (usually the case), discard the 
soil material brought up by the auger for the depth 
increments already sampled. 

6. When the depth of interest is reached, pull up the 
auger at regular intervals and place soil by the rule 
on the sheet at the appropriate depth location. To 
prevent mixing of loose soil material from different 
depth increments, place material at chosen incre
ments (e.g., 12 in.) on opposite sides of the rule. 

7. Once the complete soil is laid out on the sheet, 
visually examine the cores and place nails or some 
other kind of marker at the places where color 
changes indicate transitions between horizons. 

8. Carefully split the cores. A knife may be used to 
create a shallow groove, but the core should not be 
sliced all the way through because this will disturb 
structural features. Place one-half with the interior 
side facing up, and the other half with the interior 
side facing down (exposing the surface that was 
used for the initial visual inspection). 

9. Visually examine the interior face of the cores for 
transitions in structural units, texture, or other fea
tures. Adjust the locations of initially placed horizon 
markers on the sheet, if appropriate, and add addi
tional markers for subhorizons, if required. 

10. Describe each soil horizon using Form 3-1. Refer 
to the appropriate sections of Chapter 3 for proce
dures and abbreviated codes for descriptors of soil 
parameters. 

Cores below Weathered Zone (usually 1.5 to 2m) 
Cores from greater depths can be described using 

essentially the same procedures as described above, ex
cept that the greater length requires placement of cores in 
holders where depth increments are side-by-side rather 
than end-on-end, and that generally fewer features are 
described. Most drillers and consultants have their own 
drill log forms. At a minimum, the following information 



should be recorded when describing cores below the 
weathering horizon: 

1. Type of sample (split spoon, shelby tube, etc.) 

2. Thickness driven/thickness recovered 

3. Blow count (per 6 in.), if driven 

4. Depth interval 
Descriptions of depth intervals tend to be more ab

breviated than near-surface soil profile descriptions and 
apply to regular depth intervals rather than transitions 
between horizons (although such transitions should be 
noted and described). Features should be described in a 
consistent sequence. The following features, when 
present, should be described: 

1. Texture (USDA and Unified estimated textures, 
coarse fragments) 

2. Sorting and roundness 

3. Moisture condition (moist, wet, dry, presence of 
water table) 

4. Color and mottling 

5. Consistency (rupture resistance, cementation) 

6. Secondary porosity features 

7. Sedimentary structures 
8. Presence of organic matter 

9. Effervescence in dilute, 10 percent cold HCI (cal
careous parent material) 

10. Visible presence of synthetic chemicals (oil, 
gasoline, solvents) 

11. Reading from field instrumentation (photoionization 
or flame ionization detector) 
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Soil Sample Handling and Preparation 

Appendix A.2 

General Protocol for Soil 
Sample Handling and 
Preparation 

110 

If questions arise in the field concerning sample handling 
and preparation procedures as specified in the Soil Sam

pling Plan for the site, this general protocol can be used. 
Any departures from procedures contained in the site Soil 
Sampling Plan should be documented and justified (see 
Form 4-1 ). The procedures described here generally apply 
to any type of soil sampling. They have been compiled 
primarily from procedures described in Brown et al. 
(1991 ). Specific procedures for different types of sampling 
tools are described in Appendices A.3 and A.4. 

A.2.1 Soil Sample Collection Procedures tor 
Volatiles 

1. Tube samplers are preferred when collecting for 
volatiles. Augers should be used only if soil condi
tions make collection of undisturbed cores impos
sible. Soil recovery probes and augers, with 
dedicated or reusable liners (see Table 4-1), will 
minimize contact of the sample with the 
atmosphere. 

2. Place the first adequate grab sample, maintaining 
and handling the sample in as undisturbed a state 
as possible, in 40-ml septum vials or in a 1-L glass 
wide mouth bottle with a Teflon®-lined cap. Do not 
mix or sieve soil samples. 

3. Ensure the 40-ml containers are filled to the top to 
minimize volatile loss. Secure the cap tightly. 

4. Examine the hole from which the sample was 
taken with an organic vapor instrument after each 
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sample increment. Record any instrument 
readings. 

5. Label and tag sample containers, and record ap
propriate data on soil sample data sheets (depth, 
location, etc.). 

6. Place glass sample containers in sealable plastic 
bags, if required, and place containers in iced ship
ping container. Samples should be cooled to 4°C 
as soon as possible. 

7. Complete chain-of-custody forms and ship as soon 
as possible to minimize sample holding time (see 
Tab:e A.1 for maximum holding times for various 
constituents). 

8. Follow required decontamination and disposal pro
cedures (see A.2.3). 

A.2.2 Soil Sample Collection and Mixing 
Procedures for Semivolatiles and 
Metals 

1. Collect samples. 
2. If required, composite the grab samples, or use 

discrete grab samples. 
3. If possible, screen the soils in the field through a 

precleaned 0-mesh (No. 10, 2 mm) stainless steel 
screen for semivolatiles, or Teflon®-lined screen 
for metals (some metals in stainless steel could 
contaminate the sample). 

4. Mix the sample in a stainless steel, aluminum (not 
suitable when testing for AI), or glass mixing con
tainer using the appropriate tool (stainless steel 
spoon, trowel, or pestle). 

5. After thorough mixing, place the sample in the mid
dle of a relatively inexpensive 1-m square piece of 
suitable plastic, canvas, or rubber sheeting. 

6. Roll the sample backward and forward on the 
sheet while alternately lifting and releasing op
posite sides or corners of the sheet. 

7. After thorough mixing, spread the soil out evenly 
on the sheet with a stainless steel spoon, trowel, 
spatula, or large knife. 
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8. Take sample container and check that a Teflon® 
liner is present in the cap, if required (see Table 
A-1 for recommended sample containers for dif
ferent contaminants). 

9. Divide the sample into quarters, and take samples 
from each quarter in a consecutive manner until 
appropriate sampling volume is collected for each 
required container. Separate sample containers 
would be required for semivolatiles, metals, dupli
cate samples, triplicate samples (split), and spiked 
samples. 

10. Secure the cap tightly. The chemical preservation 
of solids is generally not recommended. 

11. Label and tag sample containers, and record ap
prop~iate data on soil ~ample data sheets (depth, 
locat1on, other observations). 

12. Place glass sample containers in sealable plastic 
bags, if required, and place containers in an iced 
shipping container. Samples should be cooled to 
4°C as soon as possible. 

13. Complete chain-of-custody forms and ship as soon 
as possible to minimize sample holding time (see 
Table A-1 for maximum holding times for various 
constituents). Scheduled arrival time at the analyti
cal laboratory stfould give as much holding time as 
possible for scheduling of sample analyses. 

14. Follow required decontamination and disposal pro
cedures (see A.2.3). 

A.2.3 Equipment Decontamination/Disposal 
Decontamination procedures may vary from state 

to state and site to site. Detailed procedures should be 
specified in the Soil Sampling Plan. A very general proce
dure is outlined here: 

1. Any disposable solid contaminated equipment 
(plastic sheets, screens, etc.) should be placed in 
plastic bags for temporary storage and sealed in 
metal barrels for final transport/disposal. 

2. Reusable equipment should be washed and rinsed 
using decontamination procedures specified in the 
Soil Sampling Plan. 



3. Collect swipes and decontamination blanks, if 
required, to evaluate the possibility of 
cross-contamination. 

A.2.4 Air Drying 
Samples collected for chemical analysis in the 

laboratory do not normally need to be air dried. However, 
air drying may be desired in the field for evaluation of soil 
physical and hydrologic properties. In some instances, air 
drying of contaminated samples involving semivolatiles 
and metals may be desired before sending samples to the 
analytical laboratory. 

1. Weigh sample and record weight if percent mois
ture is required. 

2. Spread out the soil sample on a stainless steel 
sheet and allow to air dry. This may take 3 days or 
more. If samples are to be analyzed for possible 
contaminants. samples should be placed so as to 
prevent possible cross-contamination. If they are to 
be analyzed for microbiological activity, samples 
should be placed in containers through which fil
tered air can be passed. 

3. When dry, weigh and record weight if percent 
moisture is required. 

4. Break up soil aggregates and pull apart vegetation 
and root mat, if present. Weigh nonsoil vegetation 
fraction, and archive or discard, as required. 

5. Remove large rocks and weigh. Archive for pos
sible analysis. 

6. Crush the entire soil sample with a rolling pin, 
stainless steel spoon, or some similar tool. Blend 
with stainless steel spoon for 30 minutes. 

7. Sieve through an 0-mesh (No. 10, 2 mm) screen. 
Any type of screen is acceptable, if soils are not 
contaminated. Use disposable stainless steel 
(semivolatile contamination) or Teflon® (metal con
tamination) if soil samples are contaminated and 
the chemical integrity of the sample must be 
maintained. 

8. Spread out the sample, mark off quarters, and take 
sample from each quarter in a consecutive manner 
until appropriate sample volume is collected. 
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Archive remaining sample for future analysis, if 
needed. 

9. When ready for shipment to the analytical 
laboratory, shake the sample to mix thoroughly. 

10. Follow required decontamination and disposal 
procedures (see A.2.3). 

Table A-1. EPA Recommended Sampling Containers, 
Preservation Requirements, and Holding Times for Soil 
Samples 

Container* Holding 
Contaminant Preservation** Time ... 

Acidity P,G 14 days 

Alkalinity P,G 14 days 
Ammonia P,G 28 days 
Sulfate P,G 28 days 
Sulfide P,G 28 days 

Sulfite P,G 48 hours 
Nitrate P,G 48 hours 
Nitrate-Nitrite P,G 28 days 
Nitrite P,G 48 hours 
Oil and Grease G 28 days 
Organic Carbon P,G 28 days 
Metals 

Chromium VI P,G 48 hours 

Mercury P,G 28days 
Other Metals P,G 6 months 
Cyanide P,G 28 days 

Organic Compounds 

Extractables G, Teflon®- 7 days until 
Including Phthalates, lined cap extraction 

Nitrosamines, Organa- 30 days after 
chlorine Pesticides, extraction 
PCBs, Nitroaromatics, 
lsophorone, Polynuclear 
Aromatic Hydrocarbons, 
Haloethers, Chlorinated 
Hydrocarbons, and 
TCDD 

(Continued) 
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Table A-1. (Continued) 

Container• Holding 
Contaminant Preservation•• Time••• 

Extractables (Phenols) G, Teflon®. 7 days until 
lined cap extraction 

30 days after 
extraction 

Purgables 
G, Teflon®. Halocarbons and 14 days 

Aromatics lined septum 

Acrolein and G. Teflon®- 3days 
Acrylonitrate lined septum 

Orthophosphate P,G 48 hours 

Pesticides G, Teflon®. 7 days until 
lined cap extraction 

30 days after 
extraction 

Phenols G 28 days 

Phosphorus G 48 hours 

Phosphorus, Total P,G 28 days 

Chlorinated Organic G, Teflon®- ?days 
Compounds lined cap 

•p =polyethylene, G =glass. 

**All samples cooled to 4°C. Sample preservation should be per
formed immediately upon sample collection. For composite 
samples, each aliquot should be preserved at the time of collec
tion. When impossible to preserve each aliquot, then samples 
may be preserved by maintaining 4°C until compositing and 
sample splitting is completed. 

···samples should be analyzed as soon as possible after collec
tion. The times listed are the maximum times that samples may 
be held before analysis and still be considered valid. Samples 
may be held for longer periods only if the analytical laboratory 
has data on file to show that the specific types of samples under 
study are stable for the longer time. 

Source: Barth et al., (1989); for additional information, see 
Mason (1983). 
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Appendix A.3 

General Protocol for Soil 
Sampling with a Spade 
and Scoop 

116 

The simplest and most direct method of collecting 
soil samples for subsequent analysis is with a spade and 
scoop. A normal lawn or garden spade can be used to 
remove the top cover of soil to the required depth, and 
then a smaller stainless steel scoop can be used to collect 
the sample. 

This method can be used in most soil types, but is 
limited to sampling the near surface. Samples from depths 
greater than 50 em become extremely labor intensive in 
most soil types. Very accurate, representative samples 
can be collected with this procedure depending on the 
care and precision demonstrated by the sampler. A flat. 
pointed mason trowel can be used to cut a block of soil 
when relatively undisturbed samples are desired. A stain
less steel scoop or lab spoon will suffice in most other ap
plications. Chrome-plating on instruments, common with 
garden implements such as potting trowels, should be 
avoided. 

Procedure (drawn from Ford et al., 1984) 
1. Clear the area to be sampled of any surface debris 

(twigs, rocks, litter). It may be advisable to remove 
the first 8 to 15 em of surface soil for an area ap
proximately 15 em in radius around the drilling 
location to prevent near-surface soil particles from 
falling down the hole. 

2. Carefully remove the top layer of soil to the desired 
sample depth with a precleaned spade. 



3. 

4. 

Using a precleaned stainless steel scoop or trowel, 
remove and discard a thin layer of soil from the 
area which came in contact with the shovel. 
Collect and handle sample using procedures 
described in A.2.1 (Soil Sample Collection Proce
dures for Volatiles) and A.2.2 (Soil Sample Collec
tion and Mixing Procedures for Semivolatiles and 
Metals). 
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Appendix A.4 

General Protocol for 
Soil Sampling with 
Augers and Thin-Walled 
Tube Samplers 

Hand-held augers and thin-walled tube samplers can be 
used separately or in combination. Where rocky soils 

do not limit the use of tube samplers, a combination of 
augers to remove soil material to the depth of interest and 
tube samplers for actual sample collection allows the most 
precise control of sample collection. Depths to 2 meters 
can be readily sampled and up to 6 meters where condi
tions are favorable. Tables 4-1 and 4-2 provide informa
tion on the advantages and disadvantages of different 
types of augers and tube samplers for sampling under dif
ferent soil conditions. 

The recently developed in situ soil recovery auger 
and probe allow collection of samples in dedicated or 
reusable liners that reduce cross-contamination of 
samples and minimize contact with the atmosphere (see 
Table 4-1 and Appendix B). 

Specific sampling tools may require slightly dif
ferent handling methods. For example, if sampling devices 
and drill rod extensions do not have quick connect.fittings, 
crescent or pipe wrenches may be required to change 
equipment configurations. The procedure described below 
is for hand-held equipment. Procedures for power-driven 
augers or tube samplers are essentially the same (drawn 
from Ford et al., 1984, and Brown et al., 1991). 

1. Attach the auger bit to a drill rod extension and fur
ther attach the "T" handle to the drill rod. 

2. Clear the area to be sampled of any surface debris 
(twigs, rocks, litter). It may be advisable to remove 
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3. 

4. 

5. 

6. 

7. 
8. 

9. 

the first 8 to 15 em of surface soil for an area ap
proximately 15 em in radius around the drilling 
location to prevent near-surface soil particles from 
falling down the hole. 
Begin drilling, periodically removing accumulated 
soils. This prevents accidentally brushing loose 
material back down the borehole when removing 
the auger or adding drill rods. 
After reaching the desired depth, slowly and care
fully remove auger from boring. When sampling 
directly from auger, collect sample after auger is 
removed from boring. Discard the upper portion of 
the sample, which may contain soil that has fallen 
to the bottom of the hole from the sidewalls. 
Proceed to sample handling and mixing proce
dures (see A.2.1 and A.2.2). 
If taking a core sample, remove auger tip from drill 
rods and replace with a precleaned thin-walled 
tube sampler. Install proper cutting tip. (An optional 
step is to first replace the auger tip with a planer 
auger to clean out and flatten the bottom of the 
hole before using the thin-walled tube sampler.) 

Carefully lower corer down borehole. Gradually 
force corer into soil. Care should be taken to avoid 
scraping the borehole sides. Hammering of the drill 
rods to facilitate coring should be avoided, as the 
vibrations may cause the bore walls to collapse. 

Remove corer and unscrew drill rods. 
Remove core from device (this may require remov
ing cutting tip) and discard top of core (ap
proximately 2.5 em), to eliminate soil that may 
have fallen down from higher horizons. 

Handle sample using procedures described in 
A.2.1 and A.2.2 . 
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Appendix 8 

Manufacturers and 
Distributors of Soil 
Sampling Equipment 

Table B-1. Manufacturers and Distributors of Soil 
Sampling Equipment (Complied from Barrett et al., 1980; 
Ford et al., 1984; Rehm et a1.,.1985; SCS, 1983) 

Supplier 

Acker Drill Company 
P.O. Box830 
Scranton, PA 18501 

Art's Manufacturing and 
Supply (AMS) 
105 Harrison 
American Falls, ID 83211 
1 /800/635-7330 

Boyle Brothers 
P.O. Box 25068 
1624 Pioneer Road 
Salt Lake City, UT 84125 

Carl's Machine Shop and 
Supply Co. 
1202 Main St. 
Woodward, OK 73801 

Mining Products Division 
Christensen Diamond Products 
Company 
1937 S. 300 West 
Salt Lake City, UT 84115 

Types of Samplers 

Power-driven samplers 

Manual samplers 
In situ soil recovery 
auger and probe 
Planer auger 

Power-driven samplers 

Power-driven samplers 

Power-driven samplers 

tr.r"'ntinl 10~\ 



Table B-1. (Continued) 

Supplier 

Clements Associates, Inc. 
RR 1 Box 186 
Newton, lA 50208 
515/792-8285 

Forestry Suppliers 
P .0. Box 8397 
Jackson, MS 39284-8397 

Gidding Machine Company 
401 Pine Street 
P.O.Box406 
Fort Collins, CO 80521 

Hansen Machine Works 
1628 North C Street 
Sacramento, CA 95814 

Joy Manufacturing Company 
Montgomery Industrial Center 
Montgomeryville, PA 19936 

Longyear Company 
925 Delaware Street, SE 
Minneapolis, MN 55414 

Mobile Drilling Company 
3807 Madison Ave. 
Indianapolis, IN 46227 

Oakfield Apparatus Company 
P.O.Box65 
Oakfield, WI 53065 

Odgers Drilling, Inc. 
Ice Lake Road 
Iron River, Ml49935 

· Penndrill Manufacturing Div. 
Pennsylvania Drilling Co. 
P.O. Box 8562 
Pittsburgh, PA 15220 

Types of Samplers 

Manual samplers 

Manual samplers 
Clinometer 

Power-driven samplers 

Veihmeyer probe 

Power-driven samplers 

Power-driven samplers 

Power-driven samplers 

Manual samplers 

Power-driven samplers 

Power-driven samplers 

(Continued) 
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Table B-1. (Continued) 

Supplier 

Pitcher Drilling Company 
75 Allemany Street 
Daly City, CA 94014 

Reed Tool Company 
1 05 Allen Street 
P.O. Box 3641 
San Angelo, TX 76901 

Reese Sale Company 
P.O.Box645 
2301 Gibson St. 
Bakersfield, CA 93302 

Sauze Technical Products 
Corp. 
345 Cornelia St. 
Plattsburgh, NY 12901 
5181561-6440 

Service Truck Body Shop 
125g Murray 
Alexandria, LA 71301 

Soilmoisture Equipment Corp. 
P.O. Box 30025 
Santa Barbara, CA 93105 
805/964-3525 

Soiltest, Inc. 
P.O. Box931 
2205 Lee Street 
Evanston, IL 60202 
3121869·5500 

Sprague and Henwood, Inc. 
221 West Olive Street 
Scranton, PA 18501 

Wildco 
301 Cass Street 
Saginaw. Ml48602 
517/799-8100 

Types of Samplers 

Power-driven samplers 

Power-driven samplers 

Power-driven samplers 

Eijkelcamp stoney soil 
auger 

Manual samplers 

Manual samplers 

Power-driven samplers 
Penetrometer 
Seives 

Power-driven samplers 

Manual samplers 
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LOW-FLOW (MINIMAL DRAWDOWN) 
GROUND-WATER SAMPLING PROCEDURES 

by Robert W. Puls1 and Michael J. Barcelona2 

Background 

The Regional Superfund Ground Water Forum is a 
group of ground-water scientists, representing EPA's 
Regionai.Superfund Offices, organized to exchange 
information related to ground-water remediation at Superfund 
sites. One of the major concerns of the Forum is the 
sampling of ground water to support site assessment and 
remedial performance monitoring objectives. This paper is 
intended to provide background information on the 
development of low-flow sampling procedures and its 
application under a variety of hydrogeologic settings. It is 
hoped that the paper will support the production of standard 
operating procedures for use by EPA regional personnel and 
other environmental professionals engaged in ground-water 
sampling. 

For further information contact: Robert Puis, 405-436-8543, 
Subsurface Remediation and Protection Division, NRMRL. 
Ada, OK. 

I. Introduction 

The methods and objectives of ground-water 
sampling to assess water quality have evolved over time. 
Initially the emphasis was on the assessment of water quality 
of aquifers as sources of drinking water. Large water-bearing 

units were identified and sampled in keeping with that 
objective. These were highly productive aquifers that 
supplied drinking water via private wells or through public 
water supply systems. Gradually, with the increasing 
awareness of subsurface pollution of these water resources, 
the understanding of complex hydrogeochemical processes 
which govern the fate and transport of contaminants in the 
subsurface increased. This increase in understanding was 
also due to advances in a number of scientific disciplines and 
improvements in tools used for site characterization and 
ground-water sampling. Ground-water quality investigations 
where pollution was detected, initially borrowed ideas, 
methods, and materials for site characterization from the 
water supply field and water analysis from public health 
practices. This included the materials and manner in which 
monitoring wells were installed and the way in which water 
was brought to the surface, treated, preserved and analyzed. 
The prevailing conceptual ideas included convenient 
generalizations of ground-water resources in terms of large 
and relatively homogeneous hydrologic ¥units". With time it 
became apparent that conventional water supply 
generalizations of ¥homogeneity" did not adequately represent 
field data regarding pollution of these subsurface resources. 
The important role of "heterogeneity" became increasingly 
clear not only in geologic terms, but also in terms of complex 

'National Risk Management Research Laboratory, U.S. EPA 
zunlversity of Michigan 

Superfund Technology Support Center for 
Ground Water 

National Risk Management Research Laboratory 
Subsurface Protection and Remediation Division 
Robert S. Kerr Environmental Research Center 
Ada, Oklahoma 



physical, chemical and biological subsurface processes. With 
greater appreciation of the role of heterogeneity, it became 
evident that subsurface pollution was ubiquitous and 
encompassed the unsaturated zone to the deep subsurface 
and included unconsolidated sediments, fractured rock, and 
"aquitards" or low-yielding or impermeable formations. Small
scale processes and heterogeneities were shown to be 
important in identifying contaminant distributions and in 
controlling water and contaminant flow paths. 

It is beyond the scope of this paper to summarize all 
the advances in the field of ground-water quality 
investigations and remediation, but two particular issues have 
bearing on gr~und-water sampling today: aquifer 
heterogeneity and colloidal transport. Aquifer heterogeneities 
affect contaminant flow paths and include variations in 
geology, geochemistry, hydrology and microbiology. As 
methods and the tools available for subsurface investigations 
have become increasingly sophisticated and understanding of 
the subsurface environment has advanced, there is an 
awareness that in most cases a primary concern for site 
investigations is characterization of contaminant flow paths 
rather than entire aquifers. In fact, in many cases, plume 
thickness can be less than well screen lengths (e.g. 3-6m) 
typically installed at hazardous waste sites to detect and 
monitor plume movement over time. Small-scale differences 
have increasingly been shown to be important and there is a 
general trend toward smaller diameter wells and shorter 
screens. 

The hydrogeochemical significance of colloidal-size 
particles in subsurface systems has been realized during the 
past several years (Gschwend and Reynolds, 1987; McCarthy 
and Zachara, 1989; Puis, 1990; Ryan and Gschwend, 1990). 
This realization resulted from both field and laboratory studies 
that showed faster contaminant migration over greater 
distances and at higher concentrations than flow and 
transport model predictions would suggest (Buddemeier and 
Hunt, 1988; Enfield and Bengtsson, 1988; Penrose et al. 
1990). Such models typically account for interaction between 
the mobile aqueous and immobile solid phases, but do not 
allow for a·mobile, reactive solid phase. It is recognition of this 
third "phase" as a possible means of contaminant transport 
that has brought increasing attention to the manner in which 
samples are collected and processed for analysis (Puis et al. 
1990; McCarthy and Degueldre, 1993; Backhus et al. 1993; 
USEPA 1995). If such a phase is present in sufficient mass, 
possesses high sorption reactivity, large surface area, and 
remains stable in suspension, it can serve as an important 
mechanism to facilitate contaminant transport in many types 
of subsurface systems. 

Colloids are particles that are sufficiently small that 
the surface free energy of the particle dominates the bulk free 
energy. Typically, in ground water, this includes particles with 
diameters between 1 and 1000 nm. The most commonly 
observed mobile particles include: secondary clay minerals; 
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hydrous iron, aluminum, and manganese oxides; dissolved 
and particulate organic materials, and viruses and bacteria. 
These reactive particles have been shown to be mobile under 
a variety of conditions in both field studies and laboratory 
column experiments, and as such need to be included in 
monitoring programs where identification of the ictal" mobile 
contaminant loading (dissolved + naturally suspended 
particles) at a site is an objective. To that end, sampling 
methodologies must be used which do not artificially bias 
"naturally" suspended particle concentrations. 

Currently the most common ground-water purging 
and sampling methodology is to purge a well using bailers or 
high speed pumps to remove 3 to 5 casing volumes followed 
by sample collection. This method can cause adverse impacts 
on sample quality through collection of samples with high 
levels of turbidity. This results in the inclusion of otherwise 
immobile artifactual particles which produce an 
overestimation of certain analytes of interest (e.g. metals or 
hydrophobic organic compounds). Numerous documented 
problems associated with filtration (Danielsson, 1982; Laxen 
and Chandler, 1982; Horowitz et al. 1992) make this an 
undesirable method of rectifying the turbidity problem, and 
include the removal of potentially mobile (contaminant
associated) particles during filtration, thus artificially biasing 
contaminant concentrations low. Sampling-induced turbidity 
problems can often be mitigated by using low-flow purging 
and sampling techniques. 

Current subsurface conceptual models have 
undergone considerable refinement due to the recent 
development and increased use of field screening tools. So
called hydraulic "push" technologies (e.g. cone penetrometer. 
Geoprobe®, OED HydroPunch®) enable relatively fast 
screening site characterization which can then be used to 
design and install a monitoring well network. Indeed, 
alternatives to conventional monitoring wells are now being 
considered for some hydrogeologic settings. The ultimate 
design of any monitoring system should however be based 
upon adequate site characterization and be consistent with 
established monitoring objectives. 

If the sampling program objectives include accurate 
assessment of the magnitude and extent of subsurface 
contamination over time and/or accurate assessment of 
subsequent remedial performance then some information 
regarding plume delineation in three dimensional space is 
necessary prior to monitoring well network design and 
installation. This can be accomplished with a variety of 
different tools and equipment ranging from hand-operated 
augers to screening tools mentioned above and large drilling 
rigs. Detailed information on groundwater flow velocity, 
direction, and horizontal and vertical variability are essential 
baseline data requirements. Detailed soil and geologic data 
are required prior to and during the installation of sampling 
points. This includes historical as well as detailed soil and 
geologic logs which accumulate during the site investigation. 
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The use of borehole geophysical techniques are also 
recommended. With this information (together with other site 
characterization data) and a clear understanding of sampling 
objectives, then appropriate location, screen length, well 
diameter, slot size etc. for the monitoring well network can be 
decided. This is especially critical for new in situ remedial 
approaches or natural attenuation assessments at hazardous 
waste sites. 

In general, the oyerall goal of any ground-water 
sampling program is to collect water samples with no 
alteration in water chemistry: analytical data thus obtained 
may be used for a variety of specific monitoring programs 
depending on the regulatory requirements. The sampling 
methodology described in this paper assumes that the 
monitoring goal is to sample monitoring wells for the presence 
of contaminants and it is applicable whether mobile colloids 
are a concern or not and whether the analytes of concern are 
metals (and metalloids) or organic compounds. 

II. Monitoring Objectives and Design 
Considerations. 

The following issues are important to consider prior 
to the design and implementation of any ground-water 
monitoring program, including those which anticipate using 
low-flow purging and sampling procedures. 

A. Data Quality Objectives (DQO's) 

Monitoring objectives include four main types: 
detection, assessment, corrective-action evaluation and 
resource evaluation, along with "hybrid" variations such as 
site-assessments for property·transfers and water availability 
investigations. Monitoring objectives may change as 
contamination or water quality problems are discovered. 
However, there are a number of common components of 
monitoring programs which should be recognized as 
important regardless of initial objectives. These components 
include: 

1) Development of a conceptual model that incorporates 
elements of the regional geology to the local geologic 
framework. The conceptual model development also 
includes initial site characterization efforts to identify 
hydrostratigraphic units and likely flow-paths using a 
minimum number of borings and well completions: 

2) Cost-effective and well documented collection of high 
quality data utilizing simple, accurate, and 
reproducible techniques: and 

3) Refinement of the conceptual model based on 
supplementary data collection and analysis. 

These fundamental components serve many types of 
monitoring programs and provide a basis for future efforts that 
evolve in complexity and level of spatial detail as purposes 
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and objectives expand. High quality, reproducible data 
collection is a common goal regardless of program objective. 

High quality data collection implies data of sufficient 
accuracy, precision, and completeness (i.e. ratio of valid 
analytical results to the minimum sample number called for by 
the program design) to meet the program objectives. 
Accuracy depends on the correct choice of monitoring tools 
and procedures to minimize sample and subsurface 
disturbance from collection to analysis. Precision depends on 
the repeatability of sampling and analytical protocols. It can 
be assured or improved by replication of sample analyses 
including blanks, field/lab standards and reference standards. 

B. Sample Representativeness 

An important goal of any monitoring program is 
collection of data that is truly representative of conditions at 
the site. The term representativeness applies to chemical and 
hydrogeologic data collected via wells, borings, piezometers. 
geophysical and soil gas measurements, lysimeters, and 
temporary sampling points. It involves a recognition of the 
statistical variability of individual subsurface physical 
properties, and contaminant or major ion concentration levels, 
while explaining extreme values. Subsurface temporal and 
spatial variability are facts. Good professional practice seeks 
to maximize representativeness by using proven accurate and 
reproducible techniques to define limits on the distribution of 
measurements collected at a site. However, measures of 
representativeness are dynamic and are controlled by 
evolving site characterization and monitoring objectives. An 
evolutionary site characterization model, as shown in 
Figure 1, provides a systematic approach to the goal of 
consistent data collection. 

_r .... Define Program Objectlv• 

' Eatabliah Data Qu.Uty 

~ Define slpting and 
EvolutioMry Site AMiytical Protocole 

CMraeterf:ration ' 

Apply Protocole 

' .... Refine Protocot. 4- _ -> Make Site Deciaiont1 

Figure 1. Evolutionary Site Characterization Model 

The model emphasizes a recognition of the causes of the 
variability (e.g., use of inappropriate technology such as using 
bailers to purge wells; imprecise or operator dependent 
methods) and the need to control avoidable errors. 



1 ) Questions of scale 

A sampling plan designed to collect representative 
samples must take into account the potential scale of 
changes in site conditions through space and time as well as 
the chemical associations and behavior of the parameters 
that are targeted for investigation. In subsurface systems, 
physical (i.e. aquifer) and chemical properties over time or 
space are not statistically independent. In fact samples taken 
in close proximity (i.e. within distances of a few yards) or 
within short time periods (i.e. more frequently than monthly) 
are highly auto-correlated. This means that designs 
employing high-sampling frequency (e.g. monthly) or dense 
spatial monitoring designs run the risk of redundant data 
collection and misleading inferences regarding trends in 
values that aren't statistically valid. In practice, contaminant 
detection and assessment monitoring programs rarely suffer 
these "over-sampling" concerns. In corrective-action 
evaluation programs, it is also possible that too little data may 
be collected over space or time. In these cases, false 
interpretation of the spatial extent of contamination or 
underestimation of temporal concentration variability may 
result. 

2) Target Parameters 

Parameter selection in monitoring program design is 
most often dictated by the regulatory status of the site. 
However, background water quality constituents, purging 
indicator parameters, and contaminants, all represent targets 
for data collection programs. The tools and procedures used 
in these programs should be equally rigorous and applicable 
to all categories of data, since all may be needed to 
determine or support regulatory action. 

C. Sampling Point Design and Construction 

Detailee site characterization is central to all 
decision-making purposes and the basis for this 
characterization resides in identification of the geologic 
framework and major hydro-stratigraphic units. Fundamental 
data for sample point location include: subsurface lithology, 
head-differences and background geochemical conditions. 
Each sampling point has a proper use or uses which should 
be documented at a level which is appropriate for the 
program's data quality objectives. Individual ~ampling points 
may not always be able to fulfill multiple monitoring objectives 
(e.g., detection, assessment, corrective action). 

1) Compatibility with Monitoring Program and Data 
Quality Objectives 

Specifics of sampling point location and design will 
be dictated by the complexity of subsurface lithology and 
variability in contaminant and/or geochemical conditions. It 
should be noted that, regardless of the ground-~ater 
sampling approach, few sampling points (e.g. wells, drive
points, screened augers) have zones of influence in excess of 
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a few feet. Therefore the spatial frequency of sampling points 
should be carefully selected and designed. 

2) Flexibility of Sampling Point Design 

In most cases "well-point" diameters in excess of 
1 7/8 inches will permit the use of most types of submersible 
pumping devices for low-flow (minimal drawdown) sampling. 
It is suggested that "short" (e.g. less than 1.6 m) screens be 
incorporated into the monitoring design where possible so 
that we might expect comparable results from one device to 
another. "Short", of course, is relative to the degree of vertical 
water quality variability expected at a site. 

3) Equilibration of Sampling Point 

Time should be allowed for equilibration of the well 
or sampling point with the formation after installation. 
Placement of well or sampling points in the subsurface 
produces some disturbance of ambient conditions. Drilling 
techniques (e.g. auger, rotary, etc.) are generally considered 
to cause more disturbance than "direct-push" technologies. In 
either case, there may be a period (i.e. days to months) 
during which water quality near the point may be distinctly 
different from that in the formation. Proper development of the 
sampling point and adjacent formation to remove fines 
created during emplacement will shorten this water quality 
"recovery" period. 

Ill. Definition of Low-Flow Purging and Sampling 

It is generally accepted that water in the well casing 
is non-representative of the formation water and needs to be 
purged prior to collection of ground-water samples. However, 
the water in the screened interval may indeed be 
representative of the formation, depending upon well 
construction and site hydrogeology. Wells are purged to 
some extent for the following reasons: the presence of the air 
interface at the top of the water column resulting in an oxygen 
concentration gradient with depth, loss of volatiles up the 
water column, leaching from or sorption to the casing or filter 
pack, chemical changes due to clay seals or backfill, and 
surface infiltration. 

Low-flow purging, whether using portable or 
dedicated systems, should be done using pump-intake 
located in the middle or slightly above the middle of the 
screened interval. Placement of the pump too close to the 
bottom of the well will cause increased entrainment of solids 
which have collected in the well over time. These particles 
are present as a result of well development, prior purging and 
sampling events, and natural colloidal transport and 
deposition. Therefore, placement of the pump in the middle 
or toward the top of the screened interval is suggested. 
Placement of the pump at the top of the water column for 
sampling is only recommended in unconfined aquifers, 
screened across the water table, where this is the desired 
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sampling point. Low-flow purging has the advantage of 
minimizing mixing between the overlying stagnant casing 
water and water within the screened interval. 

A. Low-Flow Purging & Sampling 

Low-flow refers to the velocity with which water 
enters the pump intake and that is imparted to the formation 
pore water in the immediate vicinity of the well screen. It 
does not necessarily refer to the flow rate of water discharged 
at the surface which can be affected by flow regulators or 
restrictions. Water level drawdown provides the best 
indication of the stress imparted by a given flow-rate for a 
given hydrological situation. The objective is to pump in a 
manner that minimizes stress (drawdown) to the system to the 
extent practical taking into account established site sampling 
objectives. Typically flow rates on the order of 0.1 - 0.5 Umin 
are used, however this is dependent on site-specific 
hydrogeology. Some extremely coarse-textured formations 
have been successfully sampled in this manner at flow rates 
to 1 Umin. The effectiveness of using low-flow purging is 
intimately linked with proper screen location, screen length, 
and well construction and development techniques. The 
reestablishment of natural flow paths in both the vertical and 
horizontal directions are important for correct interpretation of 
the data. For high resolution sampling needs, screens less 
than 1 m should be used. Most of the need for purging has 
been found to be due to passing the sampling device through 
the overlying casing water which causes mixing of these 
stagnant waters and the dynamic waters within the screened 
interval. Additionally, there is disturbance to suspended 
sediment collected in the bottom of the casing and the 
displacement of water out into the formation immediately 
adjacent to the well screen. These disturbances and impacts 
can be avoided using dedicated sampling equipment, which 
precludes the need to insert the sampling device prior to 
purging and sampling. 

Isolation of the screened interval water from the 
overlying stagnant casing water may be accomplished using 
low-flow minimal drawdown techniques. If the pump intake is 
located within the screened interval most of the water pumped 
will be drawn in directly from the formation with little mixing of 
casing water or disturbance to the sampling zone. However, 
if the wells are not constructed and developed properly, zones 
other than those intended may be sampled. At some sites 
where geologic heterogeneities are sufficiently different within 
the screened interval, higher conductivity zones may be 
preferentially sampled. This is another reason to use shorter 
screened intervals, especially where high spatial resolution is 
a sampling objective. 

B. Water Quality Indicator Parameters 

It is recommended that water quality indicator 
parameters be used to determine purging needs prior to 
sample collection in each well. Stabilization of parameters 
such as pH, specific conductance, dissolved oxygen, 
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oxidation-reduction potential, temperature and turbidity should 
be used to determine when formation water is accessed 
during purging. In general the order of stabilization is pH, 
temperature, and specific conductance, followed by oxidation
reduction potential, dissolved oxygen and turbidity. 
Temperature and pH, while commonly used as purging 
indicators, are actually quite insensitive in distinguishing 
between formation water and stagnant casing water; 
nevertheless, these are important parameters for data 
interpretation purposes and should also be measured. 
Performance criteria for determination of stabilization should 
be based on water-level drawdown, pumping rate and 
equipment specifications for measuring indicator parameters. 
Instruments are available which utilize in-line flow cells to 
continuously measure the above parameters. 

It is important to establish specific well stabilization 
criteria and then consistently follow the same methods 
thereafter, particularly with respect to drawdown, flow rate 
and sampling device. Generally the time or purge volume 
required for parameter stabilization is independent of well 
depth or well volumes. Dependent variables are well 
diameter, sampling device, hydrogeochemistry, pump flow 
rate, and whether the devices are used in a portable or 
dedicated manner. If the sampling device is already in place 
(ie, dedicated sampling systems), then the time and purge 
volume needed for stabilization is much shorter. Other 
advantages of dedicated equipment include less purge water 
for waste disposal, much less decontamination of equipment. 
less time spent in preparation of sampling as well as time in 
the field. and more consistency in the sampling approach 
which probably will translate into less variability in sampling 
results. The use of dedicated equipment is strongly 
recommended at wells which will undergo routine sampling 
over time. 

If parameter stabilization criteria are too stringent, 
then minor oscillations in indicator parameters may cause 
purging operations to become unnecessarily protracted. It 
should also be noted that turbidity is a very conservative 
parameter in terms of stabilization. Turbidity is always the 
last parameter to stabilize. Excessive purge times are 
invariably related to the establishment of too stringent turbidity 
stabilization criteria. It should be noted that natural turbidity 
levels in ground water may exceed 10 nephelometric turbidity 
units (NTU). 

C. Advantages and Disadvantages of Low-Flow 
(Minimum Drawdown) Purging 

In general, the advantages of low-flow purging 
include: 

• samples which are representative of the 'mobile' load 
of contaminants present (dissolved and colloid
associated), 

• minimal disturbance of the sampling point thereby 
minimizing sampling artifacts, 

• less operator variability, greater operator control, 



• reduced stress on the formation (minimal drawdown), 
• less mixing of stagnant casing water with formation 

water, 
• reduced need for filtration and therefore less time 

required for sampling, 
• smaller purging volume which decrease waste 

disposal costs and sampling time. 
• better sample consistency; reduced artificial sample 

variability 

Some disadvantages of low-flow purging are: 
• higher initial capital costs, 
• greater set-up time in the field, 
• need to transport additional equipment to and from the 

site, 
increased training needs, 

• resistance to change on the part of sampling 
practitioners, 
concern that new data will indicate a "change in 
conditions" and trigger an "action". 

IV. Low-Flow (Minimal Drawdown) Sampling 
Protocols 

The following ground water sampling procedure has 
evolved over many years of experience in ground water 
sampling for organic and inorganic compound determinations 
and as such summarizes the authors (and others) 
experiences to date (Barcelona et al.. 1984, 1994; Barcelona 
and Helfrich, 1986; Puis and Barcelona, 1989; Puis et. al. 
1990, 1992; Puis and Powell, 1992; Puis and Paul, 1995). 
High-quality chemical data collection is essential in ground 
water monitoring and site characterization. The primary 
limitations to the collection of "representative" ground water 
samples include: mixing of the ·stagnant casing and "fresh" 
screen waters during insertion of the sampling device or 
ground water level measurement device; disturbance and 
resuspension of settled solids at the bottom of the well when 
using high pumping rates or raising and lowering a pump or 
bailer; introduction of atmospheric gases or degassing from 
the water during sample handling and transfer, or 
inappropriate use of vacuum sampling device etc. 

A. Sampling Recommendations 

Water samples should not be taken immediately 
following well development. Sufficient time should be allowed 
for the ground water flow regime in the vicinity of the 
monitoring well to stabilize and to let chemical equilibrium with 
the well construction materials be approached. This lag time 
will depend on site conditions and methods of installation but 
often exceeds one week. 

Well purging is nearly always necessary to obtain 
samples of water flowing through the geologic formations in 
the screened interval. Rather than using a general but 
arbitrary guideline of purging three casing volumes prior to 
sampling, it is recommended that an in-line water quality 
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measurement device (e.g. flow-through cell) be used to 
establish the stabilization time for several parameters (e.g. 
pH, specific conductance. redox, dissolved oxygen, turbidity) 
on a well-specific basis. Data on pumping rate. drawdown. 
and volume required for parameter stabilization can be used 
as a guide for conducting subsequent sampling activities. 

The following are recommendations to be considered 
before, during and after sampling: 

use low flow rates (<0.5 Umin), during both purging 
and sampling maintain minimal drawdown in the well: 

• maximize tubing wall thickness, minimize tubing 
length: 

• place the sampling device intake at the desired 
sampling point; 

• minimize disturbances of the stagnant water column 
above the screened interval during water level 
measurement and sampling device insertion: 

• make proper adjustments to stabilize the flow rate as 
soon as possible; 

• monitor water quality indicators during purging: 
• collect unfiltered samples to estimate contaminant 

loading and transport potential in the subsurface 
system. 

B. Equipment Calibration 

Prior to sampling, all sampling device and monitoring 
equipment should be calibrated according to manufacture's 
recommendations and the site Quality Assurance Project Plan 
(QAPP) and Field Sampling Plan (FSP). Calibration of pH 
should be performed with at least two buffers which bracket 
the expected range. Dissolved oxygen calibration must be 
corrected for local barometric pressure readings and 
elevation. 

C. Water Level Measurement and Monitoring 

It is recommended that a device be used which will 
least disturb the water surface in the casing. Well depth 
should be obtained from the well logs. Measuring to the 
bottom of the well casing will only cause resuspension of 
settled solids from the formation and require longer purging 
times for turbidity equilibration. Measure well depth after 
sampling is completed. The water level measurement should 
be taken from a permanent reference point which is surveyed 
in relative to ground elevation. 

D. Pump Type 

The use of low flow (e.g. 0.1-0.5 Umin) pumps is 
suggested for purging and sampling all types of analytes. All 
pumps have some limitation and these should be investigated 
with respect to application at a particular site. Bailers are 
inappropriate devices for low-flow sampling. 
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1 ) Generc.l Considerations 

There are no unusual requirements for ground-water 
sampling devices when using low-flow, minimal drawdown 
techniques. The major concern is that the device give 
consistent results and minimal disturbance of the sample 
across a range of "low" flow rates (i.e. < 0.5 Umin). Clearly, 
pumping rates that cause minimal to no drawdown in one well 
could easily cause "significant" drawdown in another well 
finished in a less transmissive formation. In this sense, the 
pump should not cause undue pressure or temperature 
changes or physical disturbance on the water sample over a 
reasonable sampling range. Consistency in operation is 
critical to meet accuracy and precision goals. 

2) Advantages & Disadvantages of Sampling Devices 

A variety of sampling devices are available for low
flow (minimal drawdown) purging and sampling and include 
peristaltic pumps, bladder pumps, electrical submersible 
pumps, and gas-driven pumps. Devices which lend 
themselves to both dedication and consistent operation at 
definable low-flow rates are preferred. It is desirable that the 
pump be easily adjustable and operate reliably at these lower 
flow rates. The peristaltic pump is limited to shallow 
applications and can cause degassing resulting in alteration 
of pH, alkalinity, and some volatiles loss. Gas-drive pumps 
should be of a type that does not allow the gas to be in direct 
contact with the sampled fluid. 

Clearly, bailers and other ·grab" type samplers are 
ill-suited for low-flow sampling since they will cause repeated 
disturbance and mixing of "stagnant" water in the casing and 
the "dynamic" water in the screened interval. Similarly, the 
use of inertial lift foot-valve type samplers may cause too 
much disturbance at the point of sampling. Use of these 
devices also tend to introduce uncontrolled and unacceptable 
operator variability. · 

Summaries of advantages and disadvantages of 
various sampling devices are listed in Herzog et al (1991 ), 
USEPA (1992), Parker (1994) and Thurnblad (1994). 

E. Pump Installation 

Dedicated sampling devices (left in the well) capable 
of pumping and sampling are preferred over am: other type of 
device. Any portable sampling device should be slowly and 
carefully lowered to the middle of the screened interval or 
slightly above the middle (e.g. 1-1.5 m below the top of a 3m 
screen). This is to minimize excessive mixing of the stagnant 
water in the casing above the screen with the screened 
interval zone water, and to minimize resuspension of solids 
which will have collected at the bottom of the well. These two 
disturbance effects have been shown to directly affect the 
time required for purging. There also appears to be a direct 
correlation between size of portable sampling devices relative 
to the well bore and resulting purge volumes and times. The 
key is to minimize disturbance of water and solids in the well 
casing. 
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F. Filtration 

Decisions to filter samples should be dictated by 
sampling objectives rather than as a 'iix" for poor sampling 
practices, and field-filtering of certain constituents should not 
be the default. Consideration should be given as to what the 
application of field-filtration is trying to accomplish. For 
assessment of truly dissolved (as opposed to operationally 
"dissolved" [ie. samples filtered with 0.45 IJm filters]) 
concentrations of major ions and trace metals, 0.1 IJm filters 
are recommended although 0.45 IJm filters are normally used 
for most regulatory programs. Alkalinity samples must also be 
filtered if significant particulate calcium carbonate is 
suspected, since this material is likely to impact alkalinity 
titration results (although filtration itself may alter the C0

2 
composition of the sample and therefore affect the results). 

Although filtration may be appropriate, filtration of a 
sample may cause a number of unintended changes to occur 
(e.g. oxidation, aeration) possibly leading to filtration-induced 
artifacts during sample analysis and uncertainty in the results. 
Some of these unintended changes may be unavoidable but 
the factors leading to them must be recognized. Deleterious 
effects can be minimized by consistent application of certain 
filtration guidelines. Guidelines should address selection of 
filter type, media, pore size, etc. in order to identify and 
minimize potential sources of uncertainty when filtering 
samples. 

In-line filtration is recommended because it provides 
better consistency through less sample handling, and 
minimizes sample exposure to the atmosphere. In-line filters 
are available in both disposable (barrel filters) and non
disposable (in-line filter holder, flat membrane filters) formats 
and various filter pore sizes (0.1-5.0 IJm). Disposable filter 
cartridges have the advantage of greater sediment handling 
capacity when compared to traditional membrane filters. 
Filters must be pre-rinsed following manufacturer's 
recommendations. If there are no recommendations for 
rinsing, pass through a minimum of 1 L of ground water 
following purging and prior to sampling. Once filtration has 
begun, a filter cake may develop as particles larger than the 
pore size accumulate on the filter membrane. The result is 
that the effective pore diameter of the membrane is reduced 
and particles smaller than the stated pore size are excluded 
from the filtrate. Possible corrective measures include 
prefiltering (with larger pore size filters), minimizing particle 
loads to begin with, and reducing sample volume. 

G. Monitoring of Water Level and Water Quality 
Indicator Parameters 

Check water level periodically to monitor drawdown 
in the well as a guide to flow rate adjustment. The goal is 
minimal drawdown (<0.1 m) during purging. This goal may be 
difficult to achieve under some circumstances due to geologic 
heterogeneities within the screened interval, and may require 
adjustment based on site-specific conditions and personal 
experience. In-line water quality indicator parameters should 



be continuously monitored during purging. The water quality 
indicator parameters monitored can include pH, redox 
potential, conductivity, dissolved oxygen (DO) and turbidity. 
The last three parameters are often most sensitive. Pumping 
rate, drawdown, and the time or volume required to obtain 
stabilization of parameter readings can be used as a future 
guide to purge the well. Measurements should be taken 
every three to five minutes if the above suggested rates are 
used. Stabilization is achieved after all parameters have 
stabilized for three successive readings. In lieu of measuring 
all five parameters a minimum subset would include pH, 
conductivity, and turbidity or DO. Three successive readings 
should be within± 0.1 for pH,± 3% for conductivity,± 10 mv 
for redox potential, and ± 1 0% for turbidity and DO. Stabilized 
purge indicator parameter trends are generally obvious and 
follow either an exponential or asymptotic change to stable 
values during purging. Dissolved oxygen and turbidity usually 
require the longest time for stabilization. The above 
stabilization guidelines are provided for rough estimates 
based on experience. 

H. Sampling, Sample Containers, Preservation and 
Decontamination 

Upon parameter stabilization, sampling can be 
initiated. If an in-line device is used to monitor water quality 
parameters, it should be disconnected or bypassed during 
sample collection. Sampling flow rate may remain at 
established purge rate or may be adjusted slightly to 
minimize aeration, bubble formation, turbulent filling of sample 
bottles, or loss of volatiles due to extended residence time in 
tubing. Typically, flow rates less than 0.5 Umin are 
appropriate. The same device should be used for sampling 
as was used for purging. Sampling should occur in a 
progression from least to most contaminated well if this is 
known. Generally, volatile (e.g. solvents and fuel 
constituents) and gas sensitive (e.g. Fe2', CH,, H2S/HS·, 
alkalinity) parameters should be sampled first. The sequence 
in which samples for most inorganic parameters are collected 
is immaterial unless filtered (dissolved) samples are desired. 
Filtering should be done last and in-line filters should be used 
as discussed above. During both well purging and sampling, 
proper protective clothing and equipment must be used based 
upon the type and level of contaminants present. 

The appropriate sample container will be prepared in 
advance of actual sample collection for the analytes of 
interest and include sample preservative where necessary. 
Water samples should be collected directly into this container 
from the pump tubing. 

Immediately after a sample bottle has been filled, it 
must be preserved as specified in the site Quality Assurance 
Project Plan (QAPP). Sample preservation requirements are 
based on the analyses being performed (use site QAPP, Field 
Safety Plan [FSP], USEPA, 1992 RCRA guidance document 
Of EPA SW-846). It may be advisable to add preservatives to 
sample bottles in a controlled setting prior to entering the field 
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in order to reduce the chances of improperly preserving 
sample bottles or introducing field contaminants into a sample 
bottle while adding the preservatives. 

The preservatives should be transferred from the 
chemical bottle to the sample container using a disposable 
polyethylene pipet and the disposable pipet should be used 
only once and then discarded. 

After a sample container has been filled with ground 
water, a Teflon (or tin)-lined cap is screwed on tightly to 
prevent the container from leaking. A sample label is filled 
out as specified in the Field Sampling Plan (FSP). The 
samples should be stored inverted at 4°C. 

Specific decontamination protocols for sampling 
devices are dependent to some extent on the type of device 
used and the type of contaminants encountered. Refer to the 
site OAPP and FSP for specific requirements. 

I. Blanks 

The following blanks should be collected: 

(1) field blank: one field blank should be collected from 
each source water (distilled/deionized water) used for 
sampling equipment decontamination or for assisting 
well development procedures. 

(2) equipment blank: one equipment blank should be 
taken prior to the commencement of field work, from 
each set of sampling equipment to be used for that 
day. Refer to site QAPP or FSP for specific 
requirements. 

(3) trip blank: a trip blank is required to accompany each 
volatile sample shipment. These blanks are prepared 
in the laboratory by filling a 40-ml volatile organic 
analysis (VOA) bottle with distilled/deionized water. 

V. Low-Permeability Formations and Fractured 
Rock 

The overall sampling program goals or sampling 
objectives will drive how the sampling points are located, 
installed, and choice of sampling device. Likewise, site
specific hydrogeologic factors will affect these decisions. 
Sites with very low permeability formations or fractures 
causing discrete flow channels may require a unique 
monitoring approach. Unlike water supply wells, wells 
installed for ground-water quality assessment and restoration 
programs are often installed in low water-yielding settings 
(e.g. clays, silts). Alternative types of sampling points and 
sampling methods are often needed in these types of 
environments, because low-permeability settings may require 
extremely low-flow purging {<0.1 Umin) and may be 
technology-limited. Where devices are not readily available 
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to pump at such low flow rates, the primary consideration is to 
avoid dewatering of the well screen. This may require 
repeated recovery of the water during purging while leaving 
the pump in place within the well screen. 

Use of low-flow techniques may be impractical in 
these settings, depending upon the water recharge rates. 
The sampler and the end-user of data collected from such 
wells need to understand the limitations of the data collected, 
i.e. a strong potential for underestimation of actual 
contaminant concentrations for volatile organics, potential 
false negatives for filtered metals and potential false positives 
for unfiltered metals. It is suggested that comparisons be 
made between samples recovered using low-flow purging 
techniques and samples recovered using passive sampling 
techniques (i.e. two sets of samples). Passive sample 
collection would essentially entail acquisition of the sample 
with no or very little purging using a dedicated sampling 
system installed within the screened interval or a passive 
sample collection device. 

A. Low-Permeability Formations (<0.1 Umin 
recharge) 

1. Low-Flow Purging and Sampling with Pumps 

a. "portable or non-dedicated mode" - Lower the pump 
(one capable of pumping at <0.1 Umin) to mid-screen 
or slightly above and set in place for minimum of 48 
hours (to lessen purge volume requirements). After 48 
hours, use procedures listed in Part IV above 
regarding monitoring water quality parameters for 
stabilization, etc., but do not dewater the screen. If 
excessive drawdown and slow recovery is a problem, 
then alternate approaches such as those listed below 
may be better. 

b. "dedicated mode" - Set the pump as above at least a 
week prior to sampling; that is, operate in a dedicated 
pump mode. With this approach significant reductions 
in purge volume should be realized. Water quality 
parameters should stabilize quite rapidly due to less 
disturbance of the sampling zone. 

2. Passive Sample Collection 

Passive sampling collection requires insertion of the 
device into the screened interval for a sufficient time period to 
allow flow and sample equilibration before extraction for 
analysis. Conceptually, the extraction of water from low 
yielding formations seems more akin to the collection of water 
from the unsaturated zone and passive sampling techniques 
may be more appropriate in terms of obtaining 
"representative" samples. Satisfying usual sample volume 
requirements is typically a problem with this approach and 
some latitude will be needed on the part of regulatory entities 
to achieve sampling objectives. 
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B. Fractured Rock 

In fractured rock formations, a low-flow to zero 
purging approach using pumps in conjunction with packers to 
isolate the sampling zone in the borehole is suggested. 
Passive multi-layer sampling devices may also provide the 
most "representative" samples. It is imperative in these 
settings to identify flow paths or water-producing fractures 
prior to sampling using tools such as borehole flowmeters 
and/or other geophysical tools. 

After identification of water-bearing fractures, install 
packer(s) and pump assembly for sample collection using 
low-flow sampling in "dedicated mode" or use a passive 
sampling device which can isolate the identified water bearing 
fractures. 

VI. Documentation 

The usual practices for documenting the sampling 
event should be used for low-flow purging and sampling 
techniques. This should include, at a minimum: information 
on the conduct of purging operations (flow-rate, drawdown, 
water-quality parameter values, volumes extracted and times 
for measurements), field instrument calibration data, water 
sampling forms and chain of custody forms. See Figures 2 
and 3 and "Ground Water Sampling Workshop -- A Workshop 
Summary" (USEPA, 1995) for example forms and other 
documentation suggestions and information. This information ' 
coupled with laboratory analytical data and validation data are 
needed to judge the "useability" of the sampling data. 
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Figure 2. Ground Water Sampling Log 

Project Site Well No. ______ Date __________ _ 

Well Depth Screen Length Well Diameter ____ Casing Type ____ _ 

""' Sampling Device Tubing type Water Level --------
Measuring Point _________ Other Infer _____________________ _ 

Sampling Personnel _______________________________ _ 

Time pH Temp Con d. Dis.02 Turb. [ ]Cone Notes 

, ... 

''"'" 

, ... 

Type of Samples Collected 

, ... Information: 2 in= 617 ml!ft, 4 in= 2470 ml!ft: Vol.,.= nr"h, Vol-= 4/3n rl 
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Figure 3. Ground Water Sampling Log (with automatic data logging for most water quality 
parameters) 

Project _______ Site Well No. ______ Date-----------
Well Depth Screen Length Well Diameter ____ Casing Type ____ _ 

Sampling Device Tubing type Water Level --------
Measuring Point Other lnfor _____________________ _ 

Sampling Personnel-------------------------------,---

Time Pump Rate Turbidity Alkalinity [ ] Cone Notes 

Type of Samples Collected 

Information: 21n = 617 mlift, 4 in= 2470 mUtt: Vol..,.= nrh, Vol,_.= 413n r 
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Foreword 

The high costs of laboratory analytical procedures frequently strain environ
mental and public health budgets. Whether soil, water or biological tissue is 
being analyzed, the cost of testing for chemical and pathogenic contaminants 
can be quite prohibitive. 

Composite sampling can substantially reduce analytical costs because the 
number of required analyses is reduced by compositing several samples into 
one and analyzing the composited sample. By appropriate selection of the 
composite sample size and retesting of select individual samples, composite 
sampling may reveal the same information as would otherwise require many 
more analyses. 

Many of the limitations of composite sampling have been overcome by 
recent research, thus bringing out more widespread potential for using com
posite sampling to reduce costs of environmental and public health assess
ments while maintaining and often increasing the precision of sample-based 
inference. 
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1. Introduction 

While decision making in general involves opinion based on prior experience, 
scientifically based decision making requires careful collection, measurement 
and interpretation of data from physical observations. Examples of such 
decisions are: "Has a hazardous waste site been sufficiently cleaned?"; or 
"Are pollutants accumulating in certain foods as well as in human or wildlife 
tissues?". 

Scientifically based decision making should minimize the risk of being 
wrong. Since decisions require information, which is in turn extracted from 
data, this risk decreases as the data become more representative of the pop
ulation being studied. 

In order for a data set to properly represent a population, it must cover 
the ranges of space and time within which the population lies, as well as 
have sufficient resolution within these ranges. It soon becomes obvious that 
collection and review of representative data can be prohibitively expensive 
if a large sample size (number of measurements, recordings or counts) is re
quired, especially when analytical costs are very high such as with monitoring 
environmental and biological media for chemical or pathogenic contaminants. 

Conventional statistical techniques allow for the reduction of either cost or 
uncertainty. However, the reduction of one of these factors is at the expense 
of an increase in the other. Composite sampling offers to maintain cost or 
uncertainty at a specified level while decreasing the other component. 

Compositing simply refers to physically mixing individual samples to form 
a composite sample, as visualized in Figure 1. Just one analysis is performed 
on the composite, which is used to represent each of the original individual 
samples. 

Compositing is common practice for simply increasing the representative
ness of a measurement, such as when measuring the fat content of a particular 
entree that is composited across several restaurants included in a national 
survey (Burros, 1994). For this reason, compositing can always reduce costs 
for estimating a total or an average value. However, analysis of composite 
samples can be cleverly extended to classify the original individual sample 
units that comprised a composite. For example, one may need to identify 
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Figure 1: Forming composite samples from individual samples 

the presence or absence of a pathogen like HIV in blood samples, or one may 
need to identify all soil cores whose contaminant concentration exceeds an 
action level at a hazardous waste site. 

When analytical costs dominate over sampling costs, the savings potential 
is obviously high; however, the immediate question is "How do we compensate 
for information that is lost due to compositing?". More specifically, if we are 
testing whether or not a substance is present or existing at a concentration 
above some threshold, we do not want to dilute individual "contaminated" 
samples with clean samples so that the analysis does not detect any con
tamination. Furthermore, if our measurements are of a variable such as a 
chemical concentration, we may need to know the actual values of those in
dividual samples with the highest concentrations. For example, "hot spots" 
need to be identified at hazardous waste sites. 

Through judicial choice of a strategy for retesting some of the original in
dividual samples based on composite sample measurements, many limitations 
of composite sampling can be overcome. Furthermore, other innovative ap
plications of composite sampling are emerging such as combining with ranked 
set sampling, another approach to achieve observational economy that is dis
cussed in Volume 2 of this series. 
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2. What is Composite 
Sampling? 

2.1. Method 

First, let's clarify that a "sample" in this document refers to a physical object 
to be measured, whether an individual or a composite, and not a collection 
of observations in the statistical sense. Individual sample units are what 
is obtained in the field, such as soil cores or fish fillets; or obtained from 
subjects, such as blood samples. Meanwhile, a composite sample may be a 
physical mix of individual sample units or a batch of unblended individual 
sample units that are tested as a group. Most compositing for environmental 
assessment and monitoring consists of physically mixing individual units to 
make a composite sample that is as homogeneous as possible. 

With classical sampling, no distinction is made between the process of 
sampling (i.e., selection or inclusion) and that of observation or measurement. 
We assume, with classical sampling, that any unit selected for inclusion in a 
statistical sample is measured and hence its value becomes known. In com
posite sampling, however, there is a clear distinction between the sampling 
and measurement stages. Compositing takes place between these two stages, 
and therefore achieves two otherwise conflicting goals. While a large number 
of samples can be selected to satisfy sample size requirements, the number 
of analytical measurements is kept affordable. 

If a variable of concern is a measurement that is continuous in nature 
such as a chemical concentration, the mean (arithmetic average) of composite 
samples provides an unbiased estimate of the true but unknown "population" 
mean. Also, if measurement error is known, the population variance based 
on the scale of the individual samples can be estimated by a simple weighting 
of the measured composite sample variance. 

With selective retesting of individual sample units, based on initial com
posite sample results, we can classify all of the individual sample units ac
cording to the presence or absence of a trait, or exceedance (vs. compliance) 
of a numerical standard. We can subsequently estimate the prevalence of 
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subsamples ( aliquots) of 
individual samples used to 
form a composite 

retest select individuals 

\ 
No 

l 
composite test negative? 

Yes: all individual samples 

classified as negative 

Figure 2: Composite sampling with retesting 

a trait or proportion of non-compliance. Basically, if a composite measure
ment does not reveal a trait in question or is in compliance, then all individual 
samples comprising that composite are classified as "negative". When a com
posite tests positive, then retesting is performed on the individual samples 
or subsamples ( aliquots) in order to locate the source of "contamination". 

Retesting, as visualized in a general sense in Figure 2, may simply be 
exhaustive retesting of all individuals comprising a composite or may entail 
more specialized protocols. Generally, as the retesting protocol becomes more 
sophisticated, the expected number of analyses decreases. Therefore, one 
must consider any increased logistical costs along with the expected decrease 
in analytical cost when evaluating the overall cost of a compositing/retesting 
protocol. 

Due to recent research (Patil, Gore and Sinha, 1994), the individual sam
ples with the highest value, along with those individual samples comprising 
an upper percentile, can be identified with minimal retesting. This ability 
is extremely important when "hot spots" need to be identified such as with 
soil monitoring at a hazardous waste site. 

Whether we are dealing with data from binary (presence/absence) meas
urements or data from measurements on a continuum, composite sampling 
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can result in classifying each individual sample without having to separately 
analyze each one. While composite sampling may not be feasible when the 
prevalence of contamination is high, the analytical costs can be drastically 
reduced as the number of contaminated samples decreases. 

2.2. Limitations of Composite Sampling 

Both physical and logistical constraints exist that may restrict the applica
tion of composite sampling. The limitations which more commonly arise are 
discussed here along with some simple recommendations for how compositing 
still may help . 

Physical: 

If the integrity of the individual sample values changes because of com
positing, then composite sampling may not be the desired approach. For 
example, volatile chemicals can evaporate upon mixing of samples (Cline 
and Severin, 1989) or interaction can occur among sample constituents. In 
the first case, compositing of individual sample extracts may be a reasonable 
alternative to mixing individual samples as they are collected. 

Another limitation is imposed by potential dilution, where an individual 
sample with a high value is combined with low values resulting in a compos
ite sample that falsely tests negative. When classifying samples according 
to exceedance or compliance with some standard value, c, the problem of 
dilution is overcome by comparing the composite sample result to c divided 
by the composite sample size, k, ( cj k ). Furthermore, when an analytical 
detection limit, d, is known, the maximum composite sample size is estab
lished according to the inequality k < cj d. One may lower this upper bound 
on the composite sample size to reduce effects of measurement error. As 
can be seen here, when reporting limits (Rajagopal, 1990) or action levels 
(Williams, 1990) of some hazardous chemical concentrations are legally re
quired to be near the detection limit, the possibility of composite sampling 
may be eliminated. 

Sample homogeneity is another consideration. A homogeneous sample is 
one where the variable of interest, such as a chemical concentration, is evenly 
distributed throughout the sample. In contrast, a heterogeneous sample can 
have substantially different values for the variable of interest, depending on 
what part of the sample is actually analyzed. If the whole sample unit is 
analyzed, then heterogeneity is not a problem; however, most laboratory 
analyses are performed on a small subsample of the original sample unit. For 
example, one gram of soil may be taken from a one kilogram soil core for 
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actual extraction and analysis. H a subsample is to represent a larger sample 
unit, then the larger unit must be fairly homogeneous with respect to the 
variable of interest. 

Therefore, an individual sample unit should be homogenized as much as 
possible prior to obtaining an aliquot for inclusion in a composite. Further
more, formation of a composite must include homogenization if the composite 
is going to be represented by measurement on a smaller subsample. 

Often, measurements on multiple attributes are desired. However, if 
retesting is performed in order to classify individual samples, it is unclear 
how to optimize the retesting relative to the different attributes (Schaeffer et 
a.l., 1982). For example, should chemicals be tested independently, or does 
there exist dependence in the multivariate information that can be used to 
improve cost efficiency? Classifying for multiple attributes remains an open 
problem in composite sampling. 

Logistical: 

When retesting of certain individual samples may be required based on 
composite sample results, then subsamples (a.liquots) of the original individ
ual samples must be preserved and stored until all testing is done. This may 
lead to extra expense that must be considered in the overall cost comparison 
between compositing and other strategies. For most environmental and pub
lic health studies, the analytical savings from compositing will far outweigh 
the extra cost of sample preservation and storage. 

Another consideration is that events out of control of the scientists may 
dictate the feasibility of composite sampling. For example, people whose 
wells are being tested may demand that their wells be treated as equitably 
as the wells of their neighbors. Measuring some well samples individually and 
some well samples solely as part of a composite may give an appearance of 
inequitability and result in a political decree to measure each well individually 
(Ra.jagopal, 1990). 

Circumstances that may presently disqualify composite sampling from 
being applied may change upon advances in technology. Long turn-around 
time for laboratory results and large labor costs may currently eliminate 
optimal retesting designs from consideration. However, retesting designs in 
the future may be automated and guided by an expert system (Ra.jagopal, 
1990). Also, advances in statistical methodology may further extend the 
utility of composite sampling. 

For other reviews of composite sampling, see Rohde (1976, 1979), Elder 
(1977), Elder, Thompson, and Myers (1980), Boswell and Patil (1987) and 
Garner, Stapanian, and Williams (1988). For an overview, see Patil, Gore, 
and Taillie (1994). 
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3. Applications 

Composite sampling has its roots in what is known as group testing. An early 
application of group testing was to estimate the prevalence of plant virus 
transmission by insects (Watson, 1936). In this application, insect vectors 
were allowed to feed upon host plants, thus allowing the disease transmission 
rate to be estimated from the number of plants that subsequently become 
diseased. 

Apparently, the next important application of group testing occurred dur
ing World War II when U.S. servicemen were tested for syphilis by detecting 
the presence or absence of a specific antigen of the syphilis-causing bacterium 
in samples of their blood (Dorfman, 1943). Initial analyses were done on com
posite samples formed from aliquots of blood drawn from the subjects. A 
composite sample testing negative indicated that all individuals contributing 
to the composite were negative, while a composite testing positive prompted 
exhaustive retesting of the original aliquots comprising that composite. If 
blood aliquots of k individuals are composited, the number of required tests 
to classify these k individuals will either be 1 or k + 1. For a given prevalence 
of the trait, the expected number of tests can be calculated for a composite 
of size k. This application has gone on to become a classic example of how 
statistical cleverness can assist researchers in attaining what we call obser
vational economy (Rao, 1989). 

In light of recent developments, composite sampling is increasingly be
coming an acceptable practice for sampling soils, biota, and bulk materials 
when the goal is estimation of some population value under restrictions of a 
desired standard error and/ or limits on the cost of sample measurement. 

In response to an informal survey of various professionals, several favor
able applications of composite sampling were received. They include: 

• Establishing and verifying attainment of remedial cleanup standards in 
soils using sample compositing and bootstrapping techniques 

• Use of compositing to obtain adequate support in geostatistical sam
pling 
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• Optimal compositing strategies for screening material for deleterious 
agents 

• A soil sample design utilizing techniques of compositing, binary search, 
and confidence limits on proportions 

• Composite sampling for analyzing foliage and other biological materials 

While many diverse applications exist for composite sampling, some ex
amples that are particularly relevant to environmental and public health 
studies are detailed in the remainder of this chapter. 

3.1. Soil Sampling 

3.1.1. Characterization of Soil PCB Contamination at 
Gas Pipeline Compressor Stations 

As part of a recent settlement between the Pennsylvania Department of 
Environmental Resources and the Texas Eastern Pipeline Company, PCB
contaminated soils had to be characterized and remediated at 19 sites. Be
cause waste sources included indiscriminate dumping, disposal in trash pits, 
air emissions and even application as weed killer along fence lines, the result
ing spatial distribution of contaminated soil was very heterogeneous, with 
hot spot locations unknown. Therefore, the only way to reliably characterize 
these sites required a very large number of soil samples, around 12,000 to be 
more precise. With each sample analyzed for total PCB,s, the cost for site 
characterization alone was around $33 million. Now to really appreciate the 
magnitude of the problem, one must realize this discussion only pertains to 
the Pennsylvania settlement. The problem extends along the whole pipeline 
from the Gulf Coast to New England. 

Results of a retrospective study (Gore, Patil, and Taillie, 1992; Patil, Gore 
and Sinha, 1994), using the actual site characterization data, revealed that 
composite sampling methods potentially could have substantially reduced 
the analytical costs. 

Three aspects of the data were evaluated: (i) estimation of the mean 
and variance of total PCB concentration as well as total PCB mass, (ii) 
classification of each individual (uncomposited) sample as above or below 
a specified critical level, and (iii) quantification of those individual samples 
with the highest PCB levels. 

Results showed that unbiased estimates of the mean and variance could 
be obtained with one fourth the number of analyses (90 instead of 360). A 
small loss of precision resulting from compositing seemed quite acceptable in 
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light of large analytical cost reduction. Compositing can actually increase 
precision if composites are purposely formed to increase heterogeneity within 
composites; however, in this case composites were formed from spatially prox
imate field samples in order to minimize heterogeneity within composites. 
This approach was taken because it provides for the most efficient retesting 
for classifying individual samples, which, as with most hazardous waste sites, 
was the primary objective. 

A site was acceptably clean if 90% of the measured samples were below 
10 parts per million (ppm) with no values exceeding 25 ppm. With charac
terization data from the worst of the nineteen sites, compositing could have 
reduced the analytical cost of classifying individual samples according to the 
10 ppm criterion by 9%, relative to exhaustive testing. Starting from this 
nearly worst case scenario, the cost savings increase as we move to cleaner 
sites and should be dramatic when analyzing post-remediation verification 
data. For example, another site along the pipeline that is cleaner, although 
still contaminated, could have had all individual samples classified accord
ing to 10 ppm for 50% less of the analytical cost associated with exhaustive 
testing. (See Gore, Boswell, Patil, and Taillie, 1992). 

Finally, if concerned with simply knowing which individual sample has the 
highest concentration, we could have discovered this by exhaustively retesting 
just two composite samples. In other words, with only eight measurements 
in addition to the 90 composite measurements, we could have identified the 
"hottest" spot. Furthermore, 12 additional measurements could have re
vealed the locations with the four highest concentrations (See Patil, Gore 
and Sinha, 1994). 

Keep in mind that the percentages cited here result from a retrospective 
study where expected composite values were estimated by arithmetically av
eraging individual values. Since this approach assumes no measurement error 
(but some is expected due to incomplete homogenization of samples), these 
percentages are best interpreted as potential savings. 

3.1.2. Characterization of Soil PAH Contamination at 
a Superfund Site 

In another study involving remediation of contaminated soil (Messner, et al, 
1990), the investigators wanted to determine which half-acre plots at a Su
perfund site should be remediated. The contaminant was total polyaromatic 
hydrocarbons (PAHs) and the cleanup objective was to remediate any plots 
that posed greater than a 1 o-4 risk based on direct ingestion as the most 
likely route of exposure. 

These investigators concluded that the most cost-effective sampling design 
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was to take two composite samples from each half-acre plot, with each of the 
two composites consisting of ten individual samples. Even when considering 
the influence of small "hot spots," the proposed composite sampling design 
assured a high probability of making the correct decision. Since the estimated 
cost per analysis for this study was $800, the savings due to compositing is 
phenomenal. 

3.2. Ground Water Monitoring 

As the distribution of a constituent in a given medium becomes more ho
mogeneous, measurement error decreases, making composite sampling more 
feasible. For this reason, composite sampling has great economic potential 
for analyzing dissolved solutes, whether the solvent is water or some other 
liquid. In fact, a study of composite sampling of wastewater (Schaeffer, Ker
ster and Janardan, 1980) showed that variability of analytical results due to 
compositing was an insignificant source of total variability. 

Rajagopal and Williams (1989) critically evaluated the economy of com
positing ground water samples when screening a large monitoring network in 
order to identify contaminated wells. With a binary retesting scheme, com
positing resulted in decreased analytical effort and subsequent cost when no 
more than about 12.5% of the wells were contaminated. Of course the savings 
increased as the number of contaminated wells in the network decreased. 

When more than one out of eight wells were contaminated, the number 
of analyses increased over the amount required by initial exhaustive testing, 
with the worst case scenario resulting in 50% additional analyses. If, however, 
curtailed retesting was performed instead of straight binary retesting, the 
absolute maximum exceedance of analyses would be 31% over that required 
by initial exhaustive retesting. This number of additional analyses becomes 
even smaller as the distribution of contaminated wells becomes contagious 
(or clumped); therefore the rate of 31% additional analyses is absolute worst 
case. 

As seen here, if the number of contaminated wells is expected to be gen
erally low, (e.g. less than 12%), compositing can be economically attractive. 

3.3. Indoor Air Monitoring for Allergens 

Quantification of specific allergens in dust from human dwellings provides 
important information for determining allergen exposure. The fact that in
door allergens are not equally distributed in the dust of human dwellings 
makes it difficult to estimate allergen exposure with a high degree of cer-
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tainty. A composite sample may provide a more reliable estimate of indoor 
allergen exposure and minimize error associated with unequal distribution 
of allergens on discrete objects. Composite samples of household dust may 
provide useful information while minimizing the sample collection effort and 
analytical test costs. 

In a recent study (Lintner et al., 1992), dust samples from three specific 
objects and composite samples from the same three objects were collected 
from the living rooms and bedrooms of 15 homes by a single technician. 
Discrete and composite samples were collected from floor, furniture (uphol
stery /bed) and window coverings in both the living room and a bedroom of 
each home. Discrete samples were collected by vacuuming the specific objects 
for 10 minutes. Composite samples were collected in a defined sequence by 
vacuuming the three objects for 5 minutes each. In this way, the composites 
were formed at the time of sample collection by allowing the vacuum cleaner 
to do the physical mixing of the dust from several objects. 

