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State of Maryland
Department of the Environment

Cleanup Standardsfor Soil and Groundwater

1.0 INTRODUCTION

This document presents the approach and supporting documentation used to develop numeric Cleanup
Standards for hazardous substances in the soil and groundwater media, and remedial action categories for
the State of Maryland. The Cleanup Standards are screening levels developed to represent concentration
levels at which no further remedial action or land use controls would be required at a property based upon
the harm posed by these substances to human health within the constraints of current knowledge (i.e.,
applicable only to the soil media Residential Cleanup Standard and the groundwater media Cleanup
Standard). The Cleanup Standards have been devel oped by incorporating applicable land uses and the
current or projected use of the groundwater mediafor potable use. Tables 1 and 2 lists the hazardous
substances included in the Cleanup Standards.

The Cleanup Standards for hazardous substances in soil and groundwater media are to be considered as
guidance.

20 PURPOSE AND APPLICABILITY
The intent of this guidanceisto:

a) Provide uniform and consistent human-health based numerical Cleanup Standards for the
most frequently encountered hazardous substances encountered in the soil and groundwater
mediaat properties within the state;

b) Identify the conditions for requiring remedial action at a property, or the conditions for not
requiring further investigation or remedial action at a property;

C) Describe the general requirements for applicants conducting environmental assessments at
properties with hazardous substances, and

d) Provide detail and specificity on the important elements of remedial actions, including the
responsibilities of persons who use this guidance and the Department.

This guidance is intended to be atechnical supplement for other Department programs (including the
Voluntary Cleanup Program, Controlled Hazardous Substance/State Superfund Program, Hazardous
Waste Program, Solid Waste Program, Oil Control Program, and affected programs in the Department's
Water and Science Administration).

Notwithstanding the information conveyed in this document, persons must also adhere to all applicable
federal and state environmental laws and regulations. Persons may also use the United States
Environmental Protection Agency (EPA) Regional Screening Level User's Guide, May 2018 and
associated EPA risk assessment guidance to conduct a property specific risk assessment. If thisoptionis
chosen, then the risk assessment must include an evaluation of therisk at the property to the Department's
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upper end exposure pathway risk threshold for carcinogenic compounds of 1E-5 or, a non-cancer Hazard

Quotient of 1.

3.0 DEFINITIONS

A. In this guidance, the following terms have the meanings indicated.

B. Terms defined.

D

)

3)

(4)

()

(6)
()

(8)

9)

(10)

“Applicant” means a person who applies to participate in the Voluntary Cleanup Program,
or any person that the Department determines can use this guidance.

"Aquifer" means a geologic formation, group of formations, or part of aformation capable
of yielding groundwater to wells or springs.

"Biased Sampling" means sampling which focuses on a specific property area based upon
knowledge or modeling.

“Cancer risk” (CR) means the incremental probability of an individual developing cancer
over alifetime as aresult of exposure to a potential carcinogen.

"Composite Sampling" means a mixture of a minimum of two or more grab samplesto
represent the average properties of the hazardous substances of concern within the extent
of the area sampled.

“Department” means the Maryland Department of the Environment.

"Environment” means the navigable waters, the waters of the contiguous zone, ocean
waters, and any other surface water, groundwater, drinking water supply, land surface or
subsurface strata or ambient air within the state.

"Environmental Assessment” means an Environmental Phase | and Phase |1 Assessment
that conforms to the principles established by the American Society for Testing and
Materias, or a Site Assessment that conforms to the Code of Maryland Regulations
26.14.02.03.

“Exposure pathway” means the course a contaminant takes from it's source to a receptor
organism.

"Feld Screening Technology" means anal ytical methods approved by the Department to
determine a concentration, or range of concentrations for a particular hazardous substance;
or atotal concentration for a suite of genetically related hazardous substances (e.g.,
carcinogenic polycyclic aromatic hydrocarbons, pesticides). Field Screening Technologies
usually have lower quality assurance/quality control standards than EPA Contract
Laboratory Program (CLP) requirements. As a consequence, the data generated by Field
Screening Technologies cannot be used exclusively in the conduct of a human health risk
assessment. For the same reasons, Field Screening Technol ogies cannot be used
exclusively to demonstrate compliance with numerical cleanup standards.
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(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

"Free Product” means a hazardous substance which occurs as an immiscible (i.e., either
Dense Non-Aqueous Phase Liquid (DNAPL) or aNon-Aqueous Phase Liquid (NAPL)
liquid in surface water, groundwater, the vadose zone, or the ground surface.