Results of this study seem to indicate that the actual measurement of a 
composite sample will be approximately the average of the values that would 
be obtained from separate measurements on discrete samples. However, if 
an object has a significantly higher allergen content than other objects, the 
composite sample measurement tends to be higher than the average of the 
discrete sample measurements. In order to effectively use composite sam
pling, only items which are likely sources of allergen should be used to form 
a composite sample . 

3.4. Biomonitoring 

3.4.1. Measuring Bioaccumulation in Human Adipose 
Tissue 

The National Human Adipose Tissue Survey (NHATS) is an annual survey 
to collect and analyze a sample of adipose tissue specimens from autopsied 
cadavers and surgical patients (Orban, Lordo and Schemberger, 1990). The 
primary objectives of NHATS include: 

• To identify chemicals that are present in the adipose tissue of individ
uals in the U.S. population, 

• To estimate the average concentrations, with confidence intervals, of 
selected chemicals in adipose tissue of individuals in the U.S. population 
and in various demographic subpopulations, and 

• To determine if geographic region, age, race and sex affect the average 
concentrations of selected chemicals detected in the U.S. population 
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Every year approximately 800-1200 adipose tissue specimens are collected 
using a multistage sampling plan. First, the 48 conterminous states are 
stratified into four geographic areas, which form four strata. Next, a sample 
of metropolitan statistical areas (MSAs) is selected from every stratum with 
probabilities proportional to MSA populations. Finally, several cooperators 
(hospital pathologists or medical examiners) are chosen from every selected 
MSA and asked to supply a specified quota of tissue specimens. The quota 
specifies the number of specimens needed in each of the following categories: 

• Age groups: 0-14 years, 15-44 years, and 45+ years; 

• Race: Caucasian and non-Caucasian; and 

• Sex: Male and female. 

The sampling plans are designed to give unbiased and efficient estimates 
of the average concentrations of selected chemicals in the entire population 
and in various subpopulations defined by the demographic variables described 
above. Concentrations are characterized by the average or median chemical 
concentrations; while prevalence is the proportion of individuals with chem
ical concentrations exceeding specified criterion levels. 

Instead of analyzing 800-1200 individual specimens, only about 50 com
posite samples are analyzed. This not only reduces analytical cost, but also 
provides enough tissue mass to use high resolution gas chromatography / 
mass spectrometry which allows for a wider list of target chemicals to test 
for. 

3.4.2. Assessing Contamination in Fish 

When monitoring human tissue for assessing the bioaccumulation of contam
inants, compositing was forced on the study in order to achieve sufficient 
mass of material for analysis. Now, with other organisms this is not typically 
a limitation because we can sacrifice the whole organism. Nevertheless, as 
researchers have shown (Paasivirta and Paukku, 1989), compositing is still 
preferable because it is much more cost-effective. 

When concerned with the concentrations of a host of organochlorine com
pounds in Herring off of Finland's East Gulf, researchers recognized how 
expensive such monitoring could become. They therefore evaluated the ef- . 
fectiveness of composite sampling and concluded that costs could be reduced 
by about 54% using optimized composite sampling instead of analyzing indi
vidual fish. They also showed that average chemical concentrations could be 
estimated from composite samples with the same accuracy as a larger num
ber of individual samples, and that optimum composite sample sizes could 
be easily calculated if laboratory variance can be predicted. 
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3.4.3. Assessing Contaminants in Mollusks 

As part of the National Oceanic and Atmospheric Administration's "Mus
sel Watch" program, 177 coastal sites were sampled from 1986 to 1988 
(NOAA,1989). While mussels were collected along the West Coast and north
ern East Coast, oysters were taken along the southern East Coast, the Gulf 
Coast and three sites in Hawaii. 

Using the soft tissue of these mollusks, composite samples were made by 
homogenizing either 30 mussels or 20 oysters. Six composites were then used 
for chemical analysis, three for organics and three for trace elements. 

Compositing served two purposes here; to provide sufficient media (tis
sue) for analysis and to increase the information in each measurement. The 
statistics of interest were means and variances, therefore retesting of individ
ual mollusks or groups thereof was not necessary and the desired information 
was obtained with minimal analyses. 

3.4.4. Measuring Average Fat Content in Bulk Milk 

Apparently, the economic value of composite sampling is well known in the 
dairy industry, where milk must be routinely analyzed. For example, the fat 
content of milk is determined on composite samples which are formed from 
samples using all deliveries during a specified period of time. 

Since composite samples are known to provide an unbiased estimate of the 
population mean, dairy scientists are mainly concerned with the precision of 
a composite sample estimator compared to that of an individual sample es
timator. Williams and Peterson (1978) developed a framework for assessing 
the precision of sampling schemes by estimating different sources of varia
tion associated with the sampling process. They identified four components: 
variance due to real difference between collections from a supplier within a 
compositing period (biological variance), variance among samples taken from 
the same collection (sample variance), variance among measurements on the 
same sample (testing variance) and the variance associated with forming a 
composite sample (com positing variance). 

Based on a study of sixty-one herd milk supplies in three different cream
ery locations, Connolly and O'Connor (1981) found that the biological com
ponents of variability were about 10 times as large as sampling or compositing 
components, indicating that the true biological variability is not masked by 
the composite sampling process. 
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4. Summary 

Compared to exhaustively testing all individual sample units, testing compos
ite samples has the potential to greatly increase one's observational economy 
when conducting environmental and public health monitoring. 

When the objective is to estimate the population mean or total, com
positing will always reduce analytical cost; however, a sufficient number of 
composite samples must still be obtained for estimating the variance. 

When the objective is to classify each individual sample, with subsequent 
estimation of the prevalence of a binary trait or proportion of noncompliance 
measurements, testing composite samples with selective retesting becomes 
cost-effective when the prevalence or proportion is low. Examples of where 
composite sampling can be very cost-effective for classification include ( i) 
estimating the prevalence of a rare disease and ( ii) verifying if a hazardous 
waste site has been sufficiently remediated. 
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Foreword 

Ranked set sampling is a novel method for achieving observational economy 
when performing environmental monitoring and assessment. Compared to 
simple random sampling, ranked set sampling yields a sample of observations 
that are more representative of the underlying population. Therefore, either 
greater confidence is gained for a fixed number of observations, or for a desired 
level of confidence, less observations (less $) are needed. 

The increased sampling efficiency is achieved by exploiting auxiliary infor
mation involving acquired field samples, a characteristic of double sampling 
procedures. With ranked set sampling, however, the auxiliary information 
does not have to be a quantitative concomitant variable. In fact, it can be 
purely judgmental; and thus, in the spirit of total quality management, it 
stimulates and utilizes a productive cross disciplinary dialogue among those 
responsible for sampling and assessment. Additionally, the ranked set sam
pling procedure is robust in the sense that it cannot perform worse than the 
usual simple random sampling. 

This volume in the EPA Observational Economy Series introduces the 
concept and method of ranked set sampling for its timely inclusion in the 
toolbox of sampling procedures that aim to achieve observational economy, 
particularly when analytical costs dominate the monitoring scenario. 
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1. Introduction 

Environmental monitoring and assessment mostly requires observational data, 
as opposed to data obtained from controlled experiments. This is true 
whether we are assessing the extent of soil contamination at a one-acre site 
or some measure of forest resources over the Pacific Northwest region of the 
United States. Obtaining such data requires identification of sample units to 
represent the population of concern, followed by selection of particular units 
to quantify the characteristic( s) of interest. Sample units are basically the 
smallest units of measurement such as plots, soil cores, individuals, etc., while 
typical characteristics of interest include biomass, chemical concentrations or 
"head counts". 

Typically the most expensive part of this process is laboratory analysis, 
while identification of potential sample units is a comparatively simple mat
ter. We can therefore achieve great observational economy if we are able 
to identify a large number of sample units to represent the population of 
interest, yet only have to quantify a carefully selected subsample. 

This potential for observational economy was recognized for estimating 
mean pasture and forage yields in the early 1950's when Mcintyre (1952) 
proposed a method, later coined Ranked Set sampling (RSS) by Halls and 
Dell (1966), and currently under active investigation in various quarters. 

As a simple introduction to the concept of RSS, consider the following 
example: 

Let's say we wish to estimate the mean height of students at a university 
from a random sample of three students. Furthermore, in order to acknowl
edge the inherent uncertainty, we need to present this estimate as a confidence 
interval within which we expect the true population mean to lie with desired 
confidence. 

Now the simplest way to obtain our sample is to randomly select three 
students from the university's population, then measure their heights. While 
the arithmetic average of the three heights is an unbiased point estimate of 
the population mean, the associated confidence interval can be very large, 
reflecting the high degree of uncertainty with estimating a large population 
mean with only three measurements. This is because we have no control over 
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which individuals of the population enter the sample. For example, we may 
happen to grab two very short people and one very tall; or we may grab three 
very tall people. The only way to overcome such a problem with a simple 
random sample (SRS) is to increase the sample size. 

On the other hand, we may obtain a ranked set sample. To do this, 
we may randomly invite three students to breakfast and visually rank them 
with respect to height. We then select the student we believe is shortest and 
actually measure his or her height. Repeating this process with lunch, we 
then select the middle ranked person, and, as such, select the tallest ranked 
person at dinner. The resulting measurements of student heights constitute 
a ranked set sample. As with the SRS measurements, the arithmetic average 
of the RSS measurements provides an unbiased point estimate of the popu
lation mean; however, the associated confidence interval can potentially be 
much smaller than that obtained with SRS measurements, thus reflecting de
creased uncertainty. This encouraging feature results because measurements 
obtained through RSS are likely to be more regularly spaced than those ob
tained through SRS and therefore are more representative of the population. 
Amazingly, the RSS procedure induces stratification of the whole population 
at the sample level; in effect, we are randomly sampling from the subpopu
lations of predominantly short, medium and tall students without having to 
construct the subpopulation strata. Each subpopulation has its own distri
bution, as visualized in Figure 1, where we see how the parent population 
gets effectively partitioned into subpopulations. 

Mcintyre's proposal does not appear to have been applied for over a 
decade, after which forest and range researchers continued to discover the 
effectiveness of RSS (see Halls and Dell, 1966; Evans, 1967; Martin, et al. 
1980; Jewiss, 1981; and Cobby, et al. 1985). Theoretical investigations by 
Dell and Clutter (1972) showed that, regardless of ranking errors, the RSS 
estimator of a population mean is unbiased and at least as precise as the 
SRS estimator with the same number of quantifications. David and Levine 
(1972) investigated the case where ranking is done by a numerical covariate. 

Furthermore, RSS also provides more precise estimators of the variance 
(Stokes, 1980a), the cumulative distribution function (Stokes and Sager, 
1988) and at times the Pearson correlation coefficient (Stokes, 1980b ). For an 
annotated bibliography with an historic perspective, see Kaur, Patil, Sinha, 
and Taillie (1995). 
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Figure 1: Frequency distributions of heights of different ranks superimposed 
on population frequency distribution of all heights-a schematic diagram. 
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2. What is Ranked Set 
Sampling? 

2 .1. Description 

As mentioned in Chapter 1, to create ranked sets we must partition the 
selected first phase sample into sets of equal size. In order to plan an RSS 
design, we must therefore choose a set size which is typically small, around 3 
or 4, to minimize ranking error. Let's arbitrarily call this set size m, where 
m is the number of sample units allocated into each set. Now proceed as 
follows. 

• step 1: Randomly select m2 sample units from the population. 

• step 2: Allocate the m2 selected units as randomly as possible into m 
sets, each of size m . 

• step 3: Without yet knowing any values for the variable of interest, 
rank the units within each set based on a perception of relative values 
for this variable. This may be based on personal judgment or done 
with measurements of a covariate that is correlated with the variable 
of interest. 

• step 4: Choose a sample for actual analysis by including the smallest 
ranked unit in the first set, then the second smallest ranked unit in the 
second set, continuing in this fashion until the largest ranked unit is 
selected in the last set. 

• step 5: Repeat steps 1 through 4 for r cycles until the desired sample 
size, n = mr, is obtained for analysis. 

As an illustration, consider the set size m = 3 with r = 4 cycles. This sit
uation is illustrated in Figure 2 where each row denotes a judgment-ordered 
sample within a cycle, and the units selected for quantitative analysis are 
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rank 
cycle 1 2 3 

0 
1 0 

0 
0 

2 0 
0 

0 
3 0 

0 
0 

4 0 
0 

Figure 2: A ranked set sample design with set size m = 3 and the number 
of sampling cycles r = 4. Although 36 sample units have been selected from 
the population, only the 12 circled units are actually included in the final 
sample for quantitative analysis. 

circled. Note that 36 units have been randomly selected in 4 cycles; how
ever, only 12 units are actually analyzed to obtain the ranked set sample of 
measurements. 

Obtaining a sample in this manner results in maintaining the unbiasedness 
of simple random sampling; however, by incorporating "outside" information 
about the sample units, we are able to contribute a structure to the sample 
that increases its representativeness of the true underlying population. 

If we quantified the same number of sample units, mr = 12, by a sim
ple random sample, we have no control over which units enter the sample. 
Perhaps all the 12 units would come from the lower end of the range, or per
haps most would be clustered at the low end while one or two units would 
come from the middle or upper range. With simple random sampling, the 
only way to increase the prospect of covering the full range of possible val
ues is to increase the sample size. With ranked set sampling, however, we 
increase the representativeness with a fixed number of sample units, thus 
saving considerably on quantification costs. 

With the ranked set sample thus obtained, it can be shown that unbiased 
estimators of several important population parameters can be calculated, 
including the mean and, in case of more than one sampling cycle, the variance. 
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2.1.1. Ranking Criteria 

A real key to success lies with step 3 in the above procedure--ranking. This 
may be based on visual inspection or other expert opinion about the sample 
units. For example, a field-seasoned range scientist or woods person may 
readily be able to rank three or four quadrats of grass with respect to overall 
volume or mass. Meanwhile a hazardous waste site inspector may be able to 
reliably rank areas of soil with respect to concentrations of a toxic contami
nant, based on features like surface staining, discoloration or the appearance 
of stressed vegetation. 

On the other hand, if another characteristic is available that is highly 
correlated with the characteristic of interest but costs much less to obtain, 
then we may rank by the values of such a "covariate". For example, re
flectance intensity of near-infrared electromagnetic radiation, as recorded in 
a remotely sensed digital image, is directly proportional to vegetation concen
tration on the ground. Another example might be to measure total organic 
halides (TOX) in soil in order to rank soil sampling units with respect to the 
concentration of volatile organic solvents. As an indicator variable, TOX is 
much less expensive to measure than specific organic compounds . 

2.1.2. Robustness of the Procedure 

Several questions may now arise, such as: 

1. What if the distribution of sample measurements is skewed? or sym
metric? or essentially unknown? 

2. What if the sample units are not randomly allocated into sets? 

3. How does error in ranking affect results? 

First of all, while independent (random) and identically distributed sam
ple measurements obtained through perfect ranking may lead to optimum 
performance of ranked set sampling, no matter how much these desirable 
characteristics are deviated from, the sampling efficiency will never be worse 
than with simple random sampling using the same number of quantifications. 
In fact, when efficiency is expressed as the relative precision (RP) such that 

RP = variance of sample average with simple random sampling 
variance of sample average with ranked set sampling ' 

it can be shown that the bounds of this relative precision are 

1 :5 RP :5 (m + 1)/2, 
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where m is the set size. Since RP can not be less than one, the RSS protocol 
can not be worse than the simple random sampling protocol. 

2.2. Variations of the Basic Protocol 

2.2.1. Unequal Allocation of Sample Units 

The performance of RSS decreases as the underlying distribution of the char
acteristic of interest becomes increasingly skewed. Mcintyre (1952) originally 
suggested that this problem may be overcome by allocating sample units into 
ranks in proportion to the standard deviation of each rank. This is the same 
approach as used in stratified random sampling, known as Neyman alloca
tion, and would indeed be optimal if we had reliable prior estimates of the 
rank standard deviations. An example of unequal allocation is displayed in 
Figure 3. Here we have the same set size, m = 3, and sample size, n = 12, as 
in the earlier example of equal allocation; however, the number of sampling 
cycles is adjusted so as to yield the desired unequal allocation of samples. 

Unequal allocation can actually increase the performance of RSS above 
and beyond that achievable with standard equal allocation; however, if not 
properly applied, the performance of RSS can be worse than the performance 
of simple random sampling. Actually, the bounds on relative precision with 
unequal allocation become 

0 ~ RP ~ m. 

indicating that, with appropriate unequal allocation, the relative precision 
may even increase to a level of m, and not just (m + 1)/2 as in the case with 
equal allocation. 

Although an optimal RSS design would allocate samples into ranks in 
direct proportion to the rank standard deviations, we rarely know the stan
dard deviations beforehand. We do know, however, that the distributions of 
many environmental and ecological variables are skewed towards the right, 
meaning that while most values are clustered around a median, a few much 
larger values are usually present. This skewness can actually be exploited to 
increase the precision beyond that obtained with ranked set sampling under 
equal allocation because standard deviations usually tend to increase with 
increasing rank values for right-skewed distributions. With some idea of the 
degree of skewness, Kaur, Patil, and Taillie (1994) have devised a rule-of
thumb for allocating sample units into ranks that performs closely to the 
optimal Neyman allocation. Therefore, distributions of many environmental 
and ecological variables may actually lend themselves well to being estimated 
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Sets Units No. of sets 
1 18 ·I 
2 18 ·I 3 

3 18 ·I 
4 I· 8 ·I 
5 I· 8 ·I 

4 
6 I· 8 ·I 
7 I· 8 ·I 

8 I· 81 

9 I· 81 

10 I· 81 5 

11 I· <:::>1 

12 I· 81 

Figure 3: Ranked set sampling with unequal allocation: circles indicate sam
ple units chosen for quantification. 
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with very high precision relative to that obtainable through simple random 
sampling. 

2.2.2. Combining with Line Intercept Sampling 

A common field sampling method for ecological assessments is to include 
sample units that one encounters along a line (transect) that is randomly se
lected within a two-dimensional area of interest. Units are typically members 
of a plant or animal species. 

Often the number of sample units identified are too numerous to select 
every one for quantification, especially if measurements are destructive, such 
as with cutting vegetation for weighing. If the initially identified sample 
units are treated as a larger first phase sample, n' = m 2r, then the RSS 
protocol can be applied to select a smaller subsample, n = mr, for actual 
quantification. For example, consider a single sampling cycle when the set 
size, m equals three for estimating the biomass of shrubs in a given area. A 
line transect for such a situation may be visualized as in Figure 4. 

Such an RSS-based line intercept sample has been found to produce more 
precise, and still unbiased, estimators of the population mean, size, total and 
cover, compared to the SRS-based line intercept sample (see Muttlack and 
McDonald, 1992). 

10 

II 

"""" -.. -.. 
... 
1111111 -
..... .. 
'"' -... 
.... 
!!Ill 

-.. ... 
!llll --... 
... -.. .. 
!\!!Ill -.. ... 
'IIIII -
!IIIII 

111111/11 

IIIII -.. 
.... 



"""' 
, ... Set 1 

Set 2 

Set 3 

Figure 4: Aerial view of a line transect intercepting shrubs. For set size 
m = 3, nine shrubs are partitioned into 3 sets of 3. Using apparent shrub 
size for ranking with respect to biomass, the shrubs taken for analyses include 
the smallest ranked in the first set, the second smallest ranked in the second 
set and the largest ranked in the third set. 
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3. Applications 

3.1. Forage Yields 

Although Mcintyre's original proposal of estimating pasture yields by "unbi
ased selective sampling using ranked sets" was made in 1952, no applications 
were apparently reported until fourteen years later. Halls and Dell (1966) 
applied Mcintyre's method, coining it "ranked set sampling" for estimating 
the weights of browse and herbage in a pine-hardwood forest of east Texas. 
These authors discovered RSS to be considerably more efficient than SRS. 

Sets of three closely grouped quadrats were formed on a 300-acre tract. 
At select locations, metal frames of 3.1 square feet were placed at three ran
domly selected points within a circle of 13 foot radius as seen in Figure 5. 
Quadrats were then ranked as lowest, intermediate and highest according 
to the perceived weight of browse and, separately, of herbage. Then, after 
clipping and drying, the separate weights of browse and herbage were deter
mined for each quadrat. This was repeated for 126 sets for estimating browse 
and 124 sets for estimating herbage. 

In order to simulate the SRS estimator for the mean weight of browse, one 
quadrat was randomly selected from each set without considering its rank. 
Since actual values were known for each quadrat, the RSS estimator was 
obtained by randomly choosing the ranks to be quantified for each set, re
sulting in 37 lowest ranks, 46 intermediate ranks and 43 highest ranks. Halls 
and Dell also examined Mcintyre's suggestion that unequal allocation might 
further improve the efficiency of estimation. Since the standard deviations 
for the order statistics were 7, 13 and 27.7 for the low, intermediate and high 
yield, respectively (ratio of 1:2:4), they selected 14 quadrats in the low group, 
40 in the intermediate group and 72 in the high group. Note that perfect 
ranking was obtained for both RSS protocols because the actual values were 
already known for each quadrat. 

Results of these three sampling protocols are reported in Table 1. As ex
pected under perfect ranking, precision due to RSS with approximately equal 
allocation increased, more than doubling for browse estimates. Furthermore, 
when allocation was proportional to the order statistic standard deviation, 
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Figure 5: Within each circle, quadrats are randomly placed, followed by 
ranking and analysis of one appropriate quadrat. (not to scale) 

Table 1: Summary statistics for browse and herbage estimates 

U nranked: random 
Perfect ranking: 

browse 
Variance 

mean of mean 
14.9 4.55 

near equal allocation 13.2 2.18 
Perfect ranking: 
proportional allocation 12.9 1.91 
(Source: Halls and Dell. 1966) 

herbage 
Variance 

mean of mean 
7.3 1.00 

7.0 .73 

7.2 .58 

the precision increased still further, thus supporting Mcintyre's contention. 
Another very valuable aspect of this study was that two observers inde

pendently ranked the quadrats, one a professional range man and the other 
a woods worker. There was practically no difference in the ranking results 
between the two observers. 

3.2. Seedling Counts 

The effectiveness of RSS for improving the sampling precision of seedling 
counts was studied by Evans (1967) in an area in central Louisiana that was 
seeded to Longleaf Pine (Pinus palustris mill.). After dividing the target area 
into 24 blocks, each block was then subdivided into 25 one-milacre plots. All 
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600 plots were initially measured to characterize the population, which is 
summarized in Table 2a. The population mean and standard deviation were 
calculated to be 1.675 and 1.36, respectively. 

For the RSS protocol, three plots were randomly selected from each of the 
24 blocks (sets), resulting in 72 identified plots. The three plots within each 
set were then visually ranked. One cycle consisted of selecting the lowest 
ranked plot from the first set, the second lowest from the second set and 
the highest ranked plot from the third set. Repeating the cycle eight times 
yielded 24 selected plots in the ranked set sample (m = 3, r = 8). This 
whole procedure was repeated twice so that three separate field trials were 
performed, as summarized in Table 2b. Evans also computed the means and 
standard deviations of each rank using all 72 identified plots for each of the 
three field trials. These results are reproduced in Table 2c for comparison to 
the RSS results in Table 2b. 

In order to compare RSS to SRS, Evans resampled the 24 blocks (sets) 80 
times to obtain two empirical distributions of the means, one based on the 
RSS estimator and the other based on the SRS estimator, which is actually 
a -stratified random sample estimator. The results of this "bootstrapping" 
exercise are reproduced in Table 2d where we see a significant reduction in 
the variance due to RSS . 

3.3. Shrub Phytomass in Forest Stands 

The performance of RSS for estimating shrub phytomass (all vegetation be
tween one and five meters high) was evaluated by Martin et al. (1980) at 
a forested site in Virginia. They investigated four major vegetation types 
along a decreasing moisture gradient: mixed hardwood, mixed oak, mixed 
oak and pine, and mixed pine. For each vegetation type, a 20m by 20m area 
was subjectively located which was further divided into 16 plots of equal size 
(5m by 5m). 

For the RSS procedure, four sets of four plots were randomly selected 
from the 16 plots in each vegetation type. The plots in each set were then 
ranked by visual inspection, followed by quantifying the smallest ranked plot 
from the first set, the second smallest ranked plot from the second set and 
so on in the usual manner for RSS. This was repeated for each of the four 
vegetation types. For the SRS procedure, four out of the 16 plots in each 
vegetation type were randomly selected without replacement, followed by 
quantification of each selected plot. Again, this is actually a stratified random 
sample since each vegetation type is a separate stratum. Shrub phytomass 
was also determined for all 64 plots to obtain a grand mean and variance 
for comparison. Their results are reproduced in Table 3 where we see a 
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Table 2: Data from Longleaf Pine Seedling Counts 

(a) The frequency distribution of seedling counts in the 600 milacre plots. 

Seedling Count 
Frequency 

0 1 2 3 4 5 6 7 8 9 
110 201 157 75 33 17 3 3 0 1 

(b) Means and variances of three ranked set sample trials.(mr = 24) 

Trial 
1 
2 
3 

Mean 
1.49 
1.62 
1.71 

Variance 
0.043 
0.056 
0.024 

(c) Means and standard deviations of all seedlings for all ranks of three field 
tnals of ranked set sampling. 

Trial Means Mean Standard Deviations 
L M H L M H 

1 0.750 1.500 2.625 1.625 0.532 0.750 1.173 
2 0.917 1.625 2.833 1.792 0.881 1.013 1.880 
3 0.750 1.708 3.125 1.861 0.520 0.955 0.927 

(d) Test of significance of ranked-set versus random sampling. 

Method of Number Degrees Mean Sum Variance F 
sampling applications freedom squares 

Random 80 79 1.709 7.572 .0958 3.91 ** 
Ranked-set 80 79 1.647 1.939 .0245 

**Significant at the .01 level of probability 

(Source: Evans, 1967) 
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Table 3: RSS and SRS results for 16 measured plots across all vegetation 
types. 

Sampling Mean Variance Coefficient of 
Method Phytomass of the Mean Variation of 

(kg/ha) (X 106
) the Mean(%) 

All 64 Plots 2536 0.15 15 
SRS 1976 4.54 108 
RSS 2356 2.73 70 
(Source: Martinet al. 1980) 

substantial increase in precision of the mean estimator associated with RSS. 

3.4. Herbage Mass 

In order to compare RSS to SRS for estimating herbage mass in pure grass 
swards and both herbage mass and clover content in mixed grass-clover 
swards, Cobby et al. (1985) conducted four experiments at Hurley (UK). 
Besides comparison of RSS to SRS, their objective was to assess the effects 
of the following factors on RSS: (i) imperfect ranking within sets, (ii) greater 
variation between sets than within sets, and (iii) asymmetric distribution of 
the quantified values. 

The first two experiments were conducted by randomly selecting 15 lo
cations, followed by randomly selecting three quadrats at each location and 
having several observers rank the quadrats within each set. For the last 
two experiments, 45 quadrats were drawn at random from the entire target 
area. This allowed an assessment of the effects of both spatial variation and 
ranking errors within sets. 

Their results are reproduced in Table 4, where RP of both the worst 
and best observers are compared to the RP under perfect ranking, and the 
between and within set variances are presented for assessing spatial variation. 
These authors determined the main adverse factor to be within set clustering, 
and they recommend spacing quadrats within sets as far apart as possible 
when local spatial autocorrelation exists. With this in mind, they recommend 
RSS over SRS for sampling grass and grass-clover swards. 
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Table 4: Relative precisions (RP) ± s.e. of the worst and the best observers, 
and under perfect ranking; and the between and the within set variances 
while estimating herbage mass (grass and mixture) and clover contents. 

Experiments Relative Precisions (R P) Variances 
Worst Best Perfect Between Within 

1 (Grass) 1.11 ± 0.09 1.23 ± 0.14 1.31 ± 0.17 0.24 0.31 
2 (Mixture) 1.11 ± 0.09 1.27 ± 0.10 1.40 ± 0.16 0.07 0.09 
3 (Grass) 1.66 ± 0.17 0.00 1.58 
4 (Mixture) 1.36 ± 0.14 1.51 ± 0.15 1.55 ± 0.16 0.11 0.66 
2 (Clover) 1.15 ± 0.12 1.34 ± 0.15 1.44 ± 0.16 16.3 34.4 
4 (Clover) 1.36 ± 0.19 1.62 ± 0.18 1.72 ± 0.20 16.2 71.6 
(Source: Cobby et al. 1985) 

3.5. PCB Contamination Levels 

Before being lead to believe that RSS is only for vegetation studies, let us 
consider estimating PCB concentrations in soil. Patil, Sinha, and Taillie 
(1994) used measurements of this contaminant collected at a Pennsylvania 
site along the gas pipeline of the Texas Eastern Company. Table 5 provides 
the summary statistics of PCB values in two sampling grids (A and C) within 
this site. Since the distribution of these data was highly skewed, they ex
amined the effects of unequal as well as equal allocation of samples. More 
specifically, they examined the following schemes: 

(a) Equal allocation of samples using all possible choices of sample units 
of each set size, 

(b) Equal allocation of samples for a particular sample, and 

(c) Unequal allocation of samples. 

Considering set sizes 2, 3, and 4, the relative savings (RS) were computed 
as var(s::i(s~~(RSS) taking into consideration all possible choices of sample 
units for each set size for both the grids under the equal allocation scheme. 
The results are given in Table 6, where it is evident that RS increases with 
set size but that the magnitude of RS is higher for grid C than for grid A. 
Note that the data for grid C is much less skewed than grid A, as seen in 
Table 5. 
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Table 5: Descriptive statistics of PCB values in grids A and C . 

Characteristics Grid 
A c 

Number of Observations 184 68 

Mean 200.9 600.2 

Standard Deviation 902.9 1585 

Coefficient of Variation 4.49 2.64 

Coefficient of skewness 9.27 4.48 

Coefficient of kurtosis 99.69 20.88 

Table 6: Relative savings (RS) considering all possible combinations of each 
set size under perfect ranking situation with equal allocation. 

Set Size Grid 
(m) A c 

RS RS 
2 4 9 

3 7 16 

4 10 22 

19 



Table 7: Values of the sample mean, X(m)u• relative precision, and relative 
savings under the perfect ranking protocol with unequal allocation of sam-
ples. 

Set Size Grid 
m A c 

Proportion X(m)u RP RS Proportion X(m)u RP RS 
of samples of samples 

(Exact No.) (Exact No.) 
2 1:10 205.9 1.724 42 1:10 535.2 2.041 51 

(8,84) (3,31) 
2 1:15 203.1 1.818 45 1:15 520.4 2.174 54 

(6,86) (2,32) 
3 1:4:20 203.6 2.174 54 1:1.7:1.5 560.1 1.471 32 

(2,10,48) (5,8,8) 
3 1:4:25 201.1 2.326 57 1:2:7 615.2 1.923 48 

(2,8,50) (2,4,15) 
4 1:3:5:16 247.1 1.695 41 1:2:3:4 576.6 2.083 52 

(2,5,9,28) (2,3,5,6) 
4 1:3:9:27 226.1 1.316 24 1:1:3:5 802.4 1.449 31 

(2,2,10,30) (2,2,4,8) 

For comparing the performance of the RSS protocol relative to that of SRS 
with unequal allocation of samples, these authors considered two different 
proportional allocations for each set-size in order to decide the sample size for 
each rank. This has been done to show the impact of proportional allocation 
on the magnitude of relative savings accrued due to RSS over SRS. The 
results are given in Table 7, where the magnitudes of relative savings are 
seen to be quite substantial for each set size for both the grids. 

While unequal allocation of samples into ranks can substantially increase 
RS when the underlying population follows a skewed distribution, this pro
cedure does require some prior knowledge of the underlying distribution. For 
this purpose one may either take advantage of prior surveys of similar nature 
or conduct a pilot study. This same problem also arises in determining the 
optimum sample size under Neyman's allocation scheme for stratified ran
dom sampling. Recent work by Kaur, Patil and Taillie (1994) has addressed 
the issue of optimum allocation when some knowledge about the underlying 
distribution is available, and they have devised a rule-of-thumb for allocating 
sample units based on skewness. 
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composite 1 
composite 2 composite 3 

Figure 6: Formation of three composites from three ranked set samples, each 
with a set size of three. Homogeneity is maximized (variability is minimized) 
within each composite by forming composites from equally ranked samples. 

3.6. Improved Compositing of Samples 

Consider a situation that calls for composite sampling, as discussed in Volume 
1 of this series. If our primary objective is classification of the individual 
samples used to form the composites and/or identification of those individual 
samples that constitute an upper percentile with respect to the characteristic 
of interest, then we will need to retest certain individual samples. Since the 
purpose of composite sampling is to minimize the number of analytical tests 
required, we obviously want to minimize the extent of retesting individual 
samples. Maximizing_ the homogeneity within the composites will minimize 
the necessary number of retests. Therefore, it is desired to form composites 
from individual sample units that are as much alike as possible. 

As pointed out by Patil, Sinha, and Taillie (1994), one can increase the 
chances of obtaining maximum homogeneity within composites by forming 
composites from samples identified to be in the same rank as conceptualized 
in Figure 6. The RSS protocol can thus be combined with composite sam
pling to achieve even greater observational economy than composite sampling 
alone. 
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3. 7. Additional Applications 

Yanagawa and Chen (1980) mention that the RSS technique is regularly 
employed at the Pastoral Research Laboratory, CSIRO at Armidale, N.S. W., 
Australia. A plate with four holes is randomly thrown on a field and the 
pasture in each hole is ranked by eye, followed by selection of one hole for 
quantification of pasture. These authors also mention that RSS has been used 
to estimate rice crops in Okinawa, Japan. They attribute this information 
to H. Mizuno at the "Mathematical Method in Sampling" symposium held 
at Chiba University (Japan), 1974. 

In addition to the reported applications of RSS, several other applications 
have been recommended: 

(i) Evans (1967) pointed out that the method would prove time-saving in 
the determination of cell wall thickness of different species of wood. 
In the same area of application, Dell (1969) has mentioned that the 
RSS procedure should be efficient for estimating averages for various 
properties of cells in a cross section of wood chips. 

(ii) The RSS method of sampling could be useful in determining the aver
age length of various kinds of bacterial cells. Also, it may be used to 
determine the average number of bacterial cells per unit volume. This 
is possible because it is convenient to order test tubes containing the 
cell suspension on the basis of concentration with the help of an optical 
instrument without knowing the exact number of the bacterial cells. 
Takahasi and Wakimoto (1968) have suggested these applications. 

(iii) The technique may also be used to determine the average height of trees 
because it is easy to rank the heights of several nearby trees by a visual 
inspection. This application has also been mentioned by Takahasi and 
Wakimoto (1968). 

(iv) Stokes and Sager (1988) have suggested that the method of RSS could 
also be used to investigate a difficult-to-measure characteristic in hu
man populations. They have, for example, referred to the Consumer 
Expenditure Survey. The results of this survey are used for the con
struction of the Consumer Price Index. But this survey requires de
tailed record keeping by the participating households as well the ser
vices of professional interviewers. In this situation a pre-measurement 
ranking could be performed on the basis of a cheaper screening inter
view and the technique of RSS may prove to be a timely innovation. 

(v) With the availability of computerized Geographic Information Systems 
(GIS), ranking prospective sample locations across a landscape may be 
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(vi) 
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done rapidly prior to expensive field visits, thus allowing RSS to be 
applied to large scale surveys to obtain a more precise estimate at re
duced cost. If prospective locations are selected at random from across 
a region and allocated to a set, then each location can be referenced 
to data layers in a GIS and, based on a derived ranking index, each 
member of the set can be ranked relative to each other. This merger 
of GIS and RSS has been recommended by Johnson and Myers (1993) 
and by Myers, Johnson and Patil (1994). 

Following a catastrophic event such as flooding or fire, those in charge 
of management and planning of natural or cultural resources need rapid 
assessments of the spatial extent and magnitude of damage. The au
thors cited above in item (v) recommend that the combination of RSS 
and Geographic Information Systems (GIS) can result in rapid mobi
lization of available information to design a very efficient field sampling 
strategy . 
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4. Summary 

Compared to simple random sampling, the ranked set sampling method has 
been proven theoretically. and shown empirically to yield more precise esti
mators of the population mean. This is especially desirable when sample 
sizes are generally small as with environmental data which are expensive 
or destructive to obtain. A browse through the references cited throughout 
this publication will also reveal that many other population features can be 
estimated with higher precision using ranked set sampling. 

So long as ranking is not cost-prohibitive, such as with exploiting avail
able expert judgment or using a readily available ranking covariate, ranked 
set sampling can serve to achieve observational economy. Even if measur
able effort is required to obtain values of a covariate, it may still be worth 
while if the resulting rankings were reasonably accurate. And this is particu
larly so, because there is considerable robustness in the ranked set sampling 
procedure. 

A very attractive feature of ranked set sampling is that, unlike other 
double sampling procedures, it can use subjective expert opinion as the source 
of auxiliary information. Such a feature also appeals to the philosophy of 
total quality management because it exploits the expertise of not only a 
professional statistician, but also of field personnel who usually know the 
most about the population being sampled . 
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DISCLAIMER 

:\otice: The Soil Screening Guidance is based on policies set out in the Preamble to the Final Rule of the National Oil and 
Hazardous Substances Pollution Contingency Plan (NCP). which was published on March 8. 1990 (55 Fl!deral Reg/Sie1· 
S666) 

This guidance document sets forth recommended approaches based on EPA"s best thinking to. date with respect to soil 
screerung. This document does not establish binding rules. Alternati,·e approaches for screening may be found to be more 
appropriaie at specific sites _(e.g .. where site circumstances do not inatch the underlying assumptions. conditions and models 
of the guidance). The decision whether to use an alternative approach and a description of any such approach should be 
placed in the AdrninistratiYe Record for the site. Accordingly. if comments are recei\·ed at indiYidual sites questioning the 
use of the approaches recommended in this guidance. the comments should be considered and an e:-.-planation pro,·ided for the 
selected approach. The Soil Screening Guidance: Technical Background Document (T80) may be helpful in respondmg to 
such comments. 

:-he policies sei out in both the _,oil Screerung Guidance: User"s Guide ;.nd tt..: supporting TBD are intended .;olely as 
guidance to the t:.S. EnYironrnental Protection Agency (EPA) personneL they are not final EPA actions and do not . 
consurute rulemaking. These policies are not intended. nor can they be relied upon. to create any rights enforceable by an~ 
party in litigation w1th the United States goYernrnent. EPA officials may decide to follow the guidance pro,·ided in this 
document. or to act at Yariance wi•h the guidance. based on an analysis of specific site circumstances. EPA also resen·es the 
nght to change the guidance at an~ time without public notice. 
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1.0 INTRODUCTION 

1 .1 Purpose 

The Soil Screening Guidance is a tool that the U.S. 
Environmental Protection Agency (EPA) developed 
to help standardize and accelerate the e\·aluation and 
cleanup of contaminated soil.s at sites on the . 
National Priorities List (NPL) With future residential 
land use.t This guidance provides a methodology for 
environmental science/engineering professionals to 
calculate risk-based. site-specific, soil screening 
l.:vels (SSLs) for contaminants in soil that may be 
used to iden·if~· areas needing further investigation 
at NPL sites. 

SSLs are not national cleanup standards. SSLs 
alone do not trigger the need for response actions or 
define ··unacceptable·· levels of contaminants in soil. 
In this guidance ... screening·· refers to llle process of 
identifvinl! and defining areas, contaminants. and 
condit{on;: at a particular site that do not .require 
further Federal artention. Generalh·. at sites where 
contaminant concentrations fall below SSLs. no 
further action or studv is warranted under the 
Comprehensive En~·ironmental Response. 
Compensation and Liability Act (CERCLA). (Some 
States have de,·eloped screening numbers that are 
more stnngent than the generic SSLs presented here: 
therefore. further study may be warranted under 
State programs.) Generally. where contaminant 
concentration3 equal or exceed SSLs. further study 
or investigation. but not necessarily cleanup, is 
warranted. 

SSLs' are risk-based concentrations derived from 
equations . combining exposure information 
assumptions with EPA toxicity data. This Us.er' s 
Guide focuses on the appL ;ation of a simple site
specific approach by providing a step-by-step 
methodology to calculate site-specific SSLs and is 
part of a larger framework that includes both generic 
and more detailed approaches to calculating 
screening levels. The Technical Background 
Document (TBD) (EPA, 1996), provides more 
information about these other approaches. Generic 
SSLs for the most common contaminants found at 
NPL sites are included in the TBD. Generic SSLs arc: 
calculated from the same equations presented in this 
guidance, but are based on a number of default 

assumptions chosen to be protective of human 
health for most site conditions .. Generic SSLs can be 
used in place of site-specific screening levels: 
however. in general. they are expected to be mon: 
conservative than site-specific Je,·els. The site 
manager should weigh the cost of collecting the data 
necessary to de\"Clop site-specific SSLs with the 
potential for deriving a higher SSL that pro,·ides an 
appropriate level of protection. · 

The framework pr~sented in the TBD also includes 
more detailed modeling approaches for developing 
screening levels that take into account more 
complex site conditions than the simple site-specific 
methodology emphasized in this guidance. !\tore 
detailed approaches may be appropriate when site 
conditions (e.g .. a thick ,·adose zone) are different 
from those assumed in the simple site-specific 
methodology presented here. The technical details 
supporting the methodology used in this guidance 
are provided in the TBD. 

SSLs developed in accordance with this guidance are 
based on future residential land use assumptions and 
related exposure scenarios. Using this guidance for 
sites where residential land use assumptions do not 
apply could result in overly conservati,·e screening 
levels: however. EPA recognizes that some parties 
.espcr.sible for sites with non-residential land use 
mil!ht still find benefit in using the SSLs as a tool to 
co;;-duct a consen·ative initial screening. 

SSLs developed in accordance with this guidance 
could also be used for Resource Consen·ation and 
Recoven· Act (RCRA) corrective actiQn sites as 
.. action ievels:· since the RCRA correcti\"C action 
pro~ram currently views the role of action levels as 
generally fulfilling the same purp::>se as soil 
screening levels.: In addition, States may use this 
guidance in their voluntary cleanup programs. to the 
extent they deem appropriate. When applying SSLs 
to RCRA corrective action sites or for sites under 
State voluntary cleanup program:., users ·of this 
guidance should recognize, as stated above, that SSLs 
are based on residential land use assumptions. Where 
these assumptions do not apply, other approaches 

I :-oo1c thai Ute Superfund program delines ··so;r· as hn•tng a pant.:!< 
size under 2mm: while Ute RCRA program allows for particles under 
9mminsiz.e. 

2 Funher inforrnalion on Ute role of action levels in lhe RCRA correcliw 
action program is anilable in an Ad,•ancc "Solice of Proposed 
Rulemaking (signed April 1996). 



for d.:t.:nnining the need for further study might be 
more appropri:u.:. 

1. 2 Role of Soil Screening Levels 

In identif,·inl! and manal!inl! risks at sites. EPA 
cons1ders -a spectr~m- of contaminant 
concentrations. The len! of concern associated 
w1th those concentrations depends on the likelihood 
of exposure to soil contamination at levels of 
potential concern to human health or to ecological 
receptors. 

Exhibit illustrates t~e spectrum of soil 
contamination encountered at Superfund sites and 
the conceptual range of risk management responses. 
At one end are levels of cont:unination that clearlv 
\\"arrant a response action: at the Other end are 
~..,·e!s that Me below regulatory concern. Screening 
le\"Cls identifY the lower bound of the 
spectrum-leYels below which EPA believes there is 
no concern u;1der CERCL.A provided conditions 
asnciated with the SSLs are met. Appropriate 
cleanup l!oals for a particular site rna,· fall anvwhere 
w1thin this range depending c~ site-specific 
conditions. 

No tunher study S1te·specil"~ Response 
warranted under cleanup action clearly 

"Zero· Screen~ng 

concenlrahon level 
Response 

level 
Very h~gh 

concentratiOn 

Exhibit 1. Conceptual Risk Management 
Spectrum for Contaminated Soil 

EPA anticipates the use of SSLs as a tool to 
facilitate prompt identification of contaminants and 
.:xposure areas of concern during both remedial 
act1ons and some removal actions under CERCLA. 
However. the application of this or any screening 
methodology is not mandatory at sites being 
:lddressd under CERCLA or RCRA. The framework 
lea\·es discretion to the site manager and technical 
experts_ (e.g., risk assessors, hydrogeologists) to 
determme whether a screening approach is 
appropriate for the site and, if screening is to be 
used. the proper method of implementation. If 
comments are received at individual sites questioning 
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the use of the approach.es recommended in this 
guidance. the comments should be considered and an 
explanation pro\'ided as pan of the sue· s Record of 
Decision (ROD). The decision to use a screenmc. 
approach should be made early in the process o-f 
im .:sugation at the site: 

EPA developed the Soi! Screening Guidance to be 
consistent with and to enhance the current 
Superfund in,·estigation process and .mticipates its 
primary use during the early stages of a remedial 
im·estigation (Rl) at NPL sites. It does not replace 
the Remedial lnvestigation/Feasibilitv Studv (Rl/FS) 
or risk assessment. but use of sc:eening levels can 
f~cus the RI and risk assessment on aspects of the 
Site that are more likely· to be a concern undc.:r 
CERCLA. By screening out areas of sites. potenual 
chemicals of concern. or exposur" pathways from 
funh.:r mvestigation. site managers and technical 
e.~ .... ns can limit the scope of the remea1~l 
in\'estigation or risk assessment. SSLs can san: 
resources by helping to determine which areas do 
not require additional Federal anention earlv in the: 
process. Furthermore, data gathered during ·the soil 
screening process can be used in later Superfund 
phases. such as the baseline risk assessment. 
feasibilitv studv. treatabilit,· studv. and remedial 
design. This gu-idance may also be appropriate for 
use by the removal program when dt:marcation of 
soils above residential risk-based numbers coincid.:s 
with the purpose and scope of the removal action. 

The process presented in this guidance to develop 
and apply simple, site-specific soil screening levels is 
likely to. be most useful where it is difficult to 
d .. tennine whether areas of soil are contaminated to 
an extent that warrants further investigation or 
response (e.g., whether areas of soil at an NPL site 
require further investigation under CERCLA through 
an RI/FS). As noted above, the screening levels 
have been developed assuming residential land use. 
Although some of the models and methods 
r-cesented in this guidance cou1.! be modified to 
address exposures under other land uses, EPA has 
not yet standardized assumptions for those other 
uses. 

Applying site-specific screening levels involves \ 
developing a conceptual site model (CSM), 
collecting a few easily obtained site-spt:cific soil 
parameters (such as the dry bulk density and percent 

-

-

-

-
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moisturt:l. and sampling to' measure contaminant 
kYds in surface and subsurfact: soils. Often. much of 
the infonnation needed to dt:\·elop the CSl\·1 can be 
deriYed from prenous site investigations [e.g .. the 
Prehminarv Assessment/Site Inspection (PA/Sl)] 
and. if propt:rly planned. SSL sampling can be 
accomplished in one mobilization. 

An important part of this guidance is a 
recommended sampling approach that balances the 
need for more data to reduce uncertaint\· with the 
"need to limit data collection costs. Where data are 
hmited such that use of the "maximum test" (Max 
test) presented here is not appropriate. the guidance 
proYides direction on the use of other consen·ati\·e 
t:stimates of contaminant concentrations for 
comparison with the SSLs. 

lllis guidance proYides the infonnation needed to 
c:llculate SSLs for 110 chemicals. Sufficient 
mfonnation may not be aYailable to develop soil 
screenmg levels for additional chemicals. These 
chem1eals should not be screened out. but should be 
addressed in the baseline risk assessment for the site. 
The R1sk Assessment Gu1dance for Super_fzind 
I RAGS). l"olume 1: Human Health EvaluatiOn 
Manual (HHEM). Part A. lnterrm Fmal. (U.S. EPA. 
l9li9a) provides guidance on conducting baseline 
nsk assessments for NPL sites. In addition. the 
baseline nsk assessment should address the 
chem1cals. exposure pathways. and areas at the site 
that are not screened out. 

Although SSls are ··risk-based,·· they do not 
ehmmate the need to conduct a site-specific risk 
assessment. SSLs are concentrations of 
contaminants in soil that are designed to be I 
protective of exposures in a residential sening. A 
site-specific risk assessment is an evaluation of the 
nsk posed by exposure to site contaminants in 
various media. To calculate SSLs, the exposure 
equations and pathway models are run in reverse to 
backca!Culate an "acc.:ptabh: level" of a 
contaminant in soil. For the ingestion, dennal, and 
inhalation pathways, toxicity criteria are used to 
define an acceptable level of contamination in soil, 
based on a one-in-a-million (I 0-6) individual excess 
cancer risk for carcinogens and a hazard quotient 
(HQ) of 1 for non-carcinogens. SSLs are 
backcalculated for migration to ground water 
pathways using ground water concentration limits 
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[nonzero maximum contaminant lnel goals 
(\1CLGs). maximum contaminant leYels (1\lCLs). or 
health-based limits (HBLs) (l 0-6 cancer risk or a HQ 
of I) where MCLs are not aYailable]. 

S!!Ls can be used as Preliminan· ReMediation Goals 
(PRGs) pro\·ided appropriate ·conditions are met 
(i.e .. conditions found at a specific site are similar to 
conditions assumed in deYeloping the SSLs). The 
concept of calculating risk-based contaminant le\·els 
in soils for use as PRGs (or ··draft·· cleanup levels) 
was introduced in the RAGS HHEM. Part B. 
Development of Risk-Based Prelzmmary 
Remedzation Goals. (U.S. EPA, 199lc). The 
models, equations, and assumptions presented 
in the Soil Screening Guidance to address 
inhalation exposures supersede those 
described in RAGS HHEM, Part B. for 
residential ·soils. In addition, this guidance 
presents methodologies to address we 
leaching of contaminants through soil to an 
underlying potable aquifer. This pathway 
should be addressed in the· development of 
PRGs. 

PRGs may then be used as the basis for de\·elopmg 
final cleanup levels based on the nme-critena 
:mah·sis described in the National Contint!enc\· Plan 
[Section 300.430 (3)(2)(1)(A)] The- directive 
entitled Role of the Baseline Rzsk Assesl·ment zn 
Super_fzmd Remedy Selection Deczsions (U.S EPA. 
1991 d) discusses the modification of PRGs to 
generate cleanup levels. The SSLs should only be 
used as cleanup levels when a site-specific nine
criteria evaluation of the SSLs as PRGs for soils 
indicates that a selected remedy achieving the SSLs 
is protective, complies with Applicable or Relevant 
and Appropriate Requirements (ARARs). and 
appropriately balances the other criteria. including 
cost. 

1. 3 Scope of Soil Screening 
Guidance 

In a residential sening, potential pathways of 
exposure to contaminants in soil are as follows (see 
Exhibit 2): 

• Direct ingestion 

• Inhalation of volatiles and fugitive dusts 



• Ineestion of cont:uninated ground water caused by 
mleration of chemicals through soil to an 
underlying potable aquifer 

• Dermal absorption 

• lni!I!Stion of home[!rown p:·Jduce that has bc:c:n 
co-;:lt:unmated via plant uptake 

• \ligration of \·olatiles into basements. 

Oorect lngest1on 
of Ground Inhalation 

Water and Soil -~~,-'~ 

)l ~ 1.;1 ~ /~Air j-.;~ •·l -! . ~ . - ."'\- ~ ,r-. u 
.:J';- ij . . 
' · : ,---- / , ·. Blowing -:..._-. .. .. >--~ .:_q Oust · 

- .......:..;l Volatilization > '-(R~ 
Leaching \ 

;'--· 
__ ..' Ground 
--. Water '-"'_/ \. 

. - ----

Also Addressed: 
Plant Uptake 

• ·Dermal Absorptaon 

Exhibit 2. Exposure Pathways Addressed 
by SSLs. 

The Soil Screening Guidance addresses each of these 
path\\·ays to the greatest extent practicaL '1be first 
three pathways -- direct ingestion. inhalation of 
\'Olatiles and fugitive: dusts. and ingestion of potable 
1nound water -- are the most common routes of 
human exposure to contaminants in the residential 
setting. These pathways have generally accepted 
methods. models. and assumptions that lend 
themselves to a standardized approach. The 
additional pathways of exposure to soil 
contaminants, dermal absorption, plant uptake, and 
migration of volatiles into basements, may also 
contribute to the risk to human health from 
exposure to specific contaminants in a residential 
sening. This guidance addrc.-~ses theo;e pathways to a 
limited e:-.."tent based on ·available empirical data. (See 
Step 5 and the TBD for further discussion). 

The Soil Screening Guidance addresses the 
human exposure pathways listed previously 
and will be appropriate for most residential 
settings. The presence of additional pathways 
or unusual site conditions do~s not preclude 
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the use of SSLs in areas of the sit.e that are 
currently residential or likely to be 
residential in the future. However, the risks 
associated with additional· pathways or 
conditinns (e.g., fish consumption·, raising of 
livestock, a heavy true .. traffic on unpned 
roads) should be considered in the RifFS to 
determine whether SSLs are adequately 
protective. 

An ecological assessment should also be 
performed as part of the RIIFS to evaluate 
potential risks to ecological receptors. 

The Soil Screening Guidance should not be 
used for areas with radioactive contaminants. 

Exhibit 3 pro\·ides key attributes l'f the Soil 
Screening Gu1dance: User's Guide. 

Exhibit 3: Key Attributes of the User's 
Guide 

• Standardized equations are presented to 
address human.exposure pathways in a 
residential setting consistent with 

· Superfund's concept of "Reasonable 
Maximum Exposure" (RME). 

• Source size (area and depth) can be 
considered on a site-specific basis using 
mass-limit models. 

• Parameters are identified for which site
specific information is needed to develop 
SSLs. 

• Default values are provided to calculate 
generic SSLs when site-specific information 
is not available. 

• SSLs are based on a • n-e risk for 
carcinogens or a hazard quotient of 1 for 
noncarcinogens. SSLs tor migration to 
ground water are based on (in order of 
preference): nonzero maximum contaminant 
level goats (MCLGs), maximum contaminant 
levels (MCLs), or the aforementioned risk
based targets. · 

-
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2.0 SOIL SCREENING PROCESS 

The soil screening process (Exhibit -4) is a step-by
step approach that invoh·es: 

• Developing a conceptual site model (CSM) 

• Comparing the CSM to the SSL scenario 

• Defining data coJlection needs 

• Sampling and analyzing soils at site 

• Calculating site-specific SSLs 

• Comparing site soil contaminant concentrations 
to calculated SSLs 

• DeLermining which areas of the site require 
further study. 

It is important to follow this proc~ss to implem~nt 
the Soil Screening Guidance properly. The remainder 
of th1s guidance discusses each activity in detaiL 

2.1 Step 1: Developing a 
Conceptual Site 
Model 

The CSM is a three-dimensional ··picture·· of site 
conditions that illustrates contaminant distributions. 
release mechanisms. exposure pathways :md 
migration routes. and poteniial receptors. The CSM 
documents current site conditions and is supported 
by maps, cross sections, and site diagrams that 
illustrate human and environmental exposure 
through contaminant release and migration to 
potential receptors. Developing an accurate CSM is 
critical to proper implementation of the Soil 
Screening Guidance. 

As a key component of the RifFS and EPA's Data 
Quality Objectives (DQO) process, the CSM should 
be updated and revised as investigations produce new 
information about a site. Data Quality Objectives for 
Superfund: Interim Final Guidance (U.S. EPA, 
1993a) and Guidance for Conducting Remedial 
Investigations and Feasibility Studies under 
CERCLA (U.S. EPA, 1989c) provide a general 
discussion about the development and use of the 
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CSM during Rls. Developing the CSM invoh·es 
;everal ste~s, discussed in the foJlowing subsections. 

2.1.1 Collect Exjstjng Sjte oata. The initial 
de~;'!n of the CSM is based on existing site data 
compiled during previous studies. These data rna" 
include site sampling data. historical records. aen~l 
photographs, maps, and State soil sur.·en. as well as 
information on local and regionai conditions 
relevant to contaminant migration and potential 
receptors. Data sources include Superfund site 
assessment documents (i.e., the PA/SI). 
documentation of removal actions. and records of 
other site characterizations or actions. Published 
information on local and regional climate. soils. 
hydrogeology, and ecology may be useful. In 
addition. information on the population and land use 
a• and surrounding the site will be i"'1portant to 
identify potential exposure pathways and receptors. 
The Rl/FS guidance (U.S. EPA, 1989c) d1scusses 
collection of existing data during RI scoping. 
including an extensive list' of potential data sources. 

2.1.2 Organize and Analyze Existing Sjte 
12.i!A. One of the most import;mt aspects of the 
CSM development process is to identif\" and 
characterize all potential exposure pathwa;·s and 
receptors at the site by considering site condiuons. 
relevant exposure scenarios, and the properties of 
contaminants present in site soils. 

Attachment A, the Conceptual Site Model 
Summary, provides four forms for organizing s1te 
data for soil screening purposes. The CSM summary 
organizes site data according to general sue 
mformation, soil contam·inant source 
characteristics, exposure pathways and receptors. 

Note: If a CSM has already been developed for the 
site in question, use the summary forms in 
Attachment A to ensure that it is adequate. 

~.1.3 Construct a Preliminary Ujagram of 
the CSM. Once the existing site data have been 
organized and a basic understanding of the site has 
been attained, draw a preliminary ··sketch·· of the 
site conditions, highlighting source areas, potential 
exposure pathways, and receptors. 



Step One: 

Step Two: 

Step Three: 

Step Four: 

Step Five: 

Step Six: 

Step Seven: 

Exhibit ( 

Sol! Screenjng process 

De,·elop Conceptual Site Model 
.• Collect existing site data !historical re,ord>. aerial photot:raphs. map<. PAISI data. a\'ailable background 

irfnrm~tion. State <oil sur,·eys. et.:.·l 
Urganize and analyze .. xi<ting >ite ilata 

Identify known sources oi .:ontamination 
Identify affected media 
Identify potential migration routes. expo,;ure pathways. and receptors 

Construct a preliminary diagram of the CSM 
Perform site reconnaissance 

Confirm and/or modify CSM 
Identify remaining data gaps 

Compare Soil Component of CSIII to Soil Screening Scenario 
Confirm that future residential land use is a reasonable assumption for the site 
Identify pathways present at the site that are addressed by ·the guidance 
Identify additional pathway< pre>ent at the <ite not addressed by the ~uidance 
Compare pathway-specific generic SSL< with available concentration data 
Estimate whethe. back~round levels exceed generic SSLs 

Define Data Collection Needs for Soils to Determine Which Site Areas Exceed SSLs 
De\'elop hypothesis about distribution of soil contamination (i.e .. which areas oi the stte have <oil 
contamination that exceed appropriate SSLs?l 
Develop sampling and analysis plan ior determining soil contaminant concentrations 

Sampling strategy for surface soils (includes defining study boundaries: developing a decision rule. 
specifying limits on decision errors. and optimizing the design) 
Sampling st•ategy for subsurface soils <includes defining study boundaries. developing a dect<ion rule. 

·specifying limits on decision errors. and optimizing the design) 
Sampling to measure soil characteristics <bulk density. moisture content. organic carbon content. 
porosity. pHl 

Determine appropriate field methods and e<t.,,lish QAIQC protocols 

Sample and Analyze Soils at Site 
Identify contanunants 
Delineate area and depth of sources 
Determine soil charactenstics 
Revise CSM. as appropriate 

Derive Site-specific SSLs, If needed 
Identify SSL equations for relevant pathways 
Identify chemical of concern for dermal exposure and plant uptake 
Obtain site-specific input parameters from CSM summary 
Replace variables in SSL equations with site-specific data gathered in Step 4 
Calculate SSLs 

Account for exposure to multiple contaminants 

Compare Site Soil Contaminant Concentrations to Calculated SSLs 
"or surface soil •. screen out exposure areas wber'l all composite samples do not ex~·ed SSLs by a factor of 2 
For subsurface soils. screen out source areas where the highest average soil core concentration does not 
exceed the SSLs 
Evaluate whether background levels exceed SSLs 

Decide How to Address Areas· Identified for Further Study 
Consider likelihood that additional areas can be screened out with more data 
Integrate soil data with other media in the baseline risk assessment to estimate cum;uative risk at the site 
Determine the need for action 
Use SSLs as PROs 
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llum:lteh·. when site investigations are complete: 
this sketch will be re;ined into a three-dimensional 
d1a!.!ram that summarizes the data. Also. a brief 
su~matv of the contamination problem should 
accomp~ny the CS.M. Attachment A provides an 
.:-.:ample of a complete CSl\1 summar::. 

2.1.4 Perform Site Reconnaissance. At this 
point. a s1te ,·isit would be useful because conditions 
at the site mav have changed since the P A/SI was 
performed (e.g .. removal actions may have been 
taken). During site reconnaissance, update site 
sketches/topographic maps with the locations of 
buildings. source areas .. wells, and sensitive 
em·ironments. Anecdotal information from nearb\· 
residents or site workers rna,· reveal undocumented 
disposal practices and thus pr~viously unknown areas 
of contamination that may affe"ct the current CSl\-1 
Interpretation 

Based on the new information gained from site 
reconnaissance. update the CSM as appropriate. 
Identify any remammg data gaps in the CSM so that 
these data needs can be incorporated into the 
Sampling and Analysis Plan (SAP). 

2.2 Step 2: Comparing CSM to 
SSL Scenario 

The Soil Screenine Guidance is likeh- to be 
appropriate for sites- where residential land use is 
reasonably anticipated. However, the CSM may 
include other sources_ and exposure pathways that 
are not covered by this guidance. Compare the CSM 
w1th the assumptions and limitations inherent in the 
SSLs to determine whether additional or more 
detailed assessments are needed for any exposure 
pathways or chemicals. Early identification of areas 
or conditions where SSLs are not applicable is · 
important so that other characterization and 
response effons can be considered when planning 
the sampling strategy. 

2.2.1 Identify Pathways Present at the 
Site Addressed by Guidance. The following are 
potential pathways of exposure to soil contaminants 
in a residential setting and are addressed by this 
guidance document: 
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• Direct ingestion 

• Inhalation of ,·olatiles and fugitive dusts 

• Ingesti-on of contaminated ground water caused b' 
migration of chemicals through soil to an under
l~'ing potable aquifer 

• Dermal absorption 

• Ingestion of homegrown produce that has been 
contaminated via plant uptake 

• Migration of \'Olatiles into basements. 

This guidance quantitatively addresses the ingestion. 
inhalation. and migration to ground water pathways 
and also addresses, more cjualitati,·ely. the potential 
for dermal absorption and plant uptake based on 
·:mited empirical data .... hether some or all of tht: 
pathways are rele,·ant at lhe site depends upon the 
contaminants and conditions at the stte. 

For surface soils under the residential land use 
assumption. routinely consider the direct mgestton 
route in the soil screening decision. Inhalation of 
fugitive dusts and dermal absorption can be of 
concern for cenain chemicals and site conditions. 

For subsurface soils, risks from inhalation of 
volatile contaminants and miCTration of soil 
contaminants to an underlying aquifer are potential 
concerns for this scenario. The inhalation pathway 
mav be eliminated from funher analvsis if the 
presence of volatile contaminants are not suspected 
in the subsurface soils. Likewise. consideration of 
the ground water pathway may be eliminated if 
gl\>und ,,_:er beneath or adjacent to the site is not a 
potential source of drinking water. Coordinate this 
decision on a site-specific basis with State or local 
authorities responsible for ground water use and 
classification. The rationale for excluding this 
exposure pathway should be consistent with EPA 
ground water policy (U.S. EPA, I98 Sa. 1990a. 
199:.a, 1992c, and 1993b). 

The potential for plant uptake of contaminants 
should be addressed for both surface and subsurface 
soils. 

In addition to the more common pathways of 
exposure in a residential setting, concerns have been 
raised regarding ·the potential for migration of 



,·ol:ltile organic compounds ('\'OCs) from subsurface 
soils into basements. The Johnson and Ettinger 
model ( 1991) was de\'eloped to address this 
pathway. and an analysis of the potential use of this 
model for soil screening is pro,·ided in the TBD 
(L.S. EPA. 1996) Tht: analysis suggests that the use 
of the model is limited due to its sensiti\'it,· to a 
number of parameters such as. distance from the 
source to the building. building ventilation rate and 
the number and size of cracks in the basement ···all. 
Such data are difficult to obtain for a current use 
scenario. and extreme!\· uncertain for an\· future use 
sct:nario. Thus. instead· of rel\'ing exclusive!\' on the 
model. data from a compreh.ensi\·e soil-gaS survey 
are recommended to address the potential for 
migration of VOCs in the subsurface. Soil-gas data 
and site-specific infonnation on soil permeability 
can be use.: to replace default parameters in the 
Johnson and Ettinger model to obtain a more 
rehable esumate for the impact of this pathway on 
site nsk. 

2.2.2 Identify Additional Pathways 
Present at the Site Not Addressed by 
Guidance. The presence of additional pathways 
does not preclude the use of SSLs in site areas that 
are currently residential or likely to be residential in 
the future. Howe\'er. the risks associated with these 
additional pathways should also be considered in the 
RJ/FS to d;tennine whether SSLs are adequately pro
tective. \\here the following conditions ex1st. a 
more detailed site-specific stud\' should be 
performed: · 

• The site is adjacent to bodies of surface water 
where the potential for contamination of surfac(. 
water by overland flow or release of 
contaminated ground water into surface water 
thr9ugh seeps should be considered. 

• There are potential terrestrial or aquatic 
ecological concerns. 

• There· are othe. likely human exposure 
pathways that were not considered in 
de\'elopment of the SSLs (e.g., local fish 
consumption, raising of beef, dairv, or other 
livestock). · 

• There are unusual site conditions such as the 
presence of nonaqueous phase liquids (NAPLs), 
large areas of contamination, unusually high 
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fugiti\'e dust Ienis ·due to soil b.:1ng tilled for 
agricultural use. or hea\·y traffic on unpa' ed 
roads. 

• There are certain subsurface site conditions 
such as ~arst. fractur.:d rock aquifers. or 
contarnmauon extending below the water tab!.:. 
that result in the screening models not beml! 
sufficiently conservative. -

2.2.3 Comoare Available Qata to 
Background. EPA·may be concerned with two 
types of bac~ground at sites: naturally occurring and 
anthropogemc. Natural background is usuall' 
limited to metals: whereas. anthropogenic (i.e.·. 
~tan-m~de) backg~ound can include both organic and 
morgamc contarnmants. A companson of available 
data (e.g .. State soil surveys) on local background 
concentrations with generic SSLs mav mdicatc 
whether backgro: . ~ concentrations at the site are 
elevated. Although background concentrations 
exceeding generic SSLs do not necessarilY md1cate 
that a health threat exists, further investigation ma,
be necessary. · 

Generally. EPA does not cleanup below natural 
background levels: however, where anthropogemc 
background levels exceed SSLs and EPA has 
determined that a response action is necessan· and 
feasible. EPA's goal will be to dt:\·elop a 
cumprehens1ve response to address area soils. Th1s 
will often require coordination with different 
authorities that have jurisdiction over other sources 
of contamination in the area (such as a regional air 
board or RCRA program). This will help avoid 
response act1ons that create "clean islands" amid 
widespread contamination. 

To determine the need for a response action. the 
site . investigation should include gathering site
specific background data for any potential chemicals 
of concern and their speciation. because 
contaminant solubilitv in water a .. d bioavailabilitv 
(abs?rpti~n into an ·organism) are important 
cons1derat1ons for the risk assessment. Speciation 
of compounds such as metals and congener-specif1c 
analysis of similar organic chemicals [e.g .. dioxins. 
polychlorinated biphenyls (PCBs)] can sometimes 
provide improved estimates of exposure and 
subsequent toxicity of chemically related 
compounds. While water solubility is not often a 
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good predictor of uptake of a toxicant into the 
blood of an exposed receptor for physiological 
reasons. relative bioavailability and toxicity can 
sometimes be estimated through analytical 
speciation of related compounds. For example. 
Yarious forms of metals are more or less tox1c and 
can behave as quite disparate compounds in terms of 
exposure and risk. Inorganic forms of metals are 
not likelv to cross biological membranes as easily or 
mav not hioaccumulate as readily as 
oreanometallics. Different valences of metals can 
pr;duce dramatically different toxicities (e.g .. 
chromium). D1fferent matrices can render metals 
more or less bioaccessible .(e.g .. lead in auto 
em1ssions from leaded gas YS. lead in mine wastes). 
Similarly. the position and number of halogens on 
complex organic molecules can affect uptake and 
toxicity (e.g .. dioxins).. When applying these 
concepts to a screening analysis. the risk assessor 
should establish a credible rationale based on 
releYant literature and site data that supports actual 
differences in uptake and/or toxicity, since one 
cannot predict bioavailability from simple solubility 
studies. More likely. such an in-depth e\·aluation of 
chemical speciation and bioavailability would be 
conducted as part of a more detailed site-specific 
nsk assessment. 

2.3 Step 3: Defining Data 
Collection Needs for 
Soils 

Once the CSM has been developed and the site 
manager has determined that the Soil Screening 
Guidance is ai'propriate to use at a site, an SAP 
should be developed. Attachment A, the Conceptual 
Site Model Summary. lists the data needed to apply 
the So!I Screening Guidance. The summary will help 
identify data gaps in the CSM that require collection 
of site-specific data. The soil SAP is likely to 
contain different sampling strategies that address: 

• Surface soil 

• Subsurface soil 

• Soil characteristics 

To develop sampling strategies that will properly 
assess site contamination. EPA recommends that 
site managers consult with the technical experts in 
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their Region. including risk assessors. toxicologists. 
chemists and hydrogeologists. · These experts can 
assist the site manager to use the DQO process to 
satisfy Superfund. program objectives The DQO 
process is a systematic planning process de,·eloped 
b,· EPA to ensure that suffic1ent data .are collected 
t~ support EPA decision making. A full discussion of 
the DQO process is pro,·ided in Data Qualuy 
Objectives for Superfimd: lntertm Fmal Gwdancc 
(U.S. EPA. 1993a) and the Guidance (or the Dam 
Quality Objectives Process (U.S. EPA. ·1994a). 

Most key elements of the DQO process have 
already been incorporated as part of this Soil 
Screening Guidance (see Exhibits 5 through 8 and 
Attachment B). The remaining elements im·olve 
identifying the site-specific information needed to 
calculate SSLs. For exa:nple. the dry bulk density 
and the fraction of organic carbon content will need 
to be collected for the subsurface soil investigation. 

The following sections present an oven·iew of the 
sampling strategies needed to use the Soil Screening 
Guidance. For a more detailed discussion. see the 
supportmg TBD. 

2.3.1 Stratjfy the Site Based on Existing 
~. At this point in the soil screenmg process. 
existing data can be used to stratify the sne into 
three types of areas requiring different len:ls of 
in,·estigation: 

• Areas unlikely to be contaminated 

• Areas known to be highly contaminated 

• Areas that may be contaminated and cannot be 
ruled out. 

Areas that are unlikely to be contaminated generally 
will not require further investigation if historical site 
use information or other site data. which are 
reasonably complete and accurate. confirm this 
assumption. These may be areas of the site that 
were completely undisturbed by hazardous-waste· 
generating activities. 



Exhibit 5: Data Quality Objectives Process -
1. State the Problem 

Summarize the contamination problem that will require new environmental 
data. and identify the resources available to resolve the problem. 

H -
2. Identify the Decision -Identify the decision that requires new environmental 

data to address the contamination problem. 

, r -
3. Identify Inputs to the Decision -Identify the information needed to support the decision, and 

specify which inputs require new environmE:• ..... 1 measurements. 

, r -
4. Define the Study Boundaries 

Specify the spatial and temporal aspects of the environmental 
Expanded in 

ExhibitS 
media that the data must represent to support the decision. 

, r 

5. Develop a Decision Rule 

Develop a logical "if ... then .. ." statement that defines the conditions that 
would cause the decision maker to choose amoJng alternative actions. -, r 

6. Specify Limits on Decision Errors I Specify the decision maker's acceptable limits or, decision errors, which are 
used to establish performance goals for limiting uncertainty in the data. 

, ~. 

Su1ace Soils 
7. Optimize the Design for Obtaining Data Expanded in Exhibit 7 

Identify the most resource-effective sampling and analysis design 
for generating data that are expected to satisfy the DOOs. SUbsurface Soils 

Expanded in Exhibit 8 
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Exhibit 6: Defining the Study Boundaries 

1. Define Geographic Area 
of the Investigation Study Boundaries 

I 

2. Define Population 
of Interest 

Surface Soil (usually top 2 centimeters) 

3. Stratify the Site 

·4. Define Scale of Decision Making 
for Surface or Subsurface Soils 

. Surface Soils I 0.5-acre e~osure 
areas (CAs) 

Area of Suspected 
Contamination Area of Known 

Contamination 
(possible source) 

!Subsurface Soilsl 

Contaminant 

f:::::--~m~~~~~~Vr source 

Back to Exhibit 5, Step 5, "Develop a Decision Rule" 
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,\ crude estimate of the de1uee of soil conumination 
~an be made for other areas of the site by comparing 
s1te concentrations to the generic SSLs in Appendix 
A of the TBD Generic SSLs ha,·e been calculated 
for II 0 chemicals usimz default values in the SSL 
equations. resulting in conser· ative values that \\:111 
be prot.:cti\·e for the m:tjority of site conditions. 

The pathway-specific generic SSLs can be compared 
with a\'ailable concentration data from pre\'ious site 
investigations or removal actions to help divide the 
site into areas with similar levels of soil 
contamination and develop appropriate sampling 
strategies. 

The surface soil sampling strategy discussed in this 
document IS most appropriate for those areas that 
may be contaminated and c.,n not be designated as 
uncontammated. Areas which are known to be 
contaminated (based on existing data) will t:e 
mvestlgated and characterized in the "Rl/FS. 

2.3.2 Develop Sampliil~ and Analysis Plan 
for Surface Soil. The surface soil sampling 
strategy is designed to collect the data needed to 
e\·aluate exposures via direct ingestion. dermal 
absorption. and inhalation of fugitive dusts. 

As explained in the Supplemental Guidance to 
RAGS: Calc:u/arzng the Concentration Term (U.S. 
EPA. 1992d). an individual is assumed to move 
randomly across an exposure area (EA) over time, 
spendmg equivalent :tmounts of time in each 
location Thus. the concentration contacted over 
time is best represented by the spatially averaged· 
concentration over the EA. Ideally, the surface soil. 
sampling strategy would determine the true 
population mean of contaminant concentrations in 
an EA. Because determination of the "true" mean 
would require e:-.."tensive sampling at high costs. the 
maximum contaminant concentration from 
composite samples is used as a conservative estimate 
of the mean. 

This Max test strategy compares the results of 
composite samples with the SSLs. Another, more 
complex strategy called the Chen test is presented in 
Part 4 of the TBD. 

The User" s Guide uses the Max test rather than the 
Chen test because the Max test is based on a 
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statistical null hypothesis that is more appropnate 
for NPL sites (i.e .. the EA requHes further 
investigation). Although the Chen test is not well 
suited for screening decisions at NPL sites. it may be 
useful in a non-NPL. voluntary cleanup context. 

The depth over which surface soils are sampled 
should reflect the type. of exposures expected at the 
site. The Urban Soil Lead Abatement 
Demonstration Project (U.S. EPA 1993d) defined 
the top 2 centimeters as the depth of soil where 
direct contact predominantly occurs. The decision 
to sample soils below 2 centimeters depends on the 
likelihood of deeper soils being disturbed and brought 
to the surface (e.g .. from gardening. landscaping or 
construction acti,·ities). · 

Note that the size. shape. and orientation of 
sampling volume (i.e .... support"") for heterogenous 
media have a significant effect on reported 
measurement values. For instance. particle size has 
a varying affect on the transport and fate of 
contaminants in the environment and on the 
potential receptors. Comparison of data from 
methods that are based on different supports can be 
difficult. Defining the sampling support is 
important in the early stages cf site 
characterization. This may be accompli.hed 
through the DQO process with existing knowledge 
of the site. contamination. and identification of the 
exposure pathways that need to be charactenzed 
Refer to Preparation of Soil Samplmg Protocol~·. 
Samplmg Techmques and Strategies (U.S. EPA. 
1992e) for more information about soil sampling 
support. 

The SAP developed for surface soils should specify 
sampling and anal~-tical procedures as well as the 
development of QA/QC procedures. To identify the 
appropriate analytical procedures, the screening 
levels must be knovm. If data are not available to 
calculate site-specific SSLs (Section 2.5.1). then the 
ge .. .:ric SSLs in Appen~~-. A of the TBD should be 
used. 

The following strategy can be used for surface 
soils to estimate the mean concentration of 
semivolatiles, inorganics, and pesticides in an 
exposure area. Volatiles are not included in the 
estimations because they are not expected to remain 
at the surface for an extended period of time. 

-
-
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... Exhibit 7: Designing a Sampling and Analysis Plan for Surface Soils 

- 1. Subdivide Site 
h. 

For surface soils, the individual 
~-.// / ~ Into EAs _,.// / _/__ 

unit for decision making is an 
"EA. • or exposure area. It 
measures 0.5 acre in area or 

/ l less. 
' i ' 

/ / 

2. Divide EA e~ This step defines the number of 

Into a Grid ~3 4 . specimens (N) that will make up 
one composite sample. 

3. Organize 0' 0& 03()4 02 
Surface 02 os Placement of sample locations 

Sampling 
Q4 03 on the grid was developed 

os O& 
0' using a default sample size of 

Program for os 0 os 6 (which is based on 

EA 01 02 o- acceptable error rates for a CV 
O& 03 of 2.5) and a stratified random 

Q4 03 02 Q& sampling pattern. 

If the EA CV is suspected to be greater than 2.5. use the table 
below to select an adequate sample size or refer to the TBD for 
other sample design options. 

Probability of Decision Error at 0.5 SSL and 2 SSL Using Max Test 

cv:2.sa CV::J.O CV::3.5 CV:4.0 

Sample Srze b Eo.5c E2.0d Eo.5 E2.0 Eo.5 E2.0 Eo.5 E2.0 
I 

i 
I 

C • 4 SPeCimens per compos•te • ' 

§ Q.21 .Q.Q! 028 0.11 0.3l 0.11 0.35 0.16 i 
0.15 

I 
7 0.25 0.05 0.31 0.08 0.36 0.09 0.41 i 

I 

' 8 0.25 0.04 0.36 0.05 0.42 0.07 0.41 0.09 I : 
~ 9 0.28 0.03. 0.36 0.04 0.44 0.07 0.48 0.08 I 
i 

I 

'~"' 
The CV is the coefL: ~nt of variation for individual, uncompo .. ited me-asurements across the entire EA. 
including measurement error. 

:Sample size (N) = number of composite samples 
d Eo.5 = Probability of requiring further investigation when the EA mean is 0.5 SSL 

• 
E2.0 = Probability of not requiring. further investigation when the EA mean is 2.0 SSL 

C = number of specimens per composite sample, when each composite consists of points frc;»m a stratified 
random or systemic grid sample from across the entire EA. 

NOTE: All decision error rates are based on 1 ,000 simulations that assume that each composite is 
representative of the entire EA. half the EA has concentrations below the limit of detection, and half the EA 
has concentrations that follow a gamma distribution (a conservative distributional assumption). 
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• Di,·ide areas to be sampled in the screening 
pro•·-- • into 0 .:'"-acre exposure areas. the size of 
a suburban residential lot. If the site is currently 
residentiaL the exposure area should be the 
actual residential lot ::ize. The exposure areas 
should not be laio out in such a way that they 
unnecessarilY combine areas of hieh and low 
levels of co-ntamination. The orientation and 
exact location of the EA. relative to the 
distribution of the contaminant in the soiL can 
lead to instances where sampling the EA may 
have contaminant concentration results above 
the mean. and in other instances. results below 
the mean. Try to avoid straddling contaminant 
"distribution units" within the 0.5-acre EA. 

• Composite surface ~oil samples. Because the 
objectiv Jf surf:1ce s~il screering is to estimate 
the mean contaminant concentration. the 
physical ··averaging·· that occurs during 
compositing is consistent with the intended use 
of the data. Compositing allows sampling of a 
larger number of locations while controlling 
anal~tical costs. since several individual samples 
are physically mixed (homogenized) and one or 
more subsamples are drawn from the mixture 
and submitted for analysis. 

• Strive to achieve " false negative error rate of 5 
percent (i e .. in only 5 percent of the cases, soil 
contamination is assumed to be below the 
screenmg level when it is really above the 
screening level). EPA also strives to achieve a 
20 percent false positive error rate (i.e., in only 
20 percent of the cases, soil contamination is 
assumed to be above the screening level when it 
is really below the screening level). These error 
rate goals influence the number of samples to be 
col.lected in each exposure area. For this 
guidance. EPA has defined the "gray region·· as 
one-half to 2 times the SSL. Refer to Section 
2.6 for further discussion. 

• The default sample size chosen for this guidance 
(see Exhibit 7) provides adequate coverage for a 
coefficient of variation (CV) based upon 250 
percent ,·ariabilitv in contaminant values 
(CV=2.5).· (If a cv· larger than 2.5 is expected, 
use an appropriate sample size from the table in 
Exhibit 7 of the User's Guide, or tables in the 
TBD.) 
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• Take six composite S3.!11ples. for each exposure 
area. with each composite sample made up of 
four indi,·idual samples. Exhibit 7 shows other 
sample sizes needed to achieve the decision error 
rates for other CVs. Colle'~.:t the composites · 
randomly across the EA and through the top 2 
centimeters of soil. which are of ereatest 
concern for incidental ingestion of soiL-dermal 
contact: and inhalation of fugitive dust. 

• Analyze the six samples per exposure area to 
determine th!= contaminants present and thelT 
concentrations. 

For further information on compositing across or 
within EA sectors. developing a random samplmg 
strategy. and. determining sample sizes that control 
decision error rates. refer to the TBD. 

Note that the Max test requires a Data Qualit,· 
Assessment (DQA) test following sampling and 
analysis (Section 2.4.2) to ensure that the DQOs 
(i.e .. decision error rate goals) are achieved. If DQOs 
are not met. additional sampling may be required. 

2.3.3 pevelop Sampling and Analysis Plan 
ftlr Subsurface Soils. The subsurface and surface 
S(Jil sampling strategies differ because the exposure 
mechanisms differ. Exposure to surface 
contaminants occurs randomly as individuals mo\·e 
around a residential lot. The surface soil sampling 
strategy reflects this type of random exposure. 

In generaL exposure to subsurface contamination 
oc.:urs when chemicals migrate up to the surface or 
down to an underlying aquifer. Thus, subsurface 
sampling focuses on collecting the data required for 
modeling the volatilization and migration to ground 
water pathways. Measurements of soil 
characteristics and estimates of the area and depth 
of contamination and the average contaminant 
conc.entration in each source .. iea are needed to 
supply the data necessary to calculate the inhalation 
and migration to ground water SSLs. 

-

-

-
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1. Delineate Source Area 

2. Choose 
Subsurface 
Soil Sampling 
·Locations 

3. Design Subs.ur1ace 
Sampling and Analysis 
Plan 

Lab/Field 
Analysis for soil 

parameters b 

8 
8 
8 

Soil Boring 1 
(depth below ground surface in feet} 

For screening purposes. EPA 
recommends drilling 2 to 3 
borings per source area in 
areas of highest suspected 
concentrations. Soil sampling 
should not extend past water 
table or saturated zone. 

Lab Analysis for 
soil contaminants 

~ 
\27 

8 
8 
8 
8 

1 Picture depicts a continuous boring with 2 foot segments. For information on other methods such as interval sampling and depth 
weighted analysis, please refer to 2.3.3 of the User's Guide or 4.2 of the TBD. 

b 

Soil Texture, Dry Bulk Density, Soil Organic Carbon, pH. Retain samples for possible discrete contaminant sampling. 
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Source areas are the decision units for subsurface 
soils. A source area is defined by the horizontal 
extent. and ,·ertical extent or depth of 
contamination .. For this purpos.:. ··contamination·· 
is defin.:d b,· .:ither the Superfund's Contract 
Laboratory P~ogram ( CLP) practical quantitation 
limits (QLs) for each contaminant. or the. SSL. 
Sites with multiple sources should develop 
separate ss'Ls for each source. . 

The SAP developed for subsurface soils should 
specify sampling and analytical procedures as well as 
the development of QA/QC procedures. To identify 
the appropriate procedures. the SSLs must be 
known. If data are not available to calculate site
specific SSLs (Section 2.5.2). then the generic SSLs 
m Appendix A of the TBD should be used. 

The pnmary goal of the subsurface sampling 
stratel!\. is to estimate the mean contaminant 
conce~tration and average soil characteristics within 
the source area. As with the surface soil sampling 
strategy.· the subsurface soil sampling strategy 
follows the DQO process (see Exhibits 5, 6. and 8). 
The decis1on rule is based on comparing the mean 
contam1nant concentration within each 
contammant source w1th source-specific SSLs. 

Current im·esugatin techniques and statistical 
methods cannot accurately determine the mear. 
concentration of subsurface soils within a 
contaminated source without a costlv and intensive 
sampling program that is well beyond the level of 
effort generally appropriate for screening. Thus, 
conserntive assumptions should be used to develop 
hypotheses on likely contaminant distributions. 

This guidance bases the. decision to investigate a 
sourc~ area further on the highest mean soil boring 
contaminant concentration within the source, 
reflecting the conservative assumption that the 
highest mean subs~rface soil boring concentration 
among a set of bonugs taken from the source area 
represents the mean of the entire source area. 
Similarly. estimates of contaminant depths should be 
conservative. The investigation should include the 
maximum depth of contamination encountered 
within the source without going below the water 
table. 
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. 
For each source. the guidance recommends takmc .:! 
or 3 soil borings located in the areas suspected-of 
hanng the highest contaminant concentrations 
within the source. These subsurface soil samplml! 
locations are based primarily-on knowledge of like!~· 
surface soil contamination patterns (see Exhibit 6) 
and subsurface ·conditions. Howe\·er. buried sources 
may not be discernible at the surface. Information 
on past practices at the site included in the CS~I can 
help identify subsurface source areas. 

For sites contaminated with VOCs. the subsurfac.: 
sampling strategy should include soil gas surveys as 
well as soil matrix sampling. VOCs are commonly 
found in vapor phase in the unsaturated zone. and 
soil matrix samples may yield results that are 
deceptively low. Soil gas data are needed to hdp 
locate sources. define source size. to plac.: soil 
boring locations within a source. and can also be us..:d 
in conjunction w1th modeling to addr.:ss . \'OC 
transport in the vadose zone for both tho: 
volatilization and migration to ground water 
pathways. 

Take soil cores from the soil boring using either 
split spoon sampling or other appropriate samplmg 
methods. Descnpuon and Sampling n( 
Contammated Soils: A F1eld Pocket G111de (LS 
EPA. 1991 f). and Subsurface Characten=awm and 
.• ·fonztoring Technzques: ·A Desk Reference Gwd,•. 
Vol. I & II (U.S. EPA 1993e), can be consulted for 
information on appropriate subsurface samphng 
methods. 

Sampling should begin at the ground surface and 
continue until either no contamination 1s 
encountered or ·the water table is reached. 
Subsurface sampling intervals can be adjusted 
at a site to accommodate site-specific infor
mation on subsurface contaminant 
distributions and geological conditions (e.g .. 
thick vadose zones in the Wc;st). The concept of 
··sampling support'' introduced in .:iection 2.3 .2 also 
applies to subsurface sampling. For example, sample 
splits and subsampling should be performed 
according to Preparation of Soil Sampling 
Protocols: Samplmg Techniques and Strategies 
(U.S. EPA, 1992e). 

-
-
-
-
-
-
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If each subsurface soil core segment represents the 
same subsurface soil interval (e.2 .. 2 feet). then the 
average concentration from the s~rface to the depth 
of contamination is the simple arithmetic a\·erage 
of contaminant concentrations measured for core 
samples representative of each of the 2-foot 
se!!ments from the surface to the depth of 
co~tamination. Hom:,·er. if the sample inter\"als 
are not all of the same length (e.g., some are 2 feet 
while others are I foot or 6 inches). then the 
calculation of the average concentration in the total 
core must account for the different lengths of the 
segments. 

If c; is the concentration measure in a core sample, 
representative of a core interval or segment of 
h:ngth I;. and the n-th segment is considered to be 
the last segment sampled in the core (i.e .. the n-th 
segment is at the depth of contamination). then the 

· averal!e concentration in the core from the surface 
to th; depth of contamination should. be calculated 
as the f~llowing depth-weighted average (c). 

n 

~ l,c, 
'•I c= -n-
'1 -I 
a= I 

Altern::l\·ely. the average boring concentration can 
be determined by adding the total contaminant 
masses together (from the sample results) for all 
sample segments to get the total contaminant mass 
for the boring. The total contaminant mass is then 
divided by th1: total dry weight of the core (as 
determined by the dry bulk density measurements). 
to estimate average soil boring concentration. 

For the leach test option. collect discrete samples 
along a soil boring from within the zone of 
contamination and composite them to produce a 
sample representative of tr : average soil boring 
concentration. Take care to split each discrete 
sample before analysis so that information on 
contaminant distributions with depth will not be 
lost. A leach test may be conducted on ea~h soil 
core. 

Finally, the soil investigation for the migration to 
ground water pathway should not be conducted 
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independently of ground water im·esti!!:ltions 
Contaminated ground water may indicate the 
presence of a nearby source area that would leach 
contaminants from soil into aquifer systems. 

2.3.4 Pevelop Sampling and Analysis Plan 
to Petermine Soil Characteristics. The soil · 
parameters necessary fqr SSL calculatiOns are soil 
texture. drv bulk densitv. soil Orl!anic carbon. and 
pH. Some can be measured in the field. while others 
require laboratory measurement. Although 
laboratory measurements of these parameters 
cannot be obtained under Superfund ·s CLP. 
independent soil testing laboratories across the 
country can perform these tests at a relatinly low 
cost. · · 

To appropriately apply the \·olatilization :1nd 
migration-to-ground water models. anrage or 
typical soil properties should be used for a source m 
the SSL equations (see Step 5). Take samples for 
measuring soil parameters with samples for 
measuring contaminant concentrations. If possible. 
consider splitting single samples for contaminant 
and soil parameter measurements. Many soil testing 
laboratories can handle and test contaminated 
samples. However. if testing contaminated samples 
for soil parameters is a problem. samples may be 
obtained from clean areas of the site as long as they 
represent the same soil texture and are taken from 
approximately the same depth as the contaminant 
concentration samples. 

Soil Texture. Soil texture class (e.g., loam. sand. 
silt loam) is necessary to estimate average soil 
moisture conditions and to apply the Hydrological 
Evaluation of Landfill Performance (HELP) model 
to estimate infiltration rates (see Attachment A). 
The appropriate texture classification is determined 
by a particle size analysis and the U.S. Department 
of Agriculture (USDA) soil textural triangle shown 
in Exhibit 9. This classification svstem is based on 
the USDA soil panicle size classification. 

The panicle size analysis method in Gee and Bauder 
(1986) can provide this panicle size distribution. 
Other methods are appropriate as long as the,· 
provide the same particle size breakpoints for 
sand/silt (0.05 mm) and silt/clay (0.002 mm). Field 
methods are an alternative for determining soil 



te:-.."tural class: Exhibit 9 presr::nts an example from 
Brady (11)90). 

Dry Bulk Density. Dry soil bulk density <P.h) is 
used to calcul:ne total soil porosity and can be 
dr::termined for any soil horizon by weighing a thin
walled tube soil sample (e.g., Shelby tube) of known 
,·otume and subtracting the tube weight [American 
Society for Testing and Materials (ASTM) D 2937). 
Determine moisture content (ASTM 2216) on a 
subsample of the tube sample to adjust field bulk 
density to dry bulk density. The other methods (e.g .. 
ASTM D 1556. D 2167, D 2922) are generally 
applicable only to surface soil horizons and are not 
appropriate for subsurface characterization. ASTM 
soil testing methods are readily available in the 
Annual Book of ASTM Standards. J "olume ~- 08. Soil 
and Rock: Bufldmg Stones. a\·ailable from ASTM. 
:oo Barr Harbor Dri,·e. West Conshohocken. PA. 
19428. 

Organic Carbon and pH. Soil organic carbon is 
m~.1sured b\' buminl! off soil carbon in a controlled
temperature oven (Nelson and Sommers. 1982). 
This parameter is used to determine soil-water 
partition coefficients from the organic carbon soil
water partition coefficient. Koc· Soil pH is used to 

·select site-specific partition coefficients for metals 
(Table C-4. Attachment C) and ionizing organics 
(Table C-2. Attachment C). This simple 
measurement is made with a pH meter in a soil/water 
slum (McLean. 1982) and ma,· be measured in the 
field. using a portable pH meter.' 

2.3.5 Determine Analytical Methods and 
Establish OA/OC Protocols. Assemble a list of 
feasible sampling and anal~"tical methods during this 
step. Verify that a CLP method and a field method 
for ahalyzing the samples exist and that the 
anal~"tical method QL or field method QL is 
appropriate for (i.e., is below) the site-specific or 
generic SSL. Sampler ·s Guide to the Contract 
Laboraror_v Program (U.S. EPA, 1990b) and User's 
Guzde 10 the Contract Laboratory Program (U.S. 
EPA. 199le) contain further information on CLP 
methods. 

Field methods, such as soil gas survevs. 
Immunoassay, or X-ray fluorescence, can be used if 
the field method quantitation limit is below the SSL. 
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EPA recommends the use of fir::ld methods wherr:: 
applicable and appropriate. However. at least 10 
percent of both the discrete samples and the 
composites should be split and sent to a CLP 
J.,horatory for confirmatory analysis. (Qualu1· 
A I'Sllrance for Super,timd Em·ironmemal Dar~ 
Collection Activities. U.S. EPA. 1993c) 

Because a great amount of variability and bias can 
exist in the collection. subsampling. and analYsis of 
soil samples. some effort should be made to 
characterize this variability and bias. A l?.arzonale 
for the Assessment of Errors in the Sampling of Sozls 
(U.S. EPA. 1990c) outlines an approach that 
ad\'ocates the use of a suite of QA/QC samples to 
assess Yariability and bias. Field duplicates and splits 
are some of the best indicators of o\·erall ,·ariabilitv 
i1 th .. •"\mpling and anal~"tical pro~..sses. · 

F1r::td methods will be useful in definin2 the· stud' 
boundaries (i.e .. area and depth of contammatio~l 
during both site reconnaissance and sampling. The 
design and capabilities of field portabl· 
instrumentation are rapidly evolving. Documents 
describing the standard operating procedures for field 
instruments are available thoul!h the Nauonal 
Technical Information Sen·ice (NTIS) 

Regardless of whether surface or subsurface soils are 
sampled. the Superfund quality assurance program 
guidance (U.S. EPA. l993c) should be consulted. 
Standard limits on the precision and bias of sampling 
and anal~"tical operations conducted during sampling 
do apply and should be followed to give consistent 
a'ld defensible results. . 

2.4 Step 4: Sampling and 
Analyzing Site -Soils 
& DQA 

Once the sampling strategies have been developed 
and implemented. the samples should be analyzed 
according to the analvtical !abo raton· and field 
methods specified in the SAP. Results "of the anal
yses should identify the concentrations of potential 
contaminants of concern for, which site-specific 
SSLs \\ill be calculated. 

-
-
-
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Exhibit 9: U.S. Department of Agriculture soil texture classification. 

'Do >o ~. ~ tb._ __ ~ ____ "o __ 
'"\. Percent Sand 
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Criteria U!.ed with the Field Method for Determining Soil Texture Classes (Source: Brady, 1 990) 

Criterion 

1. 

2 

3. 

4. 

IndiVIdual grams 
v1sible to eye 
Stability of dry 
clods 
Stability of wet 
clods 
Stability of 
"ribbon" when 
wet soil rubbed 
between thumb 
and fingers 

u.s. 
Department 

of Agriculture 

Sand Sandy loam 

Yes Yes 

Do not form Do not form 

unstable Slightly stable 

Does not Does not form 
form 

0 002 

Clay Silt 

Loam Silt loam 

Some Few 

Easiy Moderately 
broken eas~y broken 

Moderately Stable 
stable 

Does not form Broken appearance 

Particle Size, mm 

005 010 025 OS 

Clay loam 

No 

Hard and 
stable 

Very stable 

Thin. will break 

1 0 20 

Very Fine I Final Med.l Coarse I Very Coarse 

Sind 

Source: USDA. 
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Clay 

No 

Very hard 
and stable 

Very stable 

Very long. 
tlexible 

Gravel 



2.4.1 Qelineate Area and Pepth of 
Source. Both spaual area and depth data. as well as 
soil characteristic data. are needed to calculate Site
specific SSLs for the inhalation of volatiles and 
migratton to ground water pathways m the 
subsurface Site mformation f.vm the CSM or soli 
!!as surYe,·s can be usc:d to estimate the areal extent 
~f the sources 

2.4.2 perform DOA Using Sample Results. 
After sampling has been c.ompleted, a DQA should 
be conducted if all composite samples are less than 2 
times the SSL. This is necessary to determine if the 
original CV estimate (1.5). and hence the numbe~ of 
samples collected (6). was adequate for screemng 
surface soils 

T0 conduct the DQA fo( a c mposite sample whose 
mc:an is below 2 SSL first calculate the sample CV 
for the EA in question from the sample mean (x ). 
the number of specimens per composite sample (C). 
and sample standard deviation '~)as follows: 

CV = /Cs 
x 

L:se the sample size table in Exhibit 7 to check. for 
th1s C\'. whether the sample size is adequate to meet 
the DQOs for the sampling effort. If sampling 
DQOs are not met. supplementary sampling may be 
needed to achieve DQOs. 

Howe\'er. for EAs with small sample means (e.g .. all 
composites are less than the SSL), the sample CV 
calculated using the equation above may not be a 
reliable estimate of the population CV {i.e., as x 
approaches zero. the sample CV will approach 
mfinity). To protect against unnecessary additional 
sampling in such cases. co!!!Pare all composites 
against the formula SSL 1./C . If the ma.x1mum 
c~mposite sample concentration is below the value 
g1ven b" the equation, then :he sarr:ple size may be 
assumed to be adequate and no further DQA is 
necessarv. In other words. EPA believes that the 
default sample size will adequately support walk
away decisions when all composites are well below 
the SSL. The TBD describes the development of this 
formula and provides additional information ·on 
implementing the DQA process. 
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2.4.3 Revjse the CSM. Because these analyses 
reveal new information about the site. update the 
CSI\.1 accordingly. This revision could mclude 
identification of site areas that excec:d the genenc 
S~l~ 

2.5 Step 5: Calculating Site
specific SSLs 

With the soil properties data collected in Step 4 of 
the screening process, .site-specific soil screening 
levels can now be calculated using the equations 
presented in this section. For a description of ho\\ 
these equations were developed. as well as 
background on their assumptions and limitations. 
consult the TBD. 

All SSL equations were developed to be consistent 
with RME in the residential sening. The Superfund 
program estimates the RME for chronic exposures 
on a site-specific basis by combining an a\·eragc: 
exposure-point concentration with reasonably con
servative values for intake and duration (U.S. EPA. 
1989a: RAGS HHEM. Supplemenral Guzdann·. 
Standard Default E:r:posure Fd~·tors. V S EPA. 
199la). Thus. all site-specific parameters (soil. 
aquifer. and meteorologic parameters) used to 
calculate SSLs should reflect average or typ1cal sue 
conditions in order to calculate average exposur.: 
concentrations at the site. 

Equations for calculating SSLs are presented for 
surface and subsurface soils in the followmg secuons. 
For each equation, site-specific input 
parameters are highlighted in bold and 
default values are provided for use when site
specific data are not available. Although these 
defaults are not worst case. thev are conservative. 
At most sites. higher, but still protecti,·e SSLs can be 
calculated using site-specific data. The TB D 
describes development of these default values and 
p.-e~'!nts generic SSLs c·'-:ui:lted using the default 
values. 

Attachment D provides tOXICity criteria for 110 
chemicals commonlv found at NPL sites. These 
criteria were obtained from Integrated Risk 
Information System (IRJS) {U~S. EPA, 1995b) or 
Health Effects Assessment Summary Tables 
{HEAST) {U.S. EPA, 1995a), which are regularly 

-
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updated. Prior to calculating SSLs at a site, 
check all relevant chemical-specific v:.: ... .s an 
Attachment D against values from IRIS or 
HEAST. Only. the most current values should 
'-· used to calculate SS:...s. 

\\'here toxicity \'alues ha\'e been updated. the 
generic SSL~ should also be recalculated with current 
toxicity information. 

2.5.1 SSL Equations--Surface Soils. 
Exposure pathways addressed in the process for 
screening surface soils include direct ingestion. 
dermal contact. and in~alation of fugitive dusts. 

Direct Ingestion. The Soil Screening Guidance 
addresses chronic exposure to noncarcinogens and 
c:1rcinogens through direct ingestion l.lf 
contaminated soil in a residen~ial setting. The 
approach for calculating noncarcinogenic SSLs 
presented in this guidance leads to screening levels 
that are approximately 3 times more conservative 
than PRGs calculated based on the approach 
presented in RAGS HHEM. Part B (i.e., using a 30-
year. time-weighted average soil ingestion rate for 
comparison to chronic toxicity criteria). Because a 
number of studies ha\'e shown that inad,·ertent 
im!estion of soil is common arnone children aee 6 
and younger (Calabrese et al.. 19S9; Davis et al.. 
1990 Van WiJnen et a! .. I ~90). se\'eral commenters 
suggested that screening values should be based on 
this mcreased exposure during childhood. However, 
other commenters believe that comparing a six-year 
exposure to a chronic reference dose (RiD) is 
unnecessarih· consen·ati\'e. In their analvsis of this 
issue. the Sc-ience Advisory Board (SAB).stated that, 
for most chemicals, the approach of combining the 
higher six-year exposure for children with chronic 
toxici~y criteria is overly protective (U.S. EPA. 
1993 f). However. they noted that the approach 
may be appropriate for chemicals with chronic RIDs 
b~sed on toxic endpoints that are specific to 
children (e.g., fluoride and nitrates) or where the 
dose-response curve is steep [i.e., the difference 
between the no-observed-adverse-effect level 
(NOAEL) and the adverse effect level is small]. 
Thus for the purposes of screening, Office of 
Emergency Remedial Response (OERR) opted to 
base the generic SSLs for noncarcinogenic 
contaminants on the more conservative "childhood 
only'" exposure (Equation 1 ). The issue of whether 
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to maintain this more conser\'ati\·e approach 
;hroughout the Baseline Risk Assessment :md 
establishing remediation goals will depend on ho'' 
the specific chemical's toxicology relates to the 
IS~'""S raised by the SAB. · 

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

Screenrng 
Level = THO · fN.I . AT -·365 d'yr 

(~kg) 1/Rf00 '10"6 kg/mg .. · EF. ED. IR 

Parameter/Definition (units) Default 

THQ/target hazard quotient 1 
(unitless) 

13Wibody weight (kg) 15 

AT/averaging trme (yr) sa 
RID0/oral reference dose (mg/kg-d) chemical-specifrc 

(Attachment 0) 

EF/exposure frequency (dlyr) 350 

EO/exposure duration (yr) 6 

IR!soil ingestion rate (mg/d) 200 

a For noncarcrnogens, averagrng trme equals to 
exposure duration. 

For carcinogens. both the magnitude and durJ.tlon of 
exposure are important. Duration is critical bl.!caus.: 
the toxicit\' criteria are based on "lifetime a\'erJ.ee 
daily dos~:· Therefore, the total dose recei\'e-d. 
whether it be over 5 years or 50 years. is averaged 
over a lifetime of 70 years. To be protectiYe of 
exposures to carcinogens in the residential seninl!. 
Superfund focuses on exposures to individuals who 
may live in the same residence for a high-end period 
of time (e.g., 30 years) because exposure to soil is 
higher during childhood and decreases with aee. 
Equation 2 uses a time-weighted average s"'il 
ingestion rate for children and adults. The derivation 
of this time-weighted average is presented in U.S. 
E.PA, 1991c. 

Default values are used for all input parameters in 
the direct ingestion equations. The amount of data 
required to derive site-specific values for these 
parameters (e.g .. soil ingestion rates, chemical
specific bioavailability) makes .their collection and 
use impracticable for screening. Therefore. site· 
specific .data are not generally available for this 



e~posure route. The genenc in2estion SSLs 
pres.:1::. J m At'pcnd1x A of the TBD :1re 
recommended for all ~PL sites. 

r Equation 2: Screen'nq i..evel Equation for 
Ingestion of Carcinogenic 
Contaminants in Residential Soil 

Screemng Level = 
(ml¥!<g) 

TR AT . 365 &yr 

SF0 . 1Q-6 kg/mg ·· EF ··IF soo~adi 

Parameter/Definition (units) Default 

TR!target cancer risk (unitless) 
AT/averaging time (yr) 
SF0 /oral slope factor (mg/kg·d)'1 

EF/exposure frequency (d/yr) 
IFsoil'adi/ag"·adjusted soil 

mg~:stlon factor (mg-yr/kg-d) 

10·6 

70 
chemical-specific 
(Attachment D) 
350 
114 

Dermal Contact. Contaminant absorption through 
dermal contact rna\' contribute risk to human health 
in a residential setting. However. mcorporation of 
dermal e~posures into the soil screening process is 
limited b,· the amount of data a,·ailable to quantify 
dermal absorption from soil for specific chemicals. 
Prenous EPA studies suggest that absorption via the 
d.:rmal route must be greater than I 0 percent to 
equal or e~ceed thr ;.,gestion exposure (assuming 
I 00 percent absorption of a chemical via ingestion: 
Dermal Exposure Assessment: Principles and 
Appl1catzom-. U.S. EPA. 1992b). 

Of the II 0 compounds evaluated. available data 
show greater than 10 percent dermal absorption for 
pentachlorophenol (Wester et al., 1993) .. 
Therefore. pentachlorophenol is the only chemical 
for which the Soil Screening Guidance directly 
consi~ers dermal exposure. The ingestion SSL for 
pentachlorophenol should be divided 'in half to 
account for the assumption that exposure via the 
dermal route is equivalent to the ingestion route. 
PreliminaT\· studie .. show that certain semivolatile 
compounds (e.g., benzo(a)pyrene) may also be of 
concern for this exposure route. As adequate dermal 
absorption data are developed for such chemicals. 
the ingestion SSLs may need to be adjusted. The 
Agency will provide up_dates on this issue as 
appropriate. 
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Inhalation of Fugitive Dusts. lnhalat1on of 
fu.nti\·e dusts is a consideration for semi\·olatll.: 
organics and metals in surface soils. Howc,·er. 
generic fugitive dust SSLs for s.emi,·olatile organics 
ari' se,·eral -:-rders of magnitude higher than the 
corresponding generic ingestion SSLs. EPA believes 
that since the im!estion route should alwa\'S bc 
considered in screening decisions for surface. soils. 
and ingestion SSLs appear to be adequately 
protective for inhalation exposures to fugitive dusts 
for organic .compounds. the fugitive dust exposure 
route need not be routinely considered for organic 
chemicals in surface soils. 

Likewise. the ingestion SSLs :1re significantly more 
conseT\·ative than most of the generic fugitive dust 
SSLs: As a result. fugitive dust SSLs need not b.: 
calculated for most metals. Howe,·er. chrom1um 1s 
an exception. For chromium. the genenc fugitive 
dust SSL IS below the ingestion SSL. This is due to 
the carcinogenicity of hexavalent chromium. Cr·n. 
through the inhalation exposure route. For most 
sites. fugitive dust SSLs calculated using the 
conseT\·ative defaults will be adequately protecti\·e 
Ht>we,·er, if site conditions that will result in higher 
fu2itive dust emissions than the defaults (e.l! .. dT\. 
du-sty soils: high a\·erage annual wind;pceds. 
'egetative cover less than 50 percent) are likely. 
:onsider calculating a site-specific fugitive dust SSL 

Equations 3 and 4 are used to calculate fugiti,·e dust 
SSLs for carcinogens and noncarcinogens.· These 
equations require calculation of a particulate 
emission factor (PEF, Equation 5) that relates the 
concentration of contaminant in soil to the 
concentration of dust particles in air. This PEF 
represents an annual average emission rate based on 
wind erosion that should be compared with chrome 
health criteria. It is not appropriate for evaluating 
the potential for more acute exposures. 

Both the emissions portion and the dispersion 
portion of the PEF equation .have been updated 
since the first publication of RAGS J:lliEM. Pan B. 
in 1991. As in Pan B, the emissions pan of the PEF 
equation is based on the "unlimited reservoir" model 
developed to estimate particulate emissions due to 
wind erosion (Cowherd et al., 1985). Additional 
information on the update of ihe PEF equation is 
provided in the 1130. Cowherd et al. (1985) present 
methods for site-specific measurement of the 
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parameters necessary to calculate a PEF. A site
specific dispersion model (Q/C) is then selected as 
described in the section on calculating SSLs for the 
,·olatile inhalauon pathway later in this document. 

Equation 3: Screening Level Equation for 
Inhalation of Carcinogenic 
Fugitive Dusts from Residential 
Soil 

Screening 
Level = TR . AT . 365 d'yr 

(m~g) URF .. 1,000 119'mg · EF . ED . _,_ 
PEF 

Parameter/Definition (units) Default 

TR!target cancer nsk (unitless) 10•6 
AT/averaging time (yr) 70 
URF/inhalation unit risk factor ch~mical·specific 

(ll~m3)·1 (Attachment D) 
EFiexposure frequency (d/yr) 350 
EO/exposure duration (yr) 30 
PEF/particulate emission 1.32 . 109 

. factor (ml/kg) (Eqvation 5) 

. 
Equation 4: Screening Level Equation for 

Inhalation of Noncarcinogenic 
Fugitive Dusts from Residential 
Soil 

Screen1ng Level = THQ . AT . 365 rJ/yr 
(mg'kg) EF. ED· [_L ._,_] 

RIC PEF 

Par a meter/Definition (units) Default 

THQ/target hazard quotient 1 
(uMiess) 

AT/averaging time (yr) 30 
EF/exposure frequency (d/yr) 350 
EO/exposure duration (yr) 30 
RIC/inhalation reference chemical-specific 

concentration (mg'm3) (Attachment D) 
PEF/particulate emission 1.32 ,. 101 

factor (ml/kg) (Equation 5) 

2.5.2 SSL Eguatjoos--Sybsurface Soils. 
The Soil Screening Guidance addresses two exposure 
pathways for subsurface soils: in.halation of volatiles 
and ingestion of ground water contaminated bv the 
migration of contaminants through soil to an under
lying potable aquifer. Because the . equations 
developed to calculate SSLs for these pathways 
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assume an infinite source. theY can violate mass
balance considerations. especiall~· for small sources. 

Equation 5: Derivation of the Particulate 
Emission Factor 

PEF (rn31kg) = Q/C . 3,600 s/h 
0.036 (1-V) . (Um'Ut)3. F(x) 

Parameter/Definition (units) Default 

PEF/particulate emission factor (m3/kg) 1.32 .· 109 

Q/C/inverse of mean cone. at 90.80 
center of a 0.5-acre-square 
source (g/m2-s per kgfml) 

Vlfraction of vegetative cover 0.5 (so•;.) 
(unitless) 

Um /mean annual winc'c:peed 4.69 

(m/s) 

u,tequivalent threshold value of 11.32 
windspeed at 7 m (m/s) 

F(x)/function dependent on 0.194 
UmiU, derived using Cowherd 
et al. (1985) (unitless) 

To address this concern. the guidance also includes 
equations for calculating mass-limit SSLs for each of 
these pathways when the size (i.e., area and 
depth) of the contaminated soil source is 
known or can be estimated with confidence. 

Attachment D provides the toxicity criteria and 
regulator,· benchmarks for 110 chemicals 
common!~: found at NPL sites. These criteria were 
ot>tai• .. J ~.om IRIS (U.S. EPA. 1995b). HEAST 
(U.S. EPA. l995a), and Drmkmg Water Regulatzons 
and Health Advisories (U.S. EPA. 1995c). which are 
regularly updated. Prior to calculating SSLs at a 
site, all relevant chemical-specific values in 
Attachment D should be checked against the 
most recent version of their sources to ensure 
that they are up to date. 

Toxicitv data are not available for all chemicals for 
the inhalation exposure route. At the request of 
commenters, EPA has looked into methods for 
extrapolating inhalation toxicity values from oral 
toxicity data. The TBD presents the results of this 
analysis along with information on current EPA 



practices for conducting such route-to-route 
extrapolations. 

Chemical properties necessary to calculate SSLs for 
the mhalation and mil!ration to ground water path· 
waYs include solubilit~·. air and water diffusi~·ities. 
He~ry·s law constant. and soil/water partition coeffi
cients. Attachment C proYides values for II 0 
chemicals commonly found at NPL sites. 

Site-specific parameters necessary to calculate SSLs 
for subsurface soils are listed on Exhibit I 0, along 
with recommended sources and measurement 
methods. In addition to the soil parameters described 
in Step 3. other site-specific input parameters 
include soil moisture .. infiltration rate. aquifer 
parameters. and meteorologic data. Guidance for 
collecting o. estimating 1hese other parameters at a 
site is proYided on Exhibit 10 and in Attachment A. 

Inhalation of Volatiles. Equations 6 and 7 are used 
to calculate SSLs for the inhalation of carcinogenic 
and noncarcino2enic volatile contaminants.To use 
these equationi" to calculate inhalation SSLs, a 
Yolatilization factor (VF) must be calculated. 

The VF equation can be· broken into two separate 
models: a model to estimate the emissions and a 
d1sper51on model (reduced to the tenn Q/C) that 
simulates the dispersion of contaminants in ambient 
a1r In addition. a soil saturation limit (C 5a1) must be 
calculated to ensure that the .VF model is applicable 
to soil contaminant conditions at a site. 

Volatilization Factor (VF). The soil-to-air VF 
(Equation 8) is used to define the relationship 
between the concentration of the contaminant in 
soil and the flux of the volatilized contaminant to 
air. The Soil Screening Guidance replaces the 
Hwang and Falco (1986) model used as the 
basis for the RAGS HHEM, Part B, VF 
equation with the simplified equation 
developed by Jury et al. (1984). 

The Jury model calculates the maximum flux of a 
contaminant from contaminated soil and considers 
soil moisture conditions in calculating a VF. The 
models are similar in their assumptions of an infinite 
contaminant source and vapor phase diffusion as the 
only transport mechanism (i.e., no transport takes 
place via nonvapor-phase diffusion and there is no 
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mass flow due to capillary action) In somc: 
situations. information about the size of the source 
is aYailable and SSLs can be calculated usinl! thc: 
mass-limit approach. -

Equation 6: Screening Level Equation for 
Inhalation of Carcinogenic Volatile 
Contaminants in Residential Soil 

Screening 
Level = TR ··AT. 365 cYyr 

(mglkg) URF -: .. 1,000 IJ.9'mg ·· EF ·· ED . _,_ 
VF 

Parameter/Definition (units) Default 

TRitarget cancer risk (unitless) 10·6 
AT/averaging time (yr) 70 
URF/inhalation unit risk factor chemical-specific 

(1J.glm3)·1 (Attachment D) 
EF/exposure 1requency (dlyr) 350 
EO/exposure duratu.m (yr) 30 
VF/soil-to-air volatilization chemical-specific 

factor (m3/kg) (Equation 8) 

Equation 7: Screening Level Equation for 
Inhalation of Noncarcinogenic 
Volatile Contaminants in 
Residential Soil 

Screening Level = THO. AT . 365 dlyr 
(mglkg) EF. ED.· [_1_ .. _,_] 

RIC VF 

Parameter/Definition (units) Default 

THO/target hazard quotient 1 
(unitless) 

AT/averaging time (yr) 30 
EF/exposure 1requency (d/yr) 350 
EO/exposure duration (yr) 30 
RiC/inhalation reierence chemical-speciiic 

concentration (mglm3) (Attachment D) 
VF/aoil·to·air volatilization chemical-specific 

factor (m3/kg) (Equation 8) 

Other than initial soil concentration, air-filled soil 
porosity is the most significant soil parameter 
affecting the final steady-state flux of volatile 
contaminants from soil (U.S. EPA, 1980). In other 
words, the higher the air-filled soil porosity. the 
greater the emission flux of volatile constituents. 

-
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Exhibit 10. Site-specific Parameters for. Calculating Subsurface SSLs 

SSLPathway 

Parameter Inhalation 

Source Characte.istics 

Source area (A) 

Source lenglt> (L) 

Souroedeplt> 

Soil Characteristics 

So1ltexture 

Dry soil bulk density ! p•) 

Soil mo1sture content (w) 

So1l organic carbon (f0 e) 

Soil pH 

Mo1sture retentton exponent (b) 

Saturated hydraubc conducttvrty 
!K,) 
Avg. soil mo1sture content lA.,) 

Meteorological Data 

Air dispersion factor (0/C) 

Hydrogeologic Characteristics (OAF) 

Hydrogeologic selling 

lnfiltrat1onirecharge (I) 

Hydraulic conductiVIty (K) 

Hydraulic grad1ent (i) 

Aq_ulfer lt>ickness (d) 

• 
• 

• 

• 
::> 

• 
• 

e lndtc>l<' p>rameters used ID lhe SSL equauoas. 

Migration to 
ground water Data source Method 

Sampling data Measure total area of contam1nated soil 

e Sampling data Measure length of source parallel to ground water 
flow 

• 

• 

• 
::> 

::> 
::> 

• 

• 

• 

• 
.. 

Sampling data 

Lab measurement 

Field measurement 

Lab measurement 

Lab measurement 
F1eld measurement 

Look-up 

Look-up 

Calculated 

Measure depth of contaminatton or use 
conservatiVe assumptton 

Particle size analysis (Gee & Bauder. 1986) and 
USDA classification: used to estimate e,. & I 
All soils: ASTM D 2937:-shallow soils: ASTM D 
1556. ASTM D 2167. ASTM D 2922 

ASTM D 2216: used to estimate dry soil bulk 
density 

Nelson and Sommers (1982) 

McLean (1982): used to select pH-spec1hc K.,. 
(10n1zable organacs) and Kcs (metals) 

Attachment /1\. used to calculate e .. 
Attachment A: used to calculate e .. 

Attachment A 

0/C table (Table 5) . Select value corresponding to source area. 
climatic zone. and City With cond1ttons s1mdar to 
site 

Conceptual srte 
model 

HELP mode~ . 
Aeg1onal estimates 

Field measurement 
Reg1onal estimates 

Field measurement 
R&g~onal estimates 

F1eld measurement 
Reg1onal estimates 

Place site 1n hydrogeolOgiC selling from Aller et 
al. ( 1987) for estJmabon of parameters below 
(see Attachment A) 

HELP (Schroeder et al.. 1984\ may be used for 
Slte-specdtc tnfiltraton estimates: recharge 
estmates also may be taken from Aller et al. 
(1987) or may be esumated from knowledge of 
local meteorologiC and hydrogeologiC condittons 

Aquifer tests (i.e .• pump tests. slug tests) 
preferred: esumates also may be taken from 
Aller et al. (1987) or Ne-llet al. (1990) or may 
be esttmated from knowledge of local 
hydrogeologic conditions 

Measured on map of srte•s water table 
(preferred): esumates also may be taken from 
Newelletal. (1990) or may be esumated from 
knowledge of local hydrogeologiC OO• .diuons 

Site-specific measurement (i.e .. from soil boring 
logs) preferred; esbmates also may be taken 
from Ne-llet al. ( 1990) or may be esumated 
from knowledge of local hydrogeologic cbndrttOns 

:> lndtcates parameters/assumpuon• ··"•ded to csumate SSL equauoa p>rar.ltt<rs. 
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Equation B: Derivation of the Volatilization 
Factor 

VF (mltkg) = QIC . (~.14 . DA . T) 1 '2 · 1 Q-4 (m2/cm2) 

(2 -~. Dp,) 

where 

DA = [(9a10 "3 D, H + 9wl0."3 DwVn2J 

pb l<a+9w+ ea H' 

Parameter/Definition (units) Default 

VF!volatilization factor (ml/kg) --

DA /apparent diffusivity (cm2/s) --

0/C/inverse of the mean 6 B. B 1 
cone. at the center of a 
0.5-acre·square source 
(g/m2-s per kg/m3) 

T1exposure interval (s) 

Pb/dry soil bulk density 

(g/cm3) 

9.5 . 108 

1.5 

sa /air-filled soil porosity (L8 /lsoul n-ew 

n/total soil porosity (lp0 ,efLsoill 1 • (pb /p
5

) 

9wlwater·filled soil porosity 0.1 5 

(Lwaterllaoill 

p 5 /soil pan1cle density (g/crr.') 2.65 

D,/diffusivity in air (cm2/s) chemical-specific• 

H /dimensionless Henry's law chemical-specific• 
constant 

Dw /diffusivity in water (cm2/s) chemical-specific• 

Kd /soil-water panition coefficient chemical-specific• 

(cmlfg) = Koc f0 c (organics) 

Koc /soil organic carbon panition chemical-specific• 

coefficient (cml/g) 

f 001fraction organic carbon In 0.006 (0.6°/.) 

soil (g/g) 

•See Anachment C. 

Among the soil parameters used in Equation 8, 
annual average water-filled soil porosity (ew) has the 
most significant effect on air-filled soil porosity (e.) 

and hence volatile contaminant emissions. 
Sensitivitv analvses have shown that soil bulk 
density ( Pb) has too limited a range for surface soils 
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(generally between 1.3 and 1.7 g/cm~) to affc:ct. 
rc:sults with nearly the significance of soil moisture: 
content (U.S. EPA. 1996). 

Disoersion Model (Q/C). The box model in RAGS 
H.HEM. Pan B has been replaced with a Q/C tc:ml 
derived from the modeling exercise using the AREA
ST model incorporated into EPA ·s Industrial Source 
Complex Model (ISC2) platform. The AREA-ST 
model was run with a full year of meteorological 
data for 29 U·.S. locations selected to be 
representative of a range of meteorologic conditions 
across the Nation (EQ, 1993). The results of these 
modeling runs are presented in E:Jtibit II for square 
area sources of 0.5 to 30 acres in size. When 
de\'Ctloping a site-specific VF for the mhalat1on 
pathway. place the site into a climatic. zone (sc:c: 
. .1ttachment ·s). Then select a ?_/C nlue from 
Exhibit II that best represents a site· s s•u and 
nt<O.eorological conditions. 

Soil Saturation Limit (C58r}. The soil saturation hmlt 
(Equation 9) is the contaminant concentration :~· 
which soil pore air and pore water are saturated with 
the chemical and the adsorptive limits of the soil 
particles have been reached. Above this 
concentration. the contaminant may be present m 
free phase. Csa1 concentrations represent an uppc:r 
limit to the applicability of the SSL VF model 
because a basic principle of the model (Henry· s b\') 
does not apply when contaminants are present m 
free phase. VF-based inhalation SSLs are rehab!.: 
only if they are at or below c .. ,. 

fquation 9 is used to calculate the soil saturation 
limit for each organic chemical in site soils. As an 
update to RAGS HHEM. ·Part B, this equation takes 
into account the amount of contaminant that is in 
the vapor phase in the pore spaces of the soil in 
addition to the amount dissolved in the soil's pore 
water and sorbed to soil particles. c •• , values should 
·~= calculated using the samt. site-specific soil 
characteristics used to calculate SSLs (e.g., bulk 
density, average water content. and organic carbon 
content). Because VF-based SSLs are not accurate 
for soil concentrations above C,.,, these SSLs should 
be compared ~o Cut concentrations before they are 
used for soil screening. 

-
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~·· .. ·Exhibit 11. Q/C Values by Source Area, City, and Climatic Zone 

, ... 
Q/C (g/m2-s per kg/m3) .. 0.5 Acre 1 Acre 2 Acre 5 Acre 10 Acre 30 Acre 

fl .. Zone I 

Seattle 82.72 72.62 64.38 55.66 50.09 42.86 
111111 Salem 73.44 64.42 57.09 49.33 44.37 37.94 

Zone II , .. 
Fresno 62.00 54.37 48.16 41.57 37.36 31.90 

-- Los Angeles 68.81 60.24 53.30 45.93 41.24 35.15 

San Francisco 89.51 78.51 69.55 60.03 53.95 46.03 

-- Zone Ill 

Las Vegas 95.55 83.87 74.38 64.32 57.90 49.56 ... 
Phoenix 64.04 56.07 49.59 42.72 38.35 32.68 
Albuquerque 34.18 73.82 , .. 65.40 56.47 50.77 43.37 

Zone IV 

IW Boise 69.41 60.88 53.94 46.57 41.87 35.75 
Winnemucca 69.23 60.67 53.72 46.35 41.65 35.55 ,. 
Salt Lake City 78.09 68.47 60.66 52.37 47.08 40.20 .. Casper 100.13 87.87 77.91 67.34 60.59 51.80 
Denver 75.59 66.27 58.68 50.64 45.52 38.87 

,!Ill Zone V 

Bisma~ 83.39 73.07 64.71 55.82 50.16 42.79 ,,. 
Minneapolis 90.80 79.68 70.64 61.03 54.90 46.92 
Lincoln 81.64 71.47 63.22 54.47 48.89 41.65 ". Zone VI ... Little Rock 73.63 64.51 57.10 49.23 44.19 37.64 
Houston 79.25 69.47 61.53 53.11 47.74 40.76 

"""' Atlanta 77.08 67.56 59.83 51.62 46.37 39.54 

... Charleston 74.89 65.65 58.13 50.17 45.08 38.48 
Raleigh-Durham 77.26 67.75 60.01 51.78 46.51 39.64 

·~· 
Zone VII 

· Chicago 97.78 85.81 76.08 65.75 59.16 50.60 ... 
Cleveland 83.22 73.06 64.78 55.99 50.38 43.08 
Huntington 53.89 47.24 41.83 36.10 32.43 27.67 

1"'-
Harrisburg 81.90 71.87 63.72 55.07 49.56 42.40 

•• Zor.e VIII 
Portland 74.23 65.01 57.52 49.57 44.49 37.88 

11!!1 Hartford 71.35 62.55 55.40 47.83 43.00 36.73 

,,. .. Philadelphia 90.24 79.14 70.14 60.59 54.50 46.59 
Zone IX 

'"' Miarri 85.61 74.97 66.33 57.17 51.33 43.74 -, .. 
27 -, .... -, .. 

... 



Equation 9: Derivation of the Soil Saturation 
Limit 

C581 = ..:. (Kd-pb + ew + H !Ia) 

f\, 

Parameter/Definition (units) 

C5a1isoil saturat1on concentration 

(mg/kg) 

Default 

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

pb/dry soil bulk density (kg/L) 1.5 

Kd /soil-water partition coefficient 

(Likg) 

K0 c /soil organic carboniwater 

partition coefficient (Ukg) 

f0 clfraction organic carbon in 

soil (g/g) 

ew/water-filled soil porosity 

(Lwaterflsoll) 

H'id1mensionless Henry's law 
constant -

e. /air-filled soil porosity (L.;IL50,1) 

n/total soil porosity 1L,ore/Lsoil) 

p5 lsoil particle density (kg/L) 

•See Attachment C. 

Koc . foe (chemical

specific•) 

chemical-specific• 

0.006 (0.6%) 

0.15 

chemical-specific• 

c sal nlues represent chemical-physical limits in soil 
and are not risk based. However. since they 
represent the concentration at which soil pore air is 
saturated With a contaminant. volatile emissions 
reach their maximum at Csat· ln other words, at c .. , 
the emission flux from soil to air for a chemical 
reaches a plateau. Volatile emissions will not 
increase above this level no matter how much more 
chemical IS added to the l>0il. Ch~micals with VF
based SSLs above C 501 are not likely to present a 
significant volatile inhalation risk at any soil 
concentration. To illustrate this point, the TDB 
presents an analysis of the inhalation risk levels at 
c .. , for a number of chemicals commonly found at 
Superfund sites whose generic SSLs (calculated using 
the default parameters shown in Equation 9) are 
above Csat· 
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The analysis indicates that these C ••• values are all 
well below the screening risk targets of a 10·6 cancc:r 
risk or :m HQ of L 

J.l•'·- · ·h the inhalatioro risks aopear to be: 
nc:gligible. C,,, does indicate a potential for 
nonaqueous phase liquid (NAPL) to be present m 
soil and a possible risk to ground water. Thus. EPA 
belie\·es that further investigation is warranted 
Table C-3 (Attachment C) pro,·ides the physical 
state. liquid or solid, of \'arious compounds at 
ambient soil temperature. When an inhalation SSL 
exceeds C.,1 for compounds that are liquid at 
ambient soil temperature. the SSL is set at C,., 
Where soil concentrations exceed a C ,31-bJ.Sed SSL. 
site manal!ers should refer to EPA· s guidance:. 
Ewmanng-the Potent1al for Occurrence o( Dl·•APL 
at Superfund Sites (U.S. EPA. 1992c) for further 
information on determining the likelihood of dense: 
nonaqueous phase liquid (DNAPL) in the subsurface 
Note that free-phase contaminants may be present 
at concentrations below C sat if multiple org:mtc 
contaminants are present. The DNAPL guidance 
(C .S. EPA. 1992c) also provides tools for evaluating 
the potential for such multiple component mixtures 
in soil. 

For organic compounds that are solid at ambient soil 
temperature. concentrations abo,·e C531 do not pose 
a significant inhalation risk or a potential for f'APL 
occurrence. Thus. soil screening decisions should be 
based on the appropriate SSL for other stte 
pathways (e.g., migration to ground water, direct 
ingestion). 

Migration to Ground Water SSLs. The Soil 
Screening Guidance uses a simple linear equilibrium 
soil/water partition equation or a leach test to 
estimate contaminant release in soil leachate. It also 
uses a simple water-balance equation to calculate a 
dilution factor to account for reduction of soil 
leachate concentration from mixing in an aquifer. 

The methodology for developing SSLs for the migra
tion to ground water pathway was designed for use 
during the early stages of a site evaluation when 
information about subsurface t:onditions may· be 
limited. Hence, the methodology is based on rather 
conservative, simplified assumptions about the 
release and transport of contaminants in the 

-
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subsurface (Exhibit 12). These assumptions are 
mherent in the SSL equations and should be ; · . .:w.:d 
for consistency with the conceptual site model (see 
Step 2) to determine the applicability of SSLs to the 
--:gration to ground wate• pathway. 

Exhibit 12: Simplifying Assumptions for 
the SSL Migration to Ground Water 
Pathway 

• Infinite source (i.e., steady-state 
concentrations are maintained over the 
exposure period) 

• Uniformly distributed contamination from the 
surface to the top bf the aquifer 

• No contaminant att.enuation (i.e., adsorption, 
biodegradation, chemical degradation) in soil 

• Instantaneous and linear equilibrium soiVwater 
partitioning 

• Unconfined, unconsolidated aquifer with 
homogeneous and isotropic hydrologic 
properties 

Receptor well at the downgradient edge of the 
source and screened within the plume 

• No contaminant attenuation in the aquifer 

• No NAPLs present (if NAPLs are present, the 
SSLs do not apply). 

To calculate SSLs for the migration to ground water 
pathway. multiply the acceptable ground water 
concentration by the dilution factor to obtain a 
target soil leachate concentration. For example, if 
the dilution factor is l 0 and the acceptable ground 
water concentra•;"n is 0.05 mg/L, the target 

·soil/water leachate concentration would be 0.5 mg/L. 
Ne:o.."t. the panition equation is used to calculate the 
total soil concentration (i.e., SSL) corresponding to 
this soil leachate concentration. Altemativelv, if a 
leach test is ·used, compare the target soil Je"achate 
concentration to extract concentrations from the 
leach tests. 
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Equation 10: Soil Screening Level 
Partitioning Equation for 
Migration to Ground Water 

Scr~ening Level 

in Soil (mglkg) = Cw [ ~ + (9w +Sa H.)] 

Pt, 

Parameter/Definition (units) Default 

Cwflarget soil leachate concentration nonzero MCLG. 
(mg/L) MCL, or HBL• . 

diluhon·factor 

KJsoil-water partition coefficient 

(Ukg) 
1 

chemical-specif1cb 

K0clsoil organic carbon/water K0c . foe (organics) 
partition coefficient (Ukg) chem1cal-specificb 

100 /fraction organic carbon in 0.00£ (0.2~~) 

soil (g/g) 

aw/water-tilled soil porosity 0. 3 

(Lwoterllooll) 

a.tair-filled soil porosity (La,/lsoill n • ew 

pb/dry soil bulk _density (kg/L) 1. 5 

n/soil porosity (L,0 ,e'L50;1) 

J,tsoil particle density (kg/L) 

H'/dimensionless Henry's law 
constant 

chemical-specific" 
(assume to be zero 
for inorganic con· 
taminants except 
mercury) 

•Chem1cal·speclf1C (see Attachment D). 

bSee Attachment C. 

Soil/Water Partition Equation. The soil/water 
partition equation (Equation l Q) relates 
concentrations of contaminants adsorbed to soil 
organic carbon to soil leachate concentrations in the 
7one of contamination. It calct•lates SSLs 
corresponding to target soil leachate contaminant 
concentrations (Cw). An adjustment has been added 
to the equation to relate sorbed concentration in 
soil to the measured total soil concentration. This 
adjustment assumes that soil-water, solids, and gas 
arc conserved during sampling. If soil gas is lost 
during sampling, 8a should be assumed to be zero. 

·Likewise, for inorganic contaminants except 



mercurv. there is no significant vapor pressure and· 
H' rna:·;,~ assumed to be zero. 

The use of the soil/water partition equation to 
calculate SSLs assr,....I!S an infinite source .of 
contaminants extending to the top of the aquifer: 
i\lore detailed models mav be used to calculate 
htl!her SSLs that are stfll protective in some 
sit~ations .. For example. contaminants at sites with 
shallow sources. thick unsaturated zones. degradable 
contaminants. or unsaturated zone characteristics 
(e.g .. clay layers) may attenuate before they reach 
ground water. The TBO provides information on 
the use cf unsaturated zone models for soil 
screening. The decision to use such models should be 
based on balancing the additional investigati,·e and 
modeling costs required to apply the more complex 
models 1ga ... st the cost savings t~. tt will result from 
higher SSLs. 

Leach Test. A leach test may be used instead of the 
sotl/water partition equation. In some instances. a 
leach test may be more useful than the partitioning 
method. depending on the constituents of concern 
and the possible presence of RC!'~ wastes If this 
option is chosen. soil parameters are not needed for 
this pathway. Howenr. a dilution factor must still 
be calculated. This guidance suggests using the EPA 
Synthetic Precipitat; · Leaching Procedure (SPLP. 
EPA S\\'-846 Method 1312. U.S EPA. 1994a). The 
SPLP was developed to model an acid rain leaching 
1!n\'iron11.1ent and is generally appropriate for a 
contammated soil scenario. Like most leach tests, 
the SPLP may not be appropriate for all situations 
(e.g .. soils contaminated with oily constituents may 
not yield suitable results) Therefore, apply the 
SPLP wtth discretion. 

EPA is. aware that many leach tests are available for 
application at hazardous waste sites, some of which 
may be appropriate in specific situations (e.g .. the 
Toxicity Characteristic Leaching Procedure (TCLP) 
models leaching in a municipal landfill 
en,·ironment). It is beyond the scope of this 
document to discuss in detail leaching procedures and 
the appropriateness of their use. 

Stabi/i:ation ·Solidification of CERCLA and RCRA 
Wastes (U.S .. EPA, 1989b) and the EPA SAB's 
review of leaching tests (U.S. EPA, 1991b) discuss 
the application of various leach tests to various 
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waste· disposal scenarios. Consult these documents 
fvr further information. 

See Step 3 for guidance on collecting subsurface soil 
samoles that r-:m be used for leach tests. To ensure 
adequate precision of kach test results. h:ach tests 
should be conducted in triplicate. 

Dilution Factor Model. ..:.s soil leachate moves 
through soil and ground water. contaminant 
concentrations are attenuated by adsorption and 
degradation. In the aquifer. dilution by clean ground 
water further reduces concentrations before 
contaminants reach receptor points (i.e .. drinking 
water wells). This reduction in concentration can be 
expressed by a dilution attenuation factor (OAF). 
defined as the ratio of soil leachate concentration to 
receptor point concentration. The lowest possible 
OAF is I. corresponding to the situation where there 
is no diluuon or attenuation of a contaminant (t.e .. 
when the concentration in the receptor well is equal 
to the soil leachate concentration). On the other 
hand. high PAF nlues correspond to a large 
reduction in contaminant concentrauon from the 
contaminated soil to the receptor well. 

The Soil Screening Guidance addresses only one of 
tl·ese dilution-attenuation processes: contaminant 
c'tlution in ground water. A simple mixing zone 
equation derived from a water-balance relattonship 
(Equation II) is used to calculate a site-specific 
dilution factor. Mixing-zone depth is estimated from 
Equation 12. which relates it to aquifer thickness 
along with the other parameters from Equation II 
Mixing zone depth should no~ exceed aquifer 
thtckness (i.e .. use aquifer thickness as the upper 
limit for mixing zone depth). 

Because of the uncertainty resulting from the wide 
variabilit\' in subsurface conditions that affect 
contaminant migration in ground water. defaults are 
not provided for the dilution model equations. 
Instead, a default OAF of 20 has been selected as 
protective for contaminated soil sources up to 0.5 
acre in size. An~lyses using the mass-limit models 
described below suggest that a OAF of 20 may be 
protective of larger sources as well; however, this 
hypothesis should be evaluated' on a site-specific 
basis. A discussion of the basis for the default OAF 
and a description of the mass-limit analysis is found 
in the TBO. However. since migration to ground 
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w:lter SSLs are most sensitiYe to the OAF. site
specific dilution facturs should be calculated. 

Equation 11 :·Derivation of Dilution Factor 

d1lu::on factor= 1 + Kid 
T 

Para meter/Deli nit ion (units) · Default 

dilution factor (unitless) 20 (0.5-acre 
source) 

K/aquifer hydraulic conductivity 
(m/yr) 

i/hydraulic gradient (m/m) 
!/infiltration rate (m/yr) · 
d/mixing zone depth (m} 
Usource length parallel to ground 

water flow (m) 

Equation 12: Estimation of Mixing Zone Depth 

d = (0.01 12 L2)05 + da (1 • exp[(·LI)/(Kida)Jl 

Para mete r/Def initio n (units) 

d/mixing zone depth (m) 
L/source length parallel to ground water 

flow (m) 
1/infiltration rate (m/yr) 
K/aquifer hydraulic conductivity (m/yr) 
i/hydraulic gradient (m/m) 
d./aquifer thickness (m) 

Mass-Limit SSLs. Use of infinite source models to 
estimate volatilization and migration to ground 
water can viol:lte mass balance considerations. 
especially for small sources. To address this concern. 
the Soil Screening Guidance includes models for 
calculating mass-limit SSLs for each of these 
pathways (Equations 13 and 14) that provide a 
lower· hmit to SSLs when the area and depth 
(i.e., volume) of the source are known or can 
be estimated reliably. 

A mass-limit SSL represents ·the level of 
contaminant in the subsurface that is still protective 
when the entire volume of contamination either 
volatilizes or leaches over the 30-year exposure 
duration and the level of contaminant at the 
receptor does not exceed the health-based limit. 

To use mass-limit SSLs. determine the area and 
depth of the source. calculate both standard and 
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ma5s-Iimit SSLs. compare. them for each cht:mical of 
concern and select the higher of the two Yalut:s. 
Analyze tht: inhalation and migration to ground 
water pathways separately. 

-
Equation 13: Mass-Limit Volatilization Factor 

VF = 0/C · [T (3.15 . 107 !Jyr)] 

(Pt, . ~ . 1 ()6 gMg) 

Parameter/Definition (units) Default 

d 5 /average source depth (m) site-s pee if ic 

T/exposure interval(s) 9.5 . 108 

Q/C/inverae of mean cone. at 68.81 
center of a square source 
(g/m2-s per kg/m3) 

pb /dry soil bulk density (kg/L 1.5 

or Mg/m3) 

Equation 14: Mass-Limit Soil Screening Level 
for Migration to Ground Water 

Screemng Level 
in Soil = (Cy, ··I -·ED) 

(fTl9'kg) Po·A 
Parameter/Definition (units) Default 

Cwftarget soil leachate concentration (r . .:mzero MCLG. 

(mg/L) MCL, _or HBL)a . 
dilution factor 

d./depth of source (m) site-specific 

1/infiltration rate (m/yr) 0.18 

ED.:.-.;::. -ure duration (yr) 70 

pb/dry soil bulk density (kg/L) 1.5 

•Chemical-specific, see Attachment D. 

Note that Equations 13 and 14 require a site-specific 
determination of the a'·erage depth of 
contamination in the source. Step 3 pro,·ides 
guidance for conducting subsurface sampling to 
determine source depth. Where the actual average 
depth of contamination is uncertain. a conservative 
estimate should be used (e.g., the maximum possible 
depth in the unsaturated zone). At many sites. the 
average water table depth may be used unless there is 
reason to believe that contamination extends below 
the water table. In this case SSLs do not apply and 



further im·estig:nion of the source in question is 
ne<!ded. 

Plant Uptake. Consumption of garden fruits and 
n::Jetables l!rown in Cf'ntaminated residential soils 
ca~ result i~ a risk to human health. This exposure 
pathway applies to both surface and subsurface soils. 

The TBD includes an e\·aluation of the soil-plant
human pathway along with a discussion of the site
specific factors that influence plant uptake and 
plant contamination concentration. Generic 
screening levels are calculated for arsenic. cadmium. 
mercury. nickel. selenium. and zinc based on 
empirical data on the uptake (i.e .. bioconcentration) 
of these inorganics into plants. In addition, levels of 
inorganics that have been reported to cause 
phytoto-..lcny (\Vill and Suter, 1994) are presented 
Organic compounds are not addressed due to lack of 
<!mpuical data. 

The empirical data indicate that site-specific factors 
such as soil type. pH. plant type. and chemical fonn 
strongly influence the uptake of metals into plants. 
\Vherf' site conditions allow for the mobilitv and 
biOavailabilitv of metals. the results of our eeneric 
analysis suggest that the soil-plant-human p-;thway 
may be of particular concern for sites with soils 
contaminated with c:dmium and arsenic. However. 
the phytotoxicity of certain metals rna~· limit the 
amount that can be bioconcentrated in plant tissues. 
The data on phytotoxicity suggest that. with the 
exc<!ption of arsenic. metal concentrations in soil 
that are considered toxic to plants are well below the 
l<!\·els that may impact human health through the 
soil-plant-human pathway. This implies that· 
ph~lotoxic effects may prevent completion of this 
pathway for these metals. However, like plant 
uptake.· phytotoxicity is also greatly influenced by 
the site-specif•c factors mentioned above. Thus, it is 
necessary to evaluate on a site-specific basis, the 
potential bioavailability of certain inorganics for the 
soil-plant-human pathway and the potential for 
ph~lotoxic effects in order to assess possible human 
health and ecological impacts through plant uptake. 

2.5.3 Address Exposure to Multiple 
Chemicals. The SSLs generally correspond to a 
I 0·6 risk level for carcinogens and a hazard quotient 
of I for noncarcinogens. This '"target" . hazard 
quotient is used to calculate a soil concentration 
below which it is unlikely that sensitive populations 
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will expe.rience ad,·erse health effects. Th<! potential 
for add1t1\·e effects has not been ··built in .. to th.: 
SSLs through apportionment. For carcinogens. EPA 
believes that setting a I 0·6 risk le\·el for individual 
ch~micals and pathways generally will lead to 
cumulati\·e site risks within the I 0·~ to 1 0·6 risk 
range for the combinations of chemicals typ1call~ 
found at NPL sites. 

For noncarcinogens. there is no widely accepted risk 
range, and EPA recognizes that cumulati\·e nsks 
from noncarcinoeenic contaminants at a site could 

·exceed the target hazard quotient. "Howe,·er. EPA 
also recognizes tl>at noncancer risks should be 
added only for those 'chemicals ·with the same 
toxic endpoint or mechanism of action. 

Ideally. chemicals would be grouped according to 
their exact mechan!o;m of action. and effect-specific 
toxicity criteria would be available for chemi:als 
exhibiting multiple effects. Instead. data are often 
limited to gross toxicological effects in an organ 
(<!.g .. increased liver weight) or an entire organ 
system (e.g .. neurotoxicity). and RIDs/reference 
concentrations (RfCs) are a\·ailable for just one of 
the several pos·sible endpoints of toxicity for a 
chemical. 

Given the currenth· available criteria. 
;·. Jncarcinogenic contaminants should be grouped 
according to the critical effect listed as the basis for 
the RfD!RfC. If more than one chemical detected at 
a site affects the same target organ/system. SSLs for 
those chemicals should be divided b,· the number of 
chemicals present in the group. Exhibit 13 lists 
several chemicals with noncarcinogenic affects in 
the same target organ/system. However, the list is 
limited, and a toxicologist should be consulted prior 
to using SSLs on a site-specific basis. 

If additive risks are being considered in developing 
site-specific SSLs for subsurface soils. recognize that. 
for certain chemicals. SSLs rna\· be based on a 
'·ceiling limit" concentration (c,.,) instead of 
toxicity. Because they are not risk-based, C,.1-based 
SSLs should not be modified to account for 
additivity. 

-
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2.6 Step 6: Comparing Site Soil 
Contaminant 
Concentrations to 
Calculated SSLs 

'Sow that the site-specific SSLs have been calculated 
for the potential contaminants of concern. compare 
them with the site contaminant concentrations. At 
this point. it is reasonable to review the CSM with 
the actual site data to confirm its accurac,· and the 
overall applicability of the Soil Screening Guidance. 

In the01y. an exposure area would be screened from 
further investigation when the true mean of the 
population of contaminant concentrations falls 
b.:low the established screening level. However. 
EPA recogmzes that data obtained from sampling 
and analysis are never perfectly representative and 
accurate. and that the cost of trying to achieve 
perfect results would be quite high. Consequently. 
EPA acknowled!!eS that some uncertaint,· in data 
must be tolerated. and focuses on cor ·rolling the 
uncertamtv which affects decisions based on those 
d:J.ta. Thus. in the Soil ScreeniniZ Guidance. EPA has 
developed an approach for surface soils to minimize 
tho:: chance of incorrectly deciding to: 

Scr.::en out areas when the correct decision 
\\Ould be to investigate further (Type I error): 
or 

Decide to investigate further when the correct 
decision would be to screeri out the area (Type 
II error) 

The approach sets limits on the probabilities of 
making such decision errors, and acknowledges that 
there is a range (i.e., gray region) of contaminant 
le,·eis · around the screening level where the 
,·anability in the data ,...-ill make it difficult to 
determine whether the exposure area average 
concentration is actually above or below the 
screening level. The Type I and Type II decision 
error rates have been set at 5 percent and 20 
p.::rcent. respectively, and the gray region has been 
set between one-half and two 'times the SSL. Bv 
speci~•ing the upper edge of the gray region as twice 
the SSL, it is possible that exposure areas with mean 
contaminant concentration values slightly above the 
SSL mav be screened from further studv. 
Commenters have expressed concern that this is not 
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adequately protective for SSLs based on 
noncarcinogenic effects. However. EPA believes 
that the approaches taken in this guidance to address 
chronic exposure to noncarcinogens an: 
consen·ative enough for the majority of Site 
contaminants (i.e .. comparison of the 6 ye:u 
"childhood on!~:·· exposure to the chronic RID): 
and, use of maximum composite concentrations 
provide high coverage of the true population mean 
(i.e., there is high probability that the value equals 
or exceeds the true population me:m). 

Thus, for surface soils. the contaminant 
concentrations in each composite sample from an 
exposure area are compared to two times the SSL 
Under the Soil Screening Guidance DQOs. areas are 
screened out from further study when contaminant 
concentrations in all of the composite samples arc 
less than rwo times the SSLs. Use of this dec1sion 
rule (comparing contaminant concentrations to 
twice the SSL) is appropriate only when the quantity 
:md quality of data are comparable to the levels 
discussed in this guidance. and the toxicity of the 
chemical has been evaluated against the crit.::na 
presented in Section 2.5.1. 

for existing data sets that may be more limited than 
those discussed in this guidance. the 95 percent 
upper-confidence limit on the arithmetic mean of 
contamin:mt concentrations in surface soils (i . .:: .. the 
Land method as described in the Supplemcmal 
Gwdance to RAGS: Calculatzng the Concenrrarwn 
Term (U.S. EPA, 1992d) should be used for 
companson to the SSLs. The TBD discusses the 
strengths and weaknesses of using the L:md method 
for making screening decisions. 



Exhibit 13: SSL Chemicals with Noncarcinogenic Toxic Effects on Specific Target 
Organ/System 

Target Organ~/=SLy~s~te~m~------------~E~f~f~e~c~t----------------------------------------~ 
Kidney 

Acetone 
1,1 -Dichloroethane 

Cadmium 
Chlor-:Jbenzene 

Di·n-octyl phthalate 
Endosulfan 
Ethylbenzene 
Fluoranthene 
Nitrobenzene 
Pyrene 

Toluene 
2.4,5-Tricnlorophenol 
Vinyl acetate 

Liver· 

Acenaphthene 

Acetone 

Butyl benzyl phthalate 
Chlorobenzene 

Di·n-octyl phthalate 
Endrin 

Ethylbenzene 

Flouranthene 
Nitrobenzene 

Styrene 
Toluene 
2.4.5-T richlorophenol 

Central· Nervous System 

Butanol 

Cyanide (amenable) 

2.4 Dimethylphenol 
Endrin 

2-Methylphenol 

Mercury 
Styrene 
Xylenes 

Adrenal Gland 
Nitrobenzene 

1 ,2,4-Trichlorobenzene 

Increased we1ght; nephrotoxicity 

Kidney damage 
Significant proteinuria 
Kidney effects 

Kidney effects 
Glomerulonephrosis 

Kidney toxicity 
Nephropathy 
Renal and adrenal lesions 

Kidney effects 

Changes in kidney weights 
Patholo.gy 

Altered kidr.:, weight 

Hepatotoxicity 

Increased weight 

Increased liver-to-body weight and liver-to-brain weight ratios 

Histopathology • 
Increased weight; increased SGOT and SGPT activity 

Mild histological lesions in liver 

Liver toxicity 

Increased liver weight 

Lesions 

Liver effects 
Changes in liver weights 
Pathology 

Hypoactivity and ataxia 

Weight loss, myelin degeneration 

Prostatraticin and ataxia 

Occasional convuisions 
Neurotoxicity 

Hand tremor, memory disturbances 
Neurotoxic :y 
Hyperactivity 

Adrenal lesions 

Increased adrenal weights; vacuolization in cortex 
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Target Organ/System 

Circulatory System 

Antimony 

Barium 
trans-1.2-Dichloroethene 
cis-1 ,2-Dichloroethylene 

2.4-Dimethylphenol 

Fluoranthene 
Fluorene 
Nitrobenzene 

Styrene 
Zinc 

Reproductive System 

Barium 

Carbon disulfide 

2-Chlorophenol 
Methoxychlor 

Phenol 

Respiratory System 
1.2-0ichlaropropane 

Hexachlorocyclopentadiene 

Methyl bromide 
Vmyl acetate 

Gastrointestinal System 

Hexachlorocyclopentadiene 

Methyl brom1de 

Immune System 
2.4-Dichlorophenol 

p-Chloroaniline 

Source: U.S. EPA, 1995b. 

Exhibit 13: (continued) 

Effect 

Altered bloow cnemistry and myocardial effects 

Increased blood pressure 
Increased alkaline phosphatase level 
Oecreasl!,d hematocrit and hemoglobin 

Altered blood chemistry 

Hematologic changes 

Decreased RBC and hemoglobin 
Hematologic changes 
Red blood cell effects 

Decr!!ase in erythrocyte superoxide dismutase (ESOD) 

Fetotoxicity 

Fetal toxicity and maHormations 

Reproductive effects 
Excessive loss of litters 

Reduced leta: body weight in rats 

Hyperplasia of the nasal mucosa 

Squamous metaplasia 

Lesions on the olfactory epithelium of the nasal cavity 
Nasal eprtheliallesions 

Stomach lesions 

Epithelial hyperplasia of the forestomach 

Altered immune function 

Nonneoplastic lesions of splenic capsule 

35 



In this l!uidance. fewer samples are collected for 
subsurfa~e soils than for surface soils: therefore. 
different decision rules apply. 