"Grab Sample" means a discrete sample that is representative of a specific location at a
specific point in time.

"Groundwater" means water below the land surface in the zone of saturation.

"Groundwater Standard” means either the Maximum Contaminant Level (MCL) value for
achemical, the Secondary Drinking Water Regulation value for a chemical, or the highest
value from the criteriaidentified in section 4.0 (B) 1 -2.

“Groundwater use area’ means a property located within %2 mile of a potable use well, or
an area not served by a public water distribution system and reliant on groundwater for
potable consumption, or an areawhere there is a potential for future groundwater use as a
potable water supply source, or wellhead protection areas for public supply wells that have
been approved by the Department.

“Hazard Quotient” (HQ) means the ratio of a single chemical exposure level over a
specified time period to areference dose for that hazardous substance derived from a
similar exposure period. A reference doseis EPA's preferred toxicity value for evaluating
non-cancer effects from exposure to hazardous substances.

"Hazardous Substance" means any substance defined as a hazardous substance under the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) of
1980, as amended by the Superfund Amendments and Reauthorization Act of 1986; or
identified as a controlled hazardous substance by the Department in the Code of Maryland
Regulations.

“Land Use Controls” (LUCs) means any restriction or control that serves to protect human
health and the environment by limiting use of exposure to any portion of the property,
including water resources.

“Lower explosive limit” (LEL) means the lowest concentration of gas or vapor that burns
or explodes, at ambient temperatures, if an ignition sourceis present.

“MCL” means maximum contaminant level as defined in COMAR 26.04.01.06 through
6.04.01.10.

"Non-residential land use" means land that has a zoning designation by either county or
local government jurisdiction that is not intended for residential land use. Typical non-
residential land uses include, but are not limited to, land zoned for commercial or industrial
uses.

“Non-residential exposure scenario” means the set of default assumptions, as defined in
this chapter (Appendix 1) that are used to calcul ate a representative chemical intake for a
population in a non-residential setting. Exposure scenarios would typically include any
setting on which commercial, industrial, manufacturing, or any other activity is done to
further either the development, manufacturing, or distribution of goods and services,
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intermediate and final products, including but not limited to: administration of business
activities, research and development, warehousing, shipping, transport, remanufacturing,
stockpiling of raw materials, storage, repair and maintenance of commercial machinery
and equipment, and solid waste management.

(23) "Person" means an individual, firm, corporation, association, partnership, consortium, joint
venture, commercia entity, state government agency, unit of local government, school
district, conservation district, federal government agency, Indian Tribe or interstate body.

(24) "Phased Sampling" means using information obtained from a previous event to refine a
subsequent sampling event.

(25) "Practical Quantitation Limit" (PQL) means the lowest amount of a chemical that can be
accurately and reproducibly quantified by an analytical instrument or method. The PQL
values presented are the lowest from among the most commonly required by the EPA
Contract Laboratory Program (CLP) and SW-846 analytica methods.

(26) "Property" means any building, structure, installation, equipment, pipe or pipeline
(including any pipe into a sewer or publicly owned treatment works) well, pit, pond
lagoon, impoundment, ditch, landfill, storage container, motor vehicle, rolling stock,
vessdl, aircraft or any land, site or area where a hazardous substance has been generated,
manufactured, refined, transported, stored, treated, handled, recycled, disposed of,
released, placed or otherwise located. Where there is or has been arelease or threat of
release on aparcel of real estate, the entire real estate may be considered the property for
the purposes of performing aremedy. A property also includes all adjacent properties
where hazardous substances may have migrated since being rel eased.

(27) “Recreational use exposure scenarios’ means the set of default assumptions as defined in
this chapter (Appendix 1) that are used to calcul ate a representative chemical intake for a
population in arecreationa setting used in conjunction with the exposure frequencies
defined in Section 11.2 Recreational Use Soil Cleanup Requirement.

(28) "Release" means the addition, introduction, leaking, spilling, emitting, discharge "as
defined in Environment Article, Titles4 and 7", escaping, or leaching of any hazardous
substance or oil into the environment.