Smce subsurface soils are not characterized as welL 
there is l.!ss confidence tha, the concentrations 
measured are representatiYe of the entire -source. 
Thus. a more conserYatiYe approach to screening is 
wa-rranted. Because it may not be protecti\'e to allow 
for comparison to Yalues abo,·e the SSL. mean 
contaminant concentrations from each soil boring 
taken in a source area are compared with the 
calculated SSLs. Source areas with any mean soil 
bonng contaminant concentration greater than the 
SSLs l!enerallY warrant further consideration. On the 
other hand. where the mean soil boring contaminant 
concentrations within a source are all less than the 
'SLs. that source ar..:a is gen. ·ally screened out. 

2.7 Step 7: Addressing Areas 
Identified for Further 
Study 

The chemicals. exposure pathways. and areas that 
haYe been identified for further study become a 
subJect of the RI/FS. The results of the baseline risk 
assessment conducted as part of the RI/FS will 
..:stablish the basts for taking remedial action. The 
threshold for taking action differs from the criteria 
used for screening. As outlined in Role of the 
Base/me Rtsk Assessment in Superfund Remedy 
Sclecnon Dectswns (U.S. EPA. l99ld). remedial 
action at NPL sites is generally warranted where 
cumulatiYe risks for current or future land use exceed 
I x I 0 --I for carctnogens or a "HQ of I for 
noncarctnogens. The data collected for soil 
screening are useful in the RI and baseline risk 
assessment. However, additional data will probably 
need to be collected during future site investigations. 

Once the decision has been made to initiate remedial 
action. the SSLs can then serve as preliminary 
remediation goals. This process is referenced in 
Section 1.2 of this document. 
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FOR FURTHER INFORMATION 

!\tore detailed discussions of the technical 
background and assumptions supporting tho.: 
d .·• ' tent of the Soil .:~reenim! Guidance are 
presented in the Soil Sc:reL'Ilmg Guulancc: Tcchmca/ 
Background Document (U.S. EPA. 1996). For 
additional copies of this guidance document. the 
Technical Background Document. or other EPA 
documents. call the National Technical Information 
Sen·ice (NTIS) at (703) 487-~650 or 1-800-553-
NTIS (6847). 
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Attachment A 

Conceptual Site Model Summary 

Step 1 of the Soil Screening Guidance: User"s Guide describes the development of a coi;.:eptual site 
model (CSI\t) to support the application of soil screening levels (SSLs) at a site. The CSt-.1 summary 
forms at the end of this attachment contain the information necessa~· to: 

Determine the applicability of SSLs to the site 

Calculate SSLs. 

By identifying data gaps. these summary forms \\ill help focus data collection and evaluation on the 
site-specific deveiopment and application of SSLs. The site investigator should use the summa~· 
forms during the SSL sampling effort to collect site-specific data and continually update the CSM 
with new information as appropriate. 

The CSM summa~· forms indicate the information required for determining the applicability of the 
soil screening process to the site. Forms addressing source characteristics may be photocopied if more 
than one source is present at a site. 

A site map showing contaminated soil sources and exposure areas (EAs) should be attached to the 
summa~·. If available. additional pages of other maps. summaries of analytical results. or more 
detailed descriptions of the site may be attached to the summa~·. 

Form 1. General Site Information 

The information included in this form is identical to the first page of the Site Inspection (SI) Data 
Summ"..~· form (page B-3 in Guidance for Performing Site Inspections Under CERCLA. U.S. EPA. 
1992). However, the form should be updated to reflect any site acti\·ities conducted since the Sl was 
completed. 

Form 2. Site Characteristics 

Form 2 indicates the information necessa~· to address the migration to ground water pathway and 
identify subsurface conditions that may limit the applicability of subsurface SSLs: 

A hydrogeologic setting is defined as a unit with common hydrogeologic characteri-stics and therefore 
common vulnerability to contamination. Each setting provides a composite description of the 
hydrogeologic factors that control ground water movement and recharge. These factors can be- used 
to make generalizations in the CSM about ground water conditions. 

After placing the site i.1to one of Heath's ground wa•:r regions (Heath, 1984), consider geologic and 
geomoqihic features of the site and select a generic hydrogeologic setting from Aller et al. ( 1987) 
that is most similar to the site. If existing site information is not sufficient to definitively place the 
site in a setting, it should be possible to narrow the choice to two or three settings that will reduce the 
range of values necessary to develop SSLs. A copy of the setting diagram from Aller et al. (1987) · 
should be attached to the CSM checklist ~o provide a general picture of subsurface si~ conditions. 

Ground Water Flow Direction. The direction of ground wate'r flow in the uppermost aquifer 
underl~;ng each source is needed to determine source length parallel to that flow. If ground water flow 
direction is unknown or uncertain, assume it is parallel to the longest source dimension. 
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Aquifer Parameters. Aquifer parameters needed to estimate a site-specific dilution factor include 
hydraulic conductivity (K), hydraulic gradient (i), and aquifer thickness (d,). Site-measured values for 
these parameters are the preferred alternative. Existing site documentation should be reviewed for in 
situ measurements of aquifer conductivity (i.e .. from p• ·r .• ·st d3t3). water ta"'': maps thlt -:an be 
used to estimate hYdraulic 2radient. and boring logs that indicate the thickness of the uppermost 
aquifer. Detailed informatio; on conducting and interpreting aquifer tests can be found in Nielsen 
(1991). . 

If site-measured values are not available, hydrogeologic knowledge of regional geologic conditions or 
measured values in the literature mav be sources of reasonable estimates. Values from a similar site in 
the same region and hydrogeologic setting also may be used, but must be carefully reviewed to ensure 
that the subsurface conceptual models for the two sites show reasonable agreement. For all of these 
options, it is critical that me estimates and sources be reviewed by an experienced hydrogeologist 
knowledgeable of regional hydrogeologic conditions. 

A third option is to obtain parameter estimates for the site's hydrogeologic setting from Aller et al. 
(1987) or from the Amer • ..:an Petroleum Institute's (API's) hydro&eologic database (HGDB) 1Newell 
et al., 1989, 1990). Aller et al. (1987) present ranges of values forK and i by hydrogeologic setting. 
The HGDB contains measured values for these parameters and aquifer depth for a number of sites in 
each hydrogeologic setting. If HGDB data are used, the median value presented for each setting 
should be used unless site· .:-ecific conditions indicate otherwise. Aquifer parameter values from these 
sources also can serve as a check of the vaiiditv of site-measured values or estimates obtained from 
other sources. . . 

If outside sources such as Aller et a!. (1987) are used to characterize site hydrogeologic conditions, 
the appropriate references and diagrams should be attached to the CSM checklist. 

Infiltration Rate. Infiltration rate is used to calculate SSLs for subsurface soils (see Step 5). The 
simplest way to estimate infiltration rate (I) is to assume that infiltration is equal to recharge and 
obtain recharge estim:1tes for the site's hydrogeologic setting from Aller et al. (1987). When using 
the Aller et a!. (198 7) estimates the user should recognize that these are estimates of average 
recharge conditions throughout the setting and site-specific values may differ to some e"-"tent. For 
example, areas within the setting with steeper than average slopes will tend to have lower infiltration 
rates and areas with flatter than average slopes will tend to have higher infiltration than average. An 
alternative is to use infiltration rates determined for a better-characterize4 site in the same 
hydrogeologic setting and with similar meteorological conditions as the site in question. 

A third alternative is· use the HELP model. Although HELP was originally written for hydrologic 
evaluation of landfills (Schroeder et al., 1984), inputs to the HELP program can be modified to 
estimate infiltration in undisturbed soils in natural settings. The most recent version of HELP and 
the most recent user's gu~Je and documentation can be Jb~'lined by sending an ,..~tlress and tv.·o double
sided, high-density, DOS-formaned disks to: 

ann. Eunice Burk 
U.S .. EPA 
5995 Center Hill Ave. 
Cincinnati, OH 45224 
(513) .569-7871. 
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Meteorologic Parameters. Select a site-specific Q/C value from in the guidance for the 
volatilization factor (VF) ,equation or particulate emission factor (PEF) equation to place the site in a 
climatic zone (Figure A-1 ). · 

Several site-specific parameters are required to calculate a PEF if fugitive c;lusts are of concern at the 
site (see Step 5 for surface soils). The threshold windspeed at 7 meters above ground surface (U~. 7 ) is 
calcul:lted from ~ _ o.trce area rou_5hness height and the n ..... e :.Jil aggregate size as described in Cowherd 
et al. ( 1985). Mode soil aggregate size refers to the mode diameter of aggregated soil particles 
measured under field conditions. 

Other site-specific \·ariables necessary for calculating the PEF include fraction vegetative cover (V) 
and the mean annual windspeed (Um). Fraction vegetative cover is estimated by visual. observations of 
the surface of kno\m or suspected source areas at the site. Mean annual windspeed can be obtained 
from the National Weather Service surface station nearest to the site. 

Form 3. Exposure Pathways and Receptors 

Form 3 includes information necessary to determine the applicability of the Soil Screening Guidance 
to a site (see Step 2 of the User's Guide). ~ i~ form summarizes the site information necessary to 
identify and characterize potential exposure pathways and receptors at the site. such as site 
conditions. relevant exposure scenarios. and the properties of soil contaminants listed on Form 4. 
Table A-1 provides an example of exposure pathways that are not addressed by the guidance. but 
have relevance to CSM development. 

Table A-1. Example Identification of Exposure Pathways Not Addressed by SSLs 

Receptors/ 
Exposure Pathways 

Contaminant 
Characteristics 

------------------------Human I Dlfect Pathways 

mgest1on 
(acute exposure) 

inhalation • fugitive dusts (acute 
exposure) 

Human I lndirecr Pathways 

consumption of meat or dairy 
products 

fish consumption 

Ecological Pathways 

aquatic 

terrestrial 

acute health effects 
(e.g., cyanide. phenol) 

acute health effects 

bioaccumulation, 
biomagnification 

biomagnification 

aquatic toxicity 

toxicity to terrestrial 
organisms (e.g., DOT, Hg) 

A-3 

Site Conditions 

residential setting 

high fugitive dusts (e.g., from soil 
tillage, heavy traffic on dirt roads: 
construction) 

nearby meat or dairy production 

nearby sur1ace waters with 
recreational or subsistence fishing 

nearby surface waters or wetlands 

sensitive species on or near site 
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-Figure A·1. U.S. climatic zones 
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Form 4. Soil Contaminant Source Characteristic;:s 

This form prompts the investigator to provide inforniation on source characteristics. including soil 
contaminant level!' and the physical and chemical parameters of site soils needed to calculate SSLs. 
One form should be completed for each contaminated soil source. Initially. the·form should be filled 
out to the greatest extent possible with existing site information collected during CSM development 
(see Step I of the User·s Guide). The forms should be updated after the SSL sampling effort is 
complete. 

Measurement of conuminant le\'els and the soil parameters listed on this fom1 is described in Step 3 
of this guidance. 

Average soil moisture content {9w) defines the fraction of total soil porosity that is filled by 
water and air. These parameters are necessary for determining the volatilization factor (VF) and the 
soil saturation limit (C .. 1) and to apply the soil/water partition equation. It is important that the 
moisture content used to calculate these parameters represent the annual average soil moisture 
conditions. Moisture content measurements on discrete soil samples should not be used because they 
are affected by preceding rainfall events and thu!i may not represent a,·erage conditions. Volumetric 
average soil water content may be estimated by the following relationship deYeloped by Clapp and 
Hornberger (1978) and presented in the Superfund F·posure Assessment Mal"'lal (U.S. EPA. 1988): 

where 

9" = n (l/K5 ) I (2b-3) 

n = total soil porosity CI,orc/L,oil) 
I = infiltration rate (m/yr) 

K. . = saturated hydraulic conductivity (m/yr) 
b = soil-specific exponential parameter (unitless). 

Total soil porosity (n) is estimated from dry soil bulk density (Pb) as follows: 

n = I - (p~p.) 
where 

Ps = soil particle density = 2.65 kg/L. 

Values for Ks and the exponential term l/(2b+3) are shown in Table A-2 by soil texture class (soil 
class determmation is discussed under Step 3). 

Site-specifio values for infiltration rate (I) may be estimated using the HELP model or may be 
assumed to be equivalent to recharge (see Form 2). 
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Table A-2. Parameter Estimates for Calculating Average Soil 
·Moisture Content (Sw) 

Soil texture 

Sand 

Loamy sa:1d 

Sandy loam 

Silt loam 

Loam 

Sandy clay loam 

Silt clay loam 

Clay loam 

Sandy clay 

Silt clay 

Clay 

Source: U.S. EPA, 1988. 

Worksheets 

K. (m/yr) 

1,830 

540 

230 

120 

60 

40 

13 

20 

10 

8 

5 

1/(2b+3) 

0.090 

0.085 

0.080 

0.074 

0.073 . 

0.058 

0.054 

0.050 

0.042 

0.042 

0.039 

The worksheets following Forms l through 4 provide a convenient means of assembling chemical
specific parameters nect:ssary to calculate SSLs for the contaminants of concern .(Worksheet l ). 
existing site data on contaminant concentrations collected during CSM development or the SSL 
sampling effort (Worksheet 2). and SSLs calculated for EAs (Worksheet 3) or contaminant sources 
(Worksheet 4) of concern at the site. 

CSM Diagram 

The CSM diagram is a product of CSM developmer.: that represents the linkages among contaminant 
sources. release mechanisms, exposure pathways and routes. and receptors to summarize the current 
understanding of the soil contamination problem (see Step l of the guidance). An example SSL CSM 
diagram. Figure A-2 (U.S. EPA, 1989), and a site sketch, Figure A-3 (U.S. EPA, 1987) are provided 
following the Worksheets. 
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Soil Screening Guidance 
Conceptual Site Model Summary Forms 

Form 1: General Site Information Sue Name _______________________ ~------~ 

EPA Region•---------------------------------- Date _______________ _ 

Contractor Name a1.d Address: -------------

_ State Contact: 

1. CERCUS ID No. 

Address ---------------------City 
County ----- State ___ Zip Code_._ Congressional District ______ _ 

2. Owner Name --------------Operdtor .... me---------------

Owner Address -------------Opero,..,r Address _____________ _ 

City State ____ City 
----------- State 

3. Type of ownership (check all that apply): 

CJ Private CJ Federal Agency 

Other 

4. Approximate size of property acres 

5. Latitude 0 Longitude 

6. Site status CJ Active CJ Inactive CJ Unknown 

7. Years of operation From. ___ _ To 

B. Previous investigations 

Type Agency/State/Contractor 

Ref. = reference(s) on information sou.rce 

0 

A-8 

CJ State CJ County 

Ref. 

Ref. 

_I_ " Ref. 

Ref. 

CJ Unknown Ref. 

Date 

Ref. 

Ref. 

Ref. 

Ref. 

Ref. 

Ref. 

C! Municipal 

-
-
-
-
-
-
-
-

-
-
-
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Soli Screening Guidance 
Conceptual Site Model Summary Forms 

Form 2: Site Characteristics Site Name 

HydrogeOlogic Characteristics (migration to ground water pathway) 

Is ground water of concern at the site? Cl yes Cl no (if no, move to lnfittration Rate below). 

Heath region HydrorPologic setting------------

(attach setting diagram) 

Check setting characteristics that apply: Cl karst Cl fractured rock Cl solution limestone 

Describe the stratigraphy and hydrogeologic charact.eristics 'Jf the site. (Attach available maps and cross-sections.) 

Ref. ______ .,-________ _ 

ldenti1y and descnbe ne"arby sites in similar settings that have already been characterized. 

Ref. _______________ _ 

Aquifer Parameters Unit Typical Min. Max. Reference or Source 

hydraulic conductivity (K) m/y 

hydraulic gradient (i) m'm 

thickness (d
8

) m 

General direction of ground water flow across the site (e.g., NNE, SW): --------------

(attach map.) Ref. -----------

lnfittratjon rate Ill ----------m/yr Method 

Meteorological Characteristics (inhalation pathway) 

climatological zone: (zone#, city) Q/C --------(glm2-s per kg/m3) 

tract. vegetative cover (V) --------- (unitless) Reference 

mean annual windspeed (Um) m/s Reference 

equivalent thre.shold value of windspeed at 7 m (U
1
) __________ mis 

fraction dependent on U.JU1 (unitless) 
Comments: _______________________________________ _ 
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Soli Screening Guidance 
Conceptual Site Mod•l Summary Forms 

Form 3: Exposure Pathways and Receptors 

Land Use Conditions 

Site Name --------------

Current site use: Surrounding land use: Elolllo!C!! li!lll L!:i!!: -, 

residential residential ·!sidential 

industrial _ industrial industrial 

_ commercial commercial commercial 

_ agricultural _ agricultural _ agricultural 

recreational recreational recreational 

other other other 

Size of exposure areas (in acres) 

Contaminant Release Mechanisms (check all that apply): 

Source #_ Clleaching Cl volatilization Cl fugitive dusts Cl erosion/runoff Cl uptake by plants 

Source #_ Clleach1ng Cl volatilization Cl fugitive dusts Cl erosion/runoff Cl uptake by plants 

Source #_ Clleaching Cl volatilizaJion Cl fugitive dusts Cl erosion/runoff Cl uptake by plants 

(describe rationale for .!lQl inc'·•ding any of the above release mechanisms) 

Media affected (or potentially affected) by soil contamination. 

Source# 

Source# 

Source# 

Cl air Cl ground water Cl surface water Cl sediments 0 wetlands 

Cl air Cl ground water Cl surface water Cl sediments Cl wetlands 

Cl air Cl ground water Cl surface water 0 sediments Cl wetlands 

Check if present on·site or on surrounding land (attach map showing locations) 

Cl wetlands Cl surface water Cl subsistence fishing Cl recreational fishing 0 dairy/beef production 

Check SSL exposure pathways applicable at site; describe basis for D.21 including any 

pathway 

Cl ingestion Cl inhalation Cl 'Tligration to ground water Cl dermal Cl soil-plant-human 

Check Potential for: 

CJ Acute Effects (describe) 

Cl Other Human Exposure Pathways (describe) 

Cl Ecological concerns (describe) 
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Soil Screening Guidance 
Conceptual Site Model Summary Forms 

Form 4: Soil Contaminant Source ChtJracteristics 

Source No.: 

Site Name 

Name:----------------------- (e.g., drum storage area) 

Type: (e.g., spfll, dump, wood treater) 

LocatJon: (site map) 

Waste type: (e.g., solvents, waste oil) 

.Description (describe history of contamination, other iniormation) 

Describe pasVcurrent remedial or removal actions 

Source depth: ________ _ 

Source area: acres 

m (Cl measures Cl estimated) Ref. ------------

m2 (Cl measures Cl estimated) Ref. ------------

Source length parallel to ground water flow: ___ m (if un•·ertain, use longest source dimension) 

Contaminant types (check all that apply): Cl volatile organics Cl other organics Cl metals Cl other inorganics 

Soil Contaminants Present (list):----------------------------

(attach Worksheet #1) 

Describe previous soil analyses. (attach available results and map showing sample locations) 

(attach Workshee. #2) 

Are NAPLs suspected? ClYes Cl No Reason ______________________ _ 

Average Sojl Characterjstics 

average water content (8wl-----------(L wate/L soHl Ref, ------------

fraction organic carbon (foe) ________ g/g 

dry bulk density (pb) 

pH 

__________ (kg/L) 

A-ll 

Ref.-----------

Ref.----------

Ref.-----------



Worksheet 1. Contaminant-specific properties Site Name ------------

Regulatory and Human Health Benchmarks1 

MCLG, 

MCL,or Sources RID SFO URF 
RIC 

Contaminant CAS# HBL (mg/L) (no.) (mg/kg/-d) (mglkg/-d)"1 (Jlgtm3)", (mg/m3) 

-
-

Chemical Properties2 

Sources K,~ 3 K 4 o,.s D,ws ss d 

Contamin::."t CAS# (no.) (Uio.g) (Ukg) Hs (cm2fs) (cm2fs) (mg/L) 

-

-
1 . Attactvnent 0 

2. Attechment c 
3. For orgenlc co~ounds -4. For metals end Inorganic co~ounds 

5. Not appliCable to metals except mercury 

-
A·12 



Worksheet 2. Contaminant concentrations by source ::.ne Name ______ -'-----

, .. 
Source ft· 

standard number of 

Contaminant CAS#· average deviation samples minimum maximum variance 

I 

Source If• 

standard number of 

Cor.:aminant CAS# average deviation samples minimum maximum variance 

•. IIi 

•• 

'" 
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Worksheet 3. Surface SSLs by. Exposure Area (EA) Site Name 

EA I: __ _.._ __ _ SSL type: 0 site-specific 0 generic (default) 

Soil Screening Level 

Contaminant CAS# inpestion other (plant uptake; fugrt1ve dust) 

EAt: _____ _ SSL type: 0 site-specific 0 generic ·(default) 

Soil Screening Level 

Contaminant CAS# ingestiM other (plant uptake; fugitive dust) 

A-14 

-

.. -

-
-
-

-
-
-



,,,. 

Worksheet 4. Subsurface SSLs by source SneNa~ ---------------------------
Source t: ____ _ SSL type: C alte-apeclfic C generic (default) 

Soil Screening Level 

Contaminant CAS# inhalation of volatiles migration to ground water 

Source t: ____ _ SSL type: C lite-specific C generic (default) 

Soil Screening Level 

Contaminant CASt inhalation of volatiles migration to ground water 

'"" 
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Figure A-3. Example Site Sketch (adapted from U.S. EPA,1987) 
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Soil Screening DQOs for Surface Soils and Subsurface Soils 
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Soil Screening DQOs for Surface Soils Using the Max Test 

DQO Process Steps 

State the Problem 

Identify seeping team 

Develop conceptual site model (CSM) 

Define exposure scendnos 

Specify available resources 

Write brief summary of contamination 
problem 

Identify the Decision 

Identify decision 

Identify alternative actions 

Identify Inputs to the Decision 

Identify mputs 

Define basis for screening 

Identify analytical methods 

Define the Study Boundaries 

Define geographic areas of field 
invest1gation 

Def1ne population of interest 

D1v1de site into strata 

Def1ne scale of decision making 

Define temporal boundaries of study 

Identify practical constraints 

Develop a Decision Rule 

Specify parameter of interest 

Specify screening ·level 

Specify "if .•. , then .. ." decision rule 

Soil Screening Inputs/Outputs 

Site manager and tecrmical experts (e.g., toxicologists, ris .. assessors. 
statisticians) 

CSM development (described in Step 1) 

Direct ingestion and inhalation of fugitive particulates in a residential sett1ng; 
dermal contact and plant uptake for certain contaminants 

Sampling and analysis budget, scheduling constraints, and available personnel 

Summary of the surface soil contamination problem to be investigated at the srte 

Do mean soil concentrations for particular contaminants (e.g .. contaminants of 
potential Cor}cern) exceed appropriate screening levels? 

Eliminate area fror· •urther study under CERCU 
or 
Plan and conduct further investigation 

Ingestion and particulate inhalation SSLs for specified contaminants 
Measurements of surface soil contaminant concentration 

Soil Screening Guidance 

Feasible analytical methods (both field and laboratory) consistent with program
level requirements 

The entire NPL site, \Which may include areas beyond facilitv boundaries). 
except for any areas with clear evidence that no contammation has occurred 

Surface soils (usually the top 2 centimeters, but may be deeper where activities 
could redistribute subsurface soils to the surface) 

Strata may be defined so that contaminant concentrations are likely to be 
relatively homogeneous within each stratum based on the CSM and f1eld 
measurements 

Exposure areas (EA~o; no;.,.;,.. • than 0.5 acre each (based on residential land 
use) 

Temporal constraints on scheduling field visits 

Potential impediments to sample collection, such as access, health, a'1d safety 
issues 

"True mean" (V.) indi·Jidual contaminant concentration in '!"'':h EA. However, 

since the determination of the '1rue mean" would require the collection and 
analysis of many samples, another sample statistic, the maximum composite 
concentration, or "Max Test" is used. 

Screening levels calculated using available parameters .and site data (or generic 
SSLs if site data are unavailable) 

Ideally, if the .,rue mean· EA concentration exceeds the screening level, then 
investigate the EA further. If the .,rue mean" is less than the screening level, 
then no further investigation of the EA is required under CERCLA. 

B-1 



Soil Screening OQOs for Surface Soils Using the Max Test (conUnued) 

000 Process Steps 

Specify Limits on Decision Errors• 

Define baseline condition (null 
hypothesis) 

Define the gray region•• 

Define Type I and Type II decision errors 

Identify consequences 

Assign acceptable probabilities of Type I 
and Type II "ecis1on errors 

Define QAIQC goals 

Optimize the Design 

Determine how to best estimate "true 
mean" 

Determine expected variability of EA 
surtace soil contaminant concentrations 

Design sampling strategy by evaluating 
costs and per1ormance of alternatives 

Develop planni.1g documents for the field 
investigation 

Soil Screening Inputs/Outputs 

The EA needs further investigation 

From 0.5 SSL to 2 SSL 

Type I error: Do not investigate further ("walk away from") an EA whose "true 
mean" exceeds the screening level of 2 SSL 
Type II error: :nvestigate further when an EA's "true mean" falls below the 
screening level of 0.5 SSL 

Type I error: potential public health consequences 
Type II error: unnecessary expenditure of resources to investigate further 

Goals: 
Type 1: 0.05 (5~o) probability of not investigating further when •true mean·· of 

the EA is 2 SSL 
Type II: 0.20 (20%) probability of im, ...... gating further when 'true mean" of 

the EA is 0.5 SSL 

CLP precision and bias requirements 
1 0% CLP analyses for field methods 

Samples composited across the EA as p~ysical estimates of EA mean (i( ). 

Use maximum composite concentration as a conservative estimate cf the true 
EA mean. 

A conservatively large expected coefficient of variation (CV) from prior data 
tor the site, field measurements, or data from other comparable sites and 
expert judgment. A minimum default CV of 2.5 should be used when 
information is insufficient to estimate the CV. 

Lowest cost sampling design option (i.e., compositing scheme and number of 
composites) that will achieve acceptable decision error rates 

Sampling an'- Analysis Plan (SAP) 
Quality Assurance Project Plan (QAPjP) 

Since the DQO process contro:s the degree to which uncertainty in data affects the outcome of decisions that are 
based on that data, specifying limits on decision errors will allow the decision maker to control the probability of making 
an incorrect decision when using the DQOs. 

The gray region , -?resents the area where the consequences of decision errors are minor, (and un.anainty in 
sampling data makes decisions too close to call). 
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Soil Screening OQOs for Subsurface Soils 

OQO Process Steps 

State the Problem 

Identify seeping team 

Develop conceptual site model (CSM) 

Define exposure scenarios 

Specify available resources 

Write brief summary of contamination 
problem 

Identify the Decision 

Identify decision 

Identify alternative actions 

Identify Inputs to the Decision 

Identify decision 

Def1ne basis for screening 

ldentrty analytical methods 

Specify the Study Boundaries 

Define geographic areas of field 
investlgatiOr) 

Define population of interest 

Defme scale of decision making 

Subdivide site into decision units 

Define temporal boundaries of study 

Identify (list) practical constrain's 

Soil Screening Inputs/Outputs 

Site manager and technical experts (e.g., toxicologists, risk assessors, 
hydrogeologists, statisticians). 

CSM development (described in Step 1 ). 

Inhalation of volatiles and migration of contaminants from soil to potable 
ground water (and plant uptake for certain contaminants). 

Sampling and analysis budget, scheduling constraints, and available 
personnel. 

Summary of the subsurface soil contamination problem to be investigated at 
the si!e. 

Do mean soil concentrations for particular contaminants (e.g., contaminants 
of potential concern) exceed appropriate SSLs? 

Eliminate area from further acti.Jn or study under CERCLA 
or 
Plan and conduct further investigation . 

Vc';tile inhalation and migration to ground water SSLs for specified 
contaminants 

Measurements of subsurface soil contaminant concentration 

Soil Screening Guidance 

Feasible analytical methods (both field and laboratory) consistent with 
program-level •equiremems. 

The entire NPL site (w'lich may include areas beyond facility boundaries). 
except for any areas with clear evidence that no contamination has 
occurred. 

Subsurface soils 

Sources (areas "f contiguous soil contamination, defined by the area and 
depth of contaminatiol' or to the water table, whichever is more shallow). 

Individual sources delineated (area and depth) using existing infor.nation or 
field measurements (several nearby sou.rces may be combined into a single 
source). 

Temporal constraints on scheduling field visits. 

Potential impediments to sample collection, such as access, health, and 
safety issues. 
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Soil Screening OQOs for Subsurface Soils (continued) 

Develop a Decision Rule 

Specify parameter o1 interest 

Specify screen1ng level 

Specify "'if .... then .. ." decision rule 

Specify Limits on Decision Errors 

Define OA!OC goals 

Optimize the Design 

Determine how to estimate mean 
concentration in a source 

Define subsurface sampling strategy by 
evaluating costs and site-specific 
conditions 

Develop planr.ing documents for the field 
'nvestigation 

Mean soil contaminant concentration in a source (i.e .. discrete contaminant 
concentrations av ... aged within each boring). 

SSLs calculated using available parameters and site data (or genenc SSLs it 
site data are unavailable). 

If the mean soil concentration exceeds the SSL. then investigate the source 
further. If mean soil concentration in a source is less than the SSL, then no 
further investigation is required under CERCLA. 

CLP precision and bias requirements 
1 0% CLP analyses for field methods 

For each source. the highest mean soil boring concentration (i.e .. depth· 
weighted average of discrete contaminant concentration• within a boriT'g). 

Number of soil borings per source area; number of sampling intervals w1th 
depth. 

Sampling and Analysis Plan (SAP) 
Quality Assurance Project Plan (OAPjP) 
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Attachment C 

Chemical Properties 

This attachment proYides the chemical properties necessary to ·calculate inhalation and migration to 
szround water SS ... s (see Section 2.5.2) for 110 chemic~: ... cc..nrnonly found at Superfund sites. The 
Techmcal Background Document for Soil Screening Gwdance describes the derivation and sources . 
for these property values. 

Table C-1 provides soil organic carbon - water partition coefficients (K00}, air and water 
diffusivities (Di.a and Di,w}, water solubilities (S), and dimensionless Henry's law constants 
(H'). 

Table C-2 ·provides pH-specific Koc values for organic contaminants that ionize under natural 
pH conditions. Site-specific soil pH measurements (see Section 2.3.5) can be used to select 
apprqpriate Koc values for these chemicals. Where site-specific soil pH Yalues are not 
available. values corresponding to a r4 or 6.8 should be used (note that the Koc values for 
these chemicals in Table C-1 are for a pH of 15.8) 

Table C-3 provides the physical state (liquid or solid) for organic contaminants. A 
contaminant's liquid or solid state is needed to apply and interpret soil saturation limit (C53t) 

results (see Section 2.5 .2, p.23). 

Table C-4 provides pH-specific soil-water partition coefficients (Kd) for metals. Site-specific 
soil pH measurements (see Section 2.3.5) can be used to select appropriate Kd values for 
these metals. Where site-specific soil pH values are not available, values corresponding to a 
pH of 6.8 should be used. 

Except for air and water diffusivities, the chemical properties necessary to calculate SSLs for 
additional chemicals may be found in the Superfund Chemical Data Matrix (SCDM). Additional air 
and water diffusivities mav be obtained from the CHEMDA T8 and WA TER8 models. both of which 
can be downloaded off EPA's SCRAM electronic bulletin board system. Accessing information is 

OAQPS SCRAM BBS 
(919)541-5742 (24 hr/d, 7 d/wk except Monday AM) 
Line Settings: 8 bits, no parity, I stop bit 
Terminal emulation: VT100 or ANSI 
System Operator: (919)54_1-5384 (normal business hours ESl) 
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Table C-1. Chemical-Specific Properties used in SSL Calculations 

CAS No. 

83·32·9 
67-64·1 

309·00·2 
120·12·7 
56·55·3 
71·43·2 

205·99·2 
207-08·9 

65-85·0 
50·32·8 

11 1·44·4 
1 17·81·7 
75-27-·4 

Compound 

Acenaphthene 
Acetc· • 

Aldrin 
Anthracene 
Benz(a)anthracene 

Benzene 
Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzoic acid 
Benzo(a)pyrene 
Bis(2·chloroethyl)ether 

Bis(2·ethylhexyl)phthalate 
Bromodichloromethane 

""5·2:)·2 Bromoform 

71 ·36·3 Butanol 
85·68·7 Butyl benzyl phthalate 

86· 7 4·8 Carbazole 
75-15·0 Carbon disulfide 

56·23·5 Carbon tetrachloride 

57-74·9 Chlordane 

106-47 ·8 p-Chloroaniline 
1 08·90· 7 Chlorobenzene 

1 24·48·1 Chlorodibromomethane 
67 -66·3 Ch!~ .. _rm 

95-57 ·8 2-Chlorophenol 
21 8·01·9 Chrysene 

72-54·8 ODD 

72-55·9 DOE 

50·29·3 DDT 
53-70·3 Dibenz(a,h)anthracene 

84-74·2 Di-n-butyl phthalate 
95-50·1 1,2-Dichlorobenzene 

106·46-7 
91 ·94· 1 
75-34·3 

1 .4-Dichlorobenzene 
3,3-Dichlorobenzidine 

1,1 -Dichloroethane 
107-06-2 1 .2-Dichloroethane 
75-35-4 1,1 -Dichloroethylene 

1 56·59-2 cis-1 ,2-Dichloroethylene 

156-60-5 trans- 1 ,2-Dichloroethylene 

1 20·83·2 2.4-Dichlorophenol 
78-87-5 1 .2-Dichloropropane 

542-75-6 1 ,3-Dichloropropene 
60-57-1 · Dieldrin 

84-66-2 Diethylphthalate 

105-67-9 2.4-Dimethylphenol 

Koc 
(L/kg) 

[JI,I 

(cm2/s) 

7.08E+03 4.21 E-02 
5.75E-01 1.2'':·01 

2.45E+06 1 .32E-02 
2.95E+04 3.24E-02 
3.98E+05 5.10E-02 

D1.w 
(cm2/s) 

7.69E-06 
'. ~ .;::.o5 

4.86E-06 
7.74E-06 
9.00E-06 

5.89E+01 . 8.80E-02 I 9.80E-06 

1 .23E+06 2.26E-02 5.56E-06 

1 .23E+06 2.26E-02 

6.00E-01 5.36E-02 
1 .02E+06 4.30E-02 
1 .55E+01 6.92E·02 
1 .51 E+0'7 3.51 E-02 

5.56E·06 

7.97E-06 
9.00E-06 
7.53E-06 
3.66E-06 

5.50E+01 2.98E-02 1 .06E-05 
8.71 E+01 1 .49E-02 1 .03E-05 

6.92E+00 8.00E·02 q_30E·06 

5.75E+04 1.74E-02 4.83E-06 

3.39E+03 3.90E-02 7.03E·06 
4.57E+01 1 .04E-01 1 .OOE-05 

1 .74E+02 7.80E-02 8.80E·06 

1 .20E+05 1.1 8E·02 4.37E-06 

6.61 E+01 4.83E·02 

2.1 9E+02 7 .30E-02 
6.31 E+01 1 36E-02 
3. 98E+01 1 .04E·01 

3.88E+02 5.01 E-02 
3.98E+05 2.48E-02 

1 .OOE+06 1 .69E·02 
4.47E+06 1 .44E-02 

2.63E+06 1.37E·02 

3.80E+06 2. J2E-02 

3.39E+04 4.38E-02 

1.01 E-05 
8.70E-06 

1 .05E-05 

1 .OOE-05 
9.46E-06 

6.21E·06 

4.76E·06 

5.87E-06 
4.95E-06 

5.1 BE-06 

7.86E-06 

-s 
(mg/L) 

4.24E+00 
1.00E+06 

1.80E-01 
4.34E-02 
9.40E-03 

1.75E+03 

1.50E-03 
·e.ooE-o4 

3.50E+03 
1.62E-03 
1.72E+04 
3.40E-01 

6.74E+03 
3.10E+03 

7.40E+04 

2.69E+OO 
7.48E+OO 

1.19E+03 

7.93E+02 

5.60E-02 

5.30E+03 
4.72E+02 

2.60E+03 

7.92E+03 
2.20E+04 
1.60E-03 

9.00E-02 
1 .20E-01 

2.50E-02 
2.49E-03 

1.12E+01 
6.17E+02 6.90E-02 7 .90E-06 1 .56E+02 

6.1 7E+02 6.90E-02 
7.24E+02 1.94E-02 
3.16E+01 7.42E-02 
1.74E+01 
5.89E+01 
3.55E+01 

5.25E+01 

1 .04E-01 
9.00E-02 

7.36E·02 

7.07E-02 

1.47E+02 3.46E-02 
4.37E+01 7.82E-02 

4.57E+01 6.26E-02 
2.1 4E+04 1.-25E-02 

2.BBE+02 2.56E·02 

7.90E·06 
6.74E-06 

1.05E-05 
9.90E·06 
1.04E-05 

1.13E-05 

1.19E-os 

8.77E-06 

8.73E·06 
1.00E·OS 
4.74E-06 

6.35E-06 

7.38E+01 
3.11 E+OO 

5.06E+03 
8.52E+03 
2.25E+03 
3.50E+03 

6.30E+03 

4.50E+03 

2.BOE+03 
2.BOE+03 
1 .95E-01 
1.08E+03 

2.09E+02 5.84E-02 B.69E-06 7.87E+03 

C-2 

H' 
(dimensionless) 

6.36E-03 
1.59E-03 

6.97E-03 
2.67E-03 
1.37E-04 
2.28E·01 
4.55E-03 
3.40E-05 

6.31 E-05 
4.63E·05 
7.38E-04 
4.18E·06 

6.56E·02 
2.1 9E-02 

3.61 E-04 

5.17E-05 

6.26E·07 
1.24E+00 

1.25E+OO 

1.99E-03 

1.36E-05 

1.52E·01 

3.21 E-02 
1.50E·01 
1.60E·02 

3.88E-03 
1.64E·04 

8.61 E-04 

3.32E·04 
6.03E-07 

3.85E-08 

7.79E·02 

9.96E-02 
1.64E-07 
2.30E-01 

4.01E·02 
1.07E+00 
1.67E-01 

3.85E-01 

1.30E·04 

1.15E·01 
7.26E·01 
6. 19E·04 

1.85E-05 

8.20E-05 

-
-

-
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CAS No. 

51·28·5 
121-14·2 

606·20·2 
117·84-0 
11 5·29·7 
72·20·8 

100-41·4 
206-44-0 

86-73-7 
76·44·8 

1024-57-3 

Compound 

2.4-Dinitrophenol 

2.4-Dinitrotoluene 
2.6-Dinitrotoluene 
Di-n-cetyl phthalate 
Endosulfan 
Endrin 
Ethylbenzene 
Fluoranthene 
Fluorene 
Heptachlor 
Heptachlor epoxide 

11 8·74-1 Hexachlonlbenzene 
87·68·3 Hexachloro-1 ,3-butac'iene 

319·84-6 a-HCH (a·BHC) 

319·85·7 B-HCH (B-BHC) 

58-89·9 y-HCH (Lindane) 

77-47-4 

67-72-1 
193·39-5 
78·59-1 

7439-97-6 

Hexachlorocyclopentac..ene 
Hexachloroethane · 

lndeno( 1 .2.3-cd)pyrene 
lsophorone 

Mercury 
72·43·5 Methoxychlor 
74-83-9 Methyl bromide 

75-09-2 Methylene chloride 

95·48-7 2-Methylphenol 
91 -20·3 Naphthalene 
98-95-3 Nitrobenzene 

86-30·6 N-Nitrosodiphenylamine 
621 ·64-7 N-N1trosodi-n-propylamine 

1 336·36-3 PCBs 
87-86-5 Pentachlorophenol 

1.08·95-2 Phenol 
129-00-0 Pyrene 
100·42·5 Styrene 
79-34-5 1,1 ,2,2· Tetrachloroethane 

127 • 1 8·4 Tetrachloroethylene 

108·88·3 Toluene 
8001·35·2 

120·82·1 
Toxaphene 
1 ,2,4-Trichlorobenzene 

71-55-6 · 1,1, 1 ·Trichloroethane 

79-00·5 1,1 ,2· Trichloroethane 
79·01·6 Trichloroethylene 

95·95·4 2,4,5-Trichlorophenol 
88-06-2 2.4.6-Trichlorophenol 

Table C-1 .(continued) 

Koc 
(L/kg) 

1.00E·02 
9.55E+01 

6.92E+01 

01,1 

(cm2/s) 

2.73'=·02 
2.03E·01 

3.27E·02 
8.32E+07 1.51 E·OZ 

2.14E+03 1.15E·02 
1.23E+04 1.25E·02 
3.63E+02 7.50E·02 
1.07E+05 3.02E·02 
1.38E+04 3.63E·02 
1.41 E+06 1.12E·02 

8.32E+04 1.32E·02 
5.50E+04 5.42E·02 
5.37E+04 ~.61 E-02 
1.23E+03 

1.26E+03 
1.07E+03 

1.42E·02 

1.42E·02 

1.42E·02 

2.00E+05 1.61 E-02 
1.78E+03 2.50E-03 
3.47E+06 1 .90E·02 
4.68E+01 6.23E-02 

3.07E·02 

D1,w 
(cm2/s) 

9.06E·06 
7.06E·06 

7.26E·06 
3.58E·06 
4.55E·06 
4.74E·06 
7.80E·06 
6.35E·06 
7.88E·06 
5.69E·06 

4.23E·06 

5.91E·06 
6.16E·06 
7.34E·06 

7.34E·06 
7.34E·06 

s 
(mg/L) 

2.79E+03 
2.70E+02 

1.82E+02 
2.00E-02 
5. 10E·01 
2.50E-01 
1.69E+02 
2.06E·01 
1.98E+00 
1:BOE·01 
2.00E·01 

6.20E+00 
:I.~ .. E+OO 
2.00E+00 

2.40E·01 
6.80E+00 

7.21 E-06 1 .80E+00 

6.80E·06 5.00E+01 
5.66E·06 2.20E-05 
6.76E·06 • 1.20E+04 
6.30E·06 

9.77E+04 1.56E·02 4.46E·06 4.50E·02 
1.52E+04 
1.30E+04 

2.60E+04 
3.10E+01 
2.09E+03 
3.51 E+01 

9.89E+03 

7.00E·01 
1.95E+03 
8.28E+04 

1.35E-01 
3.10E+02 
2.97E+03 

2.00E+02 
5.26E+02 

7.40E-01 
3.00E+02 

1.33E+03 
4.42E+03 

1.10E+03 

1.20E+03 
B.OOE+'J2 

1 .05E+01 7.28E·02 

1 .17E+01 1.01 E-01 
9.12E+01 7.40E·02 
2.00E+03 5.90E·02 
6.46E+01 7.60E·02 

1.29E+03 3.1 2E·02 
2.40E+01 5.45E-u<: 

3.09E+05 
5.92E+02 5.60E·02 
2.88E+01 B.20E·02 
1.05E+05 2.72E·02 
7.76E+02 7.10E·02 
9.33E+01 7.10E-D2 

1.55E+02 7 .20E-02 

1 .B2E+02 8.70E·02 
2.57E+05 1.16E·02 

1.7BE+03 3.00E·02 
1.1 OE+02 7 .BOE-02 

5.01 E+01 7 .SOE-02 
1.66E+02 7.90E·02 

1.60E+03 2.91E-D2 
3.81 E+02 3.1 BE-02 

C-3 

1.21 E-05 

1 .17E·05 
8.30E·06 
7.50E·06 
8.60E·06 
6.35E·06 

8.17E·06 

6.10E·06 
9.10E·06 

7.24E·06 
B.OOE-06 
7.90E·06 

8.20E·06 

8.60E-D6 
4.34E-os 
8.23E·06 

8.BOE-D6 
B.BOE-06 

9.10E-D6 
7.03E-D6 

6.25E·06 

H' 
(di~ensionless) 

1.82E-05 
3.80E-06 
3.06E-D5 
2.74E-03 

4.59E-04 
3.08E-04 
3.23E-01 
6.60E-04 
2.61E-03 
6.07E+01 
3.90E-04 

5.41E-02 
3.34E-01 
4.35E-o4 

3.05E-05 
5.74E-04 

1.11E+00 

1.59E·01 
6.56E-05 
2.72E-04 
4.67E~01 

6.48E-04 
2.56E-01 
8.98E·02 
4.92E-05 

1.98E-02 
9.84E-04 
2.05E-04 

9.23E-05 

1.00E-06 
1.63E-05 

4.51 E-04 
1.13E-01 
1.41 E-02 

7.54E·01 

2.72E·01 

2.46E-04 
5.82E·02 

7.05E-D1 
3.74E-02 

4.22E·01 
1.78E-04 

3.19E-04 



!able C-1 (continued) 

CAS No. Compound 

108-05-4 Vinyl acetate 

75-01-4 Vinyl chloride 
108-38-3 m-Xylene 
95-47-6 o-Xylene 

106·42·3 p-Xylene 

Ko: • Soil organic carbon/water partition coefficient. 
D... • Diflusivity in air (25 •C). 
D •. w • DiffuSIVIty in water (25 •C). 
S • Solubility in water (20·25 oC). . 

Koc Di.a 
(L/kg) (cm2/s) 

5.25E+00 8.50E·02 
1.86E+01 1.06E·01 
4.07E+02 7.00E-02 
3.63E+02 e.70E-02 
3.89E+02. 7.69E-02 

H · • Dimensionless Henry's law constant (HLC [atm-mlJmoij • 41) (25 •C). 
Ko • Soil-water partition coefficient 

C-4 

Di,w 
(cm2/s) 

9.20E-06 
1.23E·06 
7.BOE-06 
1 .OOE-05 
8.44E-06 

s H' 
(mg/L) (dimensionless) 

2.00E+04 2.10E·02 
2.76E+03 1.11E+OO 
1.61E+02 3.01E·01 
1.78E+02 2.13E-01 
1.B5E+02 3.14E·01 

-

-

-

-
-
-
-
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Table C·2. Koc Values for Ionizing Organics as a Function of pH 

2· 2.4- 2.3.4.5- 2.3,4,6- 2.4,6-
Benzoic Chloro· 2.4-0ichloro- Dinitro· Pentachloro- Tetrachloro- Tetrachloro- 2.4,5-Trichloro- Trichloro· 

pH Acid pheriol phenol phenol phenol phenol phenol phenol phenol 

4.9 5.54E ... oo 3.9BE+02 1 .59E+02 2.94E-02 9.05E ... 03 1 .73E+04 4.45E+03 2.37E+03 1.04E+03 

5.0 4.64E+00 3.98E+02 1.59E+02 2.55E·02 7.96E+03 1.72E+04 4.15E+03 2.36E+03 1.03E+03 

5.1 3.88E+00 3.98E+02 1 .59E+02 2.23E·02 6.93E+03 1 .70E+04 3.83E+03 2.36E+03 1 .02E+03 

5.2 3.25E+00 3.98E+02 1 .59E+02 1 .98E·02 5.97E+03 1 .67E+04 3.49E+03 2.35E+03 1.01 E+03 

5.3 2.72E+00 3.98E+02 1.59E+D2 1.78E·02 5.10E+03 1.65E+04 3.14E+03 2.34E+03 9.99E+02 

~.4 2.29E+00 3.98E+02 1.5SE..o2 l.S2E·02 4.32E+03 1.61E+04 2.79E+03 2.33E+03 9.82E+02 

5.5 ~.94S..OO 3.97.E+Ll2 1.5BE+02 1.50E·02 3.65E+03 1.57E+04 2.45E+03 2.32E+03 9.62E+02 

5.6 1.65E+00 3.97E+02 1.5BE+02 1.40E·02 3.':l7E+03 1.52E+04 2.13E+03 2.31E+03 9.3BE+02 

5.7 1 .42E+00 3.97E+02 1.58E+02 1 .32E·02 2.58E+03 1.47E+04 1 .83E+03 2.29E+03 9.1 OE+02 

5.8 1.24c::+00 3.97E+02 1.58E+02 1.25E·02 2.1BE+03 1.40E+04 1.56E+03 2.27E+03 8.77E+02 

5.9 1.09E+OO 3.97E+02 1.57E+02 1.20E-02 1.84E+03 1.32E+04 1.32E+03 2.24E+03 8.39E+02 

6.0 9.69E·01 3.96E+02 1.57E+02 1.16E·02 1.56E+03 1.24E+04 1.11E+03 2.21E+03 7.96E+02 

6.1 8.75E·01 3.96E+02 1.57Eot02 1. 13E·02 1.33E+03 1. 15E+04 9.27E+02 2. 17E+03 7.48E+02 

6.2 . 7.99E·01 3.96E+02 1.56E+02 • 1 OE-02 1.1 5E+03 1.05E+04 7.75E+02 2. 12E+03 6.97E+02 

6.3 7.36E·01 3.95E+02 1.55E+02 1 .OBE-02 9.98E+02 9.51 E+03 6.47E+02 2.06E+03 

6.4 6.891:·01 3.94E+02 1 .54E+02 1 .06E·02 8.77E+02 8.4BE+03 5.42E+02 1 .99E.;.03 

6.5 6.51 E-01 3.9JE ... 02 1.53E+02 1.05E-02 7.81 E+02 7.47E+03 4.55E+02 1.91 E+03 

6.6 ~.2<lt.O~ 3.92Eot02 1.52~ l.04E·02 7.03c+02 6.49E+03 3.84E+02 1.82E+03 

6.7 5.95E·01 3.90E+02 1 .50E+02 1 .03E-o::: 6.40~+02 5.58E+03 3.27E+02 

6.8 5.76E·01 3.88E+02 1.47E+02 1.02E·02 5.92E+02 4.74E+03 2.80E+02 

6.9 5.60E·01 3.86E+02 1 .45E+02 1 .02E·02 5.52E+02 3.99E+03 2.42E+02 

7.0 5.47E·01 3.83E+02 1.41E+02 1.02E·02 5.21E+02 3.33E+03 2.13E+02 

7.1 5.38E·01 3.79E+02 1.366+02 1 .02E·02 4.961:+02 2.76E+03 1.88E+02 

7.2 5.32E·01 3.75E+02 1.33E+D2 1.01 E-02 4.76E+02 2.28E+03 1 .69E+02 

1.71 E+03 

1.60E+03 

1 .47E+03 

1.34E+03 

1.21E+03 

1.07E+03 

7.3 5.25E·01 3.69E+02 1 .2BE+02 1.01 E-02 4.61 E-:·02 1 .87E+03 1 .53E+02 9.43E+02 

7.4 5.1 9E·01 3.62E+02 1.21 E+02 1.01 E-02 4.47E+02 1 .53E+03 1.41 E+02 8.1 9E+02 

7.5 5.16E·01 3.54E+02 1.14E+02 1.01E·02 4.37E+02 

7.6 5.1 3E·01 3.44E+02 1 .07E+02 1.01 E-02 4·.29E+02 

7.7 5.09E·01 3.33E+02 9.84E+01 1 .OOE-02 4.23E+02 

7.8 5.06E·01 3.19E+02 8.97E+01 1.00E·02 4.18F.+02 

7.9 5.06E·01 3.04E+02 8.07E+01 l.OOE-02 4.14E+02 

1.25E+03 

1.02E+03 

8.31E+02 

6.79E+02 

5.56E+02 

1.31 E+02 

1.23E+02 

1.17E+02 

1.13E+02 

1.0BE+02 

7.03E+02 

5.99E+02 

5.07E+02 

4.26E+02 

3.S7E+02 

8.0 5.06E·01 2.86E+02 7.17E+01 1.00E·02 4.10E+02 4.58E+02 . 1.05E+02 2.98E+02 

C-S 

6.44E+02 

5.89E+02 

5.33E+02 

4.80E+02 

4.29E+02 

3.81E+02 

3.38E+02 

3.00E+02 · 

2.67E+02 

2.39E+02 

2.15E+02 

1.95E+02 

1.78E+02 

1.64E+02 

1.53E+02 

1.44E+02 

1.37E+02 

1.31E+02 



-Table C-3. Physical State of Organic SSL Chemicals 

Compounds liquid at soil temperatures Compounds solid at soil temperatures 

CAS No. Chemical 
Meltmg 

CAS No. Chemicai 
Melt1ng 

Point ("C) Point (C) -
67·64·1 Acetc!"le ·94.8 83·32·9 Acenaphthene 93.4 
71·43·2 Benzene 5.5 . ~J9·00·2 Aldrin 104 

1 17·81·7 Bis(2·ethylhexyl)phthalate ·55 120·12·7 Anthracene 215 
11 1·44·4 Bis(2·chloroethyl)ether ·51.9 56·55·3 Benz(a)anthracene 84 -75·27-4 Bromodichloromethane ·57 50·32·8 Benzo(a)pyrene 176.5 
75·25·2 Bromoform 8 205·99·2 Benzo(b)fluoranthene 168 
71 ·36·3 Butanol ·89.8 207·08·9 Benzo(k)fluoranthene 217 
85·68·7 Butyl benzyl phthalate ·35 65·85·0 Benzoic acid 122.4 -75·15·0 Carbon disulfide ·1 15 86·74·8 Carbazole 246.2 
56·23·5 Carbon tetrachloride ·23 57·74·9 Chlordane 106 

108·90·7 Chlorobenzene ·45.2 106·47·8 p-Chloroaniline 72.5 
124·48·1 Chlorodibromomethane ·20 218·01·9 Chrysene 258.2 
67·66·3 Chloroform ·63.6 72·54·8 ODD 109.5 -
95·57·8 2·Chlorophenol 9.8 72·55·9 DOE 89 
84·74·2 Di-n-butyl phthalate ·35 50·29·3 DDT 108.5 
95·50·1 1,2·Dichlorobenzene ·16.7 53-~;.:; Dibenzo(a.h)anthracene 269.5 
75·34-3 1,1·Dichloroethane ·96.9 11")6·46·7 1 ,4-Dichlorober.::ene 52.7 

107·06·2 1,2·Dichloroethane ·35.5 91 ·94·1 3.3-Dichlorobenzidine 132.5 
75-35-4 1.1 -Dichloroethylene ·122.5 120·83·2 2,4-Dichlorophenol 45 

1 56·59-2 CIS· 1 .2-Dichloroethylene ·80 60-57·1 Dieldrin 175.5 
156-60·5 trans-1 ,2-Dichloroethylene ·49.8 105·67·9 2.4-Dimethylphenol 24.5 
78·87·5 1 .2-Dichloropropane -70 51-28·5 2.4-Dinitrophenol 115·116 

542·75·6 1 ,3-Dichloropropene t-JA 121-14·2 2.4-Dinitrotoluene 71 
84-66·2 Diethylphthalate ·40.5 606·20·2 2.6-Dinitrotoluene 66 

1 17·84·0 Di-n-octyl phthalate ·30 72·20·8 Endrin 200 
1 00-41·4 Ethylbenzene ·94.9 206·44·0 Fluoranthene 107.8 

87-68·3 Hexachloro-1,3-butadiene ·21 86·73-7 Fluorene 114.8 
77-47·4 Hexachlorocyclopentadiene ·9 76·44·8 Heptachlor 95.5 
78-59-1 lsophorone ·8. 1 1024-57-3 Heptachlor epoxide 160 
74-83·9 Methyl bromide -93.7 , 8~74-1 Hexachlorobenzene 231.8 -75·09·2 Methylene chloric;le ·95.1 319·84·6 n·HCH (n·BHC) 160 

98·95·3 Nitrobenzene 5.7 319·85·7 B·HCH (B·BHC) 315 
100-42·5 Styrene ·31 58·89·9 -y-HCH (Lindane) 112.5 

79-34·5 1,1 ,2,2-Tetrachloroethane ·43.8 67·72·1 Hexachloroethane 187 -
127·18·4 Tetrachloroethylene ·22.3 1 93·39·5 lndeno(1,2,3-cd)pyr_ene 161.5 
108·88·3 Toluene ·94.9 72·43·5 Methoxychlor 87 
1 20·82·1 1,2,4· Trichlorobenzene 17 · 95·48·7 2-Methylphenol 29.8 
.71 -55·6 1,1, 1 -Trichloroethane ·30.4 621 ·64·7 N·Nitrosodi-n-propylamine NA -79·00·5 1 ,1,2-Trichloroethane -36.6 86·30·6 N-Nitrosodiphenylamine 66.5 
79·01·6 Trichloroethylene ·84.7 91·20·3 Naphthalene 80.2 

. 1 08·05·4 · Vinyl acetate ·93.2 87 ·86·5 Pentachlorophenol 174 
75·01 ·4 Vinyl chloride ·153.7 1 08-95·2 Phenol 40.9 

1 08·38-3 m-Xylene -47.8 129·00·0 Pyrene 151.2 
9:5·47-6 a-Xylene ·25.2 8001 ·35·2 Toxaphene 65·90 

106·42-3 p-Xylene 13.2 95·95·4 2,4,5-Trichlorophenol 69 
88·06·2 2,4,6-Trichlorophenol 69 

1 1 5·29· 7 EndosuiHan 106 

NA • Not available. 

-
C-6 -

-

-
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pH 

4.9 

5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8. 

5.9 

6.0 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 

6.9 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

8.0 

"" i t : :: 

As Ba 

2.5Et01 1.1E+01 

2.5Et01 1.2E+01 

2.5E+01 1.4E+01 

2.6Et01 1.5E+01 

2.6Et01 1.7Et01 

2.6Et01 1.9E+01 

2.6Et01 2.1E+01 

2.6Et01 2.2E+01 

2.7Et01 2.4E+01 

2.7E+01 2.6E+01 

2.7E+01 2.8Et01 

2.7E+01 · 3.0E+01 

2. 7E+01 3.1 E+01 

2.8Et01 3.3E+01 

2.8Et01 

2.8Et01 

2.8E+01 

2.8Et01 

2.9Et01 

2.9E+01 

2.9E+01 

2.9E+01 

2.9E+01 

3.0E+01 

3.0E+01 

3.0Et01 

3.0E+01 

3.1Et01 

3.1Et01 

3.1E+01 

3.1Et01 

3.1Et01 

3.5E+01 

3.6E+01 

3.7E+01 

3.9Et01 

4.0E+01 

4.1Et01 

4.2Et01 

4.2Et01 

4.3Et01 

4.4Et01 

4.4Et01 

4.5E+01 

4.6Et01 

4.6Et01 

4.7Et01 

4.9Et01 

5.0E+01 

5.2E+01 

.. 
Jl ! ! ! 1 r .. 

.; ( l ( 1 r .. 
i ( t "' J 1 I ; ( l 

Table C-4. Metal Kd Values (Ukg) as a Function Jf pH~ 

Be 

-2.3E+01 

2.6E+01 

2.8Et01 

3.1E+01 

3.5E+01 

3.8E+01 

4.2E+01 

4.7Et01 

5.3Et01 

6.0Et01 

6.9Et01 

8.2Et01 

9.9E+01 

1.2E+02 

Cd 

1.5Et01 

1.7E+01 

1.9E+01 

2.1Et01 

2.3E+01 

2.5E+01 

2.7E+01 

2.9E+01 

3.1E+01 

3.3E+01 

3.5Et01 

3.7E+01 

4.0E+01 

4.2E+01 

1.6Et02 4.4E+01 

2.1 Et02 4.8E+01 

2.8Et02 5.2E+01 

3.9Et02 

5.5E+02 

7.9Et02 

1.1E+03 

1.7Et03 

2.5Et03 

3.8Et03 

5.7E+03 

8.6E+03 

1.3Et04 

2.0E+04 

3.0E+04 

4.6E+04 

6.9Et04 

1.0E+05 

5.7E+01 

6.4E+01 

7.5E+01 

9.1 E+01 

1.1 E+02 

1.5E+02 

2.oe .. o2 
2.8Et02 

4.0E+02 

5.9E+02 

8.7Et02 

1.3E+03 

1.9E+03 

2.9E+03 

4.3E+03 

Cr (+3) 

1.2E+03 

1.9E+03 

3.0E+03 

4.9E+03 

8.1E+03 

1.3E+04 

2.1E+04 

3.5E+04 

5.5E+04 

8.7E+04 

1.3E+05 

. 2.0E+05 

3.0E+05 

4.2E+05 

5.8E+05 

7.7E+05 

9.9E+05 

1.2E+06 

1.5E+06 

1.8E+06 

2.1E+06 

2.5E+06 

2.8E+06 

3.1E+06 

3.4E+06 

3.7Et06 

3.9E+06 

4.1E+06 

4.2Et06 

4.3Et06 

4.3E+06 

4.3E+06 

Cr (+6) 

3.1E+01 

3.1E+01 

3.0E+01 

2.9E+01 

2.8E+01 

2.7E+01 

2.7E+01 

2.6E+01 

2.5E+01 

2.5E+01 

2.4E+01 

2.3E+01 

2.3E+01 

2.2E+01 

2.2E+01 

2.1 E+01 

2.0Et01 

2.0Et01 

1.9Et01 

1.9E+01 

1.8E+01 

1.8E+01 

1.7E+01 

1.7E+01 

1.6E+01 

1.6Et01 

1.6E+01 

1.5E+01 

1.5Et01 

1.4E+01 

1.4E+01 

1.4E+01 

Hg 

4.0E-02 

6.0E-02 

9.0E-02 

1.4E-01 

2.0E-01 

J.OE-01 

4.6E-01 

6.9E-01 

t.OEtOO 

1.6E+00 

2.3EtOO 

3.5Et00 

5.1E+00 

7.5EtOO 

1.1E+01 

1.6E+01 

2.2E+01 

3.0E+01 

4.0Et01 

5.2Et01 

6.6E+01 

8.2E+01 

9.9Et01 

1.2Et02 

1.3E+02 

1.5E+02 

1.6E+02 

1.7E-t02 

1.8Et02 

1.9E+02 

1.9E+02 

2.0E+02 

Ni Ag Se Tl Zn 

a non pH-dependent inorganic Kd values lor antimony, cyanide, and vanadium are 45, 9.9, and 1,000 respecuve1y. 

r 1 r 1 ,. ; 
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Attachment 0 

Regulatory and Human Health Benchmarks for SSL Development 

Th1s attachment providc:s regul:;~tory and human heallu benchmarks necessary to cakulate SSLs for 
II 0 chc:micals commonh· found at National Priorit,· List (NPL) sites. The sources of these values 
(sho\m in the follo\\:ing ·table) are regularly updated by EPA. Prior to calculating SSLs at a site, 
check all relevant chemical-specific values in this attachment against the most recent 
version of their sources to ensure that they are up-to-date. 
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Attachment D. Regulatory and Human Health Benchmarks Used for SSL Development 

Maximum Maximum Contaminant Level Contaminant level Goof (mg/l) (mgll) 

CAS Chemicol Nome MCLG MCL(PMCL) 
Number (PMCLG) Ret.• Ret,• 

83-32-9 Acenaphlhene 
67-64-1 Acelone (2-Proponone) 

309-00-2 Aldrin 
120-12-7 Antwac-

7440-36.() Anlimony 6.0E-03 3 6.0E-03 3 

7440·38-2- Arserie 5.0E-02 3 

7440-39-3 Barium 2.0Et00 3 2.0E•OO 3 

56-55-3 Benz(• ).,111-ac-

71-43-2 Benz- 5.0E-03 3 

205-99-2 Benro(b )Ruorant~ 

207-08-9 Benro( t )lluoranlhene 

65-85-0 Benroleecid 

50-32-8 Benro(o )pyrene <.OE-04 3 

7440-41-7 Berytlium 4.0E-03 3 4 OE-03 3 

111-44-4 Bis(2-chloroe1hyl)e1her 

117-81-7 Bis(2-e1hylhexyl)phlhalale 6.0E·03 3 

7S-27-4 Bromo<lchloromelhane I.OE-01' 3 

75-25-2 Bromoform (lribromomelhane) I.OE-01' 3 

71·36·3 Bu1anol 

8S-68-7 Bulyt benzyl phflalate 

7440-43-9 Cactnium 5.0E-03 3 5.0E·03 3 

86-74-8 Carbarole 

7!;-15.() Carbon disulfide 

56-23-5 Carbon lelrachloride 5 OE-03 3 

57-74-9 Chlordane 2.0E-03 3 

106-47-8 p -CHoroanline 

108·90·7 Chlorobenz- I.OE-01 3 I.OE-01 3 

124-48·1 Chloro<lbromomeflane 6.0E·02 3 I.OE-01' 3 

67-66-3 Chlorolorm 1.0E-OI' '3 

9S-57-8 2-Chlorophenol 
-

Proposed MCL. 0.08 m!J'l, Drinking Waler Regula lions and Healfh Advisories, U.S. EPA (1995) . 

• .. Cadmium RIO is based on dielary exposure. 

I l J I ' ' J 
I I I J I I 

Wafer Heallh Ba5ed Cancer SlopP Factor Un~ Risk Foci or 
limits Reterenc., Dose 

'(mgll) (mglkg-d)' lt•!im'r' (mg/kg-d) 

Basis 
Larc. 

SF. 
Care .. 

HBL" Ret. • URF Ret.• RID 
Class• Class• Ref. • 

2t;•OO IIIU 6.0E-U2 I 
4E•OO AID 0 0 I.OE-01 I 
SE-06 SF, B2 1.7Et01 1 B2 4.9E-03 1 3.0E·05 I 
IE•OI AID 0 0 30E·OI 1 

4.0E-04 I 
A 1.5EtOO 1 A 4.3E·03 I 3.0E-04 I 

7 OE-02 1 
IE-04 SF, B2 7 3(-01 4 92 

A 2 9E-02 I A 8.3E·OG I 
1E-04 SF, B2 7.3E-01 4 B2 
1E-03 SF, B2 7.3E-02 4 92 
1E•02 AID 4.0Et01l I 

02 7.3Et00 1 il2 

B2 4 3E+00 I B2 2AE-03 I 5.0E-O~ I 
8E-05 SF. B2 I.IEtOO 1 R2 3.3E-04 I 

B2 1.4E·02 1 92 2.0E~J2 I 
92 6 2E-02 1 B2 2.0E·02 I 
92 7.9E-03 1 92 I.IE-06 I 2.0E-02 I 

4Et00 AID 0 0 I.OE-01 I 
7Et00 AID c c 2.0E·OI I 

Bl I.BE-03 I I.OE-03 .. I 
4E-03 SF.. 92 2 OE-02 2 
4E•OO AID I OE-01 t 

92 IJE-01 1 92 1.5E-05 I 7.0E-04 I 
92 1.3EtOO 1 92 3.7E-04 1 6.0E·05 I 

1E-OI RIO 40E·03 I 
0 0 2.0E-02 I 
c 8 4E-o2 I c 2 OE-02 1 
02 61E-03 I 92 2.3E-05 I 1.0E-02 I 

2E-OI AID 5.0E·03 I -

l J l I I I I J I I I I I J 

Reference 
Concentration 

lrnoim'l 

RIC Ret.• 

S.OE-04 2 

7.0E·OI I 

2.0E-02 2 

l I I I 
' J 
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Attachment D (continued) 

Maximum 
Contaminant level 

Goal 
(mg/l) 

CAS MCLG 
Number 

Chemical Nome (PMCLG) .Rot. • 

7440-47·3 Ctwomum I.OE-01 3 

16065-83·1 Chronium (llq 

18540-29·9 Ctw~um(VI) 
218·01-9 Ctwysene 

57·12·5 Cranide (omenatilo) (2.0E-01) 3 . 
72·54·8 DOD 

72·55·9 DOE 

50·29·3 DDT 

53·70·3 Oibenz(.,h )~~nltwacene 

84-74·2 Di·n ·bulfl phf>alale 

95·50·1 1 .2-0ichlorobenzene S.OE-01 3 

106·46·7 1,4-0ichlorobenzene 7.5E·02 3 

91·94·1 3,3-0icNarobenzicine 

75-34·3 1 ,1-0ichloroeflane 

107·06·2 1 ,2:0ichloroeflana 

75·35-4 1 ,1-0ictoloroelhflene 7.0E·03 3 

156·59·2 cis • 1 .2-0ichloooelhflene 7.0E·02 3 

156·60·5 ~rent ·1,2·0ichloooelhylene 1.0E-01 3 

120-83·2 2.4-0ichlorophenol 

78·87-5 1,Z·DicNaroprop-

542·75·6 1 ,3-0icNaropropena 

60-57-1 Dieldrin 

84-66·2 Olelhylphlhalale 

105-67-9 2,4·0ime1hflphenol 

51·28·5 2. 4-0inllrophenol 

121·14-2 2,4-0inilrololuene" 

606·20·2 2.6-0inilrololuene" 

117-84·0 Oi-n -oclfl phlhalale 

115-29·7 Endosullan 

72·20·8 Erdrin 2.0E·03 3 

• MCllor lola! chromium is based on Cr (VI)Ioxicil'f. 

"Cancer Slope Faclllf is lor 2.4·. 2.6-0iniltololuene mixlure. 

Maximum Walor Hoallh Basod Cancer Slope Factor 
Contaminant level Limits 

(mg/l) (mgll) (mglkg~d)' 

~arc. 

MCL (PMCL) Ref. • HBL • Basis 
Class' 

SF, Ri!f.' 

I OE-01 3 A 

4Et01 RIO 

1.0E·OI 3. A 

IE-02 SF, 82 7.3E-03 4 
(20E-01) 3 0 

4E-04 SF, R· 2 4E·lll 1 
3E·04 SF, 82 3 4E·01 1 
JE-04 SF. 82 3.4E·01 1 
IE-05 SF, 82 7.3E+OO 4 

4E+OO RID 0 
6.0E-01 3 0 
7.5E-02 3 82 2.4E·02 2 

2E·04 SF, 82 4.5E-01 I 
4E+OO RIO c 

5 OE-03 3 82 9.1E·02 1 
7 OE-03 3 c 6.0E-01 1 
7.0E-02 3 0 
1.0E-OI 3 

IE·OI RIO 

5.0E-03 3 82 6 BE-02 2 
5[-04 SF, 82 1.8E·01 2 
5E-06 SF, 82 1.6Et01 1 
3Et01 RIO 0 
7E·01 RIO 

4E·02 RIO 

IE-04 SF, 82 68E-01 1 
1E-04 SF, 82 6 8E·01 1 
7E-01 AID 

2E-OI Rill 

2 OE-03 ~ 0 

i i l i i i l r l I i r .. 
J 

Un~ Risk Factor Relerence 
Reference Dose Concentration 

b•!fm'l·' (mglkg-d) 
("'9'm'l 

Larc. 
URF Rei.' RIO RIC 

•ctass' Rei.' Rot. • 

A 1.2E-02 1 5.0E·03 1 
1 Of tOO I 

A 1.2E·02 1 5.0E·03 I 

11 20E·02 1 
02 

82 

82 9.7E-05 1 5.0E-04 1 
82 

0 1.0E·OI I 
0 9.0E·02 I 2.0E-01 2 
82 8.0E-01 1 
82 

c 1.0E-01 7 5.0E-01 2 
82 2.6E-05 1 
c 5.0E-05 1 9.0E·03 1 
0 1.0E-02 2 

2.0E-Il2 1 
3.0[.03 I 

82 4.0[-03 1 
82 3.7E-05 2 3.0E.04 1 20E.02 1 
82 46E-03 1 5 OF-05 I 
0 ltli •1 1 

2.0E·02 1 

2 OE-03 1 . 
2.0E·03 1 

1.0E-03 2 

20E·02 2 

6.0E·03 2 
0 3.0[-04 I 
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Attachment D (continued) 

Maximum Ma•imum Water Heallh Based Canc•r Slope Factor Un~ Riok F aclor Contaminant level Contaminant Level limits Goal (mg/l) (mgll) (tng/llg-d) I II•!J'm'r' (mgll) 

CAS Chemical Name MCLG MCL(PMCL) 8asi5 
o.;arc. 

SF, 
Care. 

Number (PMCLG) Rei. • Ret. • HBL" Ref. • URF 
Class• Cia••' 

100-41-4 Elhylbenrene 7.0E-01 3 7.0E-Ot 3 D D 
206-44-0 Fluoranlhene 1Eo00 RID D D 
86-73-7 Fluorene 1Eo00 RID D 
76-44-8 Heptachlor 4 OE-04 3 82 4 5Et00 1 82 1.3E-03 

1024-57-3 Heptachlor epoxide 2 oE-04 3 82 9. te.oo 1 82 2.GE-03 
118-74-1 Hexachlorobenrene I.OE-03 3 82 I GEoOO I 82 4.6E-04 
87-.68-3 Hexachloro-1,3-buladiene I.OE-03 3 IE-03 SF, c 7 BE-02 I c 2.2E-05 

319-84-6 a-HCH (a·8HC) IE-05 SF, 82 6.3E+00 I 82 I.BE-03 
319-85-7 11-HCH CP-8HC) 5E-05 SF, c 1 ne.oo 1 c 5.3E-04 

58-89-9 'I'HCH (lindane) 2.0E-04 3 2.0E-04 3 82 13Eo00 2 c 
77·47·4 Hexachloroeyelopentadiene S.OE·02 3 5.0E-02 3 D D 
67-72-1 Hexachloroefltone GE-03 SF, c 14E-02 I c 4.0E-06 

193--39-5 lndenoii.U·cd )pyre•• IE-04 SF, 92 7 3E-OI 4 82 
78-59-1 lsophomne 9E-02 SF, c 9 5[-• I 1 c 

7439-97-6 Mercury 2 OE-03 3 2 OE-03 3 D D 

72-43-5 Methoxychlor 4.0E-02 3 4 OE-02 3 0 ll 

74-83-9 Methyl boornide 5E-02 RIO D D 

75-09-2 Melhylene chloride 5.0E-03 3 82 7.5[-03 1 82 UE-07 
95-48-7 2-Melhylphenol (o -cresol) 2E+OO RID c c 
91·20·3 Nephlhelene 1E+OO RID D D 

7440.02·0 Nockel IE-01 •lA' A A 2.4E-04 

98-95·3 Nitrobenzene 2E-02 RID D D 

86-30-6 N -Nitrosodiphenylamine 2E-02 SF, 82 4 9E·O~ I 82 

621-64-7 N -Nilrosodi-n ·propyfamine IE-05 SF, 82 7 OE+011 I 82 
87-86·5 Pentachlorophenol I.OE-03 3 82 1.2E-01 I • 82 

108-95-2 Phenol 2E+OI AID D 0 
129-00-0 Pyrene - 1E+00 AID 0 D 

7782-49-2 Selenium 5.0E-02 3 5.0E-02 3 D D 
7440.22·4 sa- 2E-01 AID D D 

100-42·5 Styrene I.OE-01 3 I.OE-01 3 
79-34-5 1,1,2,2-Tetrachloroellane 4E-04 SF, c 2.nE-OI 1 c 5.8E-05 

-

• Health advisory lor nickel (MCL is currently remanded); EPA Olloce ol Science and Technology. 7110195 

I l j I l I I I I l I l j & I l I I I I J I I 

Rel"ence 
Reference nose Concentration 

(mg/kg-d) 
Cm<J'm'l 

Rei. • RID Rei. • RIC Rei. • 

I OE-111 I tor: .. nu 1 
4.0[-11~ 1 

4.0E-lll 1 

1 5.0E-M 1 
1 1.3E-o5 1 
I B.OE-04 1 
I 2.0E-04 2 
1 
I 

3.0E-04 I 
7.0E-03 1 7.oE-o5 2 

1 I.OE-03 1 

2.0f.-111 1 
3.0[-IW ? 3 Of.-04 2 
5 OE-03 1 

1.4E-Il3 1 5.11E-03 1 

1 6 OE-02 1 30f.t00 2 
5.0E-Il2 I 
4.0E-02 6 

1 2.0E-02 1 
5.0E-04 1 2 OE-03 2 

30E-02 1 
60E-OI 1 
3 OE-02 I 
5.0E-03 I 
5.0E-03 1 
2.0E-01 1 t.oe.oo I 

I 

I I I I l ,I I I I I 
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Attachment D (continued) 

0 
' VI 

Maximum 
Contaminant Level 

Goal .. (mg/l) 

CAS MCLG 
Nu...,.r 

ChomlcoiNomo (PMCLG) 

7!~:~:~ ~~~~thylene 5.0E-04 

108-88·3 Tolu- I.OE+OO 

8001-35·2 Toxaphene 

t20-82-I I .2. 4-1 richlorobenrene 7.0E-02 

71-55-6 1,1,1-Trichloooe"'- 2.0E-01 

79-00-5 1,1,2· TrichiOfoelllane 3 OE-03 

79-01-6 T richlo<oelhylene zero 

95-95-4 2, 4,5-T richloroploenol 

88-06·2 2,4,6· Trichlorophenol 

7440-62·2 Vana!lum 
t08-05-4 Vinyl acelale 

75-01-4 Vinyl chloride (chloroelhone) 

108-38-3 m .)(yteno 1.0E+01 

95-47-6 o .)(yteno 1.0E+Ot 

106-42-3 p -Xylona 1.0E+01 

7440-66-6 Zinc 

• MCL IOf total xylonosi133G-2G-7) is 10 mgll. 

" RIO lor lola! xylenos is 2 mglkg-day. 

• References: 1 • IRIS. U.S. EPA (1995) 

2 • HEAST, U.S. EPA (1995) 

3 • U.S. EPA (1995) 

4 • OHEA. U.S. EPA (1993) 

5 • Interim lollk:ily crHeria provided by Superfund 

Healfl Risk Techincal Support Center. 

Erwi"""""nlal Criteria Assessment Ollice 

(ECAO), Cincinnati, OH (1994) 

6 = ECAO, U.S. EPA (t994i) 

7 = ECAO, U.S. EPA ( 1994h) 

Ref.' 

3 
3 

3 

3 

3 
3 

3. 

3. 

3. 

Maximum 
Contaminant level 

(mg/l) 

MCL (PMCL) Rei., 

5.01:-03 3 
20E-03 3 
I.OE+OO 3 
3.0E-03 3 

7.0E-02 3 

20E-Ot 3 

. 5 OE-03 3 
s.oE-03 3 

20E-03 3 

1.0Et0t 3. 

i.OEt01 3' 

t.OEtOt 3. 

'Hea11h Based lin-ill calculated !Of 30-year exposure duratoon, 10' risk or hauod quobenl = 1. 

W•tor Heallh Based Cancer Slope F .1ctor Un~ Risk Fodor 
Limits Reference Dose 
(mgll) (mglkg-d)' lt•9'm')·' (mglk~-d) 

Garc, .,;arc. 
Basis SF, HBL" Ret.' URF Rei. • RIO Ret.' Class• Class' 

5.2£"-02 5 5.81:-07 5 t.OE-02 t 

D D 2.0E-OI I 
82 ttE+OO t 82 3.2[-04 t 

D D t.OE-02 ' t> D 

c 5.7E-02 1 c 1.6E-05 1 4.0E-03 1 
t tE-112 5 1.7E-06 5 

4Eo00 RID 1.0F-nt t 

8[.03 SF, 82 t.tE-02 t A2 3.1E-06 1 
3[-01 RIO 7 OE-03 2 
4[o0t RID t.OE+OO t 

A t.9Eo00 2 A 8.4E-05 2 

D D 2.0E+00 2 

D D 2.0EoOU 2 

D D 2.0E+00 t" 

tEtOt RID D D 3.0E-01 1 

' Categorira~on ol overaR weight ol evidence lor human carcinogenicity: 

Group A: human carcinogen 

Group B: probable human carcinogen 

B 1: limited evidence from epidemiologic studies 

82: 'sullicier • evidence from animal stu!los and 'inadequate' evidP.nce "' 

'no datR' lrom epidorriologic studies 

Group C: possible human carcinogen 

Group 0: not classiliabfe a! to healnl cnrcinogericity 

GroupE: evKtence ol noncarcinogenicity Jor humans 

r i i 1 
., "" 
i j 

.. 

RetOfonco 
Conconlralion 

lm<im'l 

RIC . Rot.' 

4.0E-Ot I 

20E-OI 2 

1.0Et00 5 

2.0E-01 1 
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United States 
Environmental Protection 
Agency 

CJT11ce of 
Solid Waste and 
Emergency Response 

Publication 9355.4·14FSA 
June 1996 

oEPA Soil Screening Guidance: 
Fact Sheet 

Office of Emergency and Remedial Response Quick Reference Fact Sheet 

This fact sheet summarizes key aspects of the lJ.S. Em·ironmental Protection Agency's 
(EPA) Soil Screemng Gutdance The Soil Screening Guidance is a tool developed by EPA to help 
standardize and accelerate the e\·aluation and cleanup of contanunated soils a~ sites on the National 
Pnori<.~s Ltst (NPLl \\·here future resident : l:lnd 1se is anticipated. The L'ser's Guide provides a 
simple step-by-step methodology for environmental science/engineering professionals to calculate 
nsk-based. Site-specific soil screening levels ( SSLs) for contaminants in soil that may be used to 

identify areas needmg further mvestigation at NPL sites The Techmcal Background Document 
presents the analysts and modeling upon which this approach is based. as well as genenc SSLs 
calculated using conservative uefault values. and guidance for conducting mon: detailed anal_, sts of 
complex stte conditions. where needed. 

SSLs are not national cleanup stanuards. 
SSLs alone do not trigger the need for response 
actions or d~ .... -: ··unacceptable·· levels of 
contaminants m soil. In thts guidance. 
··screening·· refers to the process of identifying 
and defining areas, contammants. and 
conditions. at a particular site that do not 
require further Federal attention. Generally. at 
sites where contaminant concentrations fall 
belo\v SSLs, no further action or study is 
\\:arranted under the Comprehensive 
Environmental Response, Compensation and 
Liabilitv Act (CERCLA), commonlv known as 
"Superfund." (Some States have. developed 
screening numbers that are more stringent than 
the generic <;:SLs present~d here; therefore, 
further study may be \varranted under State 
programs.) Where contaminant concentrations 
equal or exceed SSLs, further studv or 
investigation, but not necessarily cleami'p, is 
warranted. 

The decision to use the Soil Screening Guidance 
at a site will be driven by the potential benefits 
of eliminating areas, exposure pathways, or 
contaminants from further investigation. By 
identifying areas where concentrations of 

..:ontammated soil are below levels of concern 
mder CERCLA. the guidance provides a means 

w focus resources on exposure areas. 
contaminants and exposure pathways of 
concern. 

SSLs are risk-based concentrations derived from 
standardized equations combining exposure 
information assumptions with EPA toxicity 
data. Three options for developing screening 
levels are included in the guidance, depending on 
how the numbers will be used to screen at a site. 
and the amount of site-specific information that 
will be collected or is available. Details of these 
approaches are presented in the User's Guide 
(EPA, 1996a) and the Technical Background 
Document (TBD) (EPA, 1996b). The three 
options for using SSLs are: 

Applying generic SSLs 

Developing simple, site-specific SSLs 

Developing site-specific SSLs based on 
more detailed modeling 

The progression from generic to simple site
specific and more detailed site-specific SSLs 



usually tn\·olws an increase in investigation 
costs and. generally a decrease in the stringency 
of the screening levels because conservati,·e 
assumptions can be replaced with less 
conservaun: site-::.pecific information. 
Genl!ralh·. the decision of which method to use 
im·oh·es. balancing the increased investigation 
costs with the potential savings associated with 
hight:r (but protective) SSLs. The User·s Guide 
focuses on the application of a simple site
specific approach by providing a step-by-step 
methodology to calculate site-specific SSLs. 
The TBD provides more information about the 
other approaches. 

Generic SSLs for the most common 
con tam mants found at NPL sites are included in 
th~ TbO. Gt:neric SSLs are .:alculated from tht: 
sam~;; equations presented in the User's Guide. but 
are bast:d on a number of default assumptions 
chosen to bt: protective of human health for 
most site conditicns. Generic S~Ls can be used in 
plact: of site-specific screening levels: however. 
in general. they are expected to be more 
stringent than site-specifi~ levels. The site 
manager should weigh the cost of collectmg the 
data necessary to develop site-specific SSLs with 
the potential for deriving a higher SSL that 
provides an ah. ~tlriate level of protection. 

The TBD also includes more detailed modeling 
approaches for developing screening levels that 
take into account more complex site conditions 
than the simple site-specific methodology 
emphasized in the User's Guide. More detailed 
approaches may be appropriate when site 
conditions (e.g., a thick ·vadose zone) are 
different from those assumed in the simple site
specific methodology presented here. The 
technical details supporting the methodology 
used in the User's Guide are provided in the 
TBD. SSLs developed in accordance with the 
User's Guide are based on future residential land 
use assumptions and related exposure scenarios. 
Using this guidance for sites where residential 
land use assumptions do not apply could result in 
overly conservative screening levels; however, 
EPA recognizes that some parties responsible 
for sites with non-residential land use might still 
find benefit in using the SSLs as a tool to 
conduct a conservative initial screening. 

2 

S~Ls developed in accordance with this guidance 
could also be used for Resource Conservation :md 
Reco,·ery Act (RCRA) corrective action sites as 
.. action levels.·· since the RCRA corrective 
~ :tion program currently ,·ie,,·s the role of 
action levels as generally fulfilling the same 
pur:pose as soil screening levels. 1 In addition. 
States may use this guidance in their voluntarv 
cleanup programs, to the extent they deem 
appropriate. When applying SSLs to RCRA 
corrective action sites or for sites under State 
voluntary cleanup. programs. users of this 
guidance should recognize. as stated above. that 
SSLs are based on residential land ust: 
assumptions. Where these. assumptions do not 
apply. other approaches for determining the 
need for further study might be more 
appropriate. 

••••uuu~ntao:l •JnOtiilr .:1aanuc ;~~.cloof"'. c1ear!v 
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Highlight 1. Conceptual Risk 
Management Spectrum for Contaminated 

Soil 

1.2 Role of 
Levels 

Soil Screening 

In identifying and managing risks at 
contaminated sites. EPA considers a spectrum of 
c::or~:-m;::.l:'H concentrations. The level of 
concern associated with those concentrations 
depends on the likelihood of exposure to soil 
contamination at levels of potential concern to 
human hea~th or to ecological receptors. 

Highlight l illustrates the spectrum of soil 
contamination encountered at Superfund sites 
and the conceptual range of risk management 
responses. At one end are levels of 
contamination that clearly warrant a response 
action; at the other end are levels that are below 

· regulatory concern. Screening levels identify the 
lower bound of the spectrum-levels below 

I Further infonnation on the role of action levels in the RCRA 
corrective action prognm is available in an Advance Notice of 
Proposed Rulcmaking (signed April 12, 1996). 

-
-
-
-

-
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which there i:· generally no concern under 
CERCLA. provided .conditions associated with 
the SSLs are met. Appropnate cleanup goals for 
a parncular site may fall anywhere within this 
range depending <'•> site-specific conditions. 

EPA anticipates the use of SSLs as a tool to 
facilitate prompt identification of contaminants 
and exposure areas of concern during both 
remedial actions and some removal actions 
under CERCLA. However. the application of 
this or any screening methodology is net 
mandatorv at sites being addressed under 
CERCLA- or RCR.A. The framework ieaves 
discretion to the site manager and technica1 
experts (e.g .. risk assessors. hydrogeologists) to 
determi'le whether a screening approach is 
appropnate for the site and. ir· screening is to be 
used. the proper method of implementation. 
The deciswn to use a screening approach should 
be made early in the process of im·estigation at 
the site 

EPA developed the Soil Screening Guidance to 
bt: consistent with and to enhance the current 
Superfund investigation process and anticipates 
its primary use during the early stages of ~ 
remed1al investigation (R.l) at NPL sites. It doc~ 
not replace the Remedial Investigation/ 
Feasibility Study (Rl/FS), including the risk 
assessment portion of the R.l, but the use of 
screening levels can focus sampling and risk 
assessment on aspects of the site that are likely 
to be a concern under CERCLA. By screening 
out area:; of sites, potential chemicals nf 
concern, or exposure pathways from further 
investigation, site managers and technical 
experts can limit the scope of the field 
investigation or risk assessment. 

SSLs can save resources by helping to determine 
which areas d-:- not require additional Federal 
attention early in the process. Furthermore, data 
gathered during the soil screening process can be 
used in later Superfund phases, such as the 
baseline risk assessment, feasibility study, 
treatability study, and remedial design. This 
guidance ~ay also be appropriate for use by the 
removal program when demarcation of soils 
above residential risk-based numbers coincides 
with the purpose and scope . of the removal 
action. 

The simple. site-specific soil screening levels are 
likely to be most useful where it is difficult to 
determine whether areas of soil are 
contaminated to an extent that warrants further 
in•·estigation or response (~.g .. whether areas of 
soil at an NPL site require further investigation 
under CERCLA through an Rl!FS). As noted 
abovt:. the screening levels have been developed 
assuming residential land use. Although some of 
the models and methods presented in this 
guidance could be modified to address exposures 
under other land uses. EPA has not yet 
standardized assumptions for exposure scenarios 
related to those other uses. 

This guidance provides the information needed 
to calculate· SSLs for 1 l 0 chemicals. Sufficient 
information may nvt be available to develop soil 
screening levels c.r additional chemicals These 
chemicals should not be screened out. but should 
be addressed in the baseline risk assessment for 
the site The Risk Assessment Guidance )i11· 
Superjitnd (R.A.GS). Volume 1 Human Healrh 
Evaluation lvfanual (HHEM). Part A. lntenm 
Final (U.S. EPA. 1989a) provides guidance on 
conducting baseline risk assessments for NPL 
sites. In addition. the baseline risk assessment 
should address the chemicals. exposur.: 
path\vays, and areas at the ~•Lt: that are not 
screened out. 

Although SSLs are .. risk-based,'' they do not 
eliminate the need to conduct a site-specific risk 
assessment for those areas identified as needing 
4'urt1, ·r i-;·, cstigation. SSLs are concentrations of 
contaminants in soil that are designed to be 
protective of exposures in a residential setting. 
A site-specific risk assessment is an evaluation 
of the risk posed by exposure to site 
contaminants in various media. To calculate 
SSLs, the exposure equations and pathway 

· models are run in reverse to t>.,ckcalculate an 
'"acceptable level" of a contaminant in soil. For 
the ingestion, dermal, and inhalation pathways, 
toxicity criteria·are used to define an acceptable 
level of contamination in soil, based on a one
in-a-million (10-6) individual excess cancer risk 
for carcinogens and a hazard quotient (HQ) of 1 
for non-carcinogens. SSLs are backcalculated for 
migration to ground water pathways using 
ground water concentration limits [nonzero 
maximum contaminant kvel goals (MCLGs), 
maximum contaminant levels (MCLs), or 
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health-based limits (HBLs) (10·6 cancer risk or a 
HQ of I) where MCLs are not available]. 

SSLs can be used as Preliminary Remediation 
Goals (PFGs) pro,·ided appropriate cr,dition~ 
are met (i 1! .• conditions found at a specific site 
are similar to conditions assumed in developing 
the SSLs). The concept of calculating risk-based 
contaminant levels in soils for use as PRGs (or 
··draft" cleanup levels) was introduced in the 
RAGS HHEM. Part B. Development of Risk
Based Preliminary Remediation Goals. (U.S. 
EPA. 1991b). 

PRGs may then be used as the basis for 
developing final cleanup levels based on the 
nine-crit<'ria analysis .described in the National 
Contingency Plan [Section 300.430 
(3)(2)(1)(A)). The directive entitled Role of the 
Baseline Risk Assessment in Superjimd Remedy 
Selection Deczsions (U.S. EPA. 199lc) discusses 
the modification of PRGs to generate cleanup 
levels. The SSLs should only be u.>~J as cleanup 
leve.Js \vhen a site-specific nine-criteria 
evaluation of the SSLs as PRGs for soils 
indicates that a selected remedy achieving the 
SSLs is protective. complies with Applicable or 
Relevant and Appropriate Requirements 
(ARARs), and apt:Jropriately balances tradeoffs 
between cleanup options with respect to the 
other criteria, including cost. 

1.3 Scope of Soil Screening 
Guidance 

In a residential setting, potential pathways of 
exposure to contaminants in soil are as follows 
(see Highlight 2): 

• Direct ingestion 

• Inhalation of volatilel' and fugitive dusts 

• Ingestion of contaminated ground water 
caused by migration of chemicals through soil 
to an underlying potable aquifer 

• Dermal absorption 

• Ingestion of homegrown produce that has 
been contaminated via plant uptake 

• Migration of volatiles into basements. 
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Direct Ingestion 

Inhalation of Ground · 
Water and Soil 

l&J >~ -.'/ ~o~e~-· 
"-·~ ,---__./ ~ Dust 

Volatilization 

~ 
Leachi~g. 

/-1 ~\ 
~~ 

__ ./ Ground 
~., Water 

\ _____/ 

Also Addressed: 
Plant Uptake 

• Dermal Absorption 

Highlight 2. Exposure Pathways Addressed by 
SSLs. 

The Soil Screening Guidance addresses each of 
these pathways to the greatest e:\:tent p1.1ctical. 
The first three p:lthways -- direct ingestion. 
inhalation of volatiles and fugitive dusts. and 
ingestion of potable ground water -- are the 
most common routes of human exposure to 
cuntaminants in the residential setting. These 
pathways have generally accepted methods. 
models, and assumptions that lend themselves to 
a standardized approach. The additional 
pathways of exposure to soil . contaminants. 
dermal absorption, plant uptake, and migration 
of volatiles into basements, may also contribute 
to the risk to human health from exposure to 
specific contaminants in a residential setting. 
The guidance addresses these pathways to a 
limited extent based on available empirical data. 
(See Step 5 and the TBD for further discussion). 

The Soil Screening Guidance addresses the 
human expos..rre pathways listed previously and 
will be appropriate for most residential settings. 
The presence of additional pathways or unusual 
site conditions does not preclude the use of SSLs 
in areas of the site that are currently residential 
or likely to be residential in the future. However, 
the risks associated with additional pathways or 
conditions (e.g., fish consumption, raising of 
livestock, heavy truck traffic on unpaved roads) 

-
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should be considered in the Rl/FS to detennine 
whether SSLs are adequately protective. 

An ecological assessment should also be 
performed as part of the RI/FS to c. aluate 
potential risks to ecological receptors. 

The Soil Screening Guidance should not be 
used for areas with radioactive 
contaminants. 

. 
Highlight 3 provides key attributes of the Soil 
Screerung Guidance: User·s Guide. 

High!;ght 3: Key Attributes of the 
User's Guide 

• Standardized equations are presented 
to address human exposure pathways in 
a residential setting consistent with 
Superfund's concept of "Reasotaable 
Maximum Exposure" (RME). 

• Source size (area and depth) can be 
considered on a site-specific basis using 
mass-limit models . 

• Parameters are identified for which site
specific information is needed to 
develop SSLs. 

• Default values are provided to calculate 
generic SSLs when site-specific 
information is not available. 

• SSLs are based on a 1 0~ excess risk for 
carcinogens or a hazard quotient of 1 for 
noncarcinogens. SSLs for migration to 
ground water are based on (in order of 
preference): nonzerL maximum 
contaminant level goals (MCLGs), 
maximum contaminant levels (MCLs), or 
the aforementioned risk-based target~. 
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2.0 SOIL SCREENING PROCESS 

Applying site-specific screening levels involves 
developiPg a conceptuJ.l site model (CSM). 
collecting a few easily obtained site-specific soil 
parameters (such as the drv bulk densitv and 
percent moisture), and sa~pling to measure 
contaminant concentrations in surface and 
subsurface soils. Often. much of the infonnatwn 
needed to develor ~he CSM can 0e derived from 
previous site investigations [e.1!.. the 
Preliminary Assessment/Site Inspection (PAIS I)] 
and. if properly planned. SSL sampling can be 
;-::comolished in one mobilizat; ""~n. This fact 
sheet provides a bnef overview of the steps m 
tn.: process. A full discussion of the steps ana 
their Implementation is available in the Lser's 
Guide. 

The soil screening process (outlined 111 

Highlight 4) is a step-by-step approach that 
involves: 

• Developing a conceptual site model 
(CSM) 

• 
• 
• 
• 

Comparing the CSM to the SSL scenano 

Defining data collection needs 

Sampling and analyzing soils at site 

Deriving site-specific SSLs. as 
appropriate 

• Comparing site soil contaminant 
concentrations to SSLs 

• Determining which areas of the site 
require further study. 

The overall outline is fundarneutallv the same. 
whether you are using the simple site-specific 
approach, the generic levels, or a more detailed 
approach. However, the details of any speciftc 
application will be different. In particular, 
developing the simple site specific SSLs is 
obviously more involved than using the generic 
screening levels available in the TBD. 



Step One: 

Step Two: 

~1ep Three: 

Step Four: 

Step Five: 

Step Six: 

Step Seven: 

Highlight 4 

Soil Screening Process 

Develop Conceptual Site Model 
·Collect ex1st1ng site data (historical records. aerial photographs. maps. PAIS! data, available background 
m''lrmation. State soil surveys, etc.) 
Organize and analyze existing site data 

Identify known sources of contamination 
Identify affected media 
Identify potential migration routes, exposure pathways, and receptors 

Construct a preliminary diagram of the CSM 
Perform site reconnaissance 

Confirm and/or modify CSM 
Identify remaining data gaps 

Compare Soil Component of CSM to Soil Screening Scenario 
Confirm that future residential land use is a reasonable assumption for the site 
Identify pathways present at the site that are addressed by the guidance 
Identify additional pathways present at the site not addressed by the guidance 
Compare pathway-specific generic SSLs with available concentration data 
E;;timate ....,,,ether background levels exceed s=ns ... 33Ls 

Define Data Collection Needs for Soils t::- 'letermine Which Sn~ Areas Exceed SSLs. 
Develop hypothesis about distribution oi soil contammation (i.e .. which areas of the Site have so1i 
contamination that exceed appropriate SSLs?) 
Develop sampling and analysis plan for determining soil contaminant concentrations 

Sampling strategy for surface soils (includes defining study boundaries, developing a decision rule. 
specifying limits on decision errors, and optimizing the design) · 
Sampling strategy for subsurface soils (includes defining stucjy boundaries, developing a dec1s1on 
rule, specifying limits on decision errors, and optimizing the design) 
Sampling to measure soil characteristics (bulk density, moistu113 content, organic carbon content. 
porosity, pH) 

Determine appropriate field methods and establish QA/QC protocols 

Sample and Analyze Soils at Site 
Identify contaminants 
Delineate area and depth of sources 
Determine soil characteristics 
Revise CSM, as appropriate 

Derive Site-specific SSLs, if needed 
laentify SSL equations for relevant pathway:; 
Identify cherr.ical of concern for dermal exposure and plant uptake 
Obtain site-specifir: input parameters from CSM summary 
Replace variables in SSL equations with site-specific data gathered in Step 4 
Calculate SSLs 

Account for exposure to- multiple contaminants 

Compare Site Soil Contaminant Concentrations to Calculated SSLs 
For surfac,; soils, screen out exposure area::. Nhere all composite samples do not b .• ceed SSLs by a 
factor of 2 
For subsurface soils, screen out source areas where the highest average soil core concentration does not 
exceed the SSLs 
Evaluate whether background levels exceed SSLs 

Decide How to Address Areas Identified for Further Study 
Consider likelihood that additional areas can be screened out with more data 
Integrate soil data .,..;th other media in the baseline risk assessment to estimate cumulative ri!?l< at the site 
Determine the need for action 
Use SSLs as PRGs 
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Howe\·er. developing site specific Ienis may be 
wonhwhile given the less stringent but equally 
protective levels that will generally result. 

An Important pan of this guidance IS a 
recommended sampling approach that balances 
the need for more data to reduce uncenainty 
with the need to limit data collection costs. 
Where data are limited such that use of the 
"maximum test" (Max test) presented in the 
L'ser's Guide is not appropriate. the -guidance also 
provides direction on the use of other 
conservative e::;timates of contaminant 
concentrations for comparison with the SSLs-: 

2.1 Step 1: ·oevelopi n g 
Conceptual 
Model 

a 
Site 

The conceptual site model (CSM) is a three
dimensional ··picture·· f'• site conditions that 
illustrates contaminant distributions. r~lease 
mechanisms. exposure pathways and migration 
routes. and potential receptors. The CSM 
documents current site conditions and is 
supponed by maps. ·cross sections. and site 
diagrams that illustrate human .md 
environmental exposure through contammant 
release and migration to potential receptors. 
Devdoping an accurate CSM is critical to proper 
implementation of the Soil Screening Guidance. 

As a key component of the Rl/FS and EPA· s 
Data Quality Objectives (DQO) process, the 
CSM should be updated and revised as 
investigations produce new information about a 
site. Data Quality Objective:.· for Superfund: 
Interim Final Guidance (U.S. EPA, l993a) and 
Guidance for Conducting Remedial 
Investigations and Feasibility Studies under 
CERCLA (U.S. EPA, 1 989c) provide a general 
discussion about the development and use of the 
CSM during Rls. 

2.2 Step 2: Comparing the 
CSM to SSL 
Scenario 

In this step, the conceptual site model for a 
particular site is compared to the conceptual site 
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model assumed for the de\·elopment of the Sot! 
Screening Guidance. This comparison should 
determine whether the SSL· scenario IS 
sufficiently similar to the CSM so that use of the 
g ~ · .... .: is ~ppr,pn~-.te "'1-:e Soi! S<:"re~nmg 

Guidance \\as developed assuming residential land 
use. The primary exposure pathways associated 
with residential land use (given in section 1.3) 
are ( l) direct ingestion, (2) inhalation of 
volatile and fugitive dusts, and (3) ingestion of 
contaminated ground water caused by migration 
of chemicals through soil to an underh·ing 
potable aquifer. The residential expo~ur~ 
assumptions associated with these pathways are 
given m Highlight 5. 

Highlight 5 
Residential Expos~. e Assumptions 

Exposure frequency ....... 350 days/year 
Exposure duration . . . . . . . . . 30 years 

For Noncarcinogens 
Body weight ... : . ................. 15 kg 
Ingestion rate . . . . . . . . . . . . . . . 200 mg/day 

For Carcinogens 
Body weight .. age adjusted from 15 -70 kg 
Ingestion rate . . . . . . . . . age adjusted from 

. . . . . . . . . . . . . . . . . . . . . . 200 - 100 mg/day 
Drinking water ingestion rate . . . . . . 2 Uday 
Inhalation rate ................ 20 m3fday 

The CSM may include other sources and 
exposure pathways that are not covered by this 
guidance. Compare the C S M with the 

. assumptions and limitations inherent in the SSLs 
to determine whether additional or more detailed 
assessments are needed for any exposure 
pathways or chemicals. The Soil Screening 
Guidance can be used to screen those sources and 
exposures pathways that are covered by the 
guidance. Early identification of areas or 
conditions where SSLs are not applicable is 
important so that other characterization and 
response efforts can be considered when 
planning the sampling strategy. 



\Vhere the following conditions exist. a more 
detailed site-specific investigation will be needed: 

• site: adjact:nt to surface water. 

• potential terrestrial o. aquatic ecological 
concerns 

• other human exposure pathways likely (e.g. 
local fish consumption. homegrown dairv. 
livestock or other agricultural use, or · 

• unusual site conditions (e.g .. presence of non
aqueous phase liquids. unusually high fugitive 
dust levels from site acti. ities.) _ · 

A consideration of background concentrations 
should be made to determine whether SSLs are 
likely to be usefd. smce •'"te SSLs have much .. .,s 
utility \\here background concentrations exceed 
the SSLs. Background concentrations exceedim: 
genenc SSLs do not necessarilv md1cate that ; 
health threat exists. but may suggest that 
additional analysis is apprupriate For example. 
1t may be important to determine whether the 
high background concentrations are 
anthropogenic or naturally occuring. Generallv. 
EPA does not clean up below natur~l 
background: however. \vhere anthropogenic 
background levels exceed SSLs. EPA mav 
determine that some type of comprehensiv~ 
response is necessary and feasible. 

2.3 Step 3: Defining 
Collection 
for Soils 

Data 
Needs 

Once the CSM has been developed and the site 
manager has determin~d that the Soil Screening 
Gutdance 1s appropnate to use at a site a 
Sampling and Analysis Plan (SAP) should' be 
developed. Highlight 4 outlines the general 
strategy for developing sampling plans likely to 
be needed to apply the Soil Screening Guidance. 
A different sampling approach is used for the 
surface and subsurface because different exposure 
pathways are being addressed. Sampling should 
als · provid~ site c~racteristics data necessary 
to develop s1te-spec1fic SSLs. The User's Guide 
provides information on the development of 
SAPs for these three types of information. 
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To develop sampling strategies that will 
properly assess site contamination. EPA 
recommends that site managers consult with the 
technical experts in their Region. including risk 
a .. ss-~rs. toxtcolog1sts, chemists and 
hydrogeologists. who can asstst the site manager 
to use the £?00 process to satisfy Superfund 
program objeCtives. The DQO process is a 
systematic planning process developed bv EPA 
to ensure that sufficient data are collec-ted to 
support EPA decision making. A full discussion 
of the DQO process is provided in Data Oualltv 
Objectives for Superfund: Interim- Fin~/ 
Guidance (U.S. EPA. 1993a) and the Guidance 
(or the Data Quality Objectives Process (U.S 
EPA. 1994a) Many of the kev elements ha,·e 
been incorporated as part of the ·guidance. 

One of the critical decisions to make before 
developmg the SAP is to define the specific area 
to which the Soil Screening Guidance will· be 
applied. Existing data (e.g.. pre he• inan 
assessment. other site investigation dat~. 
h1stoncal documents discussing site activities) 
can be used to determine what level and type of 
mvest1gat10n may be appropriate. Areas known 
to be important sources of ground water 
Cl ntamination should be sampled for subsurface 
contamination, but it often will not be necessarv 
to develop screening levels based on surfac-e 
contamination for these areas. Sampling ·in 
known source areas will focus on developing 
remedial alternatives with some sampling to 
confirm expected problems. as necessarv. Other 
::1reas may have good historical information to 
indicate that no waste handling activities 
occurred there and it is expected that these areas 
are unlikely to be contaminated. A few samples 
may be take~ to confirm this hypothesis. Much 
of the samphng effort for soil screening is lik.:ly 
to focus on areas of uncertain contamination 
I "vels and history. The User's Guide provides 
more information about the use of historical 
information, the statistical basis for the 
sampling strategy, and the soil characteristics 
that are needed to develop site-specific 
screening levels. 

-
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2.4 Step_!: Sampling 
Analyzing 
Soils 

and 
Site 

Once;: the sampling strategies have been 
developed and implemented. the samples should 
be analyzed according to the analvtical 
laboratory and field methods specified in the 
SAP An important outcome of these analvses 
is the estimation of the concentrations of 
potential contaminants of concern which will be 
compared to the SSLs. At this point. the 
generic SSLs may be useful for comparison 
purposes. \Vhere estimated concentrations are 
above the generic SSLs. site-specific SSLs can be 
calculated to provide another. less stnngent but 
still conservativ.: comparison 

Because these analyses reveal new information 
about the s1te. update the CSM accordingly 

2.5 Step 5: Calculating Site
specific SSLs 

With the soil properties data collected in Step 4 
of the screenin" process, site-specific soil 
screening levels can now be calculated using the 
equations presented in the User's Guide. The 
Soil Screening Guidance provides the equations 
necessary to develop a simple site~specific soil 
screening levels. For a description of how these 
equations were developed, as well as background 
on their assumptions and limitations, consult the 
TBD. When generic SSLs are being used as for 
comparison to site concentration, this step may 
be omitted. 

All SSL equations were developed to be 
consistent with reasonable maximum exposure 
(RME) for the & ... :;idential settmg. The Superfund 
program estimates the RME for chronic 
exposures on a site-specific basis by combining 
an average exposure-point concentration with 
reasonably conservative values for intake and 
duration (U.S. EPA, l989a; RAGS HHEM, 
Supplemental Guidance: Standard Default 
~posure Factors, U.S. EPA, l99la). Thus, all 
Site-specific parameters (soil, aquifer, and 
meteorologic parameters) used to calculate SSLs 
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<:hnuld reflect average or typical site conditions 
m order to calculate average exposure 
concentrations at the site. 

E~.:osure pa<:,ways addressed in ~~e process for 
screening surface soils include direct ingestion. 
dermal contact. and inhalation of fugitive dusts. 
Whil-: the guidance provides all the relevant 
toxicitv from EPA sources necessarv to 
calculate site-specific SSLs. Integrated ·Risk 
Information System '(IRIS) (U.S. EPA. 1995a) 
or Health Effects Assessment SummarY Tables 
(HEASn (U.S. EPA. l995b) should be. checked 
for current values. Onlv the most current values 
should be used to calculate SSLs. 

The Soil Screening Guidance addresses two 
t:xposure p.1thways for subsurface;: sods 
inhalation of volatiles and ing;:stion of ground 
water contaminated by the migration of 
contaminants through soil to an underlymg 
potable aquifer. Because the equations de,,·loped 
to calculate SSLs for these pathways assume an 
infinite source. thev can violate mass-balance 
considerations. espe.cially for small sources. To 
address this concern. the guidance also includes 
equations for calculating mass-limit SSLs for 
~- ch of these pathways when the size (i.e .. area 
.tnd depth) of the contaminated soil source IS 

known or can be estimated with confidence. 

The Soil Screening Guidance uses a simple linear 
equilibrium soil/water partition equation or a 
leach test to estimate contaminant release in 
<;·)il leachate. It also uses a simple water-balance 
equation to calculate a dilution factor to account 
for reduction of soil leachate concentration 
from mixing ~n an aquifer. 

The methodology for developing SSLs for the 
migration to ground water pathway was designed 
f<Jr use during the early c:tages of" a site 
evaluation when information about subsurface 
conditions may be limited. Hence, the 

· methodology is based on rather conservative, 
simplified assumptions about the release and 
transport of contaminants in the subsurface 
(Highlight 6). These assumptions are inherent in 
the SSL equations and should be reviewed for 
consistency with the conceptual site model (see 



Step 2) to detent'ine the applicability of SSLs to 
the m1gration to ground water path\vay. 

Highlight 6: Simplifying 
Assumptions for the SSL Migration 

to Ground Water Pathway 

• Infinite source (i.e., steady-state 
concentrations are maintained over the 
exposure period) 

• Uniformly distributed contamination from 
the surface to the top of the aquifer 

• No contaminant attenuation (i.e., 
< ~;;orption. biodegradatirn, chemical 
degradation) in soil 

• Instantaneous and linear equilibrium 
soil/water partitioning 

• Unconfined, unconsolidated aquifer with 
homogeneous and isotropic hydrologic 
properties 

• Receptor well at the downgradient edge 
of the sourr.P and screened within the 
plume 

• No contaminant attenuation in the aquifer 

• No NAPLs present (if NAPLs are 
present, the SSLs do not apply). 

Address Exposure to Multiple ChemiCals. 
The SSLs generally correspond to a l 0-6 excess 
risk level for carcinogens arid a hazard quotient 
of l for noncarcinogens. This "target" hazard 
quotient is used to calculate ;:. soil concentration 
below which it is unlikelv that sensitive 
populations will experience adverse health 
effects. The potential for additive effects has 
not b~en "built in" to the SSLs through 
apportionment. For carcinogens, EPA believes 
that setting a 10-6 excess risk level for individual 
chemicals and pathways generally will lead to 
cumulative site risks within the 10-4 to 10-6 risk 
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r;u"ge for the combinations of chemicals tYp-
ICally found at NPL sites. -

For noncarcinogens. there is no widely accepted 
ri::: ra:1ge. and EPA recognizes •!:at cumulatin 
risks from noncarcinogenic contaminants at a 
site ·could exceed the target hazard quotient. 
However. EPA also recognizes that noncancer 
risks should be added only for those chemicals 
with the same toxic endpoint or mechanism of 

·action. 

If more than one chemical detected at a site 
a~·fects the same target organ (i.e .. has the same 
critical effect as defined bv the RfD 
methodology). an overall hazard i~dex (HI) for 
the source (or exposure area) can be calculated. 
If this HI exceeds I. further investigation is 
needed. The guidance provides a list of target 
organs for all chem1cals with SS Ls bast:d on 
noncarcinogenic effect. 

2.6 Step 6: Comparing Site 
Soil Contaminant 
Concentrations to 
Calculated SSLs 

Now that the site-specific SSLs have been 
calculated for the potential contaminants of 
concern, compare them with the site 
contaminant concentrations. At this point. it is 
reasonable to review the CSM with the actual 
sitt: ri .. ::1 ~..., confirm its accuracv and the overall 
applicability of the Soil Screeni~g Guidance. 

Thus, for surface soils, the contaminant 
concentrations in each composite sample from 
an exposure area are compared to 2 times the 
SSL. (When SSL DQOs were developed, 2 times 
the SSL was determined to a '"easonable upper 
limit for comparison that would still be 
protective of human health. Use of this decision 
rule is appropriate only when the quantity and 
quality of data are comparable to the levels 
discussed in the User's Guide. For a complete 
·discussion for the SSL DQOs, see the TBD.) If 
any composite has concentrations that equal or 
exceed 2 times the SSL, the area cannot be 
screened out, and further study is needed. 

-
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Howe,·er. 1f all composite samples are below 2 
t1mes the SSLs. no further study is needed. 

For data sets of lesser quality. the 95% upper 
confidence k\·el en the arithmetic mean of 
contamtnant soil concentration can be 
compared directly to the SSLs. The TBD 
discusses strengths and weaknesses of different 
calculations of the mean and when they are 
appropriate for Making screening decisions. 

Since subsurface soils are not characterized to 
the same extent as surface soils. there is J.ess 
confidence that the concentrations measured are 
representatt\·e of the entire source. Thus. a 
more conservative approach to screening IS 

warrantee Because it may not be protective t0 

allow for comparison to values above the SSL. 
mean con tam in ant concentrations from each 
sod boring taken m a source area are compared 
with the calculated SSLs. Source areas with any 
mean sot! bonng conta1.1inan• concentration 
greater than the SSLs generally warrant further 
consideration. On the other hand. where the 
mean soil boring contaminant concentrations 
,,·ithin a source ;re all less than the SSLs. that 
source area is generally screened out. 

2. 7 Step 7: Addressing Areas 
Identified for 
Further Study 

Areas that have been identified for further studv 
become a subject of the RI/FS (U.S. EPA, 
1989c). The results of the baseline risk 
assessment conducted as part of the RI/FS will 
establish the basis for taking remedial action. 
The threshold for taking action differs from the 
criteria used for screening. As outlined in Role of 
the Baseline Ri~.'~ Assessment in Superfund 
Remedy Selection Dectstons (U.S. EPA, 199lc), 
remedial action at NPL sites is generally 
warranted where cumulative risks for current or 
future land use exceed lxl0-4 for carcinogens or 
an HI of l for noncarcinogens. The data 
collected for soil screening are useful in the RI 
and baseline risk assessment. However, 
additional data will probably need to be collected 
during future site investigations. This additional 

ll 

d:.ta will better define the risks and threats at the 
site and could conceivably indicate that no 
action is required. 

Or.c~.; the:: dc::cision has been made that remedial 
action may be appropriate. the SSLs can then 
ser\·e as PRGs. This process is referenced in 
Sc::ction 1.2 of this document. 

FOR FURTHER INFORMATION 

The technical details (e.g, equations and 
assumptions necessary to implement the soil 
screening guidance are available in the:: Soil 
Screening Guidance: User's Guide (US EPA. 
1996a) More detailed discussions of the 
~echnical backgrour i and assumptions 
supporting the:: dc::velupment of the Sot! 
Screening Guidance:: are presented m the Srn I 
Sr.:reemng Gwdance · Techmca! Background 
Document (U.S EPA. 1996b) The final portion 
of the guidance package IS the Soil Screemng 
Gwdance: Response to Comments. (U.S. EPA. 
1996c) \vhich describes changes made to the 
guidance following peer review and public 
comment. For additional copies of this fact 
sheet. the User's Guide. the Technical 
Background Document. Response to Comments. 
or other EPA documents. call the National 
Techmcal Information Service (NTIS) at (703) 
487-4650 or 1-800-553-NTIS (6847). 
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Project Summary 

Preparation of Soil 
Sampling Protocols: 
Sampling Techniques and 
Strategies 

Benjamin J. Mason 

This document is designed to serve 
as a companion to the Soil Sampling 
Quality Assurance User's Guide, Sec
ond Edition. In order to make it current 
with the state-of-the-art, the predeces
sor document, published in 1983, has 
been thoroughly reviewed and revised. 
The two documents together provide 
methods, techniques, and procedures 
for designing a variety of soil measure
ment programs and associated quality 
assurance project or program plans, 
implementing those programs, and then 
analyzing, interpreting, and presenting 
the resultant data. 

This Project Summary was developed 
by EPA's Environmental Monitoring 
Systems Laboratory, Las Vegas, NV, to 
announce key findings of the research 
project that is fully documented in a 
separate report of the same title (see 
Project Report ordering information at 
back). 

Introduction 
During the initiation of any project in 

which the conceptual model of the site 
indicates that soil is one of the key fac
tors, proper planning and selection of the 
techniques and strategies for collecting 
the samples is essential. Proper planning 
in the early stages of a project can ensure 
that the final data received will be of suffi
cient quality and adequately represent the 
site to allow for the correct decision to be 
made concerning the "fate" of the site. In 
contrast, the lack of proper planning often 
leads to data being generated that do not 
sufficiently meet the initial project goals, 
even if laboratory analyses are perfect. If 
this situation occurs, the time and ex-

pense of sampling and analysis are lost 
and resampling of the site may be neces
sary to allow for a competent decision to 
be made. 

During the preliminary phase of plan
ning a soil sampling project, several gen
eral characteristics of the site and/or prob
lem must be considered. These charac
teristics include: 

• the type and distribution of the c o n -
taminant (or other constituent of inter
est), 

the natural soil characteristics that can 
influence the distribution of the con -
taminant of concern, and 

• the nature of the media to be sampled 
(i.e., soil vs. non-soil materials, or a 
combination of the two distinctly dif
ferent media). 

These general components provide the 
project planner with the necessary infor
mation required for the development of a 
proper soil sampling protocol. 

Once the basic characteristics of the 
site and problem have been clearly identi
fied, the strategy and techniques to col
lect the samples must be developed. Dur
ing this phase in the development of soil 
sampling protocols, the investigator should 
consider the following issues: 

• the size or area of contamination, 

particulate sampling theory to address 
proper sample and subsample collec
tion, 

statistical aspects pertaining to soil 
sampling, 
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the use of relevant historical data, 

sampling designs and their appropri
ate use, 
proper sample collection procedures, 

other types of sampling of soil materi
als, and 

interpretation of the final results. 

When each of these issues is properly 
considered and addressed, a solid basis 
for the development of a soil sampling 
protocol will have been established.· 

The Size or Area of 
Contamination 

The concept of a "support" as it applies 
to soil sampling and the determination of 
the size of the site (or subunits within a 
site) has been presented. The specific 
size, shape, orientation, and spatial ar
rangement of the samples to be collected 
constitute the "support". Risk and expo
sure assessment data can often be used 
to assist in defining an "action support" or 
can be used in the application of an ac
tion level over a particular support. 

Particulate Sampling Theory 
The minimum amount of soil required to 

make up the "support" can be determined 
using the concepts developed in particu
late sampling theory. Gy's theory (devel
oped by Dr. Pierre Gy of the Paris School 
of Mines) is based upon the relationship 
between the variability of the material, par
ticle sizes in the material, distribution of 
the component of interest, and size of the 
sample taken. The variability found in par
ticulate material, such as soil, is based 
upon the number of individual particles in 
the sample. Therefore, the controlling fac
tor in the collection of a correct soil sample 
is the size of the largest particle. Thus, 
samples that have been screened prior to 
analysis with the coarser fractions being 
discarded, can produce greatly biased re
sults. Fortunately, most soils have par
ticle-size ranges in which the ''typical" 
sample size collected is adequate to ad
dress this concern. In cases where a fine
textured soil has an abundance of cobbles 
and gravels or where wastes such as 
rubble, construction debris, or battery 
cases are present in the soil, the validity 
of the contaminant concentration data may 
be questionable if appropriate steps are 
not taken to account for the occurrence of 
these large "particles". 

Additionally, particulate sampling theory 
directly addresses the process of obtain
ing of a correct sample by providing the 
basis for extracting the sample from the 
site and for aliquoting a subsample in the 

laboratory. Seven sources of sampling er
ror have been clearly delineated, thereby 
allowing the study planner to properly take 
steps to reduce these errors. Techniques 
and suggestions are presented to extract 
an unbiased soil sample and thus control 
or at least allow for the estimation of the 
size of these errors. 

Statistical Aspects Pertaining 
to Soil Sampling 

Several of the sample handling tech
niques that are often used to reduce 
sample variability (or sampling error) in
clude: 

subsampling and sample size reduc
tion, 
composite sampling, and 

• sample homogenization. 

Since these processes are incorporated 
in the initial sampling program and can 
affect the final data, the investigator must 
weigh the value of the information gained 
versus information lost by performing the 
various sample handling operations to 
more accurately assess which techniques 
can be used to meet the project goals. 

When a sample of any population, such 
as soil, is collected, it is usually necessary 
to reduce its original size to some smaller 
quantity of material for chemical analysis 
(i.e., a subsample). The guiding principle 
for the subsample selection is that the 
probability of collection of all fractions of 
the soil must be equal. If any fraction is 
excluded or favored, sampling is not cor
rect and the results will be biased. 

One of the key elements of Gy's par
ticulate sampling theory is the identifica
tion of the size or weight of sample that 
must be taken in order to insure a prede
termined level of reliability. If proper tech
niques are used and if an appropriate 
sample weight is collected for the given 
particle-size range in the sample, then 
subsampling techniques can be a means 
for reducing the bias and error within the 
sample. If an inadequate subsample size 
is collected or improper techniques are 
used, then an unknown level of bias ex
ists and consequently may affect the final 
decision to be made concerning the site. 

Several techniques, including the use 
of riffle splitters, alternate shoveling, or 
incremental sampling, can be used to re
duce the volume of sampled material to 
an appropriate subsample. Riffle splitters 
are an effective means to reduce sample 
size but only work with freely flowing ma
terials. The alternate shoveling method 
can be used in the field or laboratory if the 
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material is not cohesive. Incremental sam
pling involves extraction of one or more 
distinct increments of material for inclu
sion in the final sample. With the excep
tion of incremental sampling, these meth
ods will not work with samples being tested 
for volatile organic compounds. 

The standard deviation around a mean 
estimate obtained from a series of soil 
samples is often quite large. One tech- / 
nique to reduce the variability is to com
posite samples. Composite samples can 
be created from a well homogenized 
sample made up of a number of incre
ments or from several samples collected 
from the support. The use of composite 
samples is often recommended as a 
means of reducing the cost of sampling at 
a particular site. When properly used, 
compositing can provide a means of 
quickly assessing the average pollutant 
concentration and if an area needs further 
sampling. One problem with compositing 
samples is the loss of individual sample 
information and concentration sensitivity 
due to the dilution of the samples· (i.e., a 
"hot spot" may be unidentifiable due to 
the inclusion of one increment from the 
"hot spot" into the composite sample with 
multiple increments from the "clean" back
ground soil). 

Homogenization is not a statistical con
cept; however, it is used to control the 
variance within a sample. The mixing of 
the sample reduces the distribution and 
segregation errors, as defined in Gy's par
ticulate sampling theory, and thereby in
creases the probability of obtaining a more 
representative sample or subsample than 
if homogenization is not performed. It 
should be noted that complete homoge
neity in a soil sample is impossible to 
attain even though a sample may appear 
to be homogeneous visually on the macro
scale. 

The Use of Relevant Historical 
Data 

Too little time is usually spent in pre
liminary data collection, evaluation, and 
planning. It is difficult, if not impossible, to 
undertake a reliable soils study without 
reviewing existing data and developing a 
conceptual model of the pollutant behav
ior at the site. Any information on the 
pollutants, potential routes of migration, 
and potential effects of migration is ex
tremely useful during the development of 
soil sampling protocols. Any historical site 
information that includes: 

• geologic character (e.g., parent ma
terial, bedrock type) 
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soil characteristics (e.g., clay and or
ganic matter contents, presence of 
hardpans) 

land use, past and present 

should also be collected and used during 
the planning process. Some of the best 
sources of information are previously con
ducted environmental studies and remote 
sensing imagery. 

Sampling Designs 
The selection of a sampling design de

pends upon the purpose of the sampling 
program. A research project that is at
tempting to identify the source of a par
ticular pollutant may be able to make col
lect samples from a known contamination 
source. On the other hand, an investiga
tive soil sampling program where sus
pected contaminant dumping has occurred 
will require an entirely different sampling 
strategy. 

Properly designed sampling plans based 
upon the laws of probability provide a 
means of making decisions that have a 
sound basis and are not likely to be bi
ased. The use of statistical concepts dur
ing the planning of a soil sampling pro
gram allows the investigator to address 
concerns about the program's DOOs, in 
terms of precision, accuracy, and bias, as 
well as provides insight into the influence 
that various sample handling operations 
may have on the collected samples. 

Perhaps the most effective sampling pro
gram occurs when the sampling can be 
carried out in multiple phases. The first 
phase is a preliminary or pilot study de
signed to determine the components of 
variance for a particular material, to de
velop estimates of the variability found in 
the soil/waste combination, and to work 
out the necessary sampling protocols for 
the later phases. The later sampling pro
tocols are thus more efficient in their use 
of both time and financial resources to 
meet the goals of the sampling program. 

Some of the most common sampling 
designs include: 

random sampling which is used when 
inadequate site information is avail
able, 

stratified random sampling which is 
used when distinct layers or locations 
with varying contaminant concentra
tions can be identified, 

systematic sampling which is used to 
provide superior site coverage, 

judgmental sampling which is used in 
conjunction with the other sampling 
designs and in "unusual" situations or 

where effects have been seen in the 
past, and 

• background sampling which is used 
to determine the extent and presence 
of local contamination. 

Sample Collection Procedures 
There are two portions of the soil that 

are important to the environmental investi
gator. The surface layer (0-6 inches; 0-15 
em) reflects the deposition of airborne pol
lutants, especially recently deposited pol
lutants, and pollutants that are strongly 
bonded to soil particles. On the other hand, 
pollutants that have been deposited by 
liquid spills, by long-term deposition of 
water soluble materials, or by burial may 
be found at considerable depth. The meth
ods of sampling each of these are slightly 
different, but all make use of one of two 
basic techniques. Samples can either be 
collected with some form of core sampler 
or auger device, or they may be collected 
by use of excavations or trenches. 

For sampling soil in the upper meter 15 
centimeters (6 inches), devices such as 
soil punches, short King-tube samplers, 
ring samplers, scoops, and shovels are 
commonly used. These devices are easy 
to use, allow for the rapid sampling of the 
soil surface, are adaptable to a number of 
analytical schemes or needs, but are gen
erally limited to the upper 20 centimeters 
(8 inches) of soil. 

Sampling pollutants that have moved 
into the lower soil horizons to depths 
greater than 15 em require the use of a 
device that will extract a longer core. Ex
amples of the devices used for sampling 
these deeper soils are soil probes (often 
called King-tube samplers), augers, and 
power-driven corers. 

Trench sampling is used to carefully 
remove soil sections during studies where 
detailed examination of pollutant pathways 
or detailed soil structure are required. 
Trench sampling may be the only way to 
sample sites where there is considerable 
rubble, wood, rock, scrap metal, or other 
obstructions. A trench is initially dug using 
a backhoe and layers or "steps" are then 
sequentially sampled from the surface 
downward. The surface of each step is 
cleaned and sampled by passing the sam
pler completely through the step before 
proceeding to the next step. 

The guiding principle to reduce sam
pling collection error, regardless of which 
tool is used, is to insure that the tool 
traverses the entire strata or portion of the 
strata that is considered the sampling unit 
and that the entire sample is collected by 
the tool. 
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Other Types of Sampling of Soil 
Materials 

The development of a number of 
remediation technologies has created ar
eas where soil materials must be sampled 
for quality assurance purposes (i.e., repli
cates, independent laboratory confirma
tion samples, etc.), remedial compliance, 
and estimating the quantities of material 
that must be handled. Examples of these 
"new" areas for sampling of soils include 
process conveyor belt and stockpile sam
pling. 

The correct sampling procedure for ma
terials on process conveyor belts requires 
that all of the materials in a segment of 
the process flow be taken by sampling 
across the path of the flow. A tool that 
collects a segment of material having par
allel sides perpendicular to the flow of 
materials is required. Cross stream 
samples should be taken at periodic inter
vals while the process is operating. 

Correct sampling of stockpiled material 
requires taking a number of cuts com
pletely through a flattened pile. Unfortu
nately, flattening large waste piles is gen
erally not practical so samples are often 
taken from a cut in the pile and sampling 
from the cut face. This is not the most 
desirable approach but it can be used. If 
enough increments are taken from the 
face, a reasonable estimate of the aver
age concentration can be made. Com
positing the samples for the entire face is 
not recommended. 

Another circumstance in which soil sam
pling is required is during site remediation. 
The investigator may be asked to provide 
quality assurance oversight on a contrac
tor charged with the cleanup of the site. 
Systematic grid sampling appears to offer 
the most advantageous approach in these 
situations. Random samples can be used 
as an additional assurance that no major 
areas of contamination are being missed. 

Interpretation of the Final 
Results 

The final step in any study protocol is 
the interpretation of the data. There are 
numerous statistical tests available for han
dling data collected by each sampling de
sign. Prior to attempting to use any of the 
designs, a statistician versed in environ
mental sampling design should be con
sulted to assure that the appropriate de
sign is being used. However, the person 
doing the final data analysis must keep in 
mind the purpose for which the samples 
were collected to properly interpret the 
data. Additionally, the field scientist's im
pressions and observations noted during 
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on-site activities may provide valuable in
formation on the processes affecting the 
behavior of the pollutant and thus, how 
the data is interpreted. 

With the marked advances in 
geostatistics, techniques such as kriging 
are becoming more commonly employed 
in soil mapping, isopleth development, and 
evaluation of the spatial distribution of soil 
and waste properties. The primary use of 
kriging is for data interpolation within the 
system of samples. Block kriging is per
haps the most useful approach for- pollut-

ant studies, however, punctual kriging is 
also commonly used. Block kriging allows 
the investigator to estimate the average 
concentration over a block of soil that 
represents a risk to the environment and 
thus decide the ''fate" of the block (i.e., 
whether further sampling is required, 
whether the unit must be remediated, 
whether the unit is "clean", potential sample 
locations, etc.). 

The information in this document has 
been funded wholly or in part by the United 
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Ground-Water Issue 

SOIL SAMPLING AND ANALYSIS FOR 
VOLATILE ORGANIC COMPOUNDS 

T. E. Lewis, A. B. Crockett, R. L Siegrist, and K. Zarrabi 

The Regional Superfund Ground Water Fo
rum is a group of ground-water scientists that 
represents EPA's Regional Superfund Of
fices. The forum was organized to exchange 
up-to-date information related to ground
water remediation at Superfund sites. Sam
pling of soils for volatile organic compounds 
(VOCs) is an issue identified by the Ground 
Water Forum as a concern of Superfund de
cision makers. 

A group of scientists actively engaged in 
method development research on soil sam
pling and analysis for VOCs gathered at the 
Environmental Monitoring Systems L..abora
tory in Las Vegas to examine this issue. 
Members of the committee were 
R. E. Cameron (LESC), A. B. Crockett 
(EG&G), C. L Gerlach (LESC), T. E. Lewis 
(LESC), M. P. Maskarinec (ORNL), 
B. J. Mason (ERC), C. L Mayer (LESC), 
C. Ramsey (NEIC), S. R. Schroedl (LESC), 
R. L Siegrist (ORNL), C. G. Urchin (Rutgers 
University), L. G. Wilson (University of 
Arizona), and K. Zarrabi (ERC). This paper 
was prepared by The Committee for EMSL
L V's Monitoring and Site Characterization 
T ec:hnical Support Center, under the direction 
of T. E. Lewis, with the support of the 
Superfund Technical Support Project. For 
further information contact Ken Brown, Center 
Director at EMSL-LV, FTS 545-2270, orT. E. 
Lewis at (702) 734-3400. 

PURPOSE AND SCOPE 

Concerns over data quality have raised many 
questions related to sampling soils for VOCa. 

supem.m Technology SUpport eem.r 
for Monitoring and Site Ctw8ctwi lzadcn 

Environmental Monitoring Systems 
Laboratory Las Vegas, NV 

This paper was prepared in response to some 
of these questions and concerns expressed 
by Remedial Project Managers (RPMs) and 
On-Scene Coordinators (OSCs). The follow
ing questions are frequently asked: 

1 . Is there a specific device suggested for 
sampling soils for VOCs? 

2. Are there significant losses of VOCe when 
transferring a soil sample from a sampling 
device (e.g., split spoon) into the sample 
container? 

3. What is the best method for getting the 
sample from the split spoon (or other 
device) into the sample container? 

4. Are there smaller devices such as 
subcore samplers available for collecting 
aliquots from the larger core and effi
ciently transferring the sample into the 
sample container? 

5. Are certain con1Biners better than others 
for shipping and storing soil samples for 
voc analyais? 

6. Are there any reliable pnt88Mition proce
dures for reducing voc loaes from soil 
samples and for extending holding times? 

This paper Is intended to famDiartze RPMs, 
OSC., and field personnel with the current 
stma of the science and the c:urrent thinking 
conc:eming sampling soils for voc analysis. 
Guidance is provided for eeleding the moat 
effective sampling device for collecting 
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samples from soil matrices.~ ~iq~ for sample collec
tion sample haneting, containenZJng, shipment, and storage 
~ in this paper raduoe voc losses end generally 
provide more representative samples for volatile organic analy
ses (VOA) than techniques in cuiT8nt use. For a discussion on 
the proper use of sampling equipment the reader should refer 
to other sources (Acker, 1974; U.S. EPA, 1983; U.S. EPA, 
19868). 

Soil, as referred to in this report, encompasses the mass 
(surface end &Ybsurface) of unconsolidated mantle of weath
ered rock and loose material lying above solid rock. Further, a 
distinction must be made as to what fraction of the unconsoli
dated material is soil and what fraction is not. The soil compo
nent here is defined as all mineral and naturally occurring 
organic material that is 2 mm or less in size. This is the size 
nonnally used to differentiate between soUs (consisting of 
sands, silts, and c:lays) and gravels. 

Although numerous sampling situations may be encountered, 
this paper focuses on three broad categories of sites that might 
be sampled for VOCs: 

1. Open 18St pit or trendl 
2. Surface soils (< 5 ft in depth) 
3. Subsurface soils (> 5 ft in depth) 

INTROOUCTlON 

VOCs are the dass of compounds most commonly encoun
tered at Superfund and ather hazardous waste sites (McCoy, 
1985; Plumb and Pitchford, 1985; Plumb, 1987; Ameth et al., 
1988). Table 1 ranks the compounds most commonly encoun
tered at Superfund sites. Many VOCs are considered hazard
ous because they are mutagenic, carcinogenic, or teratogenic, 
and they are commonly the controlling contaminants in site 
restoration projects. Decisions regarding the extent of contami
nation and the degree of cleanup have far-reaching effects; 
therefore, it is essential that they be based on accurate mea
surements of the vee concentrations present VOCs, how
ever, present sampling, sample handling, and analytical diffi
culties, espec:ially whan encountered in soils and other solid 
matrices. 

Methods used for sampling soils for volatile organic analysis 
(VOA) vary widely within and between EPA Regions, and the 
recovery of Vees from soils has been highly variable. The 
source of variation in anaJyte recovery may be associated with 
any single step in the process or all steps, induding sample 
collection, transfer from the sampling device to the sample 
container, sample shipment, sample preparation for analysis, 
and sample analysis. The strength of the sampling chain is only 
as strong as its weakest link; soil sampling and transfer to the 
container are often ltte weakest links. 

Sample collection and handling activities have large sources of 
random and systematic errors compared to the analysis itSelf 
(Barcelona, 1989). Negative bias (i.e., measured value less 
than true value) is perhaps the most significant and most 
difficult to delineate and control. This error is caused primarily 
by loss through volatilization during soil sample collection, 
storage, and handling. 

TABLE 1. fWICJNG OF GROUND WATER CONT~ BASED 
ON FREQUENCY OF DETECT10N AT 358 HAZARDOUS WASTE 

DISPOSAL SITES 

Conllmnnl DNctlon fNqulncy 

Trichlarollhana M 

T elrachloroaChat 1e M 

1.2--- Dictaoacta~a M 

C!DobmM 

1. 1-Didiotoelhel• M 

Mllt1ylene ctDida M 

1 , 1, 1-Trictioloeet.ne M 

1 ,1...Qic1Doelhal• M 

1.2~1eM 

Phenol (A) 

~M 

ToUn&M 

bis-{2-Bhyllexyl) phlhalale (B) 

BenzaneM 

Vl!yl chloride 

V •IIOidle. A •ICid IIChdlbll, 8 • ~ 
Solfte: Pu!tlllld Pllr::tDd (1885}. 

51.3 

36.0 

29.1 

2B.4 

25.2 

19.2 

18.9 

17.9 

14.2 

13.6 

12.4 

11.6 

11.5 

11.2 

8.7 

There are currently no standard procedures for sampling soils 
for VOC analyses. Several types of samplers are available for 
collecting intact (undisturbed) samples and bulk (disturbed) 
samples. The selection of a particular device is site-specific. 
Samples are usually removed from the sampler and are placed 

. in glass jars or vials that are then sealed with Teflon-lined caps. 

2 

Practical experience and recent field and laboratory research, 
however, suggest that procedures such as these may lead to 
significant vee losses (losses that would affect the utility of the · 
data). Hanisch and McDevitt (1984) reported that any 
headspace present in the sample container will lead to desorp
tion of Vees from the soil particles into the headspaoe and will 
cause loss of VOCs upon opening of the container. Siegrist and 
Jennsen (1990) found that 81% of the VOCa were lost from 
samples containerized in glass jars sealed with Teflon-lined 
caps compared to samples immersed in methanol in jars. 

FACTORS AFFECTING VOC RETENTION AND 
CONCENTRATION IN SOIL SYSTEMS . 
Volatile organic compounds in soil may coexist in three phases: 
gaseous, liquid (dissolved), and solid (sorUed). [Note: "Sorbed" 
is used throughout this paper to encompass physical and 
chemical .:Jsorption and phase partitioning.] The sampling, 
identification, and quantitation of VOCs in soil matrices are 
complicated because vee molecules can coexist in these 

-
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three phases. The interactions between these phases are 
illustrated in Figure 1. The pha~e distribution is controlled by 
voc physicochemi~l properties. (e.g., solubil~ty. Henry's 
constant), soil propert1es, and enwon.mental vanables (e.g., 
soil temperature, water content, organ1c carbon content). 

The factors that affect the concentration and retention of VOCs 
in soils can be divided into five categories: VOC chemical 
properties, soil chemical properties, soil physical properties, 
environmental factors, and biological factors. A brief summary 
of VOC, soil, and environmental factors is presented in Table 2, 
which provides an overview of the factors that interact to control 
VOCs in the soil environment at the time a sample is collected. 
The cited references provide a more detailed discussion. The 
chemical and physical properties of selected VOCs are further 
described in Table 3. Note that many of these properties have 
been determined in the laboratory under conditions (e.g., / 
temperature, pressure) that may differ from those encountered 

r------.. 

L-----_. 

Tempef111Ute, 
wind, humidity, 
hydrodynamiCS, 
barol'r1ett 
pressure, 

t surface faalures 

: VOLATIUZATION 
: P0 • K..Cw 
+ (Hen'ry's law) 

·r SORPTION q-r<.~ 
(Unear lsothenn) 

EXTERNAL 
FACTORS 

r-----''----, 

T~. 
~ 
sun-

in the field. Devitt et al. (1987) offers a more exhaustive list 

Many VOCs exhibit extreme mobilities, particularly in the vapor 
phase, where their gas diffusion coefficients can be four times 
greater than their liquid diffusion coefficients. The vapor phase 
migration is influenced by the moistu~ content of the soil which 
alters the air-filled to water-filled pore volume ratio. The reten
tion of VOCs by soil is largely controlled by reactions with the 
solid phase. This retention is especially true for the finer 
partides of silts and days. The fine-grained partides (<2 mm) 
have a large surface-to-volume ratio, a large number of reactive 
sites, and high sorption capacities (Richardson and Epstein, 
1971; Boucher and Lee, 1972; Lotse et al., 1968). Some 
investigators attribute the greater sorption of VOCs onto fine
grained particles to the greater organic carbon content of 
smaller particles (K.ariddloff et al., 1979). 

Figure 1. Equilibrium relationships for phase partitioning of 
VOCs in soil systems. See Table 2 for definitions 
of abbreviations. 

Soil-moisture content affects the relative contributions of min
eral and organic soil fractions to the retention of VOCs (Smith 
et al., 1990). Mineral day surfaces largely control sorption when 
soil moisture is extremely low (<1%), and organic carbon 

(Continued on page 7) 

voc Chemical PTopertiM 

Solubility 

Henry's Constant 

Organic carbon part. coelf. 

Octanollwatar part. coef!. 

Boiling point' 

Soi1Jwa1ef cislrbJtion 
coeflicient 

TABLE 2. FACTORS AFfECl1NG VOC CONCEHTRATlONS IN SOILS 

Common 
Abbr. Unltl Eft.:tl on voc eoc .. lbidloiaaln Sol 

c. • Afleds fal8 and transport in ... ' elllc:ls 
waffltlai partit., inftuences orgri:: Cllban pd. 

K,. (~ Conslant of proporlionaity ~ the Wlllr lnCI ga 
phase CXIC ... IIIatioos; ~ lfld presan dapelldac1. 

v.p. mmHg Afleds ral8 of loss from ... 

K.. mgVOCigC Adlorplion aleflicilnl1101 nlliizad lor IOi orgri:: ann. 

K. mgVOCI EqUibUn oonstant lor cislriJtAion of voc t.twe.IWIIilr 
mgodlnol n:t an otgri: (oc:tanol) ~. Gwslllimlte of VOC 

prii)lling ~ orgaric fnlclion of sol 

b.p. "C 

1<, [1) EquilibrUn c:onstanllor cistrbAion of <XII ami llf'll between 
solid and &cpd phuas. 

3 

Flal8caiCIS 

Roy and Griftin (1985) 

Shen lnCI Sewll (1982) 
Spencar It II. {1988) 

Shen lnCI Sewll (1982) 

Fna .til. (1 8110) 

Vria lnCI Web« (1983) 

Vrict lnCI Web« (1983) 

· Vria n:t Web« (1983) 

(Continued) 
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TABlE 2. (CON'TNIED} 

e-n 
Fector lbkll. Unla Eflldl on YOC Coucenllltiol•ln Sol .... ICIS 

Sol a..-. Pt .... 

Cllion exdw1ga c:apecity CEC ~COg Eslirnales the rurber of negalively chlrged Uls on soi 
pri:jes wllenl dlargld voc may sorb; pH depelldlrt -lon COIOMitndion pH -«QH-1 lnluencls a IUiiler oiiOI proc8S88S lhll iMJivoe 

(adivily) non-neulla organic l*'litiouing; lfleds CEC nl 
IOIIility otl0fll8 voes. 

.. -T otaJ orgaric C8lbon CXIIUnt TOC mgCigsoil All ~ partilioring mecitJn tor 1111n1101ar. hydi optllbic Chiou et aJ. (1988) 
(tigh K.J YOCs; sr:xption ol VOC6 in this INdiLin may be Fanner et aJ. (1980) 
~ irmersble. 

Sol Phy.al Prupdll 

Particle size or tax11n A %sand, A.fleds infillnllion, penetration, 1'818ntion, sorption, and Richardson and 
sit. day mabity of voes. WiJences hydtauics as well as ufaca- Epslain (1971 ) 
~ l1llio (s.a.ecKd). 

t 

Specific Sl.fface area s.a. mZ/g A.flec:ts adsorption of VOCs from vapor phase; lfleds soil Karickhoff 8! aJ. (1979) 
por1)Sily and other tamnl properties. 

&~k density P. !Van' Used in estinalilg mobiity and ratanlion of VOC6 in sois; Spencer et aJ. (1988) 
will inbnoe sui ~ device selection. .. 

Porosity n 
"" 

Void ¥01~me to tolal ¥01~me ralio. A.tlecls YOklne, Fanner et aJ. (1980) 
COIICB'IIralion,1'818ntion, and nigralion of VOCs in soil voids. Shin and Sewell (1982) 

~moistl.n e %(w1W) A.flec:ts hylhiiic conductivity of soil and sorption of VOCs. Fanner et aJ. (1980) 
Delarmiles the cissokAion and mobiily of VOCs in soil. Chiou nl ~ (1985) 

Wat&r potential pF m Relalas ID the 11118, mobility, and C011C8f111'111io11 of V0Cs 
in wUir or iquid chlnicals. 

Hytnliic conciJc:tMty K mid A.flec:ts viscous low of VOCs in IOil wa1ar dep8l dng on 
degree of sab.nlion. p:ilnls, and oCher physical ladors. 

EnWolmenlll FeciDrl 

RelaliYe tuTidily R.H. "" ] 
Chiou and~ (1985) 

CoUd aflect the rnootnll1l, clflusion, and COIOMIIndion of 
T~ T "C VOCs; ~tan; aU! ben 8p8Cific and depeudant 

~ soi uilce -lir iWface dfllwrials. 
Barametric priSSl.l8 mmHg 

-
-

Wind speed knots ReieYant ID speed, rnowmert, nl COIICanlralioll of 
YOCs apoaed, .-.noved, or cltUing m eoil utace. 

Grotnl CO'IW "" ~. nllln, and ki1d, and cistriUion ol CO'IW 
aU! allect ~ clfhlliori 111185, and 
COl Ita llndion of V0Cs. -

-
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TABlE 3. CHEMICAL PROPER11ES OF SElECTED VOLA11lE ORGANIC COUPOUNDSt 
ti'lll -
Iiiii m.w. Solubilities Vapor PressuiW 

Compound (gtmole) (mg/L @ 20"C) log K,: log K,: K• 
H 

(mm@20"C) 

••• 

•• Acetone 58 Miscible .{).22 .{).24 270 (@30") 

Benzene 78 1780 1.91 2.11 0.22 76 
.,,, Bromodichloromethane 164 7500 2.18 2.10 50 

Bromofonn 253 3190 (@30") 6 {@25") 

'"'" Bromo methane 95 900 1.34 1.19 1.50 1250 

2·Butanone 72 270000 1.56 0.26 76 

'"" Carton disulfide 76 2300 1.80 260 

,,., Carbon tetrachloride 154 BOO 2.04 2.64 0.94 90 

Chlorobenzene 113 500 2.18 2.84 0.16 9 

.. ,, Chloroethane 65 5740 1.40 1.54 0.61 1000 

2-Chloroethytviny1 ether 107 
,,.,., Chlorofonn 120 8000 1.46 1.97 0.12 160 

Chloromethane 51 8348 0.78 0.91 1.62 3800 

·~ Dibromochloromethane 208 3300 2.45 224 15 (@10.5") 

,.,., 1,2-Dichlorobenzene 147 100 2.62 3.38 

1,3-Dichlorobenzene 147 123 (@25") 3.38 

•• 1 ,4-Dichlorobenzene 147 49 (@ 22") 3.39 

1,1-Dichloroethane 99 5500 1.66 1.79 0.18 180 

Iiiii 1.2-Dichloroethane 99 8690 1.34 1.48 0.04 61 

1.1-Dichloroethene 97 400 500 - trans-1.2-Dichloroethene 97 600 1.56 2.06 200 (@ 14") 

1.2-Dichloropropane 113 2700 1.99 4.2 ... 
cis-1,3-Dichloropropene 110 2700 34 (@25") 

trans-1.3.-Dichloropropene 111 2800 43 (@25") 

""' Et11y1benzene 106 152 2.60 3.15 7 

... 2-Hexanone 100 3500 1.38 2 

Methylene chloride 85 20000 1.40 125 349 

.... Methy1isobutytketone 100 17000 1.34 1.48 0.002 6 

Perchloroethylene 166 150 2.60 2.60 O.BS 14 .... Styrene 104 300 2.61 2.95 5 

1.1 ,2.2· Tetrachloroethane 168 2900 2.07 2.60 5 

'"" T etrachloroethene 166 150 2.78 3.40 18 (@ 25") 

Toluene 92 515 2.18 2.69 OZ! 22 
'illi 

1 , 1 , 1· Trichloroethane 133 4400 2.19 2.50 1.48 100 

'""' 
1,1.2· Trichloroethane 133 4500 2.14 2.07 19 

T ridl1oroethylene 132 700 2.09 229 0.37 60 

iJ&If T richloroftuoromethane 137 1100 (@ 25") 2.68 61fT 

Vinyl acetate 86 25000 1.59 0.73 115 (@ 25") 

it'"' Vinyl chloride 63 1100 (@ 25") 2.60 1.38 iT.O 2660 (@25") 

T ota1 xy1enes 106 198 2.48 9400.0 
;.a$1 

'"' ' From~ 1983, .by 1984. 
• Olvllic catlan pllftoring Clldcilrt. 

liif • ~ pRIIoning coellcilnt 
' Hl!rf' Ga l.r ~ (ctrr.llionllll) • 20"C. 

1''!1 

, ... 5 

•1'11 

... 
,.,,. 
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TABLE 4. MICftOBIOLOGICAL FACTORS AFFEcnNG VOCe IN SOIL SYSTBIS 

Orglnllm(l) Compound(s) Concltions ~·l 

Various soil mia'Cbes Pentach~nol Aerobic tetra·, tri·, di·, and m-Chiorophenol (Kobayashi and Rittman, 1982) -
1,2,3- and 1,2,4-Trichlorobenzene Asrobic 2,6-; 2,3-0ic:hlorobenzene; 2,4- and 2,5-dic:hlorobenzene; C0

2 
(Kobayashi and Rittman, 1982) -

Various soil bacteria Trichloroethane, trichloromethane, Anaerobic RaductiYe dehalogenation under anoxic conditions, o.e., < 0.35 V) 
methylchlo!ide, chloroethane, (Kobayashi and Rittman, 1982) 
dic:hloroettlane, Yinytidiene chloride, -trichloroethene, tstrachloroe1he. 
methylene chmde, 
cibromochloromethane, 
bl omochloromethan -

Various soil miaobes T etrachloroethene Anaerobic RaductiYe dehalogenation to trichlome!hene,dichloroelhene, and 
vinyl chloride, and finally C02 (Vogel and McCarty, 1985) -

Various soil microbes ~ tric::hloroelhene Anaerobic Oehalogenation to 1,2-dc:hloroelhene and not 1,1-<idiome!hene 
(Kieoplar et al., 1985) 

Various soil bacteria T richloroethene Aerobic Mineralized to C02 in the pt8S8f1Ce of a mixlln of natural gas 
and air -

Actinomycetes chlorinated and I'IOIH:hlorinated aerobic Various particle breakdown produdS ninefalized by other 
aromatics niaoorganisms (lechewlier and lechewlier, 1976) 

Fungi DDT. Aerobic ~e nineralizalion in 10.14 days (Johnsen, 1976) 

Pswdoroonas sp. Aromatics Aerobic Organisms were capable of sustaining growth in these compounds 
Acinetobactersp. with 1 00% biodegrada!ion (Jamison et al., 1975) 
Miar:x:rxcus sp. 

Acetate-grown biofilm Chlorinated aliphatics Aerobic No biodegralion obserwd (Bouwer, 1984) 

Methanogenic Nearly 100% biodegradation obserwd (Bouwer, 1984) 

Chlorinated and nonchlorinated Aerobic Nearly 100% biodegradalion (Bouwer, 1984) 
aromalics 

Methanogenic No biodegration observed (Bouwer, 1984) 

Blue-green algae Oil wastes Aerobic Biodegradation of automobile oil wastes, crankcase oil, etc. 
(cyanobacteria) (Cameron, 1963) 

6 
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partitioning is favored when moisture content is higher (Chiou 
and Shoup. 1985). 

Biological factors 3:ffecti_ng VOC retenti~n in ~il systems can be 
divided into microb1olog1cal and macrob1olog1cal factors. On the 
microbiological level, the indigenous microbial populations 
present in soil systems can alter VOC concentrations. Although 
plants and animals metabolize a diversity of chemicals, the 
activities of the higher organisms are often minor compared to 
the transformations affected by heterotrophic bacteria and fungi 
residing in the same habitat. The interactions between environ
mental factors, such as dissolved oxygen, oxidation-reduction 
potential (Eh), temperature, pH, availability of other compounds, 
salinity, particulate matter, and competing organisms, often 
control biodegradation. The physical and chemical characteris
tics of the VOC, such as solubility, volatility, hydrophobicity, and 
K..,. also influence the ability of the compound to biodegrade. 
Table 4 illustrates some examples of the microbiological alter
ations of some commonly encountered soil VOCs. In general, 
the halogenated alkanes and alkanes are metabolized by soil 
microbes under anaerobic conditions (Kobayashi and Rittman, 
1982; Bouwer, 1984), whereas the halogenated aromatics are 
metabolized under aerobic conditions. To avoid biodegradation 
and oxidation of VOCs in soils, scientists at the U.S. EPA Robert 
S. Kerr Environmental Research Laboratory in Ada, OK, extnJde 
the sample in a glove box. 