(29) "Remedy" or "Remedia Action" means those actions consistent with a permanent remedy
taken instead of, or in addition to, removal action in the event of arelease or threatened
release of a hazardous substance or oil into the environment, to prevent or minimize the
release of hazardous substances so that the substances do not migrate or otherwise cause
substantial danger to present or future public health, welfare, or the environment, and
incorporates the elements of a Response Action Plan conveyed in Environmental Article
Title 7, Subtitle 5, Voluntary Cleanup Program. Thisterm includes, but is not limited to,
the remedies described in CERCLA.

(30) "Residential exposure scenario” means the set of default assumptions, as defined in
thischapter (Appendix 1), that are used to calculate a representative chemical intake for a
population in aresidential setting. Residential use settings would typically include
residential land uses, as well as land uses where there is potential for more extensive soil
ingestion. Residential exposure scenario could aso include agricultural land use
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(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

associated with the propagation of vegetation or livestock under certain conditions. The
Residential exposure scenario for the soil mediais applicable from 0-15" Below Ground
Surface (BGS) or to the zone of saturation.

"Residential land use" typically means land that has a zoning designation by either a
county or local government that exclusively requires that the land shall be used as a place
in which a person resides.

“Risk assessment” means a scientific process used to estimate the probability of adverse
effects from chemicals present at a property.

"Regional Screening Levels’ (RSLs) means the EPA Regional Screening Levels dated
May, 2018. The concentration levels for individual chemicals that correspond to a specific
cancer risk level of 1E-6 or an HQ of 0.1. The HQ values have been adjusted from 1.0 to
0.1 to account for potential additivity.

"Secondary Drinking Water Regulation™ means a non-mandatory water quality standard
established by the EPA for aesthetic considerations, such as taste, odor and color.

"Soil Standard — Non-Residential Cleanup Standard” means the EPA RSLs for Industrial
use.”

"Soil Standard — Protection of Groundwater" means the EPA RSLs for soil to groundwater
migration with a Dilution/Attenuation Factor (DAF) of 20. Thisvalueisintended to be
protective of groundwater quality in "groundwater use areas.”

"Soil Standard — Residential Cleanup Standard — Inorganic Chemicals' means the highest
value from the following options: a) the EPA RSLsfor residential soil, the PQL of
laboratory instrumentation, or ¢) avalue determined by the Department to be the reference
level for metalsin soil in the State of Maryland.

"Soil Standard — Residentia Cleanup Standard - Organic Compounds® means the highest
value from the following options: @) the EPA RSLsfor residential soil, or b) avaue based
on the PQL of laboratory instrumentation.

"Surface Water" means the waters of the State of Maryland, occurring on the surface of the
earth.

"Tentatively Identified Compound” means anon Target Analyte List organic compound
detected from laboratory analysis of a sample using a Gas Chromatograph/Mass
Spectrometer (GC/MS) under an approved EPA laboratory method. Tentatively Identified
Compounds (TICs) are identified from reconstructed chromatograms. TICs should have a
80% spectral match, however, professional judgment is considered by the Department in
the determination and identification of the TIC. A standard must be run to make a
positive identification of a TIC. The analytical results are considered estimates of
concentration.

“Time weighted average” (TWA) means the time weighted average concentration for a
hazardous substance that nearly all workers may be routinely exposed to during an 8 hour
workday and 40 hour workweek without suffering adverse health effects.
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4.0

(42) “Typel aguifer” means an aquifer having atransmissivity greater than 1,000
galons/day/foot and a permeability greater than 100 gallons/day/square foot, and for
natural water with atotal dissolved solids concentration less than 500 milligramg/liter.

(43) “Typell aguifer” means an aquifer having either:

A) atransmissivity greater than 10,000 gallons/day/foot, a permeability greater than
100 gallons/day/square foot and natural water with atotal dissolved solids
concentration of between 500 and 6,000 milligramg/liter; or

B) atransmissivity between 1,000 and 10,000 gallons/day/foot, a permeability greater
than 100 gallons/day/square foot and natural water with atotal dissolved solids
concentration of between 500 and 1,500 milligramg/liter.