On a macro scale, biological factors can influence the migration 
of VOCs in the saturated, vadose, and surface zones (Table 5). 
Biofilms may accumulate in the saturated zone and may biode
grade and bioaccumulate VOCs from the ground water. The 
biofilm, depending on its thickness, r'nay impede ground-water 
flow. Plant roots have a complex microflora associated with 

TABLE 5. MACROBIOI..OGICAl. FACTORS AfTEC'TNl VOCa 
IN SOIL SYSlCMS 

Biofilms Sai!Jraled , 

P1ant roots eapilary fringe 
to vadose 

Animal burTows Vadose 
holes 

Vegataliw cowr Soil surfac:e 

Biodegladalian, bioacamillion, 
fonnalion of macabolbs thai are 
more or lass toxic 1lwl pnri 
~.thicK biofiin may 
r8lard l8llnllld low 

Myo:llrtilal b9 may biode!1ade 
or bio8:::a.mllal VOC, root 
c:lwl1* may ..w. anUts 
tor voc nipion 

May ICt • .-y paR lor and 
downwlrd nipion of .... 
spill and seMI • anUt lor 
~ voc m9alion 

Serw • barrier to YOialization 
from IOi u1lce lOCI rellrd 
infiltralion ol sur1ace spils 
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them known as mycorrhizae. The mycorrhizae may enhance 
vee retention in the soil by biodegradation or bioaccumulation. 
~e ~ channels may act as ~uits for increasing the 
m1gration of VOCs through the sod. S1milarty, animal burrows 
and holes may serve as paths of least f8Sistanoe for the 
movement of VOCs through soil. These holes may range from 
capillary-size openings, aeated by worms and nematodes, to 
large-diameter tunnels exeavated by burrowing animals. These 
openings may inaease the depth to which surface spills pen
etrate the soil. A surface covering consisting of assorted vegeta
tion is a significant barrier to volatilization of VOCs into the / 
atmosphere. Some ground-water and vadose-zone models 
(e.g., RUSTIC) include subroutines to account for a vegetative 
cover (Dean et al., 1989). 

SOIL SAMPUNG AND ANALYSIS DESIGN 

Prior to any sampling effort, the RPM or OSC must establish the 
intended purpose of the remedial investigation/feasibility study 
(RVFS). The goals of collecting samples for VOA may include 
source identification, spill delineation, fate and transport, risk 
assessment, enforcement, remediation, or post-ramediation 
confirmation. The intended purpose ofthe sampling effort drives 
the selection of the appropriate sampling approach and the 
devices to be used in the investigation. 

The phase partitioning of the vee can also influence which 
sampling device should be employed. Computer modela gener
ally are used only at the final stages of a RIIFS. ltowever, 
modeling techniques can be used throughout the RIIFS process 
to assist in sampling device selection by estimating the phase 
partitioning of VOCa. The RPM is the primary data user for a RV 
FS led by a federal agency. As such, the RPM must select the 
sampling methodology to be employacl at the site. FtgUre 2 
illustrates the sequence of events used to plan a VOC sampling 
and analysis activity. 

The domains of interest also must be detannined. The target 
domains may include surface (two dimensions) or subsurface 
(three dimensions) environments, hot spots, a coclcenbalion 
greater or less than an action limit, or the .... aboYe a leaking 
underground storage tank. Stattstica that may be genecatad 
from the target domain data must be CXIt1aidel'ed before a 
sample and analysis design is dewlopeci Possible statistics of 
interest may include awrage arWy1a COI10811batiol'l and the 
variance about the mean (atallstica that compare whether the 
obseMid leYel is significantly abcMt or below an action leYel) as 
well as temporal and spatial trends. Data must be of .utllc:ientty 
high quality to meet the goals of the samplng dvity. The leYel 
of data quality is defined by the data quality objediwe {0001). 
In RIIFS activities, sit8s are 10 clhrent and Information on 
overall measurement enor (sampling plus analytical error) is 10 
limited that it is not practical to set uniYenlal orgenericpr8Cision, 
accuracy. representatiwne comp4etaneu. and oompanlbil
ity (PARCC) goals. The reader is refen'ed to a ueer'a guide on 
quality aaaurance In soil sampling (Barth et al., 1989) and a 
guidance document for the de·;eiapment of data qualty objeo
tivas for remedial response activitiea (U.S. EPA. 1987). 

oao. .. quafrtatiw and quanlttatiYe idlll8menta of the leYel of 
uncertainty a decision maker is wiling to accept in maldng 
dec:iaions on the beals of emrironmental data.. tt is importiW to 
realize that if the enor assoc:iated with the sample coledion or 
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preparation step is large, then the best laboratory quality 
assurance program will be inadequate (van Ee et al., 1990). 
The greatest emphasis should be placed on the phase that 
contributes the largest component of error. For the analysis of 
soils for VOCs, the greatest sources of error are the sample 
collection and handling phases. 

The minimum confidence level (CL) required to make a 
decision from the data is defined by the DOOs. The minimum 
CL depends on the precision and accuracy in sampling and 
analysis and on the relative analyte concentration. Relative 
error may be reduced by increasing either the number or the 
mass of the samples to be analyzed. For instance, although 
5-g aliquots collected in the field might exhibit unacceptable 
errors, 1 OQ-g samples will yield smaller errors and might 
therefore meet study or project requirements. Compositing soil 
samples in methanol in the field also can reduce variance by 
attenuating short-range spatial variability. 

Field sampling personnel should coordinate with laboratory 
analysts to ensure that samples of a size appropriate to the 
analytical method are collected. For example, if the laboratory 
procedure for preparing aliquots calls for removing a 5-g 

· aliquot from a 125-ml wide-mouth jar, as per SW-846, Method 
8240 (U.S. EPA 1986b), then collecting a larger sample in the 
field will not reduce total measurement error, because addi
tional errors will be corrtributed from opening the container in 
the laboratory and from subsequent homogenization. 
Aliquoting of a 5-g sample in the field into a 40-ml VOA vial that 
can be directly attached to the laboratory purge-and-trap unit 
significantly reduces loss of VOCs from the sample (U.S. EPA, 
1991 a). Significant losses of VOCs were observed when 
samples were homogenized as per Method 8240 ~ 
tions. Smaller losses were observed for smaller aliquots (1 to 
5 g) placed in 40-ml VOA vials that had modified caps that 
allowed direct attachment to the purge-and-trap device. The 
procedure of collecting an aliquot in the field eliminates the 
need for sam~ preparation and eliminates subsequent VOC 
loss in the laboratory. 

Field-saeening procedures are gaining recognition as an 
effective means of locating sampling locations and obtaining 
real-time data. The benefits of soil field-saeening procedures 
are: (1) near real-time dlta to guide sampling activities, (2) 
.concentration of Contract Laboratory Program (CLP) sample 
collection in critical areas, (3) reduced need for a second visit 
to the site, and (4) reduced analytical~ on the laboratory. 
Umitations of field-screening procedures are: (1) a priori 
knowledge of VOCs present at the site is needed to accurately 
identify the compounds, (2) methodologies and instruments 
are in their infancy and procedures for their use are not well 
documented and (3) a more stringent level of quality assur
ance and quality control (CAIOC) must be employed to ensure 
accurate and precise measurements. The potential benefits 
and limitations associated with soil-screening procedures 
must be carefully weighed and compared to the DOOs. 

Certain sampling and analytical methods have inherentlimita
tions on the type of QA/QC that is applicable. For example, 
splitting sail samples in the field would not be appropriate for 
VOA due to excessive analyte Joss. The higher the minimum 
CL needed to make a decision, the more rigorous the QA/QC 
protocols must be. As VOC concentrations in the soil sample 
approach the action or detection limit, the quantity and fre-

9 

quency of QA/QC samples must be increased, or the number of 
samples must be increased, to ensure that the data quality 
obtained is appropriate to satisfy project objectives. 

One aitical element in VOC analysis is the appropriate use of trip 
blanks. If a sample consists of a silty day loam, a trip blank of 
washed sand may not be realistic, fer such a blank would not 
retain VOC cross contamir.ants in the same w~ as the sample. 
The trip blank soil matrix should have a sorptive capacity 
similar to the actual sample. In addition, high
concentration and low-concentration samples should be shipped 
in separate coolers. / 

DEVICE SELECTION CRITERIA 

The selection of a sampling device and &arnl)ling procedures 
requires the consideration of many factors inauding the number 
of samples to be collected, available funds, soil characteristics, 
site limitations, ability to sample the target domain, whether or not 
saeening procedures are to be used, the size of sample needed, 
and the required prac:ision and accuracy as given in the OOOs. 
The number of samples to be collectad can greatly affect sam
pling costs and the time required to complete a site characteriza.. 
tion. If many subsurface samples are needed, it may be possible 
to use soi~ sampling coupled with on-lite analysis as an 
integrated screening technique to reduce the area of interest and 
thus the number of samples needed. Such a sampling approach 
may be applicable for cases of near-surface contamination. 

Ultimately, the sampling, sample handling, containerizing, and 
transport of the soil sample should minimize losses of volatiles 
and should avoid contamination of the sample. Soil sampling 
equipment should be readily decontaminated in the field if it is to 
be reused on the job site. Decontamination of sampling equip
ment may require the use of decontamination pads that haw 
impervious liners, wash and rinse troughs, and careful handling 
of large equipment Whenewr possible, a liner should be used 
inside the sampling device to reduce potential aoss contamina
tion and canyover. Decontamination procedures take time, 
require extra equipment, and ultimately increase lite characl8r
ization costs. Ease and cost of decon1amination are thus impor
tant factors to be considered in device selection. 

Several soil-screening procedures are In use that include 
headspace analysis of soils using organic vapor analyzers: Wlll8r 
(or NaCI-saturatlld watar) extradion of soil, followed by static 
heedspec:e analysis using an organic vapor analyzer (OVA) or 
gas chromatograph (GC);colorimetrictest kits; methanol extrac> 
tion followed by headspaoe analyaia or direct injection into a GC; 
and soil-gas sampling (U.S. EPA, 1988). Field rneuurements 
may not provide absolute values but often may be a superior 
means of obtaining relative values. Theee procedures are gain
ing accaptance. 

Site Charactert8tlca 

The remotenea of a lite and the physical setl:lng may restrict 
access and, therefcre, atrect equipment selection. Such fadors 
as vegetation, s18ep slopes, rugged or rocky tenain, overhead 
power lines or other overhead restridlons, and Jack of roads can 
contributa to access problems. 

The presence of underground utilities, pipes, eledrical lines, 
tanks and leach fields can also affect selediorl of sampling 



equipment. H the tocation or absence of these hazards cannot 
be established it is desirable to conduct a nonintrusive survey 
of the area ~ select a sampling approach that minimizes 
hazards. For example, hand tools and a backhoe are more 
practical under such circumstances than a large, hollow-stem 
auger.lhe selection of a_sampling device may~ !"fluenced by 
other contaminants of Interest such as pesticides, metals, 
semivolatile organic compounds, radionuclides, and explo
sives. Where the site history indicates that the matrix is other 
than soil, special consideration should be given to device 
selection. Concrete. reinforcement bars, scrap metal, and lum
ber will affect sampling device selection. Under some circum
stanc:es, it may not be practical to collect deep soil samples. The 
presence of ordnance, drums, concrete, voids, pyrophoric ma
terials, and high-hazard radioactive materials may preclude 
some sampling and may require development of alternate 
sampling designs, or even reconsideration of project objectives. 

Soli Characteristics 

The characteristics of the soil material being sampled have a 
marKed effect upon the selection of a sampling device. AI1 
investigator must evaluate soil characteristics, the type of VOC, 
and the depth at whictl a sample is to be collected before 
selection of a proper sampling device. Specific characteristics 
that must be considered are: 

1. Is the soil compacted, rocky, or rubble filled? Hthe answer 
is yes, then either hollow stem augers or pit sampling must 
be used. 

2. Is the soil fine grained? H yes, use split spoons, Shelby 
tubes, liners, or hollow stem augers. 

3. Are there flowing sands or water saturated soils? If yes, use 
samplers such as piston samplers that can retain these 
materials. 

SOIL-GAS MEASUREMENTS 

Soil-gas measurements can serve a variety of screening pur
poses in soil sampling and analysis programs, from initial site 
reconnaissance to remedial monitoring efforts. Soil-gas mea
surements should be used for screening purposes only, and not 
for definitive determination of soil-bound VOCs. Reid analysis 
is usually by hand-held detectors, portable GC or GCIMS, 
infrared detectors, ion mobility spectrometers (IMS), industrial 
hygiene detector tubes, and, recently, fiber optic sensors. 

At some sites, soil-gas sampling may be the only means of 
acquiring data on the presence or absence of VOCs in the soil. 
For example, when the size and density of rocks and cobbles 
at a site prevent inaeftion and withdrawal of the coring device 
and prevent sampling with shovels and trowels, unacceptable 
losses of VOCs would occur. Soil-gas measurements, which 
can be made on site or with collected soil samples, can be used 
to identify volatile contaminants and to determine relative 
magnitudes of concentration. Smith et al. (1990) have shown 
a disparity in soil-gas VOC concentrations and the concentra
tion of VOCs found on the solid phase. 

Soil-gas measurements have several applications. These in
dude in situ soil-gas surveying, measurement of headspace 
concentrations above containerized soil samples, and scan
ning of soil contained in cores collected from different depths. 
These applications are summarized in Table 6. Currently, no 

TABLE 6. APPI..JCATIONS OF SOIL-GAS MEASUREIIEHTTEatNQUES IN SOIL SAIIPlJNG FOR VOC. 

Soil vapor 
surveying 

Soil headspace 
measurements 

Saeening 
soil cores 

Identify sources.and exl8nt 
of contaminalion. DisUnguish 
between soil and ground water 
all1tamination. Detect VOCs 
under asphalt. concrete, etc. 

Screen large I1UI"OOels of soil 
samples. 

Soil cores scanned to locate 
depth where highest VOC 
le¥els are localed. 

Acli¥e ~ing from soil probes 
into canisters, glass bulbs, gas 
~ng bags. Passive ~mg 
onto buried adsolptiva Slbslrales. 
Followed by GC or other analysis. 

Measure headspace above 
c:onlainerized soil ~e. 
Conlainers range from plastic 
sandwicf1 bags to VOA vials. 
Use GC, vapor deteclors, IMS, etc. 

Collect core ~ (e.g., unlined 
split spoon) and scan for vapo!S near 
core surface using portable vapor 
monitor. 

10 

BENEFTTS: Rapid, inexpensive screening of 
large 118&5, awid ~ing II1Corltaminaled ar&as. 
UMITATlONS: False positives and negaliws, miss 
del8dilg bcalized Sl.lfaoe spits, cisequiibrium 
between adsolbed and vapor phase vee 
conoenlralions. 

BENEFITS: More repn1511nlalive of adsorbed sorld 
phase oonoentralion. 
UMITATIONS: Losses of vapor phase~~~~ 
cbing ~ing and~ transfer. 

BENEFITS: Locate and coiled so~ from hot spot 
in core for worst case. 
UMITATlONS: False negalives and positives, 
environmental conditions can influence readings 
(e.g., wind speed and diredion, ~rature, humidity). 
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.......... standard protocols exi~t for soil~a~ analysis~ many investi~a- sate for a less precise sampling approach. The closer the 
tors have devised their own techmques, wh1ch have varymg expected contaminant level is to the action or detection limit, the 
degrees of efficacy. Independently, the American Society for more efficient the sampling device should be for obtaining an 
Testing and Materials (ASTM) and EPA EMSL-LV are preparing accurate measurement 
guidance documents for soil~as measurement These docu-
ments should be available late in 1991. SOIL SAMPLING DEVICES 

The required precision and accuracy of site characterization, as Table 71ists selection criteria for different types of commercially 
defined in the DOOs, affect the selection of a sampling device. available soil sampling devices based on soil type, moisture 
Where maximum precision and accuracy are required, sampling status, and power requirements. The sampling device needed 
devices that collect an intact core should be used, particularly for to achieve a certain sampling and analysis goal can be located / 
more volatile VOCs in nonretentive matrices. Augers and other in Table 7 and the supplier of such a device can be identified in 
devices that collect highly disturbed samples and expose the Table 8. Table 8 is a partial list of commercially available soil 
samples to the atmosphere can be used if lower precision and sampling devices that are currently in use for sampling soils tor 
accuracy can be tolerated. Collection of a larger number of VOC analysis. The list is by no means exhaustive and inclusion 
samples to characterize a given area, however, can compen- (Continued on page 14) 

TABLE 7. CRJTER1A FOR SELECTING SOIL SAMPLING EQUIPUENTt 

Obtalnt llost Opemion Suit~~* Sol Ratlw l...llbor Manual 
Cont Suit~~* In Stony llolsl1n Simple ~irwnlnts or Power 

Type of SlmP'ef Samples Soli types Soils Concltionl Sla (I of Penon~) Operdon 

A. Med1anicaJ ~ Reco'l9r)' 

•• 
1. Hand-held Power augers No Cotv'c:oh'less Un!aYorable lntermad"1818 Large 2+ Pow. 
2. Solid stem flight augers No CoiVc:oh'less Favorable Wfl.te r!ly Large 2+ Power 
3. HeM low-stem augers Yes Cotv'c:oh1ess FavM!av Wfl.te r!ly Large 2+ Power 
4. Bud<et augers No Cotv'alh'less Favorable Welt) r!ly Large 2+ Power 
5. Baddloes No Co/Vall'! 'less Favorable Watte r!ly Large 2+ Power 

B. Sample!s 
1 . Screw-type augers No Coh UnlaYorable lntBnnediale Smal Single t.Wlual 
2. Barrel augers 

a. Post-hole augers No Coh I.JnfiMnble Wet Large Single Manual 
b. Dutch augers No Coh UnlaYorable Wfl. Large Single Manual· 
c. Regular barrel augers. No Coh Unfavorable lnlllrrnldiala Large Single Manual 
d. Sand augers No Coh'less lJnfavonlble ll'1tlllm8diate Large Single Manual 
e. t.lud augers No Coh Unfavor.!ble Wet Large Single Manual 

3. T LJbe.type samplers 

a. Soil samplers Yes Coh Unfavorable Welte r!ly Small Single Manual 
b. Veihmeyef titles Yes Coh Unfavorable lniBm'tediale Large Single Manual 
c. Shelby tubes Yes Coh Unfavorable lnl8nnedi8l8 Large 2+. Bolh 
d. Ring-lined~ Yes Coh1ess Favorable Wet te imBrmecial8 Large 2+. Bolh 
e. Continuous~ Yes Coh Unfavorable Welte r!ly Large 2+ Power 
f. Piston~ Yes Coh I.JnflMnble Wet Large 2+. Bolh 
g. Zsro-con1ernina!ion samplers Yes Coh Unfavorable Wfl. to in8rmeciaiB Smal 2+. Bolh 
h. Split spoon~ Yes Coh lJnt.M:nble lrd8nneciata Large 2+. Bolh 

4. Buat samplers No Coh FaYOrlble W«te r!ly Large Single Manual 

t Adil*d frTxn U.S. EPA. 1986&. 
• All hand-oparal8d V9l'lions of~ ·~tor c:ontnJcus ~ can be worltad bot one pnon. 

Coh • allleSw . 

.... 
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A.8acx'i*1 Design & 
~Co. 
814 Ncl1h HarYy Slr88l 
Alexll'dia. VA 22314 
703-549-5999 

AJ:Ju. Drll Co. 
P.O.Bax830 
Saw1iln, PA 
717-686-2061 

AMS 
Harrison at Dragon Trail 
American Fals, 10 83211 

Concord, Inc. 
2BOO 7ltl Ave. N. 
Fargo, NO 581 02 
701-280-1260 

CME 
Central Mine Equip. Co. 
6200 North Broadway 
St. Louis, MO 63147 
800-325-68.27 

Oiedrich Orilting Equip. 
P.O. Box 1670 
t..porte, IN 46350 
fi00-3.48.a809 

TABLE 8. EXAIIPLES OF COIIIIERCIAU. Y AVAILABLE SOIL SAIIPUNG DEVICES 

~ 
L.qth (ft:MI) 
LD.(ft:MI) 

s.npllng Dntcl s.mpilriiDirill Linlrl 

Pt.rge and Trap 3 
Soil~ 0.5 

Stainless 8l8el 

Heavy ClAy "lynac" 18&24 Brass, 
SpltTibe~ 1-1Qtl4-1Q ltlinless 

Sl8el 

Dennison ConiBamll 24&60 Brass 
1-7/8 tl &-5116 

ConiSoi~ 2to 12 Stainless, plastic 
1-1Q to 3 lllrlirun, bronze 
Aloy, slliiess tafton 

Dual P\rpose Soil 12, 18&24 ~.Tellon 
Rec:owwy Probe 314 and 1 lltiiNss 

4130N!Dy, 
lllinless 

Soil Recowry ~ 8to 12 Plastic, stai1less 
2&3 T ellon, lkJni1Jin 
Sllinless 

Speedy Soil SaJ11ller 48&72 
3116to 3-1Q 
Staness 

Zero Corianinalion Uri! 
~~r 

ConlinJous ~ 60 
2-1Qto 5-318 
S1ael, stainless 

Bearing Head Continuous 60 
~ Tlbe Syslam 2-1Q 

Steel, stainless 

- Heavy Duty Split 18&24 Brass, piastic 
T 1be 5at1lller 2, 2-1Q, 3 stairMss, Tafton 

S1ael 

Continuous~ 60 Brass, plaStic 
3, 3-1Q stainless, Tefton 

12 

Good i1 al types of soils. 

Adapts tl AMS OW & down" 
lwnmer illllidliiWIL Use 
wllh or wlhcxi hrs. 

Automated syslem alows 
l8trieYal of 24 i1 soi 
Ufl1lle in 12 eeC. 

May not be Slitable in 
smny soils. Adapls tl CMS 
auger. 

Versatile sysan. Adapts 
1D al brands oiiUIJifS. 

Full line of accessories 
are aYiilable. 

Switch-out device easily 
done. 
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TABLE 8. (CONTINUED) 

Specifications 
Leng1h (Inches) 
LD.Onches) 

Manufactures Slmpllng Device Simpler Material Uners Features 

Geoprobe Systems Probe Drive 11·1/4 Remains cornpjetely sealed 
607BameySt. Soil Sampler 0.96 while pushed to depth in 
Salina. KS Alloy steel soil. 
913-825-1842 

Giddings Machine Co. Coring Tubes 48&60 Butyrate A series of optional 518 in 
P.O. Drawer 2024 7/Bto 2-3/8 slots permit observalion of 
Fort Collins, CO 80522 4130 Molychrome the~. 
303-485-5586 

JMC Environmentalist's 36&48 PETG plastic, Adapts to drop-hammer to 
Clements and Associates Sutrsoil Probe 0.9 stainless penelrllfS the hardest of soils. 
R.R. 1 Box 186 Nickel plated 
Newton, lA 50208 
BQ0.247-6630 Zero Contaminalion 12,18&24 PETG plaslic:, Adapts to power probe. 

Tubes 0.9 stainless 
N'lc:Mi plalad , .. 

Mobile OriUing Co. "Lynac" Split 18&24 Brass, Adapts to Mobile wirlline 
3807 Madison Ave. Bamtl Sampler 1·112 plastic ~syslllm. 
Indianapolis, IN 46227 
1100428-4475 

Solitest, Inc. Zero Contaninalion 12, 18&24 Stairiess, Hand~goodb 
66 Allncl1t Drive ~ 0.9 acacal8 ch8nic:al rasicbt siiJies. 
lake Bluff, IL Chrome plalad 
BQ0.323-1242 

Thin Wall Tlbe 30 Wil tab ll1lisbJbect S8fl'4llas 
~(SheiJy) 2·112. 3, 3-112 in Qlhesiw lOis and clayL 

Sl8el 

Sp@ Tlbe s.npier 24 Forced 1m IOi by jcldng. 
1-112 tl3 hyltdc preiSI.ft or ctiWig. 
98el VfltY pap;. type of~-

Veilmeyer Soi 48&72 Adlpll tl c*op twmw b 
~Tiile 314 ~illlaortsofiOIL 

sal 

Sprague & Henwood, Inc. S & H Split Bamll 18&24 Btua. A genniii1UPQI8 
Scrcurton,PA18501 s.npier 2t13-112 plastic ~dMle dllipd 
~ b ctivilg im rndllrill tl 

be~ 

, .. 
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in the list should not be construed as an endorsement for their 
use. 

Commonly. soil samples are obtained from the near su~ 
using shovels scoops, troWels, and apatulas. These deYI08S 
can be used to extract soil samples from trenches and pits 
excavated by beck hoeS. A prec:leaned shovel or scoop can be 
used to expose fresh soil from the face of the test piL A thin
walled tube or smalkiameter. hand-held corer can be used to 
collect soil from the exposed face. Bulk samplers such as 
shovels and trowels cause considerable disturbance of the soil 
and expose the sample to the atmosphere, enhancing loss of 
VOCs. Siegrist and Jenssen (1990) have shown that sampling 
procedures that cause the least amount of disturbance provide 
the greatest VOC recoveries. Therefore, sampling devices that 
obtain undistllrbed soil samples using either hand-held or me
chanical devices are recommended. Sampling devices that 
coiled unclsturbed .amples lnciude eptit-apoon aamplenl, ring 
umplera, continuous samplers, .zero-conumnati samplers, 
and Sheby tubes. These sampling devices can be used to 
collect surtaoe soil samples or they can be used in conjunction 
with hollow-stem augers to collect subsurface samples. The soil 
sampling devices diso •ssed above are summarized in Table 9. 
Devices where ·the soil samples can be easily and quickly 
removedandcontainerizedwiththeleastamountofdisturbance 
and exposure to the atmosphere are highly recommended. U.S. 
EPA(1986a)gives amoredetaileddiscussionontheproperuse 
of drill rigs and sampling devices. 

Uners are available for many of the devices listed in Table 9. 
Uners make soil removal from the coring devioe much easier 
and quicker. Uners reduce cross contamination between 
samples and the need for decontamination of the sampling 
device. The liner can run the entire length of the core or can be 
precut into sections of desired length. 

When sampling for VOCs, it is critical to avoid interactions 
between the sample and the liner and between the sample and 
the sampler. Such interactions may include either adsorption of 
VOCs from the sample or release of VOCs to the sample. 
Gillman and O'Hannesin (1990) studied the sorption of six 
monoaromatic hydrocarbons in ground water samples by seven 
materials. The hydrocarbons ,included benzene, toluene, 
ethylbenzene, and o-, m-, and p-xylene. The materials exam
ined were stainless steel, rigid PVC, flexible PVC, PTFE Teflon, 
polyvinylidene fluoride, fiberglass, and polyethylene. S1ainless 

TABlE Q. SOIL SAIIPLERS FOR VOC ANALYSIS 

Split spoon w.1inels 
Shelby tlbe (thil wall ~ 
Hoiow.-n augers 
Veitvneyer ex King ti.Oes 

wl1iners 
Pislcn~· . 
Zsro cnntan'Vnalion ~rs· 
Probe-diYe sarT4Jiers 

Solid 1911 inen; 
Oriing nu:l auger 
Air driling auger 
Cable 1Dol 
Hand augers 
Banel augers 
SQ)op samplers 
Excavating IDols, e.g., shovels, bacidloes 

• lolay sustin VOC losses H not used with care 
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·saeel8howed no sigrificant sorption during an &-week period. All 
polymer materials sorbed all compounds to some extent The 
order of sorption was as follows: rigid PVC < fiberglass < 
polyvinylidene ftuoride < PTFE < polyethylene < flexible PVC. 
Stainless steel or brass liners should be used since they exhibit 
the least adsorption of VOCs. Other materials such as PVC or 
acetate may be used, provided that contact time between the 
soil and the finer material is kept to a minimum. Stainless steel 
and tnss finer& have been sealed with plastic caps or paraffin 
before shipment to the labora1ory for sectioning and analysis. 
VOC loss can result from permeation through the plastic or 
paraffin and volatilization through leaks in the seal. Acetate 
liners are available, but samples should not be held in these 
liners for any extended period, due to adsorption onto and 
permeation through the material. AltematiYely, the soil can be 
extruded from the liner, and a portion can be placed into a wide
mouth glass jar. Smaller aliquots can be taken from the center 
of the precut liner using subcoring devices and the soil plug 
extruded into VOA vials. 

TRANSFER OF SOIL SAMPLES FROM DEVICE TO 
CONTAINER 

The sample transfer step is perhaps the most critical and least 
understood step in the sampling and analysis procedure. The 
key point in sample transfer, whether in the field or in the 
laboralory, is to minimize disturbance and the amount of time the 
sample is exposed to the atmosphere. It is more important to 
transfer the sample rapidly to the container than to accurately 
weigh the aliquot which is transferred, or to spend considerable 
time reducing headspace. Therefore, a combination of a device 
for obtaining the appropriate mass of sample and placement of 
the aliquot into a container that can be directly connected to the 
analytical device in the laboratory is recommended. Several 
designs are available for obtaining a 5-g aliquot (or other size). 
Most subcoring deYices consist of a plungerlbamtl design with 
an open end. The devioe shown in Ftgure 3 was constructed by 
Associated Design & Manufacturing Company (Alexandria, 
VA). Other designs include syringes with the tips removed, and 
coritborers(Table8). Thedeviceisinsertedintcthesampleand 
an aliquot is withdrawn. The aliquot, which is of a known volume 
and approximate weight. can then be extruded into a tared 40-
mL VOA vial. Routinely, the vial is then sealed with aT eflon-lined 
septum cap. Teflon, however, may be permeable to VOCs. 
Aluminum-lined caps are available to reduce losses due to 
permeation. At the laboratory, the vial must be opened and the 
contents of the vial must be transferred to a sparger tube. The 
transfer procedure will result in significant losses of VOCs from 
the headspace in the vial. The modified purge-and-trap cap 
shown in Ftgure 4 eliminates the loss of VOCs due to container 
opening and sample transfer. The soil is extruded from the 
subcorer into a tared 40-mL VOA vial and the modified cap is 
attached in the field. In the laboratory, the vial is attached direc11y 
to a purge-and-trap devioe without ever being opened to the 
ambient air. 

Use of subcoring devices should produce analytical results of 
inaeased accuracy. In order to test this hypothesis, an experi
ment was conducted in which a bulk soil sample was spiked with 
800 ll.g/kg of different VOCs (Maskarinec, 1990). Three aliquots 
were withdrawn by scooping, and three aliquots were withdrawn 
by using the sub-corer approach. The results are presented in 
Table 1 0. Although neither method produced quantitative recov
ery, the subcorer approach produced results that were generally 
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Figure 3. Smalk1iameter hand-held subcoring device made 
by Associated Design & Manufacturing Company 
(Alexandria, VA).' 

TABLE 10. L.ASORATORY COMPARISON OF STANDARD IIIE1ltOO 
AND SUBCORER IIETHOD 

SWidlrd 
llllbod SUtlcorw 

'lroaf 'lroaf 
Standard Subcotw Alc:owfy Alc:owfy 

Compound Method' lllthod" ofSp!U ofSplut 

Chloromethane 50 1225 6 153 
Bromomethane 31 536 4 01 
Chloroethane 78 946 10 118 
1 'l·Oichloroethene 82 655 10 82 
1 '1-Dichloroethane 171 739 21 92 
Chlorofonn 158 534 20 01 
Carbon telradioride 125 658 16 82 
12.-Dic:hloropropa 147 766 18 96 
T richloroethell8 120 512 15 64 
Benzene 170 636 21 80 
1 , 1,2 · T ricl1oroelhane 78 477 10 60 
Bromofonn 30 170 4 21 
1 ,12.2.-Tric::tDoelhane 46 271 6 34 
Toluene 129 658 16 82 
Chlorobenz.ane 57 298 7 'S1 
Ethylbenzane 68 332 8 <42 
S!yT8ne 30 191 4 ;24 

• !A(Bo3J 
• IA(Bo3J 

Nail: Statmrd mllhad of ~ transW a:nilis oiiODCJ!Iilg and tUx:orw 
mllhad- deW»..,.... in F9n 3. Soi ~- spNd witll800 
lA ol each voc. 
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five times higher than the standard approach, whereby the 
conten1s of a 125-ml wide-mouth jar are poured into an alumi
num tray and homogenized with a stainless steel spatula A 5-
g sample is then placed in the sparger tube (SW-846, Method 
8240). Several compounds presented problems with both 
approaches: styrene polymerizes, bromoform purges poorly, 
and 1 , 1,2,2-tetrachloroethane degrades quicldy. 

112" Statnless 
Steel Body 

___ 112" Statnlesa 
Steel Body 

o-Ring 

HohtCep 

40 ml VIal 

F~gure -4. ModHied pwge-and-trap -40-ml VOA vt.l cap far 
containerizing samples in the field. Vial Ia 
atlaChed drec:lfy to a ~trap~ 
without exposure of sample to the atmosphere. 



In another study (U.S. EPA, 1991a), a large quantity of well 
charaCterized soil was spiked with 33 VOCs and was homog
enized. From the homogenized material, a 5-g aliquo1 of soil was 
placed in a -40-ml VOA vial and sealed with a modified purge
and-trap cap (F.gure 4). The remaining soil was placed in 125-
ml wide-mouth jars. The samples were shipped via air carrier 
and were analyzed by GCIMS with heated purge and trap. The 
40-ml VOA vials were connected directly to a Tekmar purge
and-trap unit withOut exposure to the atmosphere. The wide
mouth jars were processed as per SW.;s46 Method 8240 speci
fic:a1ions (U.S. EPA, 1986b). Table 11 compares the results of 
the GCIMS analyses using the two pretreatment techniques. 
The modified method (40-ml VOA vial with a modified cap) 
yielded consistently higher VOC concentrations than the tradi
tional Method 8240 procedure (U.S. EPA, 1986b). 

The standard methods for VOC analysis, SW.;s46, Method 8240 
and Test Method 624 (U.S. EPA, 1986b; U.S. EPA, 1982), call 
for the containerizing of soil samples in 40-ml VOA vials or 125-
ml wide-mouth jars with minimal headspace. As previously 
described, wide-mouth jars may no1 be the most appropriate 
containers due to sample aliquoting requirements. Although 
wide-mouth jars may be equally as effective as 40-ml VOA vials 
in maintaining the VOC content of soil samples, the sample 

preparation procedure tha1 is required with jar-held samples 
causes significant (>80%) loss of highly volatile VOCs (Siegrist 
and Jennsen, 1990). However, if samples are collected in such 
containers, it is important to ensure sample integrity, preferably 
by using amber glass jars (for photosensitive compounds) with 
solid phenolic resin caps and foam-backed Teflon liners. Alumi
num-lined caps are not available for the wide-mouth jars. Soil 
should be wiped from the threads of the jar to ensure a tight seal. 

The methanol-immersion procedure calls for the transfer of the 
sample into a glass jar containing a known volume of chromato
graphic-grade methanol (usually 100 ml) or in a 1 :1 weight-to
volume ratio of soil to methanol. This has the effect of preserving 
the volatile components of the sample at the time the sample is 
placed in the container. Furthermore, surrogate compounds can 
be added at this time in order to identify possible changes in the 
sample during transport and storage. The addition of methanol 
to the sample raises the detection limitsfrom 5 to 1 0 IJ.g/1<g to 1 00 
to 500 J.&glkg, because of the attendant dilation. However, the 
resulting data have been shown to be more representative of the 
original VOC content of the soil (Siegrist and Jennsen, 1990; 
Siegrist, 1990). In a comparison of transfer tec:hniques, Siegrist 
and Jennsen (1990) demonstrated that minimum losses were 
obtained by using an undisturbed sample followed by immediate 

TABLE 11. COMPARISON OF VOC CONCENTRATIONS IN SPIKED SOIL AHALVZED BY IIETHOO 8240 AND IIODIRED IIETHOO 8240 

Cocanblllon (l.otg COiiCiidlidion (l.otg 
Moclllld llocltled 

IIICnod IIICnod IIIChod IIICnod 
voc 8240t G40tt DIIIMncl voc 8240t G40tt om-a 

Brom:mrtt.ne 9 44 35" DilromocNoromal 121 159 38 
Vuty1 c:hlorile 3 32 29 .. 1 , 1 ,2-T ric:hloroethane 142 193 51 
Chloroethane 6 36 30 .. lrans-1 ,3-0i:::tioc opl opel IS 154 203 49 
Mathyjene c::hbide 69 100 31 .. Bromofonn 116 14G 24 
Cal1xln cisulfide 32 82 Sir T etrachloc oelhet 18 62 124 62"" 
1 '1-0ic:hlocoelhet 18 12 35 Z3 .. 1 , 1 ,2,2-T etrad'lloroelha 137 162 25 
1 '1-0ic:Noroelhane 34 83 49 .. Toilene 85 161 7ft 

1 .2-0ic:hloroethec 18 36 66 30 .. Chlonlbenzene 91 132 41 .. 
Chblolorm 56 96 40 .. Bhyilei1Z8118 85 135 50 .. 
1 , 1 , 1-T ric::Noroethane 26 IK) 54 .. Styrene 86 114 28" 
Cal1xln tatrac:hloride 18 61 ..:! .. Total xylenes 57 85 28 .. 
Vuty1 acsta1e 18 26 8 
1 .2-Dichloroethane 101 159 58 .. KETONES 
cis-1 ,3-0ic:hbrcpropene 136 189 53' Acetcne 336 497 161' 
T ric:hbroelhene <48 !7 39 .. 2-Bulanone 290 365 75 
Benzene 56 114 58' 2-Hexanone 200 215 15 
~ 111 166 55" 4-Methly-2~ 264 288 24 

t Mechad 8240 Ulling 12S-ni.. widHiauth jar niDig ~ng in llbor'Uxy ~ ll\llylis. 
tt Mechad 8240 Uling 0iTL vial. ~ lllf4lild in the illd, slipped m lllborDity pl.IVIII1IIp llllllysis. 
- DilllrRe lil,ftbnlly ~ tt.n 0, with P"'llile <:0.01. 
' Oitlenlra lil,ftbnlly ~than 0, with P"'llile batMen 0.01 and 0.05. 

Nola: Spiw 0011011111m1 WIS 300 '"· 
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immersion into methanol.l}le results for six VOCs .are s~own in 
Figure 5. At high VOC sp1ke levels (mglkg) the Investigators 
found that headspace ~in the bottle caused a decr~ase in the 
concentration of VOCs m the sample. At lower sp1ke levels, 

however, headspace did not seem to be a major contributor to 
VOC losses (Maskarinec, 1990). In another study (U.S. EPA, 
1991 a), it was found that a 5-g sample collected from a soil core 
and placed in a 40-ml VOA vial provided consistently higher 

TREATMENT A 
UNDISTURBED SOIL 
PLASTIC BAG 
LOW HEAOSPACE 

TREATMENTS 
UNDISTURBED SOIL 
GLASS JAR 
HIGH HEADSPACE 

TREATMENTC 
DISTURBED SOIL 
GLASS JAR 
LOW HEADSPACE 

TREATMENTD 
UNDISTURBED SOIL 
GLASS JAR 
LOW HEADSPACE 

. TREATMENT E 

UNDISTURBED SOIL 
GLASS JAR 
MEniANOL 

concentration, ppm 
~ ~--------~--------------------------------------~ 

15 ~-------------------------------------------------

10 ~-------------------------------------------------

5 1------------------

0 L--.....1-------

TREAlEITA TIIEAlEITI TREAlEITC TREAlEITD 

- lle:nm..ENE CHLORIDE - 1,2-DICtLOROElltAHE 

concentration, ppm 
u ~------~~--------------------------------------~ 

2 1------------------------------------------------

1~ ~------------------------------------------~ 

TREAlEITA TREA11E1f1' I 

r2ZI 1,1,1,·TRICtLOROETHAHE 

~ TOLUENE 

TREA11E1f1' C TREA11E1f1' D 

- lliCHLOROETltEN 

- cti.OROBENZBE 

F~gure 5. VOC recovery as a function of sample treatment 
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voc levels 1han a sample taken from the same core, placed in 
a 125-ml wide-moiJit1 jar, and later poured out, homogenized, 
and a 5-g aliquot taken from the bulk material as per Method 
82.0 specific:ations. 

SOIL SAMPLING SCENARIOS 

The following recommendations for soil sampling and sample 
handling are presented tor the three general sampling sce
narios deSaibed earlier. 

1. Open Test Ptt or Trench 

Samples are often collected from exposed test pits or trenches 
where remeciation efforts are in progress. Sites may also be 
encountered where large-diameter coring devices cannot be 
employed. In such instances, crude sampling devices, such as 
trowels, spoons, shovels, spades, scoops, hand augers, or 
buciun augers must be used to exatvate the soil. 

Theexposedfaceofanexatvatedtestpitisscrapedtouncover 
fresh material. ~are collected from the scraped face by 
using a smalkfiameter, hand-held corer (F~gure 3). If the 
nominal 5-g sample is to be c:ollec:ted, the appropriate volume 
(3 to 4 mL) is extruded into a tared <40-ml VOA vial and sealed 
with a mocified purg&-and-trapcap (F~gure4). The vial is cnlled 
to 0" to 40C and sent to the laboratory where the entire contents 
of the vial are purged without opening the vial (U.S. EPA 
1991b). Though this method minimizes losses of voes. the 
small sample size may exhibit greater short-range spatial 
variability 1han larger samples. 

Alternatively, a smalkiameter, hand-held soil corer (FIQUre 3) 
can be used to collect a larger volume of soil. The soil is 
extruded to fill a <40-ml VOA vial with aT eflon-lined septum cap 
(minimal headspaoe), chilled, and sent to the laboratory. The 
major weakness with this method is that VOCs are lost in the 
laboratory during sample homogenization, preparation of 
aliquots from a subsample, and the transfer to the extraction or 
sparging device. 

If large coarse fragments or highly compacted soils are encoun
tered, the use of a hand-held corer may not be possible. In this 
case crude sampling devices are used to rapidly collect and fill 
(minimal headspace) a 125- or 250-ml wide-mouth glass jar. 
The threads are wiped clean and the jar is sealed with a foam
backed Teflon-lined cap. The jar is chilled immediately to 0" to 
4°C tor shipment to the laboratory. Losses of VOCs are consid
erably greater with this method due to cisruption of the matrix 
and losses in the laboratory during sample preparation. Metha
nol immersion may be more suitable tor these matrices. 

2.. Surface Solis(< 5 ft deep) 

The preferred soil sampling procedures reduat VOC losses by 
minimizing sample disturbanat during collection and transfer to 
a container. The collection of soil cores with direct elctrusion into 
a container accomplishes this goal. A larger-diameter coring 
device (e.g., split-spoon sampler, Shelby tube, zero-contami
nation sampler) is used to collect an intact sample from the 
surface soil or from an augered hole. Many of these samplers 
can be used with liners, an insert that greatly reduces the time 
required to remove the soil and obtain a subsample. For 
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subsamples collected fnlm split spoons or elctruded larg&
diameter cores, the section to be subsampled is scraped and 
laterally subc:ored, or the extruded soil is cut or broken to expose 
fresh material at the depth or zone of interest. then longitudinally 
subc:orecl. For large-diameter cores that are collected in precut 
liners, the finer sections are separated with a stainless steel 
spatula, and a small-diameter hand-held corer is used to collect 
a subsample from the center of the liner section. The uppermost 
portion·otthe core should not be sampled, because It is more 
likely to be aoss contaminated. The small diameter corer 
(F~gure 3) is pushed into the soil, the outside of the corer is wiped 
clean, and the required core volume (typically about 3 to 4 mL 
or 5 g) is extruded directly into a tared 40-mL glass VOA vial and 
sealed with a modified purge-and-trap cap (F~gure 4). The vial 
threads and lip must be free of soli to ensure an airtight seal. 

3. SUbsurface soils(> 5 ft deep) 

The same samplir~g principles apply tor the collection of deeper 
soil samples. Collection of soil cores with direct extrusion into a 
container greatly reduces the loss ofVOCs. Tube-type samplers 
such as split-spoon, Shelby tubes, and zertKOntamination 
samplers are used inside a hollow-stem auger to obtain an intact 
sample from greater depths. The c:orir~g device is retrieved and 
a subsample is obtained in a similar manner as that described 
tor surface soils. 

METHANOL IMMERSION PROCEDURE 

Soil collected by protocols outlined above can be piaoed in a 
tared wide-mouth glass jar containing pesticid&-grade methanol 
(1 :1 weight-to-volume ratio of soil to methanol}. The immersion 
of relatively large soil samples into methanol has the advan1age 
of extracting a much larger sample that is probably less prone to 
short-nlng8 spatial variability. This is of particular advantage 
with coarse-grained soils, materials from which it is ham to 
obtain a 1-g to 5-g subsample for analysis. 

Mu~e small-diameter corers can be immersed in a single 
methanol-filled jar to produce a composite sample. 
Compositir~g becomes practical because VOCs 8AI soluble in 
methanol, thus reducing losses. Appropriately collected com
posits ~pies can produce more representative data than a 
comparable number of individual samples. Short-range spatial 
variability is greatly reduced. Another advantage is the ability to 
reanalyze samples. The main disadvantages of usir~g methanol 
include the requirements for handting and shipping the metha
nol and the detection limit that is raised by a factor of about 1 0 
to 20. For the methanol-immersion procedure, jars filled with 
methanol and shipped to the laboratory are classified as a 
hazardous material, flammable liquid and must be labelled as 
per Department of Transportation specifications (49 CFR, 
1982). If these disadvantages 8AI unacx:eptable, then the 
modified purg&-and-trap procedure may be applicable. 

RELD STORAGE 

Material containing VOCs should be kept away from the sample 
and the sample container. Hand lotion, labeling tape, adhesives, 
and ink from waterproof pens contain VOCs that are often 
analytes of interest in the sample. Samples and storage contain
ers should be kept away from vehicle and generator exhaust and 
other sources of VOCs. Any source of VOCs may cause 
contamination that may compromise the resulting data. 

-
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Once samples are removed from the sampling device and 
placed in the appropriate storage container, the containers 
should be placed in the dark at reduced temperatures (0" to 
4 •c). Excessively cold temperatures ( <-1 O"C) should be 
avoided; studies have shown greater losses of analytes due to 
reduced pressures in the container, sublimation of water, and 
concomitant release of water-soluble VOCs into the headspace. 
Upon opening the container, the vacuum is quickly replaced with 
ambient air, thus purging out VOCs from the headspace 
{ Maskarinec et al., 1988). Extremely cold temperatures can also 
loosen the seal on the container cap. Caps should be 
retightened after 15 minU1es at reduced temperatures. Samples 
should be kept in ice chests while in roU1e to the shipment facility 
or laboratory. At temperatures above freezing, bacterial action 
can have a significant impact on the observed soil VOC con
centration. Numerous preservation techniques are being 
evaluated at the University of Nevada Environmental Research 
Center in Las Vegas and at Oak Ridge National Laboratory. 

SHIPPING 

Given the short holding times required for VOC analysis under 
Method 8240 (1 0 days from sample collection to analysis), 
samples are usually shipped via air canier to the analytical 
laboratory. Samples should be well packed and padded to 
prevent breakage. Temperatures in cargo holds can increase to 
more than so•c during transit, therefore, the need for adequate 
cold storage is critical. Styrofoam coolers are commercially 
available to accommodate 40-mL and 125-mL glass containers. 
Sufficient quantities of Blue lceTW or Freez&-GeJTW packs should 
be placed in the container to ensure that samples are cooled for 
the duration of the shipment A maximum-minimum thermom
eter {non-mercury) should be shipped with the samples. If 
sample containers are not adequately sealed, VOC losses can 
occur. These losses may be exacerbated by the reduced 
atmospheric pressures encountered in the cargo holds of air 
carriers. Rgure 6 illustrates the changes in temperature and 
pressure in the cargo hold of various air carrie(s aircraft. Three 
major air carriers have been monitored and have shown similar 
fluctuations in temperature and pressure (Lewis and Parolini, 
1991 ). Lewis et al. (1990) noted decreases in VOC concentra
tions in soil samples that were shipped compared to samples 
that were analyzed in the field. If the container is of questionable 
or unknown integrity, it should either be evaluated prior to use or 
a previously characterized container should be used. 

As discussed previously, samples that are immersed in metha
nol have special shipping requirements. These samples must 
be shipped as "Aammable liquids" under Department of Trans
portation (DOT) requirements. A secondary container is re
quired for shipment of any item dassified as a flammable liquid. 

PRESERVATION 

Improvements iA. operational factors such as sampling device 
efficiency, sample transfer, containerizing, shipping, storage, 
laboratory· sample preparation, and analysis will reduce VOC 
losses from soils. Two principal matrix-specific factors that can 
contribU18' to the loss of VOC in soils are biodegradation and 
volatilization. An effective preservation technique should act on 
these matrix-specific factors to reduce losses of VOCs. 

The required preservation technique for soil samples is storage 
at o• to 4"C in the darK. This technique retards biodegradation 
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processes mediated by soil microorganisms. Some microorgan
isms, however, such as fungi,~ biologically active eve~ at 
4°C Wolf et al. (1989) investigated several methods (1.e., 
che~ical and irradiation) for sterilizing soil and concluded that 
mercuric chloride is one of the most ef!ective preserynves that 
causes minimal changes to the chemical and physical proper
ties of the soil. Stuart et al. (1990) utilized mercuric chloride as an 
antimia'obial preservative to stabilize ground-water samples 
contaminated with gasoline. Other researchers (U.S. EPA 
1991 a) have used meraJric chloride to retard biodegradation of 
VOCs in soil samples. The soils were spiked with 150 IJ.gtkg of 
Target Compound Ust (TCL) VOCs and were preserved with 2.5 
mg of mercuric chloride per 5 g of soil. The resul\s indicated that 
the amount of meraJric chloride needed to reduce biodegrada
tion was directly related to the soil's organic carbon content In 
addition, the levels of meraJric chloride added to samples did 
net interfere with sample handling or analysis. Currently, re
search is underway to quantitate the required meraJric chloride 
concentration as a function of soil organic content 

The loss of VOCs through volatilization is reduced by optimizing 
sample handling procedures. When samples require laboratory 
pretreatment, severe losses of VOCs (up to 1 00%) have been 
observed. In order to minimize volatilization losses, several 
preservatives have been examined (U.S. EPA 1991 a), including 
solid adsorbents, anhydrous salts, and water/methanol extrac
tion mixtures. The most efficient preservatives for reducing 
volatilization of VOCs from soils have been two solid 
adsorbents, Molecular Sieve- SA"" (aluminum silicate desic
cant) and Rorasil"" (magnesium silicate desiccant). The addi
tion of 0.2 mg per 5 g of soil greatly increased the recovery of 
VOCs from spiked samples. The mechanism is believed to 
involve the displacement of water from adsorption sites on the 
soil particle and binding of VOCs to these freed sites. Currently, 
research is in progress with soils obtained from actual contami
nated sites. 

LABORATORY PROCEDURES 

Sample Storage 

Most regulatory procedures specify storage of samples for VOA 
at 4"C in the darK. Sample coolers should be opened under 
chain-of-a.~stody conditions, and the temperature inside the 
cooler should be verified and noted. Samples should be trans
ferred to controlled-temperature (4"C) refrigerators until analy
sis. In many cases, insufficient cooling is provided during 
transport. In these cases, data quality may be compromised. 

Sample Preparation 

The two most commonly used methods that satisfy regulatory 
requirements for the analysis of soil samples for VOCs are direct 
purge and trap and methanol extraction. Each procedure has 
benefits and limitations with respect to sample preparation prior 
to VOC analysis of so.ils. 

The modified purge-and-trap procedure has the following char-
acteristics: · 

• Homogenization of contents of wide-mouth jar will cause 
significant VOC losses. The collection of a 5-g aliquot in the 
field and placement into a tared vial sealed with a modified 
purge-and-trap cap is recommended. 
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• Surrogate addition should be made to the soil in the field, if 
possible. 

• May be more susceptible to short-range spatial variability. 

• Samples should be brought to ambient temperature before 
purging. 

• May be more suitable for low-level samples. 

The methanol-immersion procedure has the following charac· 
teristics: 

• The key is to minimize the time samples are exposed to the 
atmosphere prior to immersion into methanol. 

• Minimum detection limits can be raised by a factor of 10 to 20. 

• The best option for sample archival bec6use VOCs are highly 
soluble in methanol. 

• Large-mass samples can be extracted in the field in a 1 :1 ratio 
and the methanol extract shipped to the laboratory for 
analysis. 

• Can collect composite samples. 

The analytical methods that can be used for the analysis of soils 
for VOCs are summarized in Table 12. An analytical method 
should be selected that is compatible with the recommended 
sample collection and containerizing procedure discussed ear
lier. 

CONCLUSIONS AND RECOMMENDATIONS 

Current research on sampling soils for VOC analyses answers 
many of the questions asked by RPMs and OSCs who conduct 
site charactBrization and restoration. 

1. There is no specific method or prooe!;s that can be recom
mended for sampling soils for VOA. A wide variety of 
sampling devices are a.~rrently used for collecting soil 
samples for VOA. Sampling device selection is site-specific, 
and no single device can be recommended tor use at all 
sites. Several different samplers, which cover a broad 
range of sampling conditions and ciraJmstances, are rec
ommended for obtaining representative samples for VOC 
analysis (Table 7). Procedures may vary for different VOCs. 
Experiments have shown that a procedure that collects an 
undisturbed, intact sample with a device that allows direct 
transfer to a sample container (e.g., split-spoon, Shelby 
tube, or zero-contamination sampler) is superior to a more 
disruptive pcx:edure that uses a crude bulk sampler (e.g., 
shovel, trowel, scoop, or spade) for maintaining the integrity 
of VOCs in a soil sample. Large-diameter tube-type sam
pling devices are recommended for collection of near
surface samples. The same types of devices can be used 
in conjunction with hollow-stem augers for collecting sub
surface Samples. 

2. Transfer of the sample from the sampling device to the 
container is a critical step in the process. Losses of as much 
as 80"k have been observed during this step. The faster the 
soil can be removed from the sampling device and 
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transferred into an airtight sample container, the smaller 
the VOC loss. Uners make the removal and subsampling 
of soil from the collection device more efficient. 

3. The best method for transferring a sample from a large
diameter coring device (or exposed test pit) into a sample 
container is by collecting the appropriate size aliquot (for 
laboratory analysis) with a small-diameter, hand-held corer 
and extruding the subsample into a 40-ml VOA vial, then 
sealing the vial with a modified purge-and-trap cap. Alter
natively, contents of the large-diameter coring device can 
be sectioned and immersed in methanol. 

4. Small-diameter, hand-held corers can be used for col
lecting samples from a freshly exposed face of a trench or 
test pit, or for obtaining a subsample from a large-diameter 
coring device. The use of a small-diameter, hand-held 
corer is recommended for obtaining subsamples from 
liner-held soil. Collection of a sample of the appropriate 
size for a particular analytical procedure is optimal. The 
required size of aliquot can be extruded into a 40-ml VOA 
vial and sealed with a modified purge-and-trap cap. The 
possibility exists of compositing several small-diameter 
core samples by immersing them in a single jar containing 
methanol. 

5. Sample containers vary in terms of air-tightness. Data are 
available to indicate that there is a decrease in pressure 
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and an increase in temperature in the cargo holds of certain 
air caniers. This is the worst possible set of conditions for 
maintaining VOCs in containerized soil samples. Intact 
seals on storage containers and adequate cooling is thus 
critical for maintaining VOCs in soil samples. Shipping and 
holding-time studies have shown that vials and jars may be 
equally suited for containing VOCs in soil samples, the 
laboratory pretreatment step needed to obtain an aliquot 
from a jar-held sample causes significant losses of VOCs. 
Commercially available shipping packages with built-in 
cooling materials (e.g., Freeze Gel Packs® or Blue Ice®) 
are available. Whenever possible, an integrated sampling 
approach should be employed to obtain the most represen
tative samples possible. Soil-gas surveying coupled with 
on-site soil sampting and analyses followed by the Re
source Conservation and Recovery Act (RCRA) or CLP 
laboratory analyses may provide valuable information on 
the partitioning of VOCs at a site. 

6. The current preservation technique for soil samples is 
storage at 4°C in the dark. Biological activity may continue 
at this temperature. The addition of mercuric chloride to the 
soil may reduce biodegradation of VOCs. The amount of 
mercuric chloride to be added, however, is a function of the 
organic carbon content in the soil. The most promising 
preservatives for reducing losses of VOCs through volatil
ization are solid adsorbents such as Molecular Sieve- SA,.... 
and AorasifT". 
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~~I~ Designation: D 4547- 91 

Standard Practice for 
Sampling Waste and Soils for Volatile Organics 1 

This s:2:-:C.J:C is i5sued u;,Ce:- :.h:: Ji:t:d desig.iiJ.:iJ:-: D .:)..:i: th: numba immediJ::!y follo ..... ing the c!:-signJtion j.,CicJ.::-s t~~ \e.!:- oi 
origi:'lJ.! J.Co;Hio;: or. in t;-;e C.!Soe of r:vision. th: ~~:!:'of IJ..St r::!'\~sioil. A nur:1t-<r i:-~ r:'g:n:!i~s indic:!t:-s th: year o:' !.l.S; r:.:!;=~;:-; .. J.I. A 
su;:-::-s.:~;H :psilon (t) indic:!::s .1:1 :CitoriJI c:-:J.:-:!: si:-~c: the (J.St i::!'\·ision or reJ;l;JrovJI. 

1. Scope 

1.1 This practice describes field sampling of solid wastes 
for subsequent ,·olatile organics analysis in the !:;~orator> . 
This practice is also intended to apply ro soils and sedimen~s 
thar may contain volatile waste constituents. 

1.2 Both the collection of rhe sample and the method of 
containing the s:;mple for shipment ro the Jaborarorv are 
considered. · 

1.3 This practice concerns only sampling methods to be 
used in the field: ir does not co,·er l:!borarory prep:!~Jtion of 
containers or solutions or other labor::~ tory techniques re!Jted 
ro processing or analysis of the sJmples. 

1.4 It is recommended that this stand:!rd be used in 
conjunction with Guide D 4687. 

1.5 This standard does not purport to address ell of the 
safety problems. rf any. associated "'ith its use. It is the 
responsibility of the user of this standard to establish aopro
priace safety and health practices and determine tl:e applica
bilil,r of reglllatory limitations prior to 1/Se. For specific 
precautionary statements, see Section 6. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 3550 Practice for Rim?.· lined B:1rrel Samplino of Soils~ 
D 4687 Guide for Gene;a! Planning of Waste S~mpling3 

3. Terminology 

3.1 Dr?scription of Terms Specific to This Standard: 
3.1.1 material-for the purposes of this practice. material 

co,·ers any soil or wastes th<!t are solid. 
3.1.2 sample-the portion of the waste or soil material 

rh:!t is initially collected using the techniques described in 
this practice; portions of the waste or soil. in generic tenns. 

3.1.3 Sllbsample-the portion of the waste or soil that is 
collected by subdiYiding or trimming of the initial s:!mple. 

3.1.4 "·aste-for rhe purposes of this practice, waste 
co,·ers any discarded material that is solid in form. 

-L Summ:1ry of Pr::~crice 
4 .1 S:!mples oi' soils or wasres c:1n be obtained with 

minimal loss of YO!:! rile org:1nic constituents. i'-lateri<!IS mav 
be eirher S::!mpled from ground surface or rest pits o'r 
obtained b;· using down-hole coring de,·ices. These s::!mples 
may be sh.ipped in mer:1l rings (that is. hollow metal 

: T:::s ";1:-1::!:~ is t::1.!-:: ::."! j·~~-~i.:iiO:"I o:· .!..ST~! (0:"71:7.:~,-:-: o.;...: en \\"~s:-: 

;·;.~~-~~.~~~~~~~-~ :s th~ C:::::. :.:s~v:-:s::,dit~ olS:.::..:o::::::::t:::: Dj.:._Oi c:-~ S~i7'lp!l::~ 

~·..::-:-::-:: -::;::-:..:1:1 J;o~:o·. ~;.!..:.:f. ; 5. ! '1'9!. P:.::.::s:-:-:~ 0·::-J:-::: iS<~!. 
- .-i-:--::.:;.' B·.·v~· t/.~ST.\f S·:,::i·;~~L \"o\ Q.:..~.~-

3 -~·:·::,.::: E.i•·~: r.~··.-;5/.' . .' 5:=·==·-··:·s. \"o! I i .': . .:.. 
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cylinders) directly to the labowtory, or they may b~ 

subs::!mpled by trimming or by using a small coring cylinder. 
With the coring method, the coring cylinder is driven into 
the waste or soil surface to remove the solid material v.ithout 
exposu.re to the :1ir. The subsample is then extruded from the 
cylinder directly into a sample container. This method does 
not apply to cemented material or materi:;,J \>ith fragments 
coarse -enough to interfere with proper coring techniques: 
such S:!mples are trimmed before handling. 

4.2 Subsamples obtained in the field a•e cont::Jined so :11 
to preYent loss of volatiles using one of the two following 
methods: (I) the subs:~mple is stored in :l g.l::!ss bottle with 
methanol; or (2) the subs:1mple is stored in :l vial designed to 
minimize loss of volatiles (for ex:1mple, a saeciallv adaated 
VOA vial). AdYantages and disadvantages t.o both methods 
ue discussed in Sections 7 and S. 

5. Significance and Use 

5. I The objective of this practice is to provide procedures 
for obtaining samples which will result in anaJ,1ical d:!t:l 
representatiYe of the concentrations and comp;sitions oi 
\'OI::!tile compounds actually present in the waste or soil. The 
procedure also allows for correlation of the an::Jh1ical d:JtJ 
with other properties of the waste or soil materi;ls. Several 
f:~ctors are identified thJt inOuence the objective of this 
procedure. 

5.1.1 Loss of Volatiles: 
5.1. I .I Loss of volatile organics during s:;mple collection. 

handling, and shipping affects the concentrations detected by 
the laboratory. Comparison of the field testing of volatiles 
(using a gas chromatograph) with subsequent laboratory 
testing of the solids or ground water from the same zone 
suggests thJt losses can be significant, but are not necessarily 
due to one p:!rticular part of the sampling and analysis 
process. The principal mechanisms of loss are volatilization 
of the compounds and biodegradation. Susceptibility of th~ 
,·arious compounds to these losses ,·aries. Both the acru:!l 
concentrations and the relative :~mounts of the compounds 
detected can be affected. In some cases. the loss of ~ 
compound or the fonn:Hion of other compounds not actu· 
ally present in the waste can occur. Compound gain and Joss 
will result in analyses that are both unrepresentative of field 
conditions and subject to ambiguities in interpretation. 

5. U Selection of Samples for Anal.rsis-The choice of 
represent::tive s:~mples is of panicular co,,cern in waste 
m2t::rials ::!nd soils in which heterogeneities are signific:1nt. 
lnterprention oi the an::~I:1ical d:!t:! is gene~e.Jty im-proved ir' 
rhe indi,·idu:!l(s) most familiar with the sire c:1n describe and 
select the s:!mple(s) to be analvzed in the l::.borator>. 

5.1.3 .-lna!_nfcal Considerations-The method ;f sam pi~ 
handling :;nd co.-:tainmenr is deper!C~nt on r::e merhod to b~ 
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"sed in the L:bo:-atory for an::Iysis or" tile volatile corn pounds. 
The L~.boratory merhods ar~ address~d here onlv insofar as 
they :.tTect the collection method and intluence the objective 
sta!ed above. 

5. IA Other f::.ctors aiTecting the interpretation of data are 
as follows: ;zmple size, sample matrix, whether the 
sub;zmple analyzed is representative of the entire sample, 
potential losses during handling of the sample using the 
!Jboratory procedure, and detection limit. 

5.2 This practice should be used in conjunction ""ith 
PracticeD 3550 and GuideD 4687. 

6. Safety 

6.1 Proper safety precautions must always be observed 
"·hen sampling solid waste or contaminated soil. For general 
guiddines to ;zfety precautions, refer to Guide D 4687 and 
Practice D 3350. These standards, however, should onlv 
complement the judgement of an experienced professional.· 

7. Sampling 

7. I lmroduction: 
7.1.1 This section is intended to define general sampling 

guidelines to be applied to a variety of possible materials and 
conditions. Many of the specific materials and conditions, 
however, are not addressed in this document. Specific 
sampling methods are presented for granular materials (for 
example, contaminated soils and non-cemented solid wastes) 
and materials that are cemented or of sufficient cohesion to 
make driven samplers impractical. The procedures are in
tended to allow flexibility in the follo\;ing: 

7 .l.l.l The means of collection (for example, from test 
pits, surface sampling, and sampling during drilling), 

7 .!.1.2 The selection of a method suited for the individual 
requirements of a project or the conditions encountered at a 
particul3r site, and 

7.1.1.3 The design and dimensions of the actual sampling 
equipment. 

7.2 General Methods: 
7.2.1 The sampling procedure should be completed in a 

minimum amount of time, \\ith the least possible handling 
of the ;zmple before it is sealed in a container. 

7.2.2 Rough trimming of the sample in the fi:::ld should be 
considered if cross-contamination of the surface of the 
samole from other waste or soil suat::. is like!\' to occur 
duri~g collection. Significant contamination of ihe s::.mple 
surfaces can lead to redistribution of the \·o!atiles throughout 
the ;zmple during shipping and storage, which will result in 
misleading anal;.1ical data. The reduction of surface contam
ination errors by trimming should be ba!Jnced ;;ith the 
potential losses from volatilization during trimming opera
tions. 

7.2.3 If possible, the sample should be inspected visually 
and its characteristics logged. Adjacent samples that appear 
to ha·.-e similar physical properties should be retained for 
testing ro determine or verify the rek\·ant properties of the 
solid materials (for example. grain siz:= distribution). ld:=ally. 
the s.:.;::p!~ itself or anoth~r sample: of th:= same m:n:=rial 
should b~ available for inso~ction and notation of th~ 
r'o!!owi:15: general app:=arance. and color. pr:=senc~ of oils or 
other -.·!s!bk signs ot· contamination. 2-r.:.in-size distribution, 
;·ol.:.ti!e organics . .:.nc so forth. In th:= c;s~ oisampks t:-t:!t are 
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collected directly into metal rings for sn1p:-n:=nt to th~ 
laboratory such insp~ction may not be possibl:= (s:=e 7 .3 . .3 ). 
and alternative procedures (examination ot· the exoos:=d ends 
of the core or adjacent samples) should be used. s·ekction ot" 
representative samples for volatiles analysis is aided greatly 
by information obtained from lield testing of other S2mpks 
from the same stratum. 

7.3 Granular or Uncemented ;\[aterials: 
7.3.1 Granular materials may be collected from the 

ground surface, the walls of test pits, blocks of wastes or soils, 
or by using split barrel or other sampling devices during the 
drilling of soil borings. 

7.3.2 In the case of samples collected from test pits. 
ground surface, or larger blocks of soils or waste, the surface 
of the sample should be trimmed to remove contaminants 
from other waste or soil strata or to remove surface layers 
that may have already lost volatiles. This removal of surface 
layers can be accomplished by scraping the surface using a 
clean spatula or knife. 

7.3.3 Collection of Samples in Metal Rings: 
7 .3.3.1 Samples from split barrels or similar devices may 

be collected in precleaned metal rings inserted in the. 
sampling barrel, such as those described in Practice D 3550. 
The exposed ends of the solid or waste in the ring or in 
adjacent samples are used to log the sampled materials. The 
ends of the ring containing the soil or waste are then covered 
quickly and sealed in the field using an inert material (for 
example, TFE-fluorocarbon sheets or aluminum foil '~ith 
tightly \\Tapped sealing tape or screw-on metal caps). Extru
sion of a subsample for analysis is accomplished by the 
anal~1ical laboratory and does not allow for log.g.ing or field 
testing of interior layers of the sample by on-site personnel. 

7 .3.3.2 This method should not be used in the case of 
poor sample recovery (that is, when the metal rings are not 
completely filled \\ith the material to be sampkd). due to the 
potential losses of compounds by volatilization into the 
headspace of the rings. 

7.3.4 Subsampling in the Field Using Metal Coring Cyfin· 
ders: 

7.3.4.1 Samples taken from test pits, ground surface, or 
larger blocks of soils or wastes, or samples that have been 
removed from down-hole sampling devices, are subsampled 
using a small metal coring cylinder. Remo\·al of the 
subsample to be sent to the !Jboratory is accomplished using 
a cleaned metal cylinder, open at both ends, which is driven 
into the solid material. This method allows the fi<!ld sam
pling personnel to inspect the surrounding solid materi:ll. log 
its properties, and p~rform field t~sts on the ~xcess sampk. 
However, this method may be impractical for c~rtain typ~s 
of solid materials that are dillicult to core or extrude. 

7.3.4.2 The metal coring cylinder used for subsampling 
should be sharpened by grinding to allow greatc:r ease in 
driving the sampler. The optimum diameter of the cylindc:r 
depends on the following: size of the sampling j:H, dimen
sions of th~ original sample, partick siz~ oi the solid 
materials (for exampk, gravel size particles would require 
larger samplers). and volume of subsample required. It is 
anticipat~d that a numbc:r of cylinders of diiTerent diameters 
should be a\·ailabk to the fi::ld pasonnd for sc:lection of th~ 
optimum size. 

7.3.4.3 In gener::ll. th:: outside diameter of the coring 
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cylinder should be smaller than the inside diameter of the 
mouth of the sampling container to avoid contamination of 
the out.side threads of the bottle, which may result in a bad 
seal. 

7.3.4.4 The coring cylinder cont2ining the subsample of 
material for analvsis can be removed bv excavation (surface 
or test pit) or b;· cleaning away the e-xcess sample v.ith a 
spatula or a clean, disposable rowel. The solid materials 
around the cylinder are used (1) to log the propenies of the 
sample, (2) to aid in determining whether the subsample is 
representative of the horizon to be sampled. or (3) for 
additional tests (for example, grain size analysis, field testing 
of total volatiles, field gas chromatography). If the subsample 
is not extruded from the cylinder immediately, it should be 
sealed temporarily, by covering the ends with aluminum foil 
and TFE-fluorocarbon tape, and stored on ice or similarly 
cooled. 

~OTE !-Aluminum foil may b<! unsuitabl~ in "ery alk.llin~ en,·iron· 
ments. 

7 .3.4.5 The subsample is extruded using a cleaned rod to 
push the subsample out of the cylinder. The subsample is 
extruded directly into the sampling container. If the 
subsample is to be placed in a 40-mL vial, ideally, the length 
of subsample collected in the cylinder should be greater than 
the height of the vial, so that the vial can be filled in one 
operation. Extrusion should be performed rapidly and soon 
after sampling ro reduce volatilization and redistribution of 
volatiles, which may result from contaminated subsample 
ends. 

NOTE 2-Extrusion of cooled subsampks under controll~d condi
tions is preferred if it ca~ b<! performed on-sit~ or "ithin a short period 
of time (that is, four to six h) after s.:~mple collection. · 

7.4 Cemenred Solid Wastes: 
7.4.1 Subsamp/ing Cemented Ma1eria/ by Trimming

The solid wastes or contaminated soils may be so hard that 
the coring cylinder cannot be driven into the wastes. 
Subsamples of such wastes and soils may be collected by 
trimming the larger sample "ith a cleaned roo! to a size that 
can be placed in the sampling jar. Although some loss of 
volatiles can be expected, the losses should be less than in 
loose, granular solids due to the lower surface area exposed 
to the atmosphere. Collection, trimming, and containment 
of the subsample should be accomplished in the least 
amount of time practical. 

8. Handling 

8. l General: 
8.1.1 In the case of materials not subsampled in the field 

(that is, those collected in metal rings insened in down-hole 
sampling devices), the sample is retained in the metal ring 
and sealed as described in 6.3.3. Both the sample and the 
metal ring are then shipped to the laboratory, where the 
subsample is extruded for analysis. 

8.1.2 In the case of materi:?.ls subsampled in the fteld, glass 
containers v.ith inen caps should be us-:d for storage and 
shipment. To ret2rd volatilization and biodegradation, 
subsamples should be placed on ice or similarly cooled as 
soon as practical. Two alte:.Jati\·e methods of containing 
subsampks ior shipi71<:nt to th-: laboratory are outlined. 
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These methods have ditTerent applications, and advant.ag~s 
and disadvantages. 

8.2 ;\!ethod 1-.\fethano/ Comainer: 
8.2.1 This method can be used for a wide range of cases 

but it is panicularly useful for situations in which (1) large~ 
samples are desired to obtain a composite representation of 
the volatiles concentration and composition, (2) high detec
tion limits can be tolerated, or (3) biodegradation is a 
concern. 

8.2.2 Sample containers consist of"ide mouth, 8-oz. glass 
jars with TFE-fluorocarbon-lined lids. An aliquot of 100 mL 
of an appropriate analytical grade of methanol is added to 
the organic-free jar by the laboratory that supplies the jar, by 
the sample collector, or by a third pany. The solid waste or 
soil is added to the jar containing the methanol to a specified 
level in the jar. This level is defined by the pany responsible 
for preparing the sampling jars and is equivalent to the level 
that would correspond to the addition of approximately 100 
g of the soil or waste (at an assumed specific gravity). The 
actual mass of material added to the jar is determined later 
by comparison \\ith a tare weight, by the analytical labora
tory. The jar containing the methanol should not be left 
open unnecessarily . 

8.2.3 The volatile compounds are more soluble in the 
methanol than in the soil water, which results in transfer of 
the volatiles from the solid to the methanol for analysis. 
Addition of methanol to tbe subsample in the field allows a 
longer contact time with the subsample, which improves the 
extraction efficiency. In addition, extraction of volatiles is 
performed with a larger subsample than used in some 
methods (100 g versus 5 g with a heated He purge), which 
results in a more representative determination of the concen
trations of the volatiles. 

8.2.4 This method permits splitting of the sample into 
several jars, or com positing by placing several aliquots of the 
solid waste (from the coring cylinder described above) in one 
sample jar. The methanol reduces volatilization during 
repeated opening and closing of the jar for each subsampk 
and serves as a medium for extracting volatiles from each 
subsample added to the jar. The physical mixing used in 
other types of analyses, 1~ith its potential for volatilization 
and incomplete mixing, is avoided 1\ith this method. This 
method also allows for multiple laboratory analyses of the 
same sample. 

8.2.5 Since the panial pressure of the volatiles over the 
methanol is very low, losses by volatilization are reduced. 
The methanol also inhibits microbial activity, reducing losses 
from biodegradation. 

8.2.6 The primary disadvantages of this method are (I) 
the need for laboratory cooperation in preparing tared 
sample jars, (2) possible shipping restrictions (if the meth· 
anol volume is sufficient to qualify the samples as flammable 
materials), and (3) the reduction of sensitivity of the gas 
chromatograph/Hall detector (if such detectors are used by 
the method). 

8.3 Method 2-Drr Comainer: 
8.3.1 This method. involves placement of a subsample of 

the solid in a tared 40-m L glass container (or a size 
compatible \•ith the anal~1ical instrumentation) for ship
ment to the laboratory. This cont.ainer is modified by the 
addition of a c2p that allows direct connection of the 
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container "iih the purge and trap de\ice in the laboratory, so 
th3i removal of the subsample is not required for analysis. 
Subsample weig,:.ns are determined in the laboratory. 

S.J.2 The samples are extruded into the clean, organic
free jar from the coring cylinder, ideally in one operation, to 
minimize opening and closing of the jar and the potential 
ross from volatilization. This method is preferable for cases 
in which the methanol method is not desired (due to 
shipping limitations, detection limit requirements, or labora
torY restrictions) or if only small samples are available for 

3nalysis (for example, if only a thin horizon of contaminated 
material exists or a limited zone of contaminated material is 
the target for analysis). 

8.3.3 The primary disadvantages of this method are (1) 
the requirement for specialized containers, (2) the inability 
to perform additional analyses of the same sample, and (J) 
the small size of the sample, which can reduce the repre
sentativeness of the sample. 

9. Packaging and Package Marking 

9.1 An indelible label identif)ing the sample should be 

secured to the container. The !::bel should contain or 
reference the follo"ing information: 

9.1.1 Name and location of site, 
9.1.2 Date and time of sampling. 
9 .1.3 Location of sampling, 
9.1.4 Sample number, 
9.1.5 Description and disposition of sample, 
9.1.6 Name of sampling personnel, 
9.1.7 Type of preservative, and 
9.1.8 Sampling conditions and analytical requirements. 
9.2 Pack the sample container securely in a shipping 

container. The sample container should be packed in ice and 
cooled to 4•c. A min/max thermometer should be packed 
with the samples. 

9.3 Follow DOT (Department of Transportation)• ship
ping regulations. 

9.4 Make arrangements for handling, logging in, adequate 
storage and analysis of the sample or subsample at its 
destination. If warranted, follow chain-of-custody protocol. 

• A•-ail~blc from the Superintendent of Docu:nmts. U.S. Government Prin:in~ 
Office. Washington, DC 20.:02. 

The American Society for Testing and Materials takes no posftion respecting th<l validity of any patent rights asserred in connec:ion 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any s~ch 
patent rights, and tl•e risk of infringement of such rights, are en:irely their own responsibility. 

This standard is subject :a revision at any time by the responsitJ/e technical commirte-e and must M rev;ewed ~vert five years and 
if not revised. eith<er reapprov~ or withdrawn. Your comments are invited either for r~vision of this standard or fot addi:ional stanca.-Cs 
and should 1>-3 addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsi~e 
technical commit:<N, which you may arrend. 11 you /e<JI that your comments have not received a lair Maring you should make your 
views known to the ASTM Committee on Standards, 1915 Race St., Philadelphia. PA 19103. 
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Project Summary 

Behavior and Determination of 
Volatile Organic Compounds in 
Soil: A Literature Review 

Volatile organic compounds (VOCs) 
are the most common and the most 
mobile subsurface contaminants en
countered at Superfund and other haz
ardous waste sites. VOCs can be toxic, 
mutagenic, or carcinogenic. Accurate 
measurement of soli volatile organic 
compound (VOC) concentrations Is cru
cial to site Investigation, evaluation, and 
remediation efforts at Superfund and 
other hazardous waste sites contami
nated by VOCs. Solis that are contami
nated with VOCs are potential reser
voirs of long-term ground-water con
tamination. 

At the request of the U.S. EPA, a 
literature review was conducted to 
present and assess literature research 
results pertaining to the problems and 
Inconsistencies observed In the sam
pling and analysis of soli VOCs by SW· 
846 Methods 8240/8260. This report 
summarizes the current literature per
taining to (1) the fate and transport of 
soli VOCs and, (2) the sampling and 
analysis of soli VOCs by SW-846 Meth
ods 5030/8240/8260 using purge-and
trap/gas chromatography/mass spec
trometry (PT/GCIMS). 

This Project SumfTUiry was developed 
by EPA's Environmental Monitoring 
Systems Laboratory, Las Vegas, NV, to 
announce key findings of the research 
project that Is fully documented In a 
separate report of the same title (see 
Project Report ordering Information at 
back), 

Fate and Transport 
Nonpolar VOCs are sorbed predomi

nately by soil organic miii'tiirTri moist or 
wet soil. Soil sorption exhibits an initial 
phase of fast uptake, followed by slow 
continued sorption or diffusion oii/OCs 
into soil microsites. Desorption studies 

show a sjmjlar rapid desorption phase pre· 
ceding an extended slow re1ease phase. 
?oil water retains VOCs in proportion to 
compound-specific Henry's Law constants. 
vg_c vaoors are adsorbed by soil minQr
als in dry so1l and the quantities adsorbed 
are 2 to 4orders of magnitude greater 
than sorption in a wet soil. QJntamination 
b:£. nonaqueous-phase liquids (NAP( s) re· 
suits in a residual saturation fraction, de· 
scnoeCI as tiny poit10ns of NAPL held by 
capillary forces in soil pores, which 
changes in composition over time by physi
cochemical weathering. The size of the 
residual NAPL fraction is related to the 
soil porosity. 

Biodegradation of naturally occurring l 
~(such as petroleum products) readily 
occurs under aerobic conditions. Microor· 
gamsms als degrade halo n ted aco-
mRJ as chloroben=~~ 
c.!lt£, u more slOwly than the naturally 
occurring VOCs. Halogenated al:hanes J 
(such as chloroform and ICE) e de-
graded far more slowly than the other 
compounds by microorganisms or abiotic · 
processes and degradation occurs mainly · · 
under anaerobic cond1t10ns. DegradatiOn 
of halogenated aliphanes, however, has 
been observed in soils containing sub
stantial amounts of biodegradable carbon 
compounds, presumably by co-metabo· 
I ism. 

VOCs move in soils by diffusion and 
advection. Vapor diffusiOn, density-driven 
NAPL vapor advection, and gravity-driven 
NAPL advection are the most important 
mechanisms lor movement. The move· 
meat of two fluorocarbons by diffusion in 
deep sediments in Texas progressed ap
proximately 44 m vertically in 40 years 
(time since manufactured). Movement ol 
carbon tetrachloride (a dense solvent)1 n 
m into the ground water at a site in Idaho 
(time of travel unknown) is believed to be 
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caused by density-driven vapor advection. 
Movement of benzene, toluene, and xy· 
lene (solvents less dense than water) 24.4 
m vertically in less than 7 years at a 
California site has been attributed to grav
ity-driven NAPL advection. 

Sampling and Analysis 
Substantial volatile and degradative 

losses of soil VOCs have been docu
mented to occur from sample preserva
tion and subsampling steps of SW-846 

[

.Methods 8240/8260. Soil samples stored 
cold (4•C) have maximum ho1Cl1ng t1mes 
of less than 3 days before the concentra
tion falls below the 90% confidence liro.it 
of the 1M1ai value. labOratory soil trans-

L 
fers create VOC losses that widely vary 
by compound and soil, but losses aver· 
age approximately 60%. 

Immersion of soil samples in methanol 
has been shown to reduce VOC losses 
during sample storage and preparation for 
analysis. A~hough the analytical sensitiv
ity of methanol-preserved samples is less 
than that of soiVwater samples analyzed 
by purge-and-trap preparation, soil-VOC 
concentrations in methanol-preserved 

samples were t to 3 orders of magnitude 
greater than soil-VOC concentrations in 
collocated samples analyzed by low leveu 
PT/GC!MS. This implies that much of the 
existing data of soil VOCs analyzed by 
SW-846 Method 8240 could be 1 to 3 
orders of magnitude below values obtained 
in properly preserved samples or obtained 
by field analysis. 

To a large extent, erratic recovery of 
same-<lay spikes and loss of analyte dur
ing storage has impeded the accurate as
sessment of soii-VOC measurement er
rors. Quality control samples or perlor
mance evaluation materials (PEMs) are 
not available for soil VOCs. Recently, va
por fortification of small (2 to 3 g), dry soil 
samples (four compounds spiked onto two 
soils) has established low relative stan
dard deviations among samples and star· 
age of at least 3 weeks without measur
able sample loss. The technique does not 
calculate spike recoveries but creates 
stable and reproducible concentrations of 
VOC-contaminated soils. It is limited to 
small aliquots of dry soil. Another option 
for PEMs might be samples immersed/ 
preserved in methanol. 

The EPA Project Officer, Brlsn A. Schumacher (see below), is with the Environ
mental Monitoring Systems Laboratory, Las Vegas, NV 89193-3478. 

The complete report, entitled "Behavior and Determination of Volatile Organic 
Compounds in Soil: A Literature Review,· Order No. P894·100 153/AS; Cost: 
$27.00, subject to change) will be available only from: 

National Technical Information SeNice 
5285 Port Royal Road 
Springfield, VA 22161 
Telephone: 703-487-4650 

The EPA Project Officer can be contacted at: 
Environmental Monitoring Systems Laboratory 
U.S. Environmental Protection Agency 
Las Vegas, NV 89193-3478 

United States 
Environmental Protection Agency 
Center for Environmental Research Information 
Cincinnati, OH 45268 

Official Business 
Pena~y for Private Use 
$300 

EP N600/SR-93/140 

Current analytical methods that utilize 
purge-and-trap techniques to remove soil 
VOCs are not sufficient to extract all en· 
trapped VOCs (also referred to as re· 
sidual, nonequilibrium, or slowly desorb· 
ing VOCs). 

Field (static) headspace techniques of· 
fer a rapid means of quantifying soil VOCs 
with some restrictions. One restriction is 
thai the detedion limit is not as bw as can be 
adlieved with a PT preconoentration step. 
After the compounds of interest are identi· 
tied, however, options for detectors other 
than the mass spectrophotometer allow 
for extremely low detection limits. Another 
restriction is that in soils that are high in 
organic matter or soils that have a large 
fraction of slowly desorbing VOCs, PT ex
traction may be more thorough than sail 
headspace, thus necessitating laboratory 
corroboration of field data. 

The information in the full report was 
funded wholly or in part by the U.S. Envi
ronmental Protection Agency under Con
tract No. 68-C0-0049 to Lockheed Envi· 
ronmental Systems and Technologies 
Company, Las Vegas, NV. 

·u.s. Go¥errwnenl I'Mdng Otftce: 199'l- 750-071180097 
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APPENDIX IX PARAMETERS - ANALYTICAL METHODS 

rrr:m:m::r:tJ::m{:tt:t:mNMMJ.::m:m:m:m:mt=::=:m:=:t=:m:m==:t=n:m:::m:::m::r:m:::::::::tm:m:tJtt::m:m:m=:m=':m'':mt:m:t::m:=:::t::mr:m:m:'''':'=::':':::m:::Mitb.it~l!t:m:,:::t::m:::m:mt:m:m:m:m:m:m:m:ttt:::mttttttttt/ttm:mr=:::=:::==::::==:::::r 
Common Skinner's Priority 

Name 6010 8015 8080 8150 8240 8250 8260 8270 TAL TCL List Pollutants 
INORGANICS 
Antimony X X X X 
Arsenic X X X X 
Barium X X X 
Beryllium X X X X 
Cadmium X X X X 
Cobalt X X X ... Copper X X X 
Cyanide (Method 9010) X X 
Lead X X X X 
Mercury (Method 7430) X X X 
Nickel X X X X 
Selenium X X X X 
Silver X X X 

••• Sulfide (Method 9030) 
Thallium X X X 
Tin {Method 7870) 
ORGANICS .... Acenaphthene X X X 
Acenaphthylene X X X 
Acetone X X 
Acetophenone X 
Acetonitrile X 
2 -Acetylaminofluorene X 
Acrolein X X 
Acrylonitrile X X 
Aldrin X X X X 
Allyl chloride X 
4-Aminobiphenyl X 
Aniline X 
Anthracene X X X X 
Aramite X 
Benzene X X X X X 
Benzo(a)anthracene X X X X 
Benzo(b)fluoranthene X X X X 
Benzo(k)fluoranthene X X X X 
Benzo(ghi)perylene X X X 
Benzo{a)pyrene X X X X 
Benzyl alcohol X ... alpha-BHC X X X X 
beta-BHC X X X X 
delta-BHC X X X X 

loamma-BHC X X X X 
bis(2 -Chloroethoxy)methane X X X 
bis(2 -Chloroethyl)ether X X X ... 2,2-Dichlorodiisopropyl ether X 
bis(2-Ethylhexyl)phthalate X X X X 
Bromodichloromethane X X X 
Bromoform X X X X ... X 4-Bromophenyl phenyl ether X X 
Carbon disulfide X X X 

X 

Carbon tetrachloride X X X X , .. Chlordane X X X X 
p-Chloroanlline X X 
Chlorobenzene X X X X X 

fl'll TAL =Target Analyte Ust 
TCL =Target Compound Ust 

, ... 
•• 
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APPENDIX IX PARAMETERS - ANALYTICAL METHODS 

!t~!t~J~tt~JJ!=J!=J!ttt~!~li~M~tJJJJJJJJJJJJJJ :::::::::::;:;:;:::;: =~=~=~=~=::::::~:=:~:::: :::~:~:::::::::~:=:~:::::~{{:~:~:~{1 ::::::::::::::::;: ;:;:;:;:;:;:;:;:;: 
Common Skinner's Priority 

Name 6010 8015 8080 8150 8240 8250 8260 8270 TAL TCL List Pollutants 
Chlorobenzilate X i I 

p-Chloro-m-cresol X X I 

Chloroethane X X X X 
Chloroform X X X X X 
2 -Chloronaphthalene X X X 
2-Chlorophenol X X X 
4-Chlorophenyl phenyl ether X X X 
Chloroprene X 
Chromium X X X X 
Chrysene X X X X 
m-Cresol X X X 
o-Cresol X X X 
p-Cresol X X X 
2,4-D X 
4,4'-DDD X X X X 
4,4'-DDE X X X X 
4,4'-DDT X X X X 
Dial late X 
Dibenz(a,h)anthracene X X X X 
Dibenzofuran X X 
Dibromochloromethane X X X X 
DBCP X X X ,. 1 ,2-Dibromoethane X X X 
Di-n-butyl phthalate X X X X 
o-Dichlorobenzene X X X X 
m-Dichlorobenzene X X X X 
p-Dichlorobenzene X X X X 
3,3' -,Dichtorobenzidine X X X 
trans -1 ,4-Dichloro-2-butene X 
Dichlorodifluoromethane X 
1, 1-Dichloroethane X X X X 
1 ,2-Dichloroethane X X X X X 

Iii 
1,1-Dichloroethylene X X 
trans-1 ,2-Dichloroethylene X X 
2.4-Dichlorophenol X X X 
2,6-Dichlorophenol X 
1,2-Dichloropropane X X X X 
cis-1,3-0ichloropropene X X X 
trans-1,3-Dichloropropene X X X 

,.- Dieldrin X X X X 
Diethyl phthalate X X X X 
0,0-Diethyt phosphorothioate X 
Dimethoate X 

"" 
p- (Dimethylamino)azobenzene X 
7,12-Dimethylbenz(a)anthracene X X ,.,. 3,3' -Dimethylbenzidine X 
alpha-Dimethylphenethylamine X 
2,4-Dimethylphenol X X X X 
Dimethyl phthalate X X X X 
m-Dinitrobenzene X 
4,6-Dinitro-o-cresol X X X 
2,4-Dinitrophenol X X X X 
2,4-Dinitrotoluene X X X 
2,6-Dinitrototuene X X X 
Dinoseb X X 
Di-n-octyl phthalate X X X 

TAL= Target Analyte Ust 
hi TCL =Target Compound Ust 

... 
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:::m:::::::::t::::m:m:m::If:t://INiidftit/f//l//:I/lt=:::m::m:m: 1::;:;:;:;: ;:;:;:;;:;:;:;: ~:::::;::;:::::::::::: ,,,,,,,,,,,,,, ') :=:: ,, "" ::::::::::::::::::;::;:::::::: :::::::::::::::::::::::::=::::::::::::;::::: 
Common Skinner's Priority 

Name 6010 8015 8080 8150 8240 8250 8260 8270 TAL TCL List Pollutants 
1,4-Dioxane X X 
Diphenylamine X 
Disulfoton X 
Endosulfan I X X X X 
Endosulfan II X X X 
Endosulfan sulfate X X X X 
Endrin X X X X 
Endrin aldehyde X X X X 
Ethylbenzene X X X X X 

··~ 
Ethyl methacrylate X X X 
Ethyl methanesulfonate X 
Famphur X 
Fluoranthene X X X X 
Fluorene X X X 
Heptachlor X X X X 
Heptachlor epoxide X X X X 
HeJCBchlorobenzene X X X 
HeJCBchlorobutadiene X X X X - HeJCBchlorocyclopentadiene X X X 
HeJCBchloroethane X X X 
HeJCBchlorophene X 
HeJCBchloropropene X 
2-HeJCBnone X X 
lndeno(1,2,3-cd)pyrene X X X 
Isobutyl alcohol X 
lsodrin X 
lsophorone X X X 
lsosafrole X 
Kepone X 
Methacrylonitrile X X 
Methapyrilene X 
Methoxychlor X X X 
Methyl bromide X X X 
Methyl chloride X X X X 
3-Methylcholanthrene X 
Methylene bromide X 
Methylene chloride X X X 
Methyl ethyl ketone X X X X 
Methyl iodide X X 
Methyl methacrylate X X 
Methyl methanesulfonate X 
2-Methylnaphthalene X X X 
Methyl parathion X 
4 -Methyl-2-pentanone X X X 
Naphthalene X X X X X 
1,4-Naphthoquinone X 
1-Naphthylamlne X 
2-Naphthylamine X 
o-Nitroaniline X X 
m -Nitroaniline X X 
p-Nitroaniline X X 
Nitrobenzene X X X 
o -Nitrophenol X X X X 
p-Nitrophenol X X X X 
4-Nitroquinoline 1-oxide X 
N-Nitrosodi-n-butylamine X 

TAL = Target Analyte Ust 
IN TCL = Target Compound Ust 
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Common Skinner's 
Name 6010 8015 8080 8150 8240 8250 8260 8270 TAL TCL List 

N-Nitrosodiethylamine X 
N-Ntrosodimethylamine X 
N Nitrosodiphenylamine X X 
N-Nitrosodipropylamine X X 
N-Nitrosomethylethylamine X 
N-Nitrosomorpholine X 
N-Nitrosopiperidine X 
N-Nitrosopyrrolidine X 
5-Nitro-o-toluidine X 
Parathion X 
Polychlorinated biphenyls X X X 
Polychlorinated dibenzo-p-dioxins* 
Polychlorinated dibenzofurans* 
Pentachlorobenzene X 
Pentachloroethane X 
Pentachloronitrobenzene X 
Pentachlorophenol X X 
Phenacetin X 
Phenanthrene X X X 
Phenol X X X 
p-Phenylenediamine X 
Phorate X 
2-Picoline X X 
Pronamide X 
Propionitrile X X 
Pyrene X X X 
Pyridine X X X 
~fr~e X 

X 
Styrene X X X X 
2,4,5-T X 
2,3,7,8-TCDD* 

X 
lilld 

1,2,4,5-Tetrachlorobenzene 
1,1,2,2-Tetrachloroethane X X X 
Tetrachloroethylene X X 

liM' 2,3,4,6-Tetrachlorophenol X 
Tetraethyl dithiopyrophosphate X ,,._. 
Toluene X X X X 
o-T~uidine X 
Toxaphene X X X 
1,2,4-Trichlorobenzene X X X 
1,1,1-Trichloroethane X X X 
1,1,2-Trichloroethane X X X 
Trichloroethylene X X 
Trichlorofluoromethane X X 
2,4,5-Trichlor'!p_henol X X 
2,4,6-Trichlorophenol X X 
1,2,3-Trichloropropane X X 
0,0,0-Triethylphosphorothioate X 
sym-Trinitrobenzene X 
Vanadium X X X 

Vinyl acetate X 
Vinyl chloride X X X 
Xylene X X X 
Zinc X X 

,,..,. TAL =Target Analyte Ust 
TCL =Target Compound Ust 

• Method 8280 
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Priority 
Pollutants 
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PROPOSED UPDATE II 

THIS PACKET CONTAINS THE OFFICIAL PROPOSED UPDATE II FOR 
TEST METHODS FOR EVALUATING SOliD WASTE, PHYSICAL/CHEMICAL 

METHODS, SW-846, 3RD EDITION 

• Table or Contents 

• Proposed Methods for Update II, dated November 1992 

• Proposed Chapters Two, Three, Four, and Seven 

:~~ ·:~. ;~: j~ :;: :: { :~: :: :: .: ·,• :: ::: ::_ ::: _:. ::: :. j;: ::. ;:· :: 

·•· ............. · .. ··.· ..... •· ........ ····· ..... :······: ··:···.: 

If you have any problems, telephone the Methods Information 
Communication Exchange at 703-821-4789. If you have any questions 
concerning your SW-846 subscription, telephone the U.S. Government 
Printing Office at 202-783-3238. 
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Extracts by Anodic Stripping 
Voltam.mentry 

Method 7521: Nickel (Atomic Absorption, 
Furnace Method) 

Method 7580:(c) White Phosphorus by GC 
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Open-Tubular Column Option 

Method 8131 :(c) Aniline and Selected Derivatives 
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Isotope Dilution GC/MS 
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Ion-Selective Electrode 

Method 4035: Soil Screening for Polynuclear 
Aromatic Hydrocarbons (PAHs) by Method 9211: Dissolved Bromide in Aqueous 

Samples by Ion-Selective Electrode Immunoassay 

Method 4040: Toxaphene in Soils by 
Immunoassay 

Method 4041: Chlordane in Soils by 
Imrnunoassa y 

Method 4042: DDT in Soils by Immunoassay 

Method 9212: Chloride in Aqueous Samples by 
Ion-Selective Electrode 

Method 9213: Dissolved Cyanide in Aqueous 
Samples and Distillates by Ion
Selective Electrode 
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SAMPLE PRESERVATION 

Complete and unequivocal preservation of samples, either domestic sewage, industrial wastes, or 
natural waters, is a practical impossibility. Regardless of the nature of the sample, complete stability 
for every constituent can never be achieved. At best, preservation techniques can only retard the 
chemical and biological changes that inevitably continue after the sample is removed from the parent 
source. The changes that take place in a sample are either chemical or biological. In the former case, 
certain changes occur in the chemical structure of the constituents that are a function of physical 
conditions. Metal cations may precipitate as hydroxides or form complexes with other constituents; 
cations or anions may change valence states under certain reducing or oxidizing conditions; other 
constituents may dissolve or volatilize with the passage of time. Metal cations may also adsorb onto 
surfaces (glass, plastic, quartz, etc.), such as, iron and lead. Biological changes taking place in a 
sample may change the valence of an element or a radical to a different valence. Soluble constituents 
may be converted to organically bound materials in cell structures, or cell lysis may result in release 
of cellular material into solution. The well known nitrogen and phosphorus cycles are examples of 
biological influence on sample composition. Therefore, as a general rule, it is best to analyze the 
samples as soon as possible after collection. This is especially true when the analyte concentration IS 

expected to be in the low ug/1 range. 

Methods of preservation are relatively limited and are intended generally to (1) retard b!oluSJ~.d 
action, (2) retard hydrolysis of chemical compounds and complexes, (3) reduce volatility of 
constituents, and (4) reduce absorption effects. Preservation methods are generally limited to pH 
control, chemical addition, refrigeration, and freezing. 

The recommended preservative for various constituents is given in Table 1. These choices are based 
on the accompanying references and on information supplied by various Quality Assurance 
Coordinators. As more data become available, these recommended holding times will be adjusted to 
reflect new information. Other information provided in the table is an estimation of the volume of 
sample required for the analysis, the suggested type of container, and the maximum recommended 
holding times for samples properly preserved . 

18< 
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... TABLE 1 (CONn ... -.,) 
J Vol. 

··~ Req. Holding .. .., 
Measurement (ml) Container2 Preservative3

·• Time5 

~ ... 

*'" 
Chromium .. 200 P.G Cool, 4°C 24 Hrs. 

Mercury i.1. Dissolved 100 P,G Filter 28 Days 
.... HN03 to pH<2 

,. .. Total 100 P,G HN03 to pH<2 28 Days 

.... 300 Inorganics, Non-Metallics 

..... Acidity 100 P,G Cool.4°C 14 Days 

'"· Alkalinity 100 P,G Cool. 4"C 14 Days 

11'1- Bromide 100 P,G NoneReq. 28 Days 

'•If 
Chloride so P,G None Req. 28 Days 

., ... 
Chlorine 200 P,G None Req. Analyze 

•• Immediately 

Cyanides soo P,G Cool, 4"C 14 Days7 

, .. , 
) 

NaOH to pH >12 
0.6g ascorbic acid' ·- Fluoride 300 P,G None Req. 28 Days 

~ 

IOdide 100 P,G Cool. 4"C 24 Hn. ... 
Nitrogen .... 

Ammonia P,G Cool,4"C 28 Days - H2SO~ to pH < 2 

"' Kjeldahl, Total P,G Cool, 4"C 28 Days 

... H2SO~ to pH < 2 

Nitrate plus Nitrite 100 P,G Cool, 4"C 28 Days ,,. 
H2SO~ to pH < 2 

(ll 
Nitrate' 100 P,G Cool, 4"C 48 Hrs. 

'""' Nitrite so P,G Cool. 4"C 48 Hrs. ... 
, .• 
.... 
, ... 
... 'X vii 

j 
.• , ... '"'0 . ,._ ~ 

.... 
~ 
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TABLE 1 (CONn .... 
Vol. llljJ, 

Req. Holding """' 
Measurement (ml) c . 2 on tamer . 3• Preservauve · Time5 ... 
Dissolved Oxygen -

Probe 300 G bottle and top None Req. Analyze 
~ Immediately 

Winkler 300 G bottle and top Fix on site 8 Hours -and store 
Phosphorus in dark .. 

Ortho-
phosphate, so P,G Filr.-~ on site 48 Hrs. -Dissolved Co.·: ~·c 

Hydrolyzable so P,G Coc1. 4•c 28 Days 
.. 

H 2SO, to pH< 2 "' 
Total so P,G Cool. 4•c 28 Days .. 

H2SO, to pH< 2 -Total. so P,G Filter on site 24 Hrs. 
Dissolved Cool. 4•c .. 

H 2SO, to pH < 2 -Silica so p only Cool. 4•c 28 Days 

"""" Sulfate '50 P,G Cool. 4•c 28 Days -
Sulfide soo P,G Cool, 4°C 7 Days 

add 2 ml zinc -
acetate plus NaOH .... 
to pH >9. 

Sulfite 50 P,G None Req. Analyze ... 
400 Organics 

Immediately -
BOD 1000 P,G Cool, 4•c 48 Hrs. .. 

.... 
COD 50 P,G Cool. 4°C 28 Days 

H2SO, to pH < 2 !1111 

Oil ct Grease 1000 G only Cool, 4·c 28 Days 
H2SO, to pH < 2 

t!ii!;.') 

Organic carbon 2S P,G Cool, 4•c 28 Days ..... 
H2SO, or HCI to pH< 2 .... 

Phenolics soo G only Cool. 4°C 28 Days 

""" HtSO. to pH <2 -
!IIIII 

xviii ... 
21< ... 

"'""~ 

... -
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2. 

TABLE 1 <CONT> 

Vol. 
Req. Holding 

Measurement (ml) Container2 Preservative3
'
4 Time5 

MBAS 250 P,G Cool. 4•c -18 Hrs. 

NTA 50 P,G Cool, 4•c 24 Hrs. 

More specific instructions for preservation and sampling· are found with each procedure as 
detailed in this manual. A general discussion on sampling water and industrial wastewater may 
be found in ASTM, Part 31, p. 72-82 (1976) Method D-3370. 

Plastic (P) or Glass (G). For metals, polyethylene with a polypropylene cap (no liner) is 
preferred. 

3. Sample preservation should be performed immediately upon sample collection. For 
composite samples each aliquot should be preserved at the time of collection. When use of 
an automated sampler makes it impossible to preserve each aliquot, then samples may be 
preserved by maintaining at 4°C until compositing and sample splitting is completed. 

4. When any sample is to be shipped by common carrier or sent through the United States 
Mails, it must comply with the Department of Transportation Hazardous Materials 
Regulations (49 CFR Part 172). The person offering such material for transportation is 
responsible for ensuring such compliance. For the preservation requirements of Table I, 
the Office of H_azardous Materials, Materials Transportation Bureau, Department of 
Transportation has determined that the Hazardous Materials Regulations do not apply to 
the following materials: Hydrochloric acid (HCl) in water solutions at concentrations of 
0.04% by weight or less (pH about 1.96 or greater); Nitric acid (HN03) in water solutions at 
concentrations of0.15% by weight or less (pH about 1.62 or greater); Sulfuric acid (HaSO .. ) 
in water solutions at concentrations of 0.35% by weight or less (pH about 1.15 or greater): 
Sodium hydroxide (NaOH) in water solutions at concentrations of 0.080% by weight or 
less (pH about 12.30 or less). 

5. Samples should be analyzed as soon as possible after collection. The times listed are the 
maximum times that samples may be held before analysis and still considered valid. 
Samples may be held for longer periods only if the permittee, or monitoring laboratory. 
has data on file to show that the specific types of sample under study are stable for the 
longer time, and has received a variance from the Regional Administrator. Some samples 
may not be stable for the maximum time period given in the table. A permittee, or 
monitoring laboratory, is obligated to hold the sample for a shorter time if knowledge 
exists to show this is necessary to maintain sample stability. 

6. Should only be used in the presence of residual chlorine. 

xix 



7. Maximum holding time is 24 hours when sulfide is present. Optionally. all samples may 
be tested with lead acetate paper before the pH adjustment in order to determine if sulfide 
is present. If sulfide is present. it can be removed by the addition of cadmium nitrate 
powder until a negative spot test i~ obtained. The sample is filtered and then NaOH is 
added to pH 12. 

8. Samples should be filtered immediately on-site before adding preservative for dissolved 
metals. 

9. For samples from non-chlorinated drinking water supplies cone. H~O. should be added 
to lower sample pH to less than 2. The sample should be analyzed before 14 days. 
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NOTICE 

The policies and procedures set forth here are intended as 
guidance to Agency and other government employees. They 
do not constitute rulemalcing by the Agency, and may not be 
relied on to create a substantive or procedural right 
enforceable by any other person. EPA officials may decide to 
follow the guidance provided in this directive, or to act at 
variance with the guidance, based on analysis of specific site 
circumstances. The Agency also reserves the right to change 
this guidance at any time without public notice. 
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EXECUTTVES~~y 

This guidance presents a general regulatory background and options for management of investigation-derived wastes 
(IDW) generated during Superfund site inspections (Sis). These wastes include soil cuttings, drilling muds, purged 
ground water, decontamination fluids (water and other fluids), disposable sampling equipment (DE), and disposable 
personal protective equipment (PPE). The National Contingency Plan (NCP) requires that management of IDW 
generated during Sis complies with all applicable or relevant and appropriate requirements (ARARs) to the extent 
practicable. In addition, other legal and practical considerations may affect the handling of IDW. Therefore, site 
inspection managers and other involved parties should be familiar with this guidance, as well as the requirements 
of the NCP, ARARs, and EPA's interpretation of these requirements. 

IDW from Sis may contain hazardous substances as deftned by the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA). Some CERCLA hazardous substances are hazardous wastes under 
Subtitle C of the Resource Conservation and Recovery Act (RCRA), while other substances are regulated by other 
federal laws such as the Safe Drinking Water Act (SDW A), Clean Air Act (CAA), Toxic Substances Control Act 
(TSCA), and the Clean Water Act (CWA). EPA estimates that RCRA hazardous IDW have been generated at fewer 
than 15 percent of CERCLA sites. However, RCRA regulations, and in particular the RCRA Land Disposal 
Restrictions (LDRs), are very important as potential ARARs since they regulate treatment, storage, and disposal 
of many of the most toxic and hazardous materials. 

EPA's strategy for managing RCRA hazardous IDW presented in this guidance is based on: 

• The NCP directive that Sis comply with ARARs to the extent practicable . 

• The Area of Contamination (AOC) unit concept. 

The most important elements of the IDW management approach are as follows: 

• Leaving a site in no worse condition than existed prior to the investigation. 

• Removing those. wastes that pose an immediate threat to human health or the environment. 

• Leaving on-site wastes that do not require off-site disposal or extended above-ground containerization . 

• Complying with federal ARARs, to the extent practicable . 

• Complying with state ARARs, as practicable . 

• Careful planning and coordination for IDW management. 

• Minimizing the quantity of generated wastes . 

The specific elements of the approach are as follows: 

• 

• 

Characterizing IDW through the use of existing information (manifests, Material Safety Data Sheets, 
previous test results, knowledge of the waste generation process, and other relevant records) and best 
professional judgment. 

Delineating an AOC unit for leaving RCRA hazardous soil cuttings within the unit. 

v 



• 

• 

Containerizing and disposing of RCRA hazardous ground water, decontamination fluids, and PPE and 
DE (if generated in excess of 100 kg/month) at RCRA Subtitle C facilities. 

Leaving on-site RCRA nonhazardous soil cuttings, ground water, and decontamination fluids preferably 
without containerization and testing. 

EPA does not recommend removal of wastes from all sites and, in particular, from those sites where IDW do not 
pose any immediate threat to human health or the environment. Removing wastes from all sites would not benefit 
human health and the environment and would result in spending a significant portion of the total funds available for 
the site assessment program, thus impairing EPA's ability to successfully meet the goals of the program. 
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1.0 INTRODUCTION 

In the process of collecting environmental samples during Superfund site inspections (Sis), site investigators generate 
many different types of potentially contaminated investigation-derived wastes (IDW) that include soil, ground water, 
used personal protective equipment (PPE), decontamination fluids, and disposable sampling equipment (DE). The 
National Contingency Plan (NCP)<11 requires that managing (handling) of IDW attains all applicable or relevant and 
appropriate requirements (ARARs) to the extent practicable considering the exigencies of the situation. To comply 
with ARARs, site managers need to be familiar 'With these requirements and how the Environmental Protection 
Agency interprets them. 

1.1 PURPOSE 

This document provides guidance on determining and interpreting ARARs, and highlights EPA's recommended 
approach to handling IDW in compliance with these requirements. The guidance is intended to assist site inspection 
managers (SM), EPA regional project officers (RPOs), EPA Site Assessment Managers (SAMs), state environmental 
agencies, potentially responsible parties (PRPs), and others involved in Superfund site assessment work. The 
approach presented reflects EPA's goal to protect human health and the environment, addresses the most typical 
scenarios that the SM may encounter, and describes cost-efficient methods of handling both hazardous and non
hazardous IDW. 

1.2 ORGANIZATION OF THE GUIDANCE 

This guidance consists of seven sections: 

• Section 1 - Introduction . 

• 

• 

• 

• 
• 

• 

Section 2 describes regulatory requirements and policy concerns, with emphasis on Resource 
Conservation and Recovery Act (RCRA)l2l regulations. 

Section 3 discusses the distinction between IDW containing Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) hazardous substances and RCRA hazardous wastes based 
on their regulatory defmitions. 

Section 4 stresses planning for IDW generation and management as the most important factor of the 
comprehensive approach to handling IDW. This section also presents the IDW disposal decision tree 
intended as a quick reference for site inspection managers. 

Section 5 describes the implementation of the IDW management plan . 

Section 6 discusses costs involved in both on-site and off-site IDW handling . 

Section 7 briefly describes available subcontracting procedures for IDW transportation and disposal. 
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2.0 REGULATORY REQUIREMENTS AND POLICY CONCERNS 

A variety of IDW are generated during CERCLA Sis. Many of these wastes contain substances considered 
hazardous under CERCLA or regulated under various federal statutes such as the Toxic Substances Control Act 
(TSCA), Clean Water Act (CWA), Safe Drinking Water Act (SDWA), Clean Air Act (CAA), and RCRA. Even 
though all of these statutes can be ARARs for CERCLA actions, the application of these Jaws to handling IDW 
generated during the SI can be difficult and confusing, since none specifically addresses the management of IDW 
generated during the SI. 

The National Contingency Plan (NCP){ll and the proposed amendment to the NCp<ll ("Procedures for Planning and 
Implementing Off-Site Response Actions") codifying the CERCLA off-site policyt•>, present EPA's interpretation 
of how these laws apply to response action investigations such as Sis. 

2.1 REQUIREMENTS OF CERCLA AND THE NCP 

CERCLA authorizes EPA to respond to releases or threats of releases of hazardous substances into the environment. 
CERCLA response actions include removal actions, remedial investigations, and other response actions financed 
by Superfund. CERCLA Section 101 (23) defines "removal" to include actions that may be necessary to monitor, 
assess, and evaluate the release or threat of release of hazardous substances. Thus, CERCLA studies, site 
assessments, and field investigations are considered removal actions. The NCP directs that removal actions attain 
ARARs "to the extent practicable considering the exigencies of the situation • (unless the ARAR is waived) (see 
Section 300.415 (i) of the NCP). Practicability is assessed by examining factors such as the urgency of the situation 
and the scope of the removal action to be conducted. Section 2.2 of this guidance discusses procedures for 
CERCLA off-site actions. 

The preamble to the NCP clarifies the extent to which ARARs apply to removal actions: 

"[Because) the purpose of removal actions generally is to respond to a release or threat of release of hazardous 
substances, pollutants, or contaminants so as to prevent, minimize, or mitigate harm to human health and the 
environment. .. [and] removals are distinct from remedial actions in that they may mitigate or stabilize the threat 
rather than comprehensively address all threats at a site ... removal actions cannot be expected to attain all 
ARARs ... Indeed, the imposition by Congress of limits on the amount of time and Fund money that may be 
spent conducting a removal action often precludes comprehensive remedies by removal actions alone" (55 FR 
8695, March 8, 1990) (emphasis added). 

Because investigative activities are categorized as removal actions, the preamble to the NCP sets out the following 
. IDW management approach: 

• ... the field investigation team should, when handling, treating or disposing of investigation-derived waste on
site, conduct such activities in compliance with ARARs to the extent practicable, considering the exigencies of 
the situation . Investigation-derived waste that is transported off-site (e.g., for treatability studies or disposal) 
must comply with applicable requirements of the CERCLA off-site policy" (55 FR 8756, March 8, 1990) 
(emphasis added). 

In determining what is "practicable" in the context of an SI, the Agency may take into account the very limited 
scope and purpose of the activity, and in particular the fact that it is not intended to address contamination at the 
site (other than to gather information about it). This means that, as a general matter, actions taken at the SI that 
leave conditions essentially unchanged (such as returning soil cuttings to the location from which they were taken) 
should not require a detailed analysis of ARARs or assurance that conditions at the site after the action is taken will 
comply with ARARs. At the same time, site personnel should ensure that their handling of IDW does not create 
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additional hazards at the site. (For example, leaving highly contaminated soil cuttings on the surface could create 
an additional risk of direct exposure.) 

Potential ARARs include (but are not limited to) RCR..c\m, TSCA, CWA, CAA, and state legally enforceable 
regulations. The most important ARARs for managing IDW are RCRA and TSCA (addressed in Sections 2.4 and 
2.5 of this guidance). The preamble to the NCP discusses when CERCLA actions (including activities during Sis) 
constitute "land disposal," which triggers several significant requirements, including RCRA land disposal restrictions 
(LDRs)<5l (55 FR 8759-8762). 

Section 300.400(g) ( 4) of the NCP defines state ARARs as "those state standards that are promulgated, are identified 
by the state in a timely manner, and are more stringent than federal requirements.· Section 2. 7 of this guidance 
discusses the issue of state ARARs. 

Before ARARs can be determined, it is necessary to determine what contaminants, if any, are present in the IDW. 
Section 3.0 of this guidance discusses the process of identifying contaminants. In general, such identification should 
be done based on available information about the site and professional judgment rather than testing. 

In brief, compliance with the NCP can generally be assured by: 

(1) Identifying contaminants, if any, present in IDW based on existing information and best professional 
judgment; testing is not required in most circumstances. 

(2) Determining ARARs (particularly RCRA and state laws), and the extent to which it is practicable to 
comply with them. 

(3) Delineating an area of contamination (AOC) unit based on existing information and visual observation 
if soil cuttings are RCRA hazardous (see Section 2.4.2). 

(4) Burying RCRA hazardous soil cuttings within the AOC unit, so long as no increased hazard to human 
health and the environment will be created. Containerization and testing are not required. 

(5) Containerizing RCRA hazardous ground water and other RCRA hazardous IDW such as PPE, DE, and 
decontamination fluids for off-site disposal. 

The following sections of this guidance provide guidelines for determining ARARs and identifying IDW. 

2.2 OFF-SITE RESPONSE ACTIONS POLICY 

CERCLA Section 121 (d) (3) requires that hazardous substances, pollutants, or contaminants that are transferred 
off-site for treatment, storage, or disposal during CERCLA response actions must be sent to facilities operating in 
compliance with RCRA and other applicable laws or regulations. In 1987, EPA issued a more detailed policy (the 
"off-site policy" - OSWER Directive No. 9834.11, November 13, 1987<•l) that describes procedures that must be 
followed when a response action under CERCLA involves off-site management of CERCLA wastes. This policy 
applies to all IDW that are transported to an off-site disposal facility, but does not itself require that all RCRA 
hazardous wastes and CERCLA hazardous substances be disposed off-site. Sections 2.4.3, 2.4.4, 2.5 and 2.6 of 
this guidance present the criteria that RCRA Subtitle C facilities, RCRA Subtitle D facilities, TSCA and CWA
regulated facilities must meet. The off-site policy is complex, and questions that arise should be referred to the 
appropriate EPA Office of Regional Counsel. 

The off-site policy provides acceptability criteria for facilities that receive wastes from CERCLA-authorized or 
-funded response actions, including RCRA land disposal, treatment, storage, and permit-by-rule facilities, and for 
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non-RCRA Subtitle C facilities (such as facilities permitted to receive waste under TSCA) that receive non-RCRA 
wastes. Section 2.4.3 of this guidance discusses requirements for RCRA facilities that receive such wastes. In 
addition, the off-site policy lists procedures for implementing off-site response actions, incorporates the SAR.t>.. 
requirements, and provides detailed procedures for issuing and reviewing unacceptability determinations. Off-site 
actions must comply with applicable requirements of this policy. 

The off-site policy also establishes criteria for selecting an appropriate disposal facility. The policy requires that 
all RCRA hazardous wastes and CERCLA hazardous substances (which include RCRA hazardous wastes as a 
subset) generated during CERCLA response actions that are transferred off-site be managed in facilities that are not 
only in compliance with RCRA and other federal and state requirements, but also meet the compliance and release 
criteria outlined in the policy. 

EPA has proposed an off-site rule (Part 300.440 of the NCP) that would codify the requirements of CERCLA 
Sections 121 (d) (3) and the off-site policy, and prevent CERCLA response actions from contributing to present or 
future environmental problems "by directing these wastes to management units determined to be environmentally 
sound" (53 FR 48218, November 29, 1988(3>). Once the rule is issued in final form, it will supersede the policy. 
Note that the proposed off-site rule contains provisions regarding materials sent to laboratories for testing and 
analysis. These provisions do not relate to the types of IDW discussed in this guidance. 

2.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

ARARs must be identified on a site-specific basis, and the site manager must determine whether a requirement is 
applicable and, if not, whether the requirement is relevant and appropriate. A requirement under environmental 
laws may be either "applicable" or "relevant and appropriate,· but not both. 

For dealing with IDW, the most important federal ARAR is RCRA because it specifically regulates all aspects of 
transportation, treatment, storage, and disposal of hazardous wastes. Other major federal ARARs of concern 
include CW A, CAA, SDW A, and TSCA. State ARARs should be attained where they are promulgated and legally 
enforceable (see Section 2.7 of this guidance). 

Much of what is discussed in this guidance is directly applicable; however, there are instances where requirements 
may not be legally applicaole, but are nethertheless relevant (addressing a similar situation or problem) and 
appropriate (being well-suited to a particular site). Relevant and appropriate requirements should be considered in 

. the same way as those that are directly applicable. For instance, such situations might include circumstances where 
a highly toxic waste constituent is suspected, a large volume of waste may be generated or the nature of the property 
(e.g. residential or proximity to public facilities) is of concern. Section 4.6 of this guidance discusses factors 
identified for off-site disposal of IDW and management options when an ARAR has been determined. 

2.4 RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) 

The Resource Conservation and Recovery Act (RCRA) of 1976, an amendment to the Solid Waste Disposal Act 
(SWDA) of 1965, was passed to protect human health and the environment, to conserve energy and natural 
resources, and to quickly reduce or eliminate the generation of hazardous wastes. RCRA currently has 10 discrete 
sections (Subtitles) that address specific waste management achv1ttes. Two of these Subtitles, and their 
implementing regulations, may be ARARs for IDW handling: Subtitle C (Hazardous Waste Management) and 
Subtitle D (Solid Waste Management). 

The RCRA Hazardous and Solid Waste Amendments (HSW A) of 1984 established land disposal restrictions (LDRs) 
for RCRA hazardous wastes and mixtures of RCRA hazardous wastes with other substances, including those 
regulated under TSCA. Under RCRA regulations, restricted RCRA wastes may only be land disposed after 
treatment to specified levels. RCRA may be an ARAR for IDW handling if the IDW generated during the SI 
contain RCRA hazardous wastes. In that case, the SM should evaluate compliance (to the extent practicable) with 
LDRs. 
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2.4.1 LAND DISPOSAL RESTRICTIONS 

Land disposal, as defined by RCRA Section 3004 (k), includes any placement of RCRA hazardous waste in a 
landfill, surface impoundment, waste pile, injection well, land treatment facility, salt dome or salt bed formation, 
or underground mine or cave. For LDR purposes, the Agency co=only uses "land disposal" and "placement" 
as synonymous terms. 

For the purpose of the LDRs, HSW A divides RCRA hazardous wastes into several groups (e.g., First Third, Second 
Third, California list wastes) and specifies dates, referred to as the statutory deadlines, by which treatment standards 
for each group must be established. The final statutory deadline for wastes listed or identified before November 
8, 1984 was May 8, 1990. For wastes identified after November 8, 1984, EPA must determine whether these 
wastes will be prohibited from land disposal within 6 months of listing or identification. If EPA fails to promulgate 
treatment standards within 6 months for newly identified wastes, the wastes can be land disposed without restriction 
until the appropriate treatment standards are promulgated. After the statutory deadline for wastes identified before 
November 8, 1984, the wastes are "restricted • or "prohibited" and cannot be disposed in land unless: 

• The wastes are treated to meet promulgated treatment standards. 

• 

• 
• 

It can be demonstrated that hazardous constituents will not migrate from the land disposal unit as long 
as the wastes remain hazardous. 

The wastes are subject to treatment standard variances . 

The specific waste has received a national capacity variance . 

It should be noted that the NCP establishes a presumption that treatment to best demonstrated available technology 
(BDAT) standards is inappropriate as a standard for soil removed from CERCLA sites, and that a treatability 
variance is appropriate in such circumstances (see 55 FR 8760-8762). 

To determine if LDRs are applicable to IDW management, the SM must evaluate whether: 

(1) The IDW are RCRA hazardous waste. 

(2) The RCRA hazardous waste is regulated under the LDRs. 

(3) The anticipated approach to IDW management constitutes "placement" (land disposal) of the generated 
wastes. (For the purpose of the LDRs, EPA considers itself a waste generator when the response action 
involves treatment, storage, or disposal of RCRA hazardous wastes. If the SI does not involve RCRA 
hazardous IDW disposal, RCRA regulations are not triggered.) 

LDRs apply only if the answer to all three questions is "yes." In some cases, as discussed in section 2.3, LDRs 
may be "relevant and appropriate" even if not strictly applicable. 

2.4.2 AREA OF CONTAMlNATION CONCEPT AND ITS IMPLICATIONS 

An important consideration in determining whether LDRs apply is whether land disposal of IDW has occurred. If 
IDW are merely being moved within the same "area of contamination" (AOC), EPA does not consider "land 
disposal" to have occurred, so that LDRs are not triggered, even if IDW contain RCRA hazardous material. 
Therefore, if IDW are being moved only within an AOC, it is unnecessary to determine whether they are subject 
to LDRs. 
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EPA has not promulgated a regulatory definition of an AOC. However, the preamble to the NCP (55 FR 8760) 
states that "EPA generally equates the CERCLA area of contamination with a single RCRA land-based unit, usually 
a landfill. • EPA noted that under RCRA, the term • 'landfill' could include a non-discrete land area on or in which 
there is generally dispersed contamination. • The contamination in an AOC may vary in concentration and type of 
contaminant. Further guidance on the AOC concept is provided in 55 FR 8760 (March 8, 1990), 53 FR 51444 
(December 21, 1988), and in Superfund LDR Guide #5 (OSWER Directive 9347.3-05, July 1989). 

The AOC concept applies only to contaminated soil (and sediments) from the inspected site. The AOC concept does 
not affect the approach for managing IDW that did not come from the AOC, such as PPE, DE, decontamination 
fluids, and ground water. The latter materials, if RCRA hazardous, must be containerized and disposed off-site. 

Examples of AOCs include: a waste source such as waste pit, landfill, waste pile along with the surrounding 
contaminated soil, or the sediments in a contaminated stream. Depending on site characteristics, one or more AOCs 
may be delineated. CERCLA sites often consist of several AOCs. To determine if separate AOCs can be 
delineated within the site, and if RCRA regulated wastes are present within the AOCs, the site manager should 
collect sufficient information about the site as early as possible, preferably prior to starting field work. Determining 
AOCs may prove difficult if there is little available information or no visual contamination. In such cases, site 
managers may use their best professional judgment to delineate AOCs (e.g., a small area immediately adjacent to 
a borehole may be part of an AOC if the area is covered with surface soil similar to soil from the borehole). 

Once the AOC units are determined, the site manager must evaluate whether an anticipated IDW handling approach 
constitutes land disposal. In general, land disposal does not occur when wastes are: 

• Moved within the unit. 

• 
• 
• 

Capped in place . 

Treated in situ (without placing the waste in another unit for treatment) . 

Processed within the AOC to improve structural stability (without placing the waste into another unit for 
processing). 

Superfund LDR Guide #5, "Determining when Land Disposal Restrictions (LDRs) are Applicable to CERCLA 
Response Actions, •(5) states that land disposal occurs when: 

• Wastes from different AOCs are consolidated into one AOC. 

• 

• 

Wastes are moved outside of an AOC (for treatment and storage) and returned to the same or a different 
AOC. 

Wastes are excavated from an AOC, transferred to a separate unit such as a tank, surface impoundment, 
or incinerator that is within the AOC, and then redeposited into the AOC. 

In addition, land disposal occurs if wastes removed from an AOC are stored (e.g., placed in drums outside the 
AOC) prior to being returned to the AOC. 

Thus, under the NCP, the AOC unit concept means that: 

• Land disposal does not occur when wastes are left in place, or moved or stored within a single AOC 
unit. 

• Leaving RCRA hazardous soil on-site within the AOC unit does not constitute disposal and does not 
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trigger RCRA regulations, unless the SM determines that the wastes would significantly increase risks 
to human health and the environment (e.g., fire or explosion) and must be disposed of off-site. 

RCRA hazardous ground water, decontamination fluids, PPE, and DE should be containerized and 
disposerl off-site. 

Moving RCRA hazardous soil cuttings from one AOC to another AOC triggers the LDRs . 

If IDW cannot be deposited within the delineated AOC, the site manager must comply with all LDRs to the extent 
practicable. This means that the IDW should be transferred to an off-site RCRA Subtitle C hazardous waste 
treatment, storage, or disposal facility that complies with the off-site policy. 

2.4.3 REQUIREMENTS FOR RCRA SUBTITLE C TREATMENT, STORAGE, AND DISPOSAL 
FACILITIES 

The RCRA Subtitle C standardsC2l cover hazardous waste treatment, storage, and disposal (TSD) facilities. The 
specific standards govern installation, operation, inspection, and closure of containers, tanks, surface impoundments, 
waste piles, land treatment units, landfills, incinerators, and other units. 

Off-site TSD facilities receiving IDW must have RCRA permits to operate. Facilities that are permitted under 
another statute to receive hazardous wastes are eligible for RCRA permits without filing RCRA permit applications. 
These facilities, referred to as "permit-by-rule, • include ocean disposal barges or vessels, injection wells, and 
publicly-owned treatment works (POTWs). The NCP exempts EPA from the RCRA permitting requirement while 
conducting CERCLA actions on-site. However, EPA should attempt to consider RCRA storage regulations as 
relevant and appropriate when containerizing and storing wastes on-site, even though a permit application will not 
be filed. 

Generally, the RCRA storage regulations require a generator to: (1) place the waste in containers or tanks; (2) 
satisfy the standards for containers or tanks; (3) clearly indicate the waste accumulation date on the containers; (4) 
mark the containers and tanks as "hazardous waste"; and (5) comply with the requirements for owners and operators 
of hazardous waste TSD facilities. In addition, LDRs prohibit the storage of RCRA restricted waste unless the 
storage is to accumulate sufficient quantities of the waste to promote proper disposal, treatment, or recovery. When 
storing hazardous waste for more than 90 days, the SM should consider the storage requirements of 40 CFR Parts 
262 and 264 as relevant and appropriate and comply with them to the extent practicable unless the site falls within 
one of the following categories of waste generators: 

1. 

2. 

Conditionally exempt small quantity generators (producing no more than 100 kilograms of hazardous 
waste in a calendar month), and 

Small quantity generators producing between 100 kg and 1,000 kg of hazardous waste in a calendar 
month. 

In the cases listed above, the SM will have to comply with the guidelines provided in 40 CFR Part 261.5(g)(2) and 
40 CFR Part 262.34. 

Any facility receiving IDW containing hazardous wastes must comply with all RCRA Subtitle C design, operation, 
and closure requirements. In addition, the off-site policy presents additional criteria for selecting an appropriate 
disposal facility. The most important criteria<•> that a RCRA Subtitle C facility must meet if it receives RCRA 
hazardous IDW are: 

• There must be no record of any re.levant violations at or affecting the receiving unit. 

• There must be no releases at receiving units of land disposal, treatment, or storage facilities. Note that 

8 



• 

• 

• 

a land disposal facility may consist of one or more land disposal units, including landfills, surface 
impoundments, land treatment units, and piles. 

There must be no significant releases (as determined by EPA) from non-receiving units at treatment and 
storage facilities that are not controlled by corrective action. 

Waste cannot be disposed of at any unit of a land disposal facility, if any one unit at the facility has 
releases that are not controlled by corrective action. 

The land disposal facility must demonstrate compliance with the minimum technology requirements of 
RCRA Section 3004 (o). 

The off-site policy also applies to RCRA permit-by-rule facilities receiving RCRA hazardous waste. These facilities 
are subject to the same requirements as other RCRA Subtitle C facilities and must be inspected for compliance with 
the applicable RCRA requirements, as well as be inspected by the appropriate authorities for compliance with other 
applicable laws. Permit-by-rule facilities that receive only nonhazardous materials do not need RCRA permits but 
must be inspected by local agencies for compliance with applicable laws. 

2.4.4 APPLICATION OF RCRA REQUIREMENTS TO IDW MANAGEMENT 

RCRA requirements apply to management of IDW during Sis in the following manner: if IDW is stored or 
disposed off-site, then the SM must comply with all RCRA and ARAR storage requirements; if IDW are stored 
on-site, then the SM must comply with RCRA to the extent practicable. 

Off-site management of RCRA hazardous IDW may also involve treatment, storage, and disposal of RCRA 
hazardous wastes in accordance with all applicable guidelines. For TSD facilities constructed solely as part of a 
CERCLA response action, RCRA operating permits are not required. 

IDW generated during the SI may require on-site storage in containers while awaiting off-site disposal. Although 
CERCLA exempts response actions conducted entirely on-site from permit requirements (see CERCLA Section 121 
(e) (1)), EPA's policy is to follow the storage regulation practices required for RCRA generators who wish to avoid 
obtaining permits ( 40 CFR Parts 240-280). These requirements are applicable if the site manager determines that 
the containerized IDW are RCRA hazardous waste. RCRA hazardous IDW containerized and stored on-site must 
be properly disposed within a regulatory timeframe. There are cases where this may not be possible and storage 
does not require a permit, although EPA should try to expedite removal as much as possible. Note that 
accumulation of IDW, even on-site, in units other than containers or tanks may result in creation of RCRA units 
that are subject to various RCRA requirements such as closure, permitting, and ground water monitoring. 

2.4.5 CRITERIA FOR RCRA SUBTITLED FACILITIES 

RCRA Subtitle D(2) regulates disposal of nonhazardous wastes in facilities such as municipal landfills. RCRA 
nonhazardous IDW, such as personal protection equipment (PPE) and disposable equipment (DE), may be disposed 
of in a SubtitleD facility. Other RCRA nonhazardous IDW (e.g., soil cuttings or ground water) should go to a 
SubtitleD facility only in very rare circumstances (these wastes should be disposed on-site). The off-site policy 
establishes requirements for selecting an appropriate RCRA SubtitleD facility for IDW disposal: 

• 

• 

The facility must have a compliance inspection prior to receiving CERCLA IDW and this inspection must 
not identify any noncompliance with relevant federal and state regulations at or affecting the receiving 
unit. 

Environmentally significant releases (as determined by EPA) of hazardous substances must be controlled 
by corrective action. 
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2.5 TOXIC SUBSTANCES CONTROL ACT 

RCRA nonhazardous IDW containing PCBs or asbestos must, in certain circumstances, be disposed of at facilities 
regulated under the Toxic Substances Control Act (TSCA). While asbestos is not a common contaminant at 
CERCLA sites, PCBs can be found at about 17 percent of CERCLA sites. Regulations governing the management 
ofiDW containing PCBs, which are generally based on PCB concentrations in waste, are found at 40 CFR 761.60. 

TSCA requirements for handling PCBs<6l call for incineration of PCB-<:ontaminated liquid material with 
concentrations greater than 500 ppm. For liquid material with PCB concentrations between 50 and 500 ppm, the 
principal alternative to incineration is disposal in a TSCA chemical waste landfill. Any receiving unit must meet 
the compliance and release criteria for non-RCRA units as set out in the off-site policy, in order to be acceptable. 
These PCBs may also be destroyed by using a TSCA-approved method that provides a level of performance 
equivalent to incineration. Nonliquid PCBs at concentrations greater than or equal to 50 ppm may be incinerated, 
treated by a equivalent TSCA-approved method, or disposed in a TSCA chemical landfill. PCB-<:ontaminated 
material with concentrations less than 50 ppm are generally not regulated under TSCA, and may be disposed in 
acceptable SubtitleD facilities. 

Even though IDW containing PCBs alone are not RCRA hazardous wastes, IDW containing PCBs mixed with 
RCRA hazardous wastes are regulated under RCRA LDRs as part of the California list wastes<4·SJ. Since PCBs can 
be governed by RCRA and TSCA, the SM must determine whether RCRA (in the case ofPCBs mixed with RCRA 
wastes) or TSCA regulations, or both, are applicable. 

2.6 CLEAN WATER ACT 

The Clean Water Act (CWA) addresses site-specific pollutant discharge limitations and performance standards for 
specified industries to protect surface water quality. At the SI, the most likely situation involves indirect discharge 
of IDW water, regulated under CWA, to POTWs for treatment and disposal. A less likely situation may involve 
direct discharge, either on-site or off-site, to surface water . 

RCRA hazardous wastewater can be disposed of at POTWs that have a RCRA permit-by-rule and that meet the off
site policy criteria for a facility receiving RCRA hazardous waste. Disposal at a POTW of nonhazardous 
wastewaters from CERCLA sites is an optionC1·8

' if the POTW is acceptable under the off-site policy (Appendix C). 
EPA regulations cover general and specific prohibitions on discharges<9l to POTWs. 

The following criteria (IOJ should be used in selecting an appropriate POTW facility: 

• 
• 
• 
• 

• 

• 

Compliance with all applicable laws . 

The quantity and quality of the CERCLA IDW must be compatible with the POTW . 

The POTW must have no unpermitted "releases." 

The concentration of any hazardous substance must meet applicable pretreatment standards (CERCLA 
IDW cannot upset the facility's operation and violate the permit). 

The POTW must be in compliance with its National Pollutant Discharge Elimination System (NPDES) 
permit. 

The transport of IDW to the POTW and its placement in an impoundment must not create a potential for 
ground water contamination. 
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2.7 STATE REQVIR.El\llii'i'TS 

State ARARs present an array of specific problems for CERCLA sites because their goals and methods often differ 
from federal environmental laws. CERCLA Section 121 and Section 300.400 (g) of the NCP provide that only 
those state standards that are promulgated, identified by the state in a timely manner, and more stringent than federal 
requirements may generally be ARARs. To be considered "promulgated,· a standard must be legally enforceable 
and of general applicability. A waiver is available if the state standard is applied only to CERCLA sites1>. When 
dealing with IDW, SMs must comply (to the extent practicable) with state promulgated and enforceable requirements 
that are more stringent than federal requirements. 

State hazardous waste regulations are among the most important environmental laws that may differ, in some states, 
from federal law. EPA has authorized some states to administer and enforce RCRA hazardous waste management 
programs. Regulations in these states may be more stringent or have a greater scope of coverage than the federal 
RCRA requirements. If the CERCLA site is in a state with an authorized RCRA program, the RCRA requirements 
promulgated by the state will replace the federal requirements as potential ARARs. 

In addition to state RCRA regulations, other state legally enforceable standards may govern the handling of wastes. 
However, the SM should be aware that ARAR waivers are generally available for state requirements specifically 
aimed at CERCLA sites (see CERCLA section 121(d)(4)(E); 40 CFR 300.430(f)(1)(ii)(C)(5). 
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3.0 IDENTIFICATION OF INVESTIGATION-DERIVED WASTES 

To properly deal with IDW from Sis, the SM must know whether IDW contain CERCLA hazardous substances, 
and whether these hazardous substances constitute either RCR.A. hazardous wastes or contaminants regulated under 
other statutes. This section is intended to help the SM ascertain the types of IDW generated during the SI and, in 
particular, to determine whether IDW are either RCRA listed or characteristic hazardous waste. 

There are several types of IDW generated during the SI. Examples include the following: (1) soil cuttings and drill 
mud from soil boring or monitoring well installations; (2) purge water removed from wells before ground water 
samples are collected; (3) water, solvents, or other fluids used to decontaminate field equipment and PPE; and, (4) 
PPE and DE. These IDW can be contaminated with various CERCLA hazardous substances. To handle IDW in 
compliance with regulations, reasonable efforts should be made to characterize the wastes. 

3.1 EXTENT OF EFFORTS TO CHARACTERIZE WASTES 

The efforts made to characterize IDW should be consistent with the limited scope and purpose of the SI. In most 
cases, the limited scope of anSI makes it impracticable to characterize wastes to the same extent that might be done 
in a remedial investigation/feasibility study (RI/FS). In particular, Contract Laboratory Program (CLP) testing 
would not be warranted in most cases; instead, the nature of the wastes should be assessed by applying best 
professional judgment, using readily available information about the site (such as manifests, storage records, 
preliminary assessments, and results of earlier studies that may have been conducted and are available to the 
Agency, as well as direct observation of the IDW for discoloration, odor, or other indicators of contamination). 
The Agency bas specifically indicated that IDW may be assumed not to be "listed" wastes under RCRA unless 
available information about the site suggests otherwise (53 FR 51444, December 21, 1988). Similarly, RCRA 
procedures for determining whether a waste exhibits RCRA hazardous characteristics do not require testing if the 
decision can be made by "applying knowledge of the hazard characteristic in light of the materials or process used" 
(40 CFR 262.1l(c)). The level of such knowledge required to make a determination with respect to IDW may take 
into account considerations of practicability and should reflect the limited scope ofthe activity. In most instances, 
a determination may be possible based on available information and professional judgment. 

The fact that extensive resources need not be used in characterizing IDW does not mean that IDW can be assumed 
to be nonhazardous unless clearly proven otherwise. Rather, the question is whether, given the limited information 
that is likely to be available, the SM considers it more likely than not that the wastes are hazardous. 

It should be noted that characterizing IDW is only the first step. For example, once it has been determined that 
a RCRA hazardous waste is involved, the guidelines discussed in Section 2.4 for determining the extent to which 
RCRA requirements must be complied with should be considered. Furthermore, the degree of certainty with which 
IDW are characterized during site inspections will be less than during remedial actions. Therefore, even if the 
waste is deemed not to be RCRA hazardous, RCRA requirements may be considered relevant and appropriate under 
the specific circumstances at the site (see section 3.2.1). 

3.2 RCRA HAZARDOUS WASTES AND CERCLA HAZARDOUS SUBSTANCES 

Some CERCLA hazardous substances are RCRA hazardous wastes. Another category of CERCLA hazardous 
substances are PCBs, which are fairly common at CERCLA sites. Identification of RCRA hazardous wastes and 
PCB-<:ontaminated IDW is important for making appropriate management decisions (see Sections 2.5, 3.2.1, and 
3.2.2 of this guidance). The SM must know the difference between RCRA hazardous wastes and other CERCLA 
hazardous substances because the presence of RCRA hazardous IDW invokes special technical considerations and 
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management decisions due to RCRA regulations (particularly the LDRs). EPA recommends using knowledge of 
IDW rather than testing the wastes to characterize them. 

The SM should not assume that all IDW contaminated with CERCLA hazardous substances are RCRA hazardous 
wastes, in the absence of positive evidence (e.g., manifests, records, knowledge of generation processes) to support 
such an assumption. At the same time, however, the SM should determine whether IDW are RCRA hazardous 
wastes, to the extent practicable, as discussed above. 

The most important characterization decision is whether IDW contain "hazardous waste" under RCRA. This is 
relevant to the ARAR status of LDRs and other RCRA requirements, and whether waste disposed of off-site must 
be disposed of in a Subtitle Cor SubtitleD facility. A solid waste is a RCRA hazardous waster-> if it contains a 
listed waste or exhibits any of the hazardous characteristics and is not excluded from regulation as a hazardous 
waste. (For purposes of the RCRA Subtitle C regulations, a solid waste is any discarded material (solid, sludge, 
liquid, and compressed gas) that is not excluded under SWDA.) IDW generated during the SI rnay either exhibit 
a RCRA characteristic or contain RCRA listed waste. 

Under EPA regulations, soil and ground water rnay be considered contaminated environmental media. If they 
contain listed hazardous waste, they must be managed as RCRA hazardous wastes as long as they "contain' the 
listed waste. If IDW exhibit RCRA characteristics, they also have to be managed as RCRA hazardous wastes. 

To properly handle IDW, the SM must make a reasonable effort to ascertain if they are RCRA hazardous. When 
the SM determines that IDW do not fall in any listed waste category and does not display RCRA characteristics, 
the wastes are not RCRA hazardous. Sections 3.2.1 and 3.2.2 help determine if IDW are RCRA characteristic 
wastes or if they contain RCRA hazardous listed wastes. 

Even if the IDW do not contain RCRA "hazardous waste, • the SM should determine whether they contain other 
CERCLA hazardous substances. CERCLA hazardous substances include, in addition to RCRA hazardous wastes, 
substances, elements, compounds, solutions, or mixtures designated as hazardous or toxic under CERCLA itself 
or under the authority of other laws such as TSCA, CW A, CAA, and SDW A. Therefore, even where RCRA is 
not applicable, one of these statutes may be an ARAR. EPA presents a list of these hazardous substances in 40 
CFR Part 302.4, Table 302.4. 

3.2.1 RCRA CHARACTERISTIC WASTES 

A solid waste is a RCRA characteristic hazardous waste if it exhibits the characteristic of ignitability, corrosivity, 
reactivity (as defined in 40 CFR Part 261, Subpart C), or toxicity (toxicity characteristic leaching procedure, TCLP, 
as described in 55 FR 11796-11877, March 29, 1990° 1>). 

IDW exhibit ignitabilitv if: 

• 

• 

• 

• 

They are a liquid, other than an aqueous solution containing less than 24 percent alcohol by volume, and 
have a flash point lower than 60°C (1400F). 

They are not a liquid and are capable, under standard temperature and pressure, of causing fire and, 
when ignited, create a hazard. 

They are an ignitable compressed gas as defined in 49 CFR 173.300 . 

They are an oxidizer as defined in 49 CFR 173.151. 
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IDW exhibit corrosivitv if: 

• They are aqueous and have a pH less than or equal to 2 or greater than or equal to 12.5. 

• They are a liquid and corrode steel at a rate greater than 6.35 mm (0.25 inch) per year at a test 
temperature of 55°C (130°F). 

IDW exhibit reactivitv if: 

• They are normally unstable and readily undergo violent change without detonating . 

• They react violently with water. 

• They form potentially explosive mixtures with water. 

• 

• 

• 

• 

When mixed with water, they generate toxic gases, vapors or fumes that pose a danger to human health 
or the environment. 

They are a cyanide- or sulfide-bearing waste capable of (at the pH range of 2 to 12.5) generating toxic 
gases that can present a danger to human health or the environment. 

They are capable of detonation or explosive decomposition . 

They are a forbidden explosive as defined in 49 CFR 173.51. 

IDW exhibit TCLP-toxicity when its leachate contains certain contaminants at levels exceeding their regulatory 
thresholds00l. The TCLP bas replaced the EP-toxicity test for identifying RCRA characteristic wastes. The new 
procedure expands the number of chemicals regulated as hazardous wastes by adding 25 organic constituents to the 
previous RCRA list of toxic chemicals, and by establishing regulatory levels for these chemicals (Appendix C). 
The TCLP is designed to determine the mobility of both organic and inorganic contaminants present in liquid, solid, 
and multiphasic wastes. A water containing less than 0.5 percent dry solid material, filtered through a 0.6 to 
0. 8-um glass fiber filter, is defined as the TCLP extract. If this extract contains a regulated compound above its 
threshold level, then th'e water is hazardous by TCLP characteristic. If the filtered extract from the solid phase 
contains a regulated compound above its threshold level, then the solid material is RCRA hazardous. 

To identify RCRA characteristic waste<l), the SM may rely on knowledge of the properties of the substances from, 
for example, the Material Safety Data Sheets (MSDS) prepared by manufacturers, or on the results of tests described 
in 40 CFR 261.21 - 261.24. EPA recommends using knowledge of the properties of materials instead of testing 
since most CERCLA wastes do not exhibit these RCRA characteristics. Therefore, the SM should not test IDW, 
particularly if they are a soil of known RCRA characteristics, the AOC concept is applicable, and the wastes will 
be buried on-site. 

3.2.2 RCRA LISTED HAZARDOUS WASTES 

Any type of IDW that contains listed hazardous wastes should be considered a RCRA hazardous waste. EPA has 
developed four lists of RCRA hazardous wastes according to the sources of their origin and toxicity (40 CFR Part 
261, Subpart D). These lists contain: 
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• 

• 

• 

• 

Wastes from nonspecific sources (F wastes). Examples include spent halogenated solvents 
(tetrachloroethylene, methylene chloride), nonhalogenated solvents (xylene, acetone, ethyl ether), still 
bottoms from the recovery of these spent solvents, and some wastewater treatment sludges. 

Wastes from specific sources (K wastes). Examples include wastewater treatment sludges from the 
production of zinc yellow and chrome green pigments, and still bottoms from the distillation of benzyl 
chloride. 

Discarded commercial chemical products, manufacturing intermediates, off-specification (off-spec) 
chemicals (which, if they met specifications, would be listed), and container and spill residues that are 
"acutely hazardous" (P-wastes). Examples include aldrin and phosgene. 

Discarded commercial chemical products, manufacturing chemical intermediates, or off-spec commercial 
chemical products that are "toxic" (U-wastes). Examples include chlorobenzene and mercury. 

To ascertain whether IDW constitute RCRA listed hazardous waste, the SM must first determine if the IDW contain 
a component that may be a listed hazardous waste, and then decide whether that component meets the regulatory 
description of that listed waste. 

For example, to determine if solvents contaminating IDW are RCRA spent solvent F001-F005 wastes, the SM must 
know if: 

• The solvents are spent and cannot be reused without reclamation or cleaning . 

• The solvents were used exclusively for their solvent properties. 

• The solvents are spent mixtures and blends that contained, before use, a total of 10 percent or more (by 
volume) of the solvents listed in FOOl, F002, F004, and F005. 

If the solvents contained in the IDW are RCRA listed wastes, the IDW are RCRA hazardous waste. When the SM 
does not have guidance information on the use of the solvents and their characteristics before use, the IDW cannot 
be classified as containing a listed spent solvent. When the solvents are not listed and IDW are not a characteristic 
waste, the IDW should be declared nonhazardous. 

For other F and K wastes, the SM must know the generation process information (about each waste contained in 
the RCRA waste) described in the listing. For example, for IDW to be identified as containing KOOl wastes that 
are described as "bottom sediment sludge from the treatment of wastewaters from wood preserving processes that 
use creosote and/or pentachlorophenol, • the SM must know the manufacturing process that generated the wastes 
(treatment of wastewaters from wood preserving process), feedstocks used in the process (creosote and 
pentachlorophenol), and the process identification of the wastes (bottom sediment sludge). 

P and U wastes cover only unused and unmixed commercial chemical products, particularly spilled or off-spec 
products. Not every waste containing a P or U chemical is a hazardous waste. To determine whether a CERCLA 
IDW contains a P or U waste, the SM must have direct evidence of product use. In particular, the SM should 
ascertain, if possible, whether the chemicals are: 

• Discarded (as described in 40 CFR 261.2(a) (2)) . 

• Either off-spec commercial products or a commercially sold grade . 

• Not used (soil contaminated with spilled unused wastes is a P or U waste) . 
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• The sole active ingredient in a formulation . 

Identification of a listed waste requires a great deal of care on the part of the SM, particularly if the IDW have to 
be disposed off-site. For instance, depending on its source and prior use benzene may be an F waste, U waste, or 
not a RCRA hazardous waste at all. The waste identification process requires access to manifests, storage records, 
records of waste sources and their prior use, and other information that is reasonablv ascertainable during the SI. 
Visual inspection of the site or the waste generating process will sometimes be sufficient. 

IDW from many Sis will not fit the definition of RCRA hazardous listed waste due to limited information. If there 
is a probability that investigation-derived soil cuttings contain a RCRA listed waste, and a site manager intends to 
leave them on-site within the AOC unit, a thorough evaluation of the waste is not necessary. 
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4.0 PLANNING FOR IDW GENERATION AND MANAGEMENT 

The most important phase of IDW management is planning for waste generation and handling before field activity 
starts. In the planning phase of work, the SM must decide if IDW can be left on-site or must be disposed off-site. 
Since some sites may have both RCRA hazardous and RCRA nonhazardous IDW, the SM must be familiar with 
the NCP, and appropriate sections of RCRA, TSCA, CW A, and other relevant statutes. 

Handling of RCRA hazardous IDW and IDW with high PCB concentrations (greater than 50 ppm) may involve 
either moving the IDW within an AOC unit, or containerization, storage, testing, treatment, and off-site disposal. 
Handling ofRCRA nonhazardous IDW usually involves various methods of on-site disposal. EPA prefers to leave 
both RCRA hazardous and nonhazardous IDW on-site whenever it complies with regulations and does not pose any 
immediate threat to human health and the environment. This approach speeds up the site assessment process while 
avoiding high costs of off-site disposal, particularly when off-site disposal does not result in any benefits to human 
health and the environment. 

The approach to IDW generating and handling must be described in the SI work plan which is subject to EPA 
approval. The SM must base the approach on available information and best professional judgment. The work plan 
should describe the logic behind the proposed approach to IDW handling, and in particular: 

• Methods of waste quantity minimization . 

• Types of waste . 

• Quantity of waste . 

• ARARs of concern, and limits of practicability in light of the scope of the SI. 

• On-site and off-site handling methods, where necessary. 

• Delineated AOCs for RCRA waste to be handled on-site. 

• Containerization, storage, testing, and pick-up methods for wastes to be disposed off-site . 

The description of the approach to IDW handling must be as detailed as possible, so the inspection team can execute 
the work plan without any major problems in the field. If the SI results in generating any IDW off-site, they should 
be handled the same way as if they were generated on-site. 

4.1 AUTHORITY TO MANAGE IDW 

EPA views IDW management as an inherent part of the site investigation process authorized under CERCLA Section 
104 (e) (4). Should a site owner refuse to provide access, EPA has the authority to issue an administrative order, 
or seek a court order, to gain site access for environmental sampling . .Non-compliance with such an order may 
result in imposing the sanctions authorized under CERCLA Section 104 (e) (5), including penalties. 

EPA believes the approach contained in this guidance to be reasonable and protective of human health and the 
environment. The limited scope and purpose of the SI activity is not intended to address contamination at a 
particular site (other than to gather information about it). Generally, SI activities that leave conditions essentially 
unchanged (e.g., returning soil cuttings to the location from which they were taken) will comply with ARARs. The 
SM should seek to obtain the appropriate management approach for IDW outlined in this guidance when negotiating 
site access agreements. 
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Note, however, that some site circumstances may warrant exceptions to the IDW management approach outlined 
in this guidance. The SM should use professional judgment in recognizing situations where special steps are 
required to avoid creating additional threats to human health and the environment. When substantial doubt exists 
regarding the scope of EPA's authority to carry out the proposed plan for IDW management, the SM should consult 
legal counsel. 

4.2 WASTE .MINThllZA TION 

The SM should select investigation methods that minimize the generation of IDW, particularly RCRA hazardous 
wastes. The SI team should limit contact with contaminants, and use drilling and decontamination methods (such 
as steam cleaning) that minimize PPE, DE, decontamination fluids, and soil cuttings. In particular, the inspection 
team should minimize the amounts of solvents used for decontamination or eliminate solvents. Minimizing the 
amount of wastes generated reduces the number of IDW handling problems and costs of disposal. The waste 
minimization approach should be addressed in the SI workplan. 