DERIVATION OF STANDARDS
The derivation of the soil standards were based on the following criteria:
la) RSLsascalculated from two exposure pathways:

() ingestion;
(i) dermal contact;

(i)  inhalation of volatiles/fugitive dust; and

1b)  Thederivation of RSL soil concentrations based on atarget HQ of 0.1 and atarget cancer
risk of 1E-6 for each chemical;

2) The PQL of laboratory instrumentation if the RSL value for a chemical islower than the
PQL; and

3) Reference levels for metalsin soil.

4) TPH soil standards were calculated based solely on an ingestion exposure pathway. TPH
soil cleanup numeric standards were derived using equation 7 and reference dose
information for hydrocarbon fractions published by the Massachusetts Department of
Environmental Protection (Characterizing Risks Posed by Petroleum Contaminated Sites:
Implementation of MADEP VPH/EPH Approach, October 31, 2002, Policy # WSC-02-
0411). Gasoline Range Organics (GRO) standards were defined as the lowest risk derived
value calculated for the C5-C8 diphatic, C9-C12 diphatic, and C9-C10 aromatic fractions.
Diesel Range Organics (DRO) standards were defined as the lowest risk derived value
calculated for the C9-C18 aliphatic, C19-C36 aiphatic, and C11-C22 aromatic fractions.

Groundwater Standards. The derivation of the groundwater standards were based on MCLs or
Secondary Drinking Water Regulation (SDWR) standards where available. In the event that an
MCL or the SDWR did not exist, the groundwater standard was based on the (highest) value
derived from the following criteria:

1) RSL as calculated from the tap water exposure pathway:
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5.0

() ingestion;

(i) dermal contact;

(iii)  inhalation;

1b)  thederivation of RSLRBC groundwater concentrations based on atarget HQ of 0.1
and atarget cancer risk of 1E-6 for each chemical;

2) The PQL of laboratory instrumentation if the RSL value for a chemical islower than the
PQL.

MDE calculated soil cleanup standard numerical values for methyl tert-butyl ether (MTBE) per
the guidelines established in (EPA) Regiona Screening Level User's Guide, May 2018 and
associated EPA risk assessment guidance documents. In addition, MDE has provided in this
guidance all the pertinent reference documents to calculate a site-specific risk derived value for the
groundwater and soil media. Please refer to the references identified in Appendix 1 for these
default parameters.

The MTBE groundwater cleanup standard was set at the level defined by the Department’s Oil
Control Program. TPH groundwater standards were cal culated based solely on an ingestion
exposure pathway. TPH groundwater numeric cleanup standards were derived using equation 1
and reference dose information for hydrocarbon fractions published by the M assachusetts
Department of Environmental Protection, October 31, 2002. Gasoline Range Organics (GRO)
standards were defined as the lowest risk derived value calculated for the C5-C8 aliphatic, C9-C12
aliphatic, and C9-C10 aromatic fractions. Diesel Range Organics (DRO) standards were defined
asthe lowest risk derived value calculated for the C9-C18 diphatic, C19-C36 aliphatic, and C11-
C22 aromatic fractions.

GENERAL PROVISIONS

Use of these standards will be at the discretion of the applicant and subject to approval by the
Department. The Department may request or the applicant may choose to develop property
specific Cleanup Standards using approved risk assessment techniques. The Department may
deny the option to use these Cleanup Standards in situations where property conditions or
expected exposures differ significantly from the assumptions used to derive the Cleanup
Standards.

The Cleanup Standards are usually best applied at properties where there are fewer than five
hazardous substances that exceed any standard for an environmental media. In generd, the
Cleanup Standards are based on the potential risk posed to a human receptor based upon standard
EPA exposure scenarios. Other methods used to develop Cleanup Standards are described in
Section 4.

Hazardous substances that are classified as non-cancer causing generally have a Cleanup Standard
concentration established at Hazard Quotient of 0.1. Thislevel isone order of magnitude more
protective than the Department remedia action standard of a Hazard Quotient of 1. This safety
factor allows for potential additive risk factors from multiple hazardous substances at a property.

Hazardous substances classified as cancer causing generally have a Cleanup Standard
concentration established at atarget cancer risk of 1E-6. Thislevel isone order of magnitude
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6.0

more protective than the remedial action standard of 1E-5 established by the Department. This
safety factor allows for potential additive risk factors from multiple hazardous substances at a

property.