4.3 TYPES, HAZARDS, AND QUANTITIES OF IDW 

To handle IDW properly, the SM must determine the types (such as soil cuttings, ground water, decon fluids, PPE 
or DE), characteristics (whether RCRA hazardous or containing other CERCLA hazardous substances), and 
quantities of anticipated wastes. As discussed in Section 3.1, testing will generally not be required to characterize 
waste to the extent appropriate for an SI. In addition to direct observation of the IDW for evidence of 
contamination, the SM should review and analyze all available information about the site such as: 

• Results of previous EPA preliminary assessments or site investigations . 

• Environmental permits . 

• Results of inspections by state, local, or federal agencies, or private parties. 

• Records from community relations interviews. 

• Any other helpful data such as tax records or aerial photography. 

Upon ascertaining the types of anticipated IDW, the SM should determine IDW characteristics, in particular whether 
the anticipated waste is RCRA hazardous (see Section 3.2 of this guidance) or contains high concentrations ofPCBs. 
For RCRA hazardous IDW, the SM should determine whether the IDW pose an increased hazard to human health 
and the environment relative to conditions that existed prior to the SI. Whenever field analytical screening 
instruments are used during the SI, the SM may plan to evaluate the analytical results as helpful indicators of IDW 
characteristics. However, the SM must remember that most of these tests are not RCRA tests, and that the test 
results usually do not identify RCRA hazardous wastes. The SM must also determine the exact properties ofRCRA 
nonhazardous IDW to select an appropriate disposal facility (e.g., POTW) when the circumstances require off-site 
disposal. 

Upon determining the types and characteristics of IDW to be generated, the SM must assess the anticipated 
quantities which vary depending on the size of a site and the scope of the SI. As a point of reference, a typical SI 
may result in generating a range of 1 to 3 drums of PPE and DE, 50 to 1,500 gallons of decontamination water, 
1 to 3 pints of other decontamination fluids (e.g., organic solvents) and, depending on the number of wells installed 
or sampled, 0 to 13 drums of soil cuttings and 0 to 200 gallons of well purge water. The SM should calculate the 
quantity of the anticipated soil cuttings and ground water from the dimensions of wells and the depth to the ground 
water table. The SM should use experience to assess the amount of decontamination fluids (decontamination water 
and organics), PPE, and DE. 
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4.4 DECISION TREE 

Upon designating IDW either RCRA hazardous or RCRA nonhazardous, the SM should determine the appropriate 
handling approach. The SM should use the decision tree (Figures 1, 2, and 3) which, combined with the SM's best 
professional judgment, will help select the best approach for IDW management and the steps that are involved in 
executing the approach. The decision tree indicates when and bow IDW should be handled on-site or disposed off
site. 

The decision tree summarizes basic elements of planning for IDW handling such as waste mmuruzation, 
characterization, and management. It shows the steps that must be followed in the process. For example, the "Plan 
for Waste Management According to IDW Characteristic" branch (Figure 1) indicates that the SM has two options: 
either to handle IDW on-site or to dispose of it off-site. If the SM's decision is to leave IDW on-site, then the "On
Site Handling" branch (Figure 2) indicates what choices and steps can be involved in this approach depending on 
the type of IDW. The "Off-Site Disposal" branch (Figure 3) of the decision tree presents options available for 
handling IDW off-site and steps involved in executing these options. The SM should select one of the available 
options for a given type of IDW. 

For example, when IDW from the same site are expected to encompass ground water, PPE, DE, decontamination 
fluids, and soil cuttings that are RCRA hazardous (or contaminated with PCBs) wastes, the decision tree (Figures 
1, 2) calls for either handling the cuttings on-site in an AOC unit, or in the site's existing treatment or disposal unit 
(fDU), or disposing of them off-site. EPA prefers to handle most IDW on-site, but if circumstances require, the 
off-site option is also available. If PPE and DE can be decontaminated and, according to the SM 's best professional 
judgment, rendered nonhazardous, the decision tree indicates (Figure 3) that these wastes should be double-bagged, 
and deposited either in an industrial dumpster (on-site or at the EPA warehouse), or in a municipal landfill (RCRA 
Subtitle D facility). If the SM anticipates that PPE and DE cannot be rendered RCRA nonhazardous after 
decontamination and the total quantity of IDW generated exceeds 100 kg at an individual site, the decision tree 
indicates (Figures 1,2) that the wastes should be drummed and disposed off-site at an appropriate facility by a 
subcontractor, and the SM should start the subcontracting process before field activity begins. If the total quantity 
of RCRA hazardous PPE and DE is less than 100 kg and this quantity represents the entire amount of IDW 
generated during the SI, the small quantity waste generator exemption applies and the wastes can be disposed of 
in a municipal landfill with state approval. However, EPA prefers to send even small quantities of RCRA hazardous 
PPE and DE to RCRA· hazardous waste facilities. 

The decision tree points out that when the ground water is RCRA nonhazardous (the most common situation), the 
water may be managed on-site (Figure 2) using one of a few simple techniques. If decontamination fluids are 
RCRA nonhazardous, they should be handled similarly. The decision tree indicates (Figure 3) that RCRA hazardous 
organic decontamination fluids should be handled off-site. 

Sections 4.5 and 4.6 of this guidance present the details of EPA-preferred approaches to IDW management. 
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4.5 ON-SITE IDW HANDLJNG AND l\1ANAGEI\1ENT OPTIONS 

IfiDW are RCRA nonhazardous soil or water, they should be left on-site unless other circumstances, such as a state 
ARAR or a high probability of serious community concerns, require off-site disposal. RCRA hazardous soil also 
may be left on-site within an AOC unit. The SM must determine procedures for handling IDW on-site and notify 
the site owner in the site access agreement form that IDW such as soil cuttings and water will be left on-site. If 
the SM intends to leave IDW on-site, the waste should not be containerized and tested. 

The on-site handling options available to the SM when IDW are RCRA nonhazardous are listed below. 

• For soil cuttings: 

1. Spread around the well 
2. Put back to the boring 
3. Put into a pit within an AOC 
4. Dispose of at the site's operating TDU. 

• For ground water: 

1. Pour onto ground next to the well to allow infiltration 
2. Dispose of at the site's TDU. 

• For decontamination fluids: 

1. Pour onto ground (from containers) to allow infiltration 
2. Dispose of at the site's TDU. 

• For decontaminated PPE and DE: 

1. Double bag and deposit in the site or EPA dumpster, or in any municipal landfill 
2. Dispose of at the site's TDU. 

If IDW are considered RCRA nonhazardous due to lack of information on the waste hazard, the inspection team 
should have an alternative plan for handling IDW if field conditions indicate that these wastes are hazardous. In 
such a case, the minimum requirement is to have an adequate number of containers available for collecting ground 
water, decontamination water, or soil cuttings. 

If IDW consist of RCRA hazardous soils that pose no immediate threat to human health and the environment, the 
SM should plan on leaving it on-site within a delineated AOC unit. However, before deciding to leave RCRA 
hazardous soil on-site, the SM must consider the proximity of residents and workers in the surrounding area. The 
SM must always use best professional judgment to make such decisions. Planning for leaving RCRA hazardous 
soil on-site involves: 

• Delineating the AOC unit. 

• Determining pit locations close to the borings within the AOC unit for waste burial. 

• Covering hazardous IDW in the pits with surficial soil. 

• Not containerizing and testing wastes designated to be left on-site. 
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Another alternative for handling RCRA hazardous soil is disposal in a TDU located on the same property as the 
AOC under investigation. If the TDU is outside the AOC, it must comply with the off-site policy. If any organic 
decon fluids are generated (which are RCRA hazardous wastes), they should be disposed of off-site in compliance 
with the off-site policy or in compliance with the conditionally exempt small quantity generator exemption. Small 
quantities (i.e., no more than 100 kg/month) of organic decon fluids may be containerized off-site prior to delivery 
to a hazardous waste facility . 

4.6 OFF-SITE DISPOSAL OF IDW AND .MANAGEl\1ENT OPTIONS 

IDW should be disposed off-site in the following situations: 

• They are RCRA hazardous water. 

• They are RCRA hazardous soil that may pose a substantial risk if left at the site. 

• They are RCRA hazardous PPE and DE. 

• If leaving them on-site would create increased risks at the site. 

RCRA nonhazardous wastes could be disposed of off-site at appropriate RCRA nonhazardous facilities that are in 
compliance with CERCLA section 121(d)(3) and the off-site policy when it is necessary to comply with legally 
enforceable requirements such as state ARARs that preclude onsite disposal. IDW designated for off-site disposal 
must be properly containerized, tested, and stored before pick-up and disposal. Decontaminated PPE and DE should 
be double-bagged if sent to an off-site dumpster or a municipal landfill. 

Planning for off-site disposal should include the following EPA guidelines: 

• Incorporating a provision in the site access agreement form to inform the site owner that containerized 
IDW may be temporarily stored on-site while awaiting pickup for off-site disposal. The agreement 
should also request the owner's cooperation. 

• Initiating the bidding process for IDW testing, pick-up, and disposal. If there are any subcontracting 
needs in planning for off-site disposal, EPA should specify what means of disposal will be needed (i.e. 
various types of treatment, landfilling, etc.). Since RCRA hazardous IDW must go to RCRA hazardous 
waste disposal facilities that comply with the off-site policy, the SM should obtain a list of available 
facilities from the RPO. Each EPA region maintains a list ofRCRA hazardous TSD facilities that meet 
the conditions of the off-site policy. The recent addition of 25 new toxicity characteristic constituents 
to the list of toxic chemicals subject to RCRA hazardous waste regulations may result in fewer facilities 
available to handle IDW in the future. The SM must also check the selected facility's compliance 
before IDW pick-up. If IDW are RCRA nonhazardous, the SM must also check if the receiving RCRA 
nonhazardous waste facility complies with the off-site policy. 

• Coordinating IDW generation with testing and pick-up. IDW samples should be collected in accordance 
with the "Test Methods for Evaluating Solid Waste" guidance manual (SW 846), and shipped for RCRA 
tests (and other tests, if necessary) as early as possible during the SI. This approach shortens the 
storage time and reduces the number of site visits to pick up waste. IDW need not be analyzed by a 
CLP laboratorv. The SM should use the laboratory services of the pickup and disposal subcontractor, 
obtain an EPA ID number and manifest form for RCRA hazardous IDW, and a bill of lading for RCRA 
nonhazardous IDW. 
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• Preparing adequate numbers and types of containers. Drums should be used for collecting small 
amounts of IDW. Larger amounts of soil and water can be contained in Baker tanks, poly tanks, and 
bins. PPE and DE should be double-bagged for disposal at a municipal landfill or collected in drums 
for disposal at a hazardous waste facility. 

• Designating a storage area (either within the site's existing storage facility, existing fenced area, or 
within a temporary fence constructed for the SI). No humans, children in particular, may have access 
to the storage area. If a temporary storage facility is to be constructed, its location and size must be 
agreed upon with the site owner, and all construction materials should be delivered to the site before 
or on the first day of the SI. 

EPA expects that complying with this guidance will limit on-site storage to, at most, the time required to complete 
any testing (usually less than 6 weeks) required by subcontractors in order to arrange for transportation. In most 
cases, this will not result in exceeding the regulatory 90 day storage time for quantities greater than 1,000 kg/month 
regardless of the quantity of IDW. In cases where the regulatory 90 day storage time for quantities greater than 
r,OOO kg/month is exceeded, the SM must initiate a subcontract bidding process to remove IDW wastes off-site and 
a permit is not required. 

All IDW shipped off-site, whether RCRA hazardous or not, must go to facilities that comply with the off-site policy, 
and the SM must check that subcontractors operate in accordance with this policy. 

27 

l 
I 

1 

I 
I 
i 
' 
I 

I 

-
-

-
-
-



•• 

... 

-

illd 

, ... 

5.0 IMPLEMENTING THE IDW MANAGEMENT PLAN 

The work plan describing the anticipated approach and procedures for IDW management should be clear, detailed, 
and concise to allow the field team to follow without problems. The plan should also be flexible enough to allow 
slight modifications due to unexpected and unforeseen field conditions. The SM should document implementation 
of the work plan in the field log book and describe the appearance of IDW as well as any modifications to the 
original handling approach. The SM must also ensure that IDW is handled in a fashion that does not generate public 
concerns. 

5.1 ON-SITE IDW MANAGEMENT 

If ground water or decontamination fluids are to be collected during the SI, adequate numbers and types of 
containers must be delivered to the site before the SI starts. The SM must check if the containers are clean and 
measure the pH of containerized waters even if these waters were originally determined to be RCRA nonhazardous. 
When the work plan calls for ground water to be poured onto the ground next to the well, then the SM must verify 
the original determination (e.g., pH testing) before allowing the water to infiltrate the ground. 

If the SM, using best professional judgment, renders PPE and DE RCRA nonhazardous after decontamination, the 
materials are to be double-bagged and the SI team should take them to either the on-site or EPA warehouse 
dumpster, or to a municipal landfill. The location of PPE and DE disposal should be described in the field log book. 

:. 

If the work plan calls for on-site management of RCRA hazardous soil cuttings, a shallow pit should be made close 
to the borings within a delineated AOC unit. IDW should then be buried in this pit and covered with surficial soil. 
The SM may decide to have more than one IDW burial pit within an AOC unit. The appearance of the generated 
IDW, and the size and location of the pit, must be described in the field log book. 

If the work plan indicates that both RCRA hazardous and nonhazardous IDW are to be disposed in an operating 
treatment and disposal unit located on the same property as the IDW sources (but outside the AOC), then the SM 
must verify that the unit complies with the requirements of the off-site policy at the time of disposal. 

5.2 OFF-SITE DISPOSAL OF IDW 

Off-site disposal of RCRA hazardous and nonhazardous IDW involves the following common elements: 

• Coordinating IDW handling . 

• Identifying and verifying an acceptable disposal facility before the Sl. 

• Finalizing the subcontract. 

• Containerizing IDW. 

• Labeling containers. 

• Storing containers. 

• Sampling and testing of IDW . 

• Transporting IDW off-site . 
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• Disposing at a disposal facility. 

• Documenting the process. 

Coordination of IDW handling is important because it affects the schedule and costs of the SI. Most coordination 
must be done before field activity starts. Before starting the field work, a subcontractor should be selected so the 
SM can coordinate field work and IDW generation with the subcontractor's sampling, testing, pick-up, and disposal 
activities. Before containerizing IDW, the SM should check the containers to ensure they are clean and do not 
contain any residues from past use. All filled containers should be dated and labeled as either RCRA hazardous 
or RCRA nonhazardous and stored in a safe manner in compliance with relevant regulations. The SM should also 
obtain an EPA ID number for a RCRA hazardous waste from the RPO. 

If a temporary storage facility must be constructed, the SM should have all construction materials, such as chain-link 
fencing, posts, and other needed materials, delivered to a location agreed upon with the site owner before the SI. 
The SM should ensure that the storage time is short and never exceeds the regulatory 90 days for RCRA hazardous 
waste even if the small quantity generator exemption applies. 

The SM should check that the subcontractor collects IDW analytical samples for the disposal facility "profile 
analysis" using EPA-recommended methods described in "Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods" - SW 846. One composite sample should be collected from each large container or 
from a group of drums. Small samples of soil cuttings or drilling mud should be taken from several locations and 
depths of the handling containers, homogenized in a decontaminated bucket, and placed in sampling jars. Sampling 
of PPE and DE should be avoided. The SM should also ensure that the chain-of-custody form for shipping IDW 
samples is used. When the subcontractor's analysis confirms that IDW is a RCRA restricted hazardous waste, the 
SM should check that the subcontractor: 

• Treats the IDW to meet the treatment standards (if needed) before land disposal. 

• Complies with the LDR notification requirements of 40 CFR Part 268. 

Containerized and tested RCRA hazardous IDW must be accompanied by a Hazardous Waste Manifest (and other 
forms required by state laws) if hauled off-site. RCRA nonhazardous IDW should have a bill of lading if 
transported off-site. The SM must obtain all required forms, fill them out clearly and completely, and have the 
forms signed by the RPO. The SM, if authorized, may sign the forms on behalf of EPA. Before transporting IDW 
to the selected facility, the SM must verify the facility's compliance with the off-site policy at the time of disposal. 
If the facility's status has changed since the award of the contract, (due to receiving citations or fines), the SM is 
responsible for finding a replacement facility without delay. The SM must receive a copy of the IDW analytical 
results and a confirmation of disposal from the subcontractor. 
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6.0 IDW HANDLING COSTS AND SUBCONTRACTING 

This section presents and compares the costs of both on-site and off-site IDW management with emphasis on the 
costs of off-site disposal. The costs presented here are for general reference. 

The costs of off-site IDW disposal have been increasing for several years and this trend is expected to continue in 
the future. Off-site IDW handling involves the use of a subcontractor to haul and dispose IDW in an appropriate 
facility that complies with the off-site policy. Most wastes generated during the SI and designated for off-site 
disposal are liquids, either RCRA hazardous or nonhazardous, which go to either RCRA wastewater treatment plants 
or POTWs. Solid IDW usually go to land disposal facilities. 

On-site IDW handling, the EPA-preferred approach, involves the use of a variety of simple techniques for leaving 
the IDW in existing waste areas. These techniques include pouring RCRA nonhazardous decontamination fluids 
and ground water onto the ground, and burying soil cuttings in a shallow pit in the investigation area. 

6.1 ON-SITE IDW .MANAGEMENT 

On-site IDW handling generally incurs no costs and does not delay the SI. Drums may be needed for collecting 
water. However, these drums will be recovered and reused on other Sis, so the cost of purchasing drums, 
distributed over several Sis, is negligible. The cost of digging shallow pits can be covered under the drilling 
subcontract. Spreading soil cuttings around the boring, or pouring ground water onto the ground, incurs no costs. 

6.2 OFF-SITE DISPOSAL OF IDW 

Handling IDW off-site involves hiring a subcontractor to provide transportation, testing, and disposal services. This 
approach allows the waste generator to select the most technically advanced and economically suitable disposal 
facility that complies with regulations. However, off-site management has several disadvantages including: (1) 
increasing costs of the services; (2) loss of control over the fate of IDW while still being liable for the waste; (3) 
potential for accidental spills during transportation; (4) difficulty in finding a suitable disposal facility; and (5) the 
reluctance of states to accept out-of-state wastes for disposal. 

The costs of off-site IDW handling consist of the following elements: (1) containerization; (2) testing; (3) 
transportation; and (4) disposal. The costs of containers (usually 55-gallon drums) used to collect waste is about 
$50/drum. These containers may be purchased by either EPA or the subcontractor. The cost of containers 
purchased by subcontractors is usually higher, therefore, the SM may decide to purchase all necessary containers . 

The cost of the "profile analysis, • performed by the subcontractor to verify the waste hazard prior to transport is 
between $40 and $300/sample. The total cost of the analysis depends on the number of samples and the parameters 
analyzed. The cost of transportation varies depending on factors such as the distance between the site and the 
disposal facility, the number of drums (the price per drum is lower when more drums are transported), and whether 
the pickup service is set for an individual generator or for several waste generators which is less expensive. In 
1990, the estimated price range for waste transportation (regardless of whether IDW are hazardous) was between 
$35 to $600/drum. 
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The costs of disposal depend on the waste hazard, matrix, and amount. The ranges of costs per drum are presented 
below: 

• RCRA nonhazardous liquid: $12.50 - 345/drum 

• RCRA hazardous liquid: $155- 550/drum 

• RCRA nonhazardous solid: $66 - 135/drum 

• RCRA hazardous solid: $145- 615/drum 

Additional costs of handling IDW off-site include: 

• Storage. 

• Field trips (to assist in waste sampling and pickup). 

• Procurement expenses. 

If IDW on-site storage is not available before pickup, a chain-link fence can be built at an average cost of $600 
($300 for the materials and $300 for labor). The cost of procurement is estimated at about $300 per site. The cost 
of the field trips depends on the coordination of waste generation, testing, and pickup. 

The site manager must select a subcontractor before field work is completed, so the subcontractor can collect IDW 
samples for the "profile analysis" wh.ile the SM is still on-site. This approach requires only one more field trip to 
assist in the waste pickup. If two additional trips are needed (one for collecting IDW samples and one for IDW 
pickup), the costs of IDW disposal increase significantly. For example, if there are two drums to dispose of, the 
transportation, testing, and disposal cost is $700, and one field trip costs $500, the total cost of IDW handling is 
$1,200. An additional field trip would result in a total cost of $1,700, a 42 percent increase. 

The approximate cost ranges of managing one drum of IDW off-site, depending on the waste hazard, are presented 
below: 

STORAGE 
WASTE CONTAINER TEST TRANSPORT AT! ON DISPOSAL PROCUREMENT TOTAL" 

(S) (S) (S) (S) AND FIELD TRIPS ($) 

($) 

RCRA Hazardous 50 20-150 35-600 145-615 233 500-1650 
Solid 

RCRA Non- 50 20-150 35-600 66-135 233 400-1200 
Hazardous Solid 

RCRA Hazardous 50 20-150 35-600 155-550 233 500-1600 
Liquid 

RCRA Non- 50 20-150 35-600 12.50-345 233 350-1400 
Hazardous Liquid 

• Based on the following assumptions: (I) 6 drums/site, (2) 1 sample/2 drums and, (3) only one field trip required 
for waste pickup at a cost of $500/6 drums ($83/drum). 
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The role of the SM in coordinating field activities, the subcontracting process, and IDW management is crucial to 
reducing the costs of IDW management. Disposing IDW off-site always results in high costs regardless of the waste 
hazard because there is no significant difference between the costs of disposal of hazardous and nonhazardous 
wastes. The SM should apply the most efficient management techniques to lower the costs of IDW handling 
whenever possible, and when such practices do not threaten human health and the environment. 

6.3 SUBCONTRACTING 

To implement subcontracting services for off-site disposal of IDW, the SM should refer to Federal guidelines. 
These guidelines are available from the Federal Aquisition Regulations (FAR). Federal Superfund contractors 
generally follow these guidelines. 

Names of these subcontractors are available from either a local telephone directory, a state environmental agency 
list (in some states), or from the Hazardous Materials Control Directory (published annually by the Hazardous 
Materials Control Research Institute. Waste management facilities of all prospective bidders must be in compliance 
with the off-site policy during the bidding process and when the IDW are transported and disposed of. The SM 
and EPA are responsible for verifying the subcontractor's facility compliance with the policy. If the selected 
facility's status changes before the date of transport and disposal, the subcontract should be immediately awarded 
to the next lowest bidder if this bidder is able to meet the regulatory storage time limits. 
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1 What is a Government inspector? 

The inspector is often the personification of the entire agency he/she represents. lr is the inspector 
who knocks at the door and is often the only image many will ever have of that portion of their 
Government. Polite diplomacy is therefore a mandatory skill. Aggressiveness should show itself 
in thorough work rather than the inspectors demeanor. Inspectors are the agency's five senses to 
the real world. How accurately those senses will record that world is the subject of this document. 

Every inspection must be conducted as if it would go to coun and be hotly contested. The inspector 
should imagine themselves on the stand, under cross examination by highly skilled counsel for the 
defense. Every shred of evidence and documentation supporting that evidence may be contested 
as inaccurate, misinterpreted or compromised. It becomes obvious that the agency's entire case 
often hinges upon the expertise and professionalism of the inspector as the witness of fact. 

What does professional mean? You are an agent of the government, representing the very people 
you must regulate. Fairness and equity are cornerstones of your position. It is not uncommon for 
some individuals to become obsessive in the authoriry and power given !S them. That " ... Power 
corrupts ... " must nor be allowed to apply here. We are all equal citizens, S!.lhject to the same rules 
and social responsibilities. 

A veteran inspector once related the following story. The topic was photo documentation. The 
speaker bragged that they had conducted more than 500 inspections in his 18 year career. They 
said that photography was a vital part of documentation bur in his opinion, it was often dangerously 
over used. As an example of this over use, the insrructor showed half a dozen slides taken at an 
alleged hazardous waste sire. The photographs clearly showed the Government's site manager in 
srreet clothes, on their knees, scooping a sample \vith their bare hands. The insrrucror said that the 
photographs should nor have been taken or should have been desrroyed, because they eventually 

hun the agency's case by making the sire appear le.s.s hazardous. 

Improper protocol and cover up is neither professional or ethical. The error was not following the 
proper sampling procedure, not the photography. It is implicit that the inspector set the example 
for the implementation of proper procedure. Those procedures must rourinel y be benerimplemcnted 
than those performed by the regulated community. Comparisons between the agency's work and 
that of a facility are often issues in coun. Agents of the Government should never feel justified 
in hiding their own impropriety in order to enforce against those they regulate. To use a metaphor, 
a little tarnish can rapidly lead to decay if unattended. 

How would you like to be treated by a Government inspector? Apply the "Golden Rule" to your 
work. As an agent of the Government you must constantly srrive to maintain the highest standards 
of ethical conduct, qualiry assurance, quality control, and continually train and retrain so that you 
can set an unimpeachable example ro those whose laws you enforce. 
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PRE-INSPECTION PREP.AR/'\_TIQN: Half the fun is :_:etting there 

I:.' THE OFFICE :V';D Off ~ITE: 
.·\bout 50% or· your rime should be spent p!:.uwtng 2 .. .-:d 
p.-ep:uint: for vour inspection. Tnis wiil orevenr cbssic 
ove.rsighrs: lL.(e being 'on the road and re;iizing th3.t you 
hJven't 3. clue on how co gee co vour bciiitv, or wJL:c:~g rit:h~ 
p3.St the operJrion which ;eceived 3. Nocice or Viol3.cio~ (:'70\') 
in five p~evious tnspections. 

HISTORY -\ND LIAISON WORK: Your first objective 
should be co check with the program stJff and files to gain all 
the knowledge you can Jbout the site. There may be personnel 
Jssigned to the specific f3.cility you are co inspect. Other 
considerations are permits, litigation, or special agreements. 
The.re mJy be other inspectors who hJve experience with the 
bcility. 

There mJy be other agencies or progr3.ms \vhich hJ\ e been 
involved or should be involved. Not infom1ing Jn entity thJt 
feels terriwrial Jbout a f3.cilitv can cause serious b2d:bsh. 
Showing uo 2t a (Jcilitv used-to seeing 3. DJnicul3.f individual 
or Agen~v ·\vill usu::Ulv. alam1 the facil1tv.· If th3.t inciividuJl or 
Age;cy d.cxsn't suppon your being there, life cJn tx clifficulr. 
Make sure your immediate chain of comm:lnd is f:.Lniliar with 
your objeccives and schedule. New inspectors often compl:iin 
that there is little supervisory suppon for their field work. Tni~ 
is usuJl!y because supervisory staff WJS not fully informed and 
prep3.red before you did the work. 

RE\.0:--.'~ AISS.-\NI.E: Drive by and hJve a look before you 
leap into the inspect..ion. Have a cup of coffee at the local diner 
to consider the possibilities :lnd organize your appro2ch. Use 
the time to review your kit and checklist_ The facility is never 
wh2t you anticip3.ted in the offtce. Just when you begin to 
think you em dance around any contingency, one comes up 
2nd nails you. Consider the site !J.yout, s2fety considerJtions. 
obces 2.:d oocr2.cions vou want co inciL:ce in vour tour, and 
~hat is "got'ng on" b~fore they know you a're there and the 
"going on" stops. 

PREPARE YOUR KIT FOR .:\CIION: Load your camerJ. 
FiJI out your p3.perwork as much as you can before entering 
the site. It is a nuisance when you end up hurriedly doing it in 
front of an impatient plant manager who has taken cime off 
from 3. union negotiation and 3. criticJl break. down just to deal 
with you. Exchanging business cards is 3. good way to 
inrrcx:iuce yourself and get information about your site contacts 
without lengthy and redur. ::lilt questioning. You mJy even 
wJnt to write a few reiTLin~~rs in your notebook to make sure 
you cover a topic or sec an oper::~t..ion tdorc you le2.ve. One 
n.:com:-:~ended item is the "post it®" th2.t c2n be ust:d to m:Lk 
chings ::ou want to copy, or to ident..if;· things in photogr::~phs, 
etc .. c:c. 

S-\0-IPLT:--.'G: :\re you prcp2.red to s2mple? Do you have 2 
S3.rr.o!e o!m"~ HJve vou r.otiftcd the l3.t-or2.tOrY of vour 
;,tp~•;n:.s'' Lo'os c'o.nor lt'l.,, U"' 0 nno.,~-.,r1 'ni~'n o.:;on't•· ol. "--11~.·.._,,, . ._~\.. ~ :-.....__ 11.._ .. I .... ~,._..._......_., :::: : • I } 

Plan ahead by 
researching your 

site thoroughly prior 
to deparrure. 

Touch bases with the 
Program Office/s. Make 
sure ali interested parties 
kno\v of your activities. 

Perform a 
pre-inspection 

reconnaissance. 

Prepare your kit 
before entering the 

plant or facility. 

Sampling requires 
considenble prcpaidtion: 
samole Plan, bboratory 

notification, s.amplc 
equipment., sa.'Tlple team. 
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ENTRY: Easy and Otherwise 

When have vou been denied entrv? 
When they say you are denied and when you think you are 
denied are both good reasons. However, you must do all 
of the following first, before making that decision: 

ENTRY DENIAL TEST NUMBER (1): V' 

l. Did you identify yourself (Credentials) to a person-
in-charge? 

1 Did you explain the legal basis for your inspection? 
3. Did you explain the scope of your inspection? 
4. Did you visit the faciliry at a reasonable hour? (i.e. 

regular business hours, operating hours, or hours 
when the issues of compliance are best observed?) 

5. Did you enter through the main gate or office? 
6. Did you locate the person-in-charge as soon as you 

arrived? 
7. If applicable, did you present the necessary written 

notices? 

ENTR.Y DENIAL TEST NUMBER (2): V' 

1. 

2. 

3. 

4. 

Were you denied consent upon enrry? (Consent is 
intentional relinquishing of the right of privacy that 
has not resulted.from fear, ignorance, or trickery.) 
Were unreasonable delays required by the person
in-charge? Wharthe inspector considers unreason 
able must be communicated to the person-in
charge prior to starting the clock. (e.g. "I have 
been waiting 45 minutes. My time is limited and I 
can wait another half hour. If I can not begin 
by then, I will have to consider that I have been 
denied enrry to conduct the inspection.") 

Were conditions, which were clearly understood in 
the opening conference, altered by the company or 
person-in-charge, to the extent that it compromised 
your ability to conduct or document your in spec 
tion? 

Was your safety deliberately threatened in any 

way? That includes verbal threats or suggestions 
that harm might come to you that is not acciden-
tal (refusing to secure a guard dog is an example of 
enrry denial by not removing a threat to your 

personal safety.) Failure to shut down a routine 

plant operation is not denial, even if the operation 
makes conducting the inspeciton difficult. 

FRIENDLY, PATIENT, 
PROFESSIONAL 

MAKE SEVERAL 
EFFORTS 

SATISFY ALL ENTRY 
REQUIREMENTS 

FIRST! 

NOTE: Expreseel consent 
is not necessarJ' .. ~bscnce • 
of expressed deniui con· 
stitutes consent to pr·o· 
ceed. l,rovided the two 
tests of entrv lta\'c been • 
thoroughly co,·ercd first. 

I 



YOU ARE THE GOVERNMENT: You are looking for 
something that will probably make life more difficult for 
the facility. Remember, you are a professional and represent 
the awesome power and authority of the Government. 
Think how you would feel if a tax auditor walked up to 
your front door unannounced. Use your authority with 
diplomacy and a professional demeanor. 

Let management know you are there: Let the facility 
know who you arc and what you plan to do. Only your 
official credentials idenrify you as an agent of the . 
Government. Business-cards are NOT official. A goal of 
the opening conference is the opportunity to explain rhe 
scope of your acn·vin·es. Let the highest plant official 
(Person-in-charge) know you are there to conduct official 
Government business. However, if you have been placed in 
contact with a manager who does not feel you need to let the 
CEOknow you are present, don't argue. The manager has 
taken that responsibility. 

The opening conference is an opportUnity to learn more 
abow the facility operation, plant layout, management 
authorities, who does what, plant safety and other 
information relative to your visit. Let management know 
how long you expect the inspection to take, so they can 
assist you with the least interruption of their regular 
schedule. 

Safety requirements may not be the same for you and you 
may not by obligated to follow plant guidelines, but it is 
usually prudent if you do. A facility representative should 
accompany you. 

ENTRY: Continued 

Show CREDENTIALS 
and explain SCOPE. 

Learn facility's 
OPERATION. 

Let facility adjust to your 
visit. 

IDENTIFY RECORDS 

-
!IIIII 
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[ ENTRY: Continued 

CORDIAL DOES NOT MEAN TIMID! 
CORDIAL. 

PROFESSIONAL. 

HELLO. nt HERE TO 
CO~"DUCf AN L'iSPECTION. 
PLEASE l\'OTIFY WHO EVER 

IS L'i CHARGE. 

AND TO THE POI:NT. 

Express your purpose clearly and assertively. 
Respect their position and expect them to respect 
yours. You are simply doing your job. Do it well. 

Idenrify rhe records you will want co review and discuss 
how copies can be obtained. If you perform the field 
portion of the inspection first, that will give the clerical 
staff time to gather records for you. However, it also gives 
them time to improve their record situation through loss of 
incriminating information, or the addition of omitted data.. 

Explain how you plan on documenting your inspection by 
making copies of records, drawing diagrams, taking 
samples, talking to employees, taking notes on paper or 
tape recorder, and especially taking photographs or using 
video. It is imponant to understand that the denial of rhese 
commonly accepted documenradon tools may be 
considered a denial of enrry. 

-you believe that you must give prior inspection 
.toti..ficarion to the facility, try co give the least forewaming 
possible. 

If in danger or cfou6t, 
£eave ana caU your 

attorney ii1111lZaiate{y! 

9{SJJ!E: The secret to gaining 
entry is to be cordial, direct, 
assertive, and professional. So what 
is professional? That means that 
within the bounds of your job you 
adapt to the situation in such a way 
that you produce the necessary 
result. "People tend to get out of the 
way for someone who knows where 
they are going." 

IDENTIFY METHODS 
AND GET 

ACCEPTANCE 

DO NOT GIVE UP 
ABILITY TO 
DOCUMENT 

THOROUGHLY 

ESTABLISH 
SAMPLING NEEDS 
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INTERVIEvVS: A major tool in conducting an investigation 

Intenien.ing is one of the more significant tools authorized 
for conducting an inspt:{:tion or investigation. This 
information should be recorded in your notebook: 

"' Who \vcr~ you r.aLijng to? 
" \Vhar did you ask them? 
"' \Vhar did they answer') 

HQ\V DO YOU ASK A QUESTION? 
How you ask a question can be more important than the 
question itself. Try to neYer give a possible answer when 
asking a question. For example, these arc awful ways to 
phr-ase a question if you want to get information. 

"You don 'r have any roxie marerials around here, do you.?" 

'There aren'r any buried drwn.s on your properry. are 
there.7 " 

"You !:.ave allrhe necessary records, dor.'r you.?" 

"Your SPCC plar. is up ro dare, isn'r ir?" 

The following questions are better: 

"Whar kinds of marerial do you handle?" 

"Have rhere been any marerials buried on your properry?" 

"Where do you keep rhe _____ records?" 

"May I see your SPCC plan?" (then ask an employee abour 
rhe procedure mentioned in ir ro verify irs applicarion.) 

The last conclusive question and follow up is often 
overlooked and taken for granted, however. it is the meat of 
the inquiry. Without the affirmation of a direct answer to the 

ucstion at issue, the rcvious ucstions were of little value. 

THE 5 W's AND A HOW: "Just the facts, Maa'm." 

*Who 
*What 
*Where 
*Why 
*When 
*How 

THE INTERVIEW IS AN 
EFFECTIVE TOOL IN 

INVESTIGATIONS. 

ASK SIMPLE DIRECT 
QUESTIONS THEN 

LISTEN 

CORROBORATE 
INFORMATION 

INTERVIEW FOR THE 
5-W'S 

-

-

-

-
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INTERVIEWS: 

Shut up and listen. 
Experience teaches you when to hold the 
subje{:t to specifics and when to let them 
expound. There are a few key guidelines to 
remember when first interviewing someone. 
They are: 

* Establishing a rappon (friendly and down to 

business) is also a maner of experience. 
*Don't emphasize your note taking. Ir can 

be intimidating. . 
* Give them time to answer and listen. 
* Don't make promises of confidentiality or 

protection. Stress honesty. 
* Try to have privacy for the interview. 
* Obtain their name, position, and how you 

could ger in rouch with them at a later rime. 
* Enforcement should not be mentioned. 
* A void leading questions. 
*Avoid double negatives and other complex 

phrnses. 
*Avoid multiple subjects in your question. 

WORK FROM THE GENERAL 
TO THE . SPECIF1C 

• The following shows a line of questioning which 
leads from the general to the specific: 

Q. Who do you work for? 
A. Acme Polluters. 
Q. How long have you worked for them? 
A. About 6 years. 
Q. What do you do? 
A. I open bungs on drums from Mega 

Chemical Corp. Then I pump them dry. 
Q. What happens to the contents? 

. A. It is pumped into a tanker truck. 
Q. What happens after that? 
A. The truck takes it to the land fill. 
Q. Which land fill? 
A. Love Canal mostly. 
Q. Where else? 
A. The old query near the water tower. 
Q. What is in these drums? 
A. Usually solvents like trichlor, collected from 

print shops. 
Q. Are there labels on these drums? 
A. Sometimes. 
Q. For example? 
A. There are DOT Hazardous Waste labels and 

sometimes there are company labels that say 
what the stuff is. 

(continued) 

Things to keep in mind: 
• Rapport 
• Listen 
• No promises 
• Keep it simple 
• Private 

WORK FROM THE 
GENERAL TO THE 

SPECIFIC 

TAKE NOTES BUf 
DON'T LET IT 

DETRACf FROM THE 
INTERVIEW. 



INTERVIEvVING: (Continued) 
1. KEEP YOUR TIME SEQUENCI:\G CO.\"SISTE:\1; 

Work backward or fomard in rime. but don't ~nix it un. 

2. WORK FROM THE Ki'iOWN TO THE L'\K00YVN. 

3. USE STANDARD KJ'\OWN REFERENCES: Th::: 
following is an ex3.II1pk of using known refe~ences. 

Q. 
A. 
Q. 
A. 
Q. 
A. 
Q. 
A. 
Q. 
A. 
Q. 
A. 

What was the liquid contained in? 
A big tank kind of thing. 
How big was it? 
Pretty big. 
Was it larger than a 55 gallon drum') 
Oh, yeah. It sure was. 
Was it more like a home oil t.J.n.k? 
Uh huh, but bigger. 
Was it larger than a car? 
Yup. 
Was it as large as a rail road w.nk car') 
Yeah, that's what it was. 

HOW DO YOU DOCUMENT AN I!\'TERVIE\V? 
As accurately as possible. The following are p~esented in 
order of preference from least supporw.ble tO txst. 

4th Your written narrative of the interview \:.ith questions 
and answers. 

3rd. Legally obtained tape or vid:::o recording (video is 
best). 

2nd. You write an exact transcription ::1nd lc: ::,ern re::Jd, 
sign and date it. 

lst. Let them write, sign and date the staterr.:::nt. Video 
documentation is becoming as acceptable as a 
written statement. 

WHAT IS HEARSAY? If it isn't 3 confession by the one 
performing the act or a statement by 3 dirN:t \Yitness 
made in court, it is prob3bly hearsay. 

"I saw Bob dump it in the creek," is hearsay if the statement 
was made to you during the inspection. It may be evidence if 
the wimess says it in court. 

"I dumped it," is not hearsay because the witr.ess is av3.ilabk. 
It may even be admissible if the person ma.kir.g the 
admission is dead or no longer av3.ilable for c--::'.1. if it was 
properly documented (i.e. lst, 2nd. or 3rd ac-o·:e), F.A.R.. was 
cc.:::c;:-:;cnted. ::nd/or yoe! had Jddi::Jna! \::itr.csses 

Don't mix past, 
present, and future 
when interviewing. 

known to the 
unknown when 

Use standard 
references for time, 
distance, size, etc. 

Signed statements 
made by the 
interviewee are 
best. 

Beware of 
evidence which 
may be heresay. 

..... 

-
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THE INTERVIEW: Afewtradesecrets 

,_, -' --...... -

Ask questions as a friendly demand rather than 
as a request: 

"Please, tell me who you work for?" 
Rather than, "Would you tell me who you 
work for?" The laner is actually two 
questions. The first is, "Would you tell 
me .... " and the second is the actual 
information you want. Keep it simple and 
straight forward. 

THE TEAM APPROACH: 
* Good guy/bad guy: 

* 

• 

One person is more aggressive 
and the other more friendly. 
One asks the questions and the 
other takes notes. 
One leads the questioning and the 
other injects questions only when 
they see a line of questioning that 
needs follow up. 

Don't invade the personal space of the 
individual being questioned? 

* Make them feel cornfonable. 

* Emphasize that you are there to 
fmd the complete truth and that 
you do not have a hidden agenda 
to harm them personally. 

Establish a rapport! ~ 
~ 

* Be friendly 
* Don't be overbearing 
* If necesary, find an honest common 

interest that is off the subject, to defuse 
the intensity of the experience. (e.g. 
compliment the decore, or share an 
anicdote on a common interest 
hobby, etc.) r--?{j-OTE--:-----\-~f------, 

Make it a point to show 
that you are recording their 
positive statements as well 
as those which may be at 
ISSUe. 

BE FLEXIBLE TO 
THE SITUATION 

AND PERSONALITY 
OF INTERVIEWEE 

GOOD GUY/BAD 
GUY APPROACH 

OFFERS WITNESS A 
FRIENDLY EAR 

UNDER PRESSURE 

DO NOT INVADE 
THEffi PERSONAL 

SPACE 

USE THE TEAM 
APPROACH 

ESTABLISH 
RAPPORT AND 
KEEP IT GOING 

EMPHASIZE THAT 
YOU WANT THE 

FULL TRUTH NOT-::: 
JUST THE BAD 

STUFF 

I 



EVIDENCE THEORY AND PRACTICE 

All three must be present to establish a "fact" of evidence. Like the links in a chain. a wealcness in one and 
the whole chain is useless. Foundation (F), Authenticity (A). and Relevance (R) are supported by the 5-Ws 
previously discussed. II your case is developed properly it will go F _>\.R. 

FOUNDATION: This is the argument that one piece of information leads 
to the next in a logical sequence. It may be thought of as a pyramid of 
information. One piece building upon the other. For example John Doe 
works at AC:ME Dumping. Mr. Doe, operates the outflow valves at the 
discharge pipe. Mr. Doe stated that on the 3rd of March, he was at his duty 
station, when the valve sprang a leak and discharged unrreated waste into the 
storm drain. Samples taken on the 4th of March, inclicated. that high levels of 
the same material produced in the waste srream of ACME Dumping, was in 
the storm drain. 

AUTHENTICITY: Means that the evidence must be demonstrated to be 
whal it is claimed to be. For example; is this really a representative sample, 
taken from the settling pond at ACME Dumping? 

RELEVANCE: The evidence must pertain to the fact in question, tending 
to make the existence of the fact either more or less probable than would be 
the case without the evidence. 

Evidence and documentation are not the same thing. Documentation 
helps establish the who, what. where, when, why, and how of evidence, 
but it is not the evidence itself. Documentation helps establish the 
Foundation, Authenticity, and Relevance. 

Who determines when Evidence is valid? The judge has final say 
regarding the admissibility of evidence. Under most circumstances the 
case reviewer will detennine if there is enough evidence to proceed wjth 
case development and assess a penalty, but they can be ovenumed. by the 
judge hearing the case. 

A JUDGE 
DETERMINES 

ADMISSffiiUrY OF 
EVIDENCE 

-

-

-
-
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DOCUMENTATION: The facts or what helps establish a fact. 

~oca am t. 

'""""""" c::~ydun.a frooala 
~110. 

"'pt.=. 

Documentation is anything which helps 
establish the foundation, authenticity or 
relevance of evidence. It may also be the 
evidence itself. Photos, notes, samples are all 
examples. 

It is the inspector's responsibility to keep track of all 
-cJtes which contribute to their inspection repon. 

;pcction reports must be written "Near in time" to the 
-ISpection but the report might not have all of the 
information which was recorded in contemporaneous 
notes. The notes must therefore be available for 
reference to suppon the repon. It is not advised that 
notes be destroyed as long as litigation is possible. 
Imagine being a witness when the counsel for the defense 
asks you this question. "Does the file contain all your 
notes or records related to the inspection?" You would 
have to answer, "No." Now, how do you prove that there 
was nothing beneficial to the defense which you might 
have destroyed? If it was included, all it did was show 
how thorough and professional you were. The report is 
documentation. If i.1 is not written near the time of the 
inspection it will loose authenticity and therefore 
credibility as evidence. 

Chain of custody is imperative for all evide nee, and 
documentation of that evidence. Notes, photographs, 
diagrams, sketches, samples, and copies of documents all 
require unbroken custody to insure that they have not 
been compromised. The inspector is usually responsible 
for the security of the original case documentation. It is 
likely that parts of the original file will become sepcrated 
as other panics become involved with the case. For this 

ason the inspector should consider maintaining custody 
. all originals and only forwarding copies of those 

originals with the case file until the case approaches final 
resolution. A secure place for evidence should be 
provided for the inspector. 

REPORTS MUST BE 
WRITTEN 'NEAR IN 

TIME" TO THE 
INSPECTION. 

CUSTODY OF THE 
DOCUMENTATION IS 

AS IMPORT ANT AS 
THE EVIDENCE. 

. NOTES SHOULD BE. 
KEPT UNTIL THE 

! CASE IS RESOLVED. 

THE INSPECTOR IS 
RESPONSffiLE FOR 

THE ORIGINAL 
COMPLETE CASE 

Fll..E. 



I PHOTOGRAPHIC DOCUMENTATION: One of your most valuable tools 

Is this photograph a true and accurate 
representation of what you saw on that date? 

The above question is usually the only test given a 
photograph for a judge w determine its admissibility as 
evidence. That means that pho· :raphy is one of the least 
challenged tools used to documc:ll any aspect of case 
development. 

Photography is one of the best yet most poorly utilized 
tools in documentation. Some common problems are: 

* Too few pfwrographs 
* Poor qualiry photographs 
* Lack of identification of the subject!s in 

pfwrographs. 

Common misconceptions are: 

* Each photograph muse have many 
burdensome kinds of derailed information 
abowfilm, camera, lens, pfwtographer, 

weather information anached to it. 
* Thefaciliry has the right to process the film. 
* The facility has the right to a copy of each 

pfwrograph before releasing them ro the 
agency. 

* A facility can deny the use of necessary 
photography wicfww it being a denial of 
enrry. 

SLIDES-PRINTS-POLAROID-VIDEO: 
They all have their place. 

A sharp, clearly liJ photograph is often only secorui to the ins~ctors 
person.al obsavation of the subject when iJ comes to case winning 
evi.denct. An inspector/investigator is expected to be able to use 
photography skillfully and professionally. Carclully select your 
equipment and become proficient in its use. Each medium has its 
advantages and disadvantages. Polaroids can be messy and time 
consuming. Readily available Polaroid films do not provide a 
negative for future prints. Prints can be processed quickly at many 
one hour processing facilities, but printing the negative requires second 
pany manipulation and subjective altering of the image to the eye of 
the print processor. Prints are e.asy to view when reviewing the report. 
Prints are difficult to make into slides and care must be taken to k:eep 
the prints and negatives under conrrol. Prints must be enlarged if they 
are to be shown to large numbers of people, and prints are expensive. 
Slides are easy to store in a small area. Slides can be made into prints. 
Slides offer the fmest grain for detailed enlargements. Slides can 
easily be shown to large numbers of people at a time. Kodachrome 
slides r~uire special processing which can take up to a week. 
Elctachrome, Fujichrome, and Agfa films can be processed within 24 
hours at lcx:allabs. 

O'J-..ff- (j OCYD PI~ IS 
"tVO'ltEJ{ 5! JVL't I?{ 
CO'U'l\..7: 

"Is this photograph a true and 
accurate representation of 
what you saw on the specified 
date?" This is the major test a 
photograph must satisfy to be 
entered i~:o evidence. 

Photographs are 
excellent physical 

evidence. 

Take as many photographs as are 
needed to document every aspect 
of the potential compliance issue. 

It is the constant complaint of 
attorneys that there were not 
enough photographs. 

The inspector{mvestigator is 
obligated to become as 
proficient with a camera as 
they are sampling or using 
monitoring equipment. 

-

-

-



.. . PHOTOGRAPHIC DOClJMENTATION: (Continued) ·•-r. 
llc•J ... 

~'ideo photography is rapidly gaining popularity in 
.1forcemem documentation. It is instant, color, has real time 

nigh fidelity sound and is easily viewed . .Hi-8 cameras 
presently weigh as little as 1.7 lbs. with features like titling; 
super close-up, low light sensitiviry; and zoom lenses in ranges 
from wide angle to 8X. The cost of the camera \\rill range 
from one to five times the cost of a mid-level 35 mm camera 
and one lens, but 2 hours of video tape costs only half what 36 
exposure print film costs for processing. Used alone or in 
conjunction with conventional still photography, video has a 
wide range of potential for compliance documentation. 

BASIC PHOTO-DOCUMENTATION KIT I 
·•- FOR 35 mm: 

, ... 

. .., 

1. Camera (in good proven working order) 
2. Extra battery for c:unera 
3. Stroboscopic flash 
4. Extra batteries for flash 
5. Extra film (Outdoor and high speui indoor) 
6. Post-its ®to identify the subject in the photograph 
7. Notebook and pen 

Extra equipment might rnclude a wide angle or zoom lens 
which ranges from wide angle to telephoto. Enhancement is 
less of a problem then most people think, but you will need to 
understand the distortions caused by enhancing lenses. Wide 
angle lenses make things look farther apart. Telephoros 
compress distances and make things look closer together. 

One commonly asked question is, "/fphorography is so 
imponan! ro documentation shouldn't a professional 
photographer be along?" The answer is a loud "yes". 
However, that professional should be you. You are expected 
to usc sampling equipment, operate a vehicle, calibrate 
monitoring devices, and usc many other things in a 
professional manner to document and repon your findings. 
Photography is also a required skill with the same professional 
expectation. 

Photography helps you remember: I 
A year or more after a site visit you may be asked to recall 
details about what you saw or did at a facility. Nothing will 
refresh your memory better than having numerous good 
photographs documenting your activities and the issues in 
question. At the same time, few forms of documentation 
convey information as convincingly as photography does. 

Good photo-documentation 
is an excellent way to 
stimulate your memory 
months or even years after 

Denial of the use of 
photography is grom1ds 
for denial of entry for the 
inspection. 

The singJc greatest problems 
with photo-docwncntarion is 
that there is not enough of il 
·Inspectors often try to describC:::,:. 
an event verbally when a · · 
photograph would be far more .· 
accurate. 

Video photography is a viable . 
alternative to film photography. 

Video offers color, sound, 
compacmcss and instant replay. 



PHOTOGRAPHIC DOCUMENTATION: (Continued) 

Photographic documentation should tell the story with as little need for narrative as possible. This is dor 
by shooting series of establishing shots followed by subje<:t and then tight or close-up photographs. 
The proper terms are the "establishing" or broad perspective shot; the "medium" or subject shot; and the 
"tight" or close up shot. 

The "establishing shot" is a photograph 
taken from a distance which shows not only 
the subj<A::t bur one or several permanent 
landmarks which can be used for reference in 
estabLishing the exact location. 

"Establishing shots" should show an 
identifiable landmark. It may also be 
important to show the compass orientation of 
the subject. (i.e. the drums were on the south 
side of the building.) 

The "medium or subject shot" will emphasize a 
specific obj<A::t or event. Sometimes it will be shot 
in series to view all sides. "Post-its may be used to 
identify the item in the photograph. Numbers or 
identifiers on the "Post-its" can be recorded in the 
field log for reference and easy identification when 
writing the narrative repon. 

"Tight or Detail shots" should show the 
issue under rieview and/or enough 
information to identify the sp<A::ific item or 
event in question. 

Show the subject from as many angles as possible. 
Arguments will often be raised about what is not shown in 
the photographs. 

-

-

-
-
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THE ZEN OF RECORDS REVIEW: 

Inspecting records is an an. 

The idea is to see if (1) the records re!Juired are present and 
maintained, (2) to substantiate compliance or non-compliance, 
and (3) to see if they are accurate and authentic. 

There are many kinds of records that are useful in a compliance 
inspection. The following is only a paniallist: 

Annual Repons 
Shipping records 
Inventory records 
Process records 
Quality conrrol records 
Labels and literanrre 
Disposal records 
Correspondence 
Self-monitoring records 
Licenses 

Machine logs and da1a 

Production Records 
Manifests 
Sales Records 
(invoices, records, 
etc.) 
Permits (state, local, 
Federal) 
Exemptions 
Operation records 
Corporation 

Logs 

Primary records are !.he best evidence. These are the original 
·.-;eords that are the source of other subsequent records. (For 

mple monitoring data, logs, dally records, woric logs, etc.) 

As a minimum you should look: for !.he following characteristics 
in the records you review: 

• Compare cum:nt with past repons for possible 
discrepancies or false repons. For example, is the ink 
still wet on a repon dated 5 years ago? 

• Olecl: for completeness and accuracy of required records 
and repons. 

• Ascertain compliance with record retention requirements. 
• Compare information contained in the records with firsthand 

observations: compare information in computer flies oc 
printouts with other handwritten documents. 

ALLRECORDSOBSERVEDTHATARE 
RELATED TO COMPLIANCE SHOULD BE 
DOCUMENTED. 

This should include who is responsible for keeping the 
records; where the records were located; and if the 
records were computerized, where the originals were 
located. 

It is possible that you could end up in cross 
examination years later, trying to 
remember where vou found the records that 
are the crux of an "enforcement action. 

The following is an example of an inspector 
under cross examination by an industry arrurney: 

"Where did you say you got those documents? 
They aren't ours. Ours are these nice legal ones 
kept in the regular operations file." 

See the problem? If you could document that you 
took the records in question·from the operations 
in the first place, things would look better. You 
should record the following information in your 
notes: 

I. ON EAQI DOcu:MENT: 

* Inspector's Initials, code (such as 
"Attachment 1") and the date. 

2. IN TIIE INSPECTOR'S NOTEBOOK OR IN 
TIIE REPORT: 

* What the document is 
* Source of the document 
• Physical location of the original 

document 

WHATEVER METHOD YOU USE TO 
SELECT AND REVIEW THE AVAILABLE 
RECORDS, MAKE SURE YOU MAKE A 
NOTE OF WHAT THAT METHOD WAS. 

1. Random sample 3. Other method 

2. Judgement sample 4. Took copies of all 

Would a company cheat on its records? 

That depends. There are motives which some 
individuals may feel justify iL Some CEO's have 
gone to jail as well as received personal penalty 
judgements as a result of compliance inspections. 
There are numerous case histories where 
documents have been lost or altered to avoid 
compliance violations. You are to gather 
information showing the complete and accurate 
conditions as they were at the time of your 
inspection. Make no assumptions of guilt or f1Al 
innocence. ~ 



I. 

2. 

3. 

4. 

RECORDS: Are fundamental to most compliance issues 

Gain an understanding of the record generating system at the 
facility: 
A. Why do they generate the records? 
B. What do they do with the records? 
C. Where do they keep the records? 
D. Is their record keeping method accurate? 
Use a system of checks and cross checks to verify 
authenticity: 
A. Go to the site of record generation for some 

fraction of the record sampleto verify the data. 
B. Go to the site of storage for some fraction of each of 

the records reviewed. (If you ever have to seek a 
warrant you may have to state where tho records are 
kept.) 

C. If you cannot review all the records you should 
choose a method which gives you the best chance of 
getting a representative sample. (e.g . .-andom, 
judgememal targeting, total inventory review, etc.) 

Copy all imponant records: Photocopies are usually available 
at even the smallest businesses. If that is not available you 
may choose one of the following methods: 
A. Photograph the document with your camera. 

Remember that white paper usually requires one full 
stop of overexposure to register accurately on film 

B. Make accurate notes on the nature of the document, its 
location, and then copy the documem as accurately as 
time ~11 allow. If the document is ever destroyed 
your notes become the most accurate remaining record 
of the document and may still be admissible in coun. 

Take copies of related records, such as: 

A. There are records that are generated from other 
records. It is usually better to collect copies of the 
entire chain of information from its original generation 
to its final form. For example; a stack monitor may 
record data continuously. That data may be recorded 
on a monthly and then yearly log. The annual log may 
be ~e issue for compliance but the data that generated 
it may be more imponant. 

B. Some records relate to other records in different ways. 
For example manifests indicate that something was 
shipped. If there were no records that something was 
generated, why is there a manifest that something was 
shipped? Another example might be purchasing 
records. If production output was "X" amoum in 
January and "Y" amount in February hL~:t the 
purchasing of constituem products was the same, why 

LEARN THE 
COMPANY'S 

RECORD KEEPING 
SYSTEM 

VERIFY RECORDS 
WITH CHECKS AND 

CROSS CHECKS 

TAKE COPIES OF 
ALL DOCUMENTS 

IMPORT ANT TO THE 
·CASE 

NOTE LOCATION OF 
DOCUMENT 
STORAGE 

REVIEW RECORDS 
USING AN 

APPROPRIATE 
SYSTEM 

was there a difference and where did that difference go?L.-------------~ 
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WHAT AND WHY YOU ARE SAMPLING WILL 
ETERMINE THE METHOD YOU SHOULD USE 

How to sample is firmly 
established by Agency 
protocols and traceable to 
National and International 
standards. 

Deviation from those proto
cols may mean inadmissable 
sample evtdence and a waste 
of time and effort. 

The QAQC (Quality Assurance Quality Control) 
program office will help you put these plans together. 

There are many confusing tamS used in the various programs which 
relate to the same gene:rai issues. It is the inspector/invcsligator's 
responsibility to keep track of his/her own objc:ctives and translate those 
objectives into the jargon of each media. Help is available from the QA 
office. 

The Quality Assurance Proj«:t Plan (QAPjP) is the overall recipe 
•')r a legally supportable activity with subsets that can be made to cause 

a translation to the language required for enforcement and eventual 
.. erral to the Office of Regional Counsel (ORC). Even the best and 

most experienced field investigate~ have trouble with these translations 
from time to time. A major function of the QAQC program office is to 
assist the project manager (i.e. inspector) in assigning taslcs and setting 
sample parameters and language_ for reporting d.ar.a. They can and 
should help you select appropri.at.e methodologies and practices. 

Predsion and Accuracy are terms which have enormous impact upon 
QAQC, the lab, media }XOgl<Ul1S, and enforcement, however, they tend 
to tak:e on a broader relevance outside of the inspection itself. For 
example, the inspector knows that for a particular substance 1,000 ppm 
is the action point for enforcement, yet the methodologies may addrc:s:s 
data in+ or- percentiles. Accuracy is often in pans per trillion, or 
billion increments. Someone must be di.rc:cted to translate the data. 

Is there a bottom line to all this? There sure is. You are the Project 
Manager (PM) and responsible for generating a viable package for 
referraL The media program office, QAQC staff and ORC should 
suppon yon by helping to generate the most supportable data package 
possible Take and keep control. Manage the referral package · 
development until you pass it on. Never boiler plate previous sample 
plans you don't understand. Ask questions and request answers from the 
specialists with informatioo relevant to your goals. It will M your 
signature on the QAPjP and you on the stand should theca~ go to 
TiaL 

W 11 V 41 11 U VY 
? 

The Project Manager (PM) ls 
responsible for QAQC. The PM Is 

accountable for the technical 
accuracy and legal supportability of 

the entire referral package. 

The QAPJP l.s the r«lpc for all 
technla.l activities. It must be 

technically accurate and ~ally 
supportable through tics to policy 

and established sl:lodards acceptable 
to a Judge. 

What and why you arc sampling 'lrll.l 
determine the method you sboakl 

use. It is the PM 's responstbWty to 

usurc that the correct methods an 
selected and documented 

sat l:sf actorU y. 

The QAQC office should be ab~ and 
wi!Ung to assist the PM In dcvciop!Dg 

the best methodologies to Insure 
appropriate a.nd technically 

supportable data. 

The PM's n.ame Is on the bottom 
Unt.. They wtll bave to take the 

stand In court to ddend all activttles. 
Tak.c cha~ and know what yoa arc· 

doing. 

' 



SA.MPLING: YFl,en, \Vhy, Ho\v (Continued) 

If you can't maintain Quality Assurance (QA) and Quality 
Control (QC) you shouldn't take the samples at all. Each 
sample must be supported with documentJtion providing the 
5- W's and that kev word How. Without that documentation 
it will be impossible to establish the three criteria (F./\.R.) 
for evidence admissibility. 

When or why should I take samples? The first call on that 
is the lead person in the field ... you! 

* When ro sample is determined by the best chance to 
obtain a representative sample. 

* Why a sample is taken is more subjective. It is 
initiated if there is a lack of confidence in available 
data or because of incomplete data at the f:o.cility or 
home office. 

Sample document:>.tion centers around three prime issues: 
representativeness, tracking and methodolog_y: 

* Was the sample representative of what you needed to 
evaluate for compliance? Does it represent a specific 
waste stream, site, event or activir.·? 

* Can you prove where it came from~ where it went, 
what was done to it, and that there was not an 
opportunity to compromise the sample along the way 
through your tracking documentation? 

* Was the correct methodology followed to insure 
that your sample was (1) taken properly for the 
substance in question, and (2) the proper analytical 
method was used to make an accurate evaluauon oi irs 
presence. 

"What are some of the tools used to accomplish 
thorough tracking? FIELD LOG OR ~OTEBOOK 

FIELD PHOTOGRAPHY 
FIELD LAB DATA SHEET 
SAMPLE ~u:.tBER 
SAMPLE LABELS 
ANALYSIS REQUEST 
QAPJP 
SAMPLE PLA:--i 
CHECK USTS 
FJELD GE.\"ERATED 
DIAGRA:\15 Al'<D MAPS 
CHAIN OF CUSTODY 
LAB SA:\fPLE TRAFFIC 
REPORT 

If you can't assure QAQC 
you shouldn't sample. 

Documentation must prove 
QAQC existed so that 

F.A.R. criteria are 
established and the sample 
may be entered as evidence. 

The lead compliance 
inspector has the call on 
when and why a sample 

should be taken. 

The three areas of sample 
documentation are: 

* Representativeness 
* Tracking 
* Methodology 

Sample when it will~ the most 
representative. 

Sample bN:au.se you don't trust 
the data or there isn't woogh 

data. 

-

-
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_ art of your job may be to inforrn the regulated community as 
well as make observations related to compliance. Before you can 
make suggestions you should make sure there is a full 
understanding of the subject maner. Review what your 
observations were and request any clarification that might offer a 
more complete or accurate picture of the event or subject. The 
fact that you made this request now, will be important if new 
material is provided by the facility in settlement at a later time. It 
is not uncommon to hear statements by the opposing counsel like: 
'The inspector did not indicate that this was a problem or my 
client would have provided the information"; or" If the inspector 
would have only been more thorough, he/she would have seen 
that we were in compliance." Refer to the regulations and your 
opinion without reaching specific regulatory conclusions. 

It is as important that you document the thoroughness of your 
procedures, ·as it is to document the thoroughness of their's. 

IT IS NOT THE INSPECTORS ROLE TO MAKE 
COMPLIANCE DETERMINATIONS TO THE 

FACILITY. 

fhere are two primary reasons for this: The first reason is 
based on legal ethics. The inspector is the "wimess of fact" 
and not the "program compliance case reviewer." If the 
inspector makes cornplian~ determinations, two things may 
happen; (1) it places the inspector in the position of being the 
cop and the judge, and (2) it opens a door for emotional or 
personal bias. A system where there is a divisiOH {)f jab rolls· 
can easily correct this. 

The second reason is practical. Either the program or counsel 
may determine that there is inadequate documentation for a 
case referral. In this instance you may have caused unjust 
expense to the facility who responded to your allegations. 
Your notification to the facility may also be overturned. Your 
unilateral decision in the field may limit the decisions available 
to the agency. If you told the facility, 'There were no 
problems" and the agency determines that there were, the 
agency might have to mitigate their decision considerably 
based on your statements. 

Remember, it is the inspectors role to be the 
"witness of facL" If you wear another hat 
and also determine compliance, make sure you 
take the inspector's hat off first. It is very easy 
for feelings to sneak into the job. Wherever 
possible we must reinforce total objectivity 
with different roles and different jobs. 

REVIEW AND 
CONFIRM YOUR 
OBSERVATIONS 

REFER TO THE 
REGULATIONS BUT 

A VOID DRAWING 
CONCLUSIONS: 

IDENTIFY ANY 
MISSING 

INFORMATION: 

STATE HOW LONG THE 
FACILITY HAS TO GET 

INFORMATION TO 
YOU: 

IDENTIFY WHO 
SHOULDPROVIDETHE 

INFORMATION"AND·· 
WHO THEY SHOULD 

PROVIDE IT TO: 



REPORT CONTENT AND STYLE 

"Write the report as you did the inspection. 
1. I did this ... 
2. I asked Joe Dokes ... 
3. I .s<1mpled the ... 
4. Mary Dokes said ... 

Style is often interpreted as discretionary by 
various program offices. In the court room style 
is strictly "first person singular." If your office 
insists upon passive tense such as "it \Vas 
determined" rather than the active "I 
determined," they should consult appropriate 
experienced counsel. The less translation 
between the report and testimony, the better. 

Good reports are not great prose. Good reports 
are a narrative of what happened during a 
specific event in time. Clarity is far more 
important than sounding academic. 

Avoid unnecessary or "cop talk" jargon. Say 

"Joe Dokes got out of the GMC truck," rather 
than, "The perpetrator exited the vehicle." 

Avoid drawing conclusions. \Vrite the facts in 
such clarity that the reader can draw their own 
conclusion. "Joe was very hostile," is a 
conclusion. "Joe began swearing and punching 
holes in the wall," is a statement of events from 

\Yhich the reader can draw their own conclusions. 

Avoid making assumptions. "I determined that 
the records were acceptable aftt · a review of 

several examples." The most you can say is that 
in your opinion, the specific records reviewed 

appeared acceptable to you. In most cases you 
should take example copies of those records and 
also allow the program to reviev.,: them and make 
3 determination. 

\Vrite the report as you 
did the inspection. 

Writing the report in 
"First Person 

Singular'' prevents 
explaining in court. 

Good reports are 
accurate narratives of 

events and not intended 
to be great prose. 

Avoid drawing 
conclusions in your 

report. 

Avoid making 
assumptions. 
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REPORT CONTENTS: The 5-W's 

Tbe following outline has beeo generaUy accepted throughout the program omces 

of several EPA Regions and tbe Office of Regional Counsel. 

HEADING: 

FAOLITY 
ADDRESS: 

SITE 
ADDRESS: 

SITE 

This would include the type of inspection. site name, and date of 
the inspection.) 

Corp:mue or head offiu address. 

Exa.c.t location of site inspected.. 

CO !"'T ACTS: Name. position or title, and telephone number. 

INSPECTION 
T EA..\1: i...G&.ckr and ill membc:n of the inspection t..eam. N arne.. position 

or title. md telephone nwnbcr. 

PURPOSE: Compliance inspection. audit. sampling. etc. and the authority for 
the inspecri on . 

HlSTORY: 

INSPECTION 

Tills includes compliance history. and the history of the facility or 
site . 

TIMES: Til.: hour, day and year for the inspection. (e.g. 2-19-1991@ 
0800 hours) 

OPE:".'ING 

CONFERENCE: Who did you show your credentials to; ill persons present; 

FIELD 

t:iJ..Ies or positions; wlu..t was discussed (i.e. scope and timing of 
inspection events); speci.fi c arran gem en t.s; if en try was grKll tod or 
denied. 

INSPECTION: Na:rnrive of field inspection and observations. Whe:re did you go 
or not go if it was rclevanL Whu did you sec.. Docurnenwion. 

RECORDS 

INSPECTION: Wha.t was reviewed, copied and W:e:n. '\Vhere were the r=rds 
md wbo wa.s in charge. 

CLOSING 

CONFERENCE: '\Vho was there? What was discussed? What was agreed to? 

SAMPLES: 

COMPLIANCE 
CONCERNS: 

Wac u:mples t..aken? Of what? Where the:re splits? 

Sl&Led a.s your opinion only. Regulations should not be sited in the 
report but may be suggested in an "en£ orce:men t confide:n tia.l" 
memo co the program chief or momcy. Some a.a.omeys have 
strong fee~s against the inspector drawing any cnfon:ane:nt 
conclusions at all beca:u.se it may complicate Agency's di.scrc.tion. 

A TI ACHMEJ','TS: List and identify all notes. docume:nt.s, photos, notices, aro 
documentation. 

DATE AND 
SIGNITURE: lt's your rc:port so sign iL 

WHAT IS IT? 

WHERE DID YOU DO 
WHAT? 

DID YOU PROPERLY 
IDENTIFY YOURSELF? 

WHO LET YOU DO IT 
AND WHO DID YOU DO 

IT WITH? 

DID YOU REVIEW YOUR 
FINDINGS WITH THE 
FACILITY AND LET 

THEM RESPOND? 

SIGN IT! 

I 



REPORT WRITING: \Vords and Phrases to avoid 

So why is it SD important to avoid some words and phrases? 
They are beyond the knowledge of the inspector, they are 
ambiguous, or they are not substantiated or supportable by 
documentation. They can limit the choices open to the agency 
by seeming to pre-judge the issue by dr::nving a conclusion. 
They can also be so vague that they do nut an.s>Yer the ;vho, 
what, ;vhere, why, and ho;v questions your report must 
address. 

1. "ALL," is so absolute that any exception can throw the 
issue into question. For example don't say you saw all the 
records. You might be able to say that you saw all the 
drums in the storage area with more confidence. 

' "Always," again is an absolute term . .-'\!ways does not 
allow for an exception. and exceptions usually exist. 

.)_ ":"'ever," is also an absolute term. One exception and you 
may have rrouble. 

-+ "Violations.," as in "there were violat:ions, "or "that was a 
violation," is reaching a conclusion. Rarely should the 
inspector also be the one who determines if there is a 
violation. What if you were VvTOng? The company could 
sue you for expenses or damages. You may not have 
supplied enough credible document:>.tion to substantiate the 
violation. You would be making an institutional decision 
without using the system of checks and balances built into the 
program. 

5. "No Violations," is also reaching a conclusion. Changes in 
interpretations can alter whether action is possible or not. 
Only the appropriate counsel may know recent court decisions. 

6. "It Was Determined," is vague and doesn't say who 
detwnined. If you made a judgement call say so. "I 
determined that the rransformer was le:1k..ing because dielecrric 
fluid was flowing from a hole in the side." If you reach a 
conclusion make sure that (1) you are qualified to make that 
determination, and (2) you document it well enough that others 
can reach the same conclusion. 

7. "They Said," is also vague. Who said? I said. Joe said. The 
woman in the red dress said. These are far more specific and 
who sa..id what can be critical to a case. 

The report should cbrify information. It should also simplify, 
so that readers less qualified than the writer can reach their 
O"n-'11 conclusions. Avoid unnecessary high tech language. 
Judges or attorneys seldom have engineering or chemistry 
degrees. 

AVOID USING THESE 
\VORDS AND PHRASES: 

'ALL' 

"ALWAYS" 

"NEVER" 

"VIOLATIONS" 
OR 

"NO VIOLATIONS" 

"IT WAS 
DETERMINED" 

"THEY SAID" 

-

-
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INSPECTORS WHO BUILD GOOD CASE FILES 
TEND NOT TO HAVE TO GO TO COURT. 

Those cases with strong documentation of evidence 
tend to be settled without the added expense of a 
lengthy defense. But being an inspector is a life of 
exceptions. Some will contest the allegation regardless 
of your efforts . 

Under most circumstances the inspector will be called 
as a 'fact witness" to testify about what they have · 
personal knowledge of through their five senses. Your 
"foundation" for having that knowledge will be 
established prior to your testimony. 

The three most common attacks on a witness are 
competency, credibility, and impeachment. The 
following is a brief discussion of each: 

Competency is determined by the judge and done on 
a case by case basis. If you actually take the stand 
you arc probably competent. 

* Credibility refers to your wonhiness for belief. 
Here the defense has a chance to peck at you on the 
stand. Were you qualified to make the observation? 
Is there any reason we should not believe what you 
said, actually happened? There arc many subtleties 
here. A lack of composure under flre can tarnish 
your credibility in the view of a jury or hearing 
judge. Do not elaborate beyond your direct 
knowledge or you open a Pand~ra's box for the 
defense. 

* Impeachment is what happens when the defense 
detects a flaw in your testimony. The job of the 
defense is to assault that chink in your credibility 
until it looks like a chasm to the trier of fact (judge). 

Stick to what you know. 

Sounds intimidating doesn't it? It should not be. 
veryone has their role. Stick to yours. The defense 

.jhould be aggressive in attacking the evidence or who 
has obtained it. There is help, your counsel. 

WELL DOCUMENTED 
CASES TEND TO 
SETTLE OUT OF 

COURT. 

THEJNSPECfOR WILL 
USUALLY BE A "FACf 

WITNESS." 

THE JUDGE 
DETERMINES 

COMPETENCY OF THE 
WITNESS. 

THE DEFENSE IS 
SUPPOSED TO A TrACK 

THE PROSECliTIONS 
CASE. 

STICK TO WHAT YOU. 
KNOW AND DON'T 

ELABORATE. 

I 



I HOW TO BE A GOOD WITNESS: MAKING THE BEST OF A TRYING SITUATIOt\' 

PREPARATION BEFORE GIVING TESTIMONY 
WILL HELP ESTABLISH ROLES AND COMFORT. 

You are always to tell the truth. Your aaorney should prepare you for 
taking the st.and or giving a deposition. Your aaomey should review the 
slTCilgth and weakness of your knowledge to refresh your memory and also 
to make you more comfortable with the court proceedings. Your attorney 
should review the questions they intend to ask and may review your 
answers as well In contrast the defense may try to create doubt or insecu
rity in the witness' mind by asking the question, "Did you discuss this with 
your anorney bifon: you c:.arne lure?" As if there were something wrong 
with iL There isn'L You would answer "yes." The defence might then ask 
you, "Wae you told how to ll11SWa?" Your answer would be,"/ was told to 
tell tlu truth." 

DON'T VOLUNTEER INFORMATION AND 
KNOW WHEN TO SHUT UP. 

The more you say the more chance the defense has to find an area of 
weabless. DON'T RAMBLE. Answer only the question put to you and 
then shut up. A common problem is to answer a question which is antici
pated but has not been asked. You may think you know where the defense 
is going, but they may have another agenda or may not have thought of the 
issue at all. 'They may not have thought of the question at all and there you 
are vohmtcering an answer. What you may have brought up, may or may 
not be relevant and can take days and even weeks to de.al with. 

If you don't understand a question you should PAUSE AND THINK about 
iL You may ask the judge.t.ci allow you to refer to your field nolCS, photo
graphs, inspection repon or ask: that the question be repeated if you need to. 
You cannot answer a question you do not fully understand. It is usually 
pamissable for you to ask for rephrasing or that a complicated or compound 
question be broken up. Some aggressive defense counsels may press you 
for answers by establishing a rhythm of easy "yes or no" questions and then 
abruptly change pace with a complicated question in hopes of getting a 
poorly considered answer or compromising your composure. Simply 
pausing before you answer will allow you to reflect and maintain your 
demeanor. Don't let the defense counsel's silence motivate you to ramble. 
Leading questions, intimidation, assaulting your credibility, or twisting 
interpretations are all counsel techniques which have ethical boundaries. 
However, some defense attorneys may tend to test these boundaries if they 
fmd that they are working to their clients favor. Don't allow any action by 
the defense to affect your emotions or behavior. Your auorney is allowed to 

object to possible breaches of protocol and your calm composure will only 
reflect your professionalism. 

Tn'als are by na.Iure advasarial, recognize it., stick to what you know, and 
answer only the question put before your. Not all defense attorneys are as 
aggressive as just described. Remember you are there only as a WITNESS 
OF FACT. Relate what you did and what you know and always TELL 
THE TRUTH. 

TELL THE TRUTH! 

STICK TO WHAT 
YOU KNOW. 

ONLY ANSWER THE 
QUESTION THAT WAS 

ASKED. 

KNOW WHEN TO 
SHUT UP. 

YOU MAY REFER TO 
YOUR NOTES, 
PHOTOS, AND 

REPORTS TO REFRESH 
YOUR MEMORY. 

YOUR A TIORNEY CAN 
HELP YOUR PREPARE 

TO BE A GOOD 
WITNESS. 

-
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