When a change to an EPA RSL occurs for a specific Cleanup Standard or when updates occur to
the underlying toxicological information utilized in the derivation of a Cleanup Standard the most
up to date toxicity values in the RSL table should be utilized.

The Cleanup Standards defined in this chapter were developed for the protection of human health
and do not in any way imply protection of ecological receptors. At properties where adverse
effects to ecological receptors may be of concern, an ecological risk assessment following
methods approved by the Department will be required.

At properties where the presence of unknown hazardous substances may exist (facilities
conducting chemical research) the Department recommends chemical analysis submitted for the
purposes of property characterization include a maximum of 30 tentatively identified compounds
(TICs). The 30 reported TICswould include the highest concentrations for up to 10 Volatile
Organic Compounds (VOCs) and up to 20 Semi-Volatile Organic Compounds (SVOCs). The
Department may also require additional sampling based upon an inventory of potential chemicals
utilized at the facility if the reported chemicals are deemed potentially harmful to human health or
the environment. The basis for recommending TICs and analysis for chemicals utilized at a
facility are listed below:

i) The property history suggests that the chemicals were used at the property; or

i) The estimated concentration or toxicity of the chemicals would drive overall risk at the
property; or

1)) The spatial distribution of the chemicals indicates that they are concentrated in specific
areas of the property (i.e. a contamination source area).

If the Department determines that none of the criteria listed above are met, then evaluation of TICs
or experimental research chemicaswill not be required. However, aqualitative discussion of all
reported TICs and chemicals should be included in the property specific risk assessment.

Reference levels for several inorganic soil constituents have been developed by the Department
(see Appendix 2). The use of areference level instead of an established soil cleanup standard will
require prior approva from the Department. The use of MDE reference levels may be denied in
situations where the chemical speciation of an inorganic constituent is known or believed to be in
aform that may pose an unacceptable risk to current or expected users of the property.

Reservation of Rights: Notwithstanding the use of this guidance by applicants in support of
environmental assessments of hazardous substances at properties, the Department reserves the
right to inspect properties, to collect soil, sediment, soil gas, indoor air or groundwater samples,
and/or to determine the adequacy and validity of submitted information.

APPLICATION OF CLEANUP STANDARDS

The soil and groundwater Cleanup Standards have been designed to be applied in conjunction with a
property specific environmental assessment or remedia action. The Cleanup Standards may be used by
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an applicant to request either a No Further Requirements determination under the VCP, or a No Further
Action determination under the State Superfund program. The Cleanup Standards may also be applied to
demonstrate attainment of a Remedial Action under either the VCP or State Superfund program.

6.1 Voluntary Cleanup Program

The Cleanup Standards may be applied under the VCP only after an applicant has satisfactorily completed
an Environmental Phase | and Phase Il Site Assessment that conforms to the principles established by the
American Society for Testing and Materials, and which only pertains specifically to the environmental
assessment requirements identified in Sections 7.0 — 10.0 (i.e., not the remedial action elements described
in Sections 7.0 — 10.0). VCP applicants who fulfill both these requirements may request a No Further
Requirements determination from the Department if property hazardous substance concentrations are at or
below Cleanup Standards and requirements for the applicable land use and groundwater use.

Properties that have hazardous substance concentrations in exceedance of an applicable Cleanup Standard
and/or requirements (i.e., based upon the requested land use determination) may be required to prepare a
Response Action Plan (RAP) in conformance with Environment Article 7-508. Under this condition,
applicants may request awaiver from conducting the Risk Assessment component of the RAP and
substitute the applicable Cleanup Standard(s) to satisfy the requirements of Environment Article 7-508.b.,
Selection of Protective Criteria.

The Cleanup Standards may also be used to demonstrate attainment of aremedial action for the VCP.
Applicants must comply with sections 7.0 —10.0 in order to use the Cleanup Standards for these purposes.

V CP Applicants may also use the presumptive remedies identified in Section 11 as part of the RAP.
6.2  Controlled Hazardous Substance Enfor cement Program (State Superfund)

The Cleanup Standards are al so applicable to the Controlled Hazardous Substance Enforcement Program
when an applicant satisfactorily completes a site assessment that conforms to:
a) the Code of Maryland Regulations (COMAR) 26.14.02.03, the Hazardous Substance Response
Plan, and
b) the environmental assessment requirements conveyed in Sections 7.0 —-10.0.

Applicants that satisfy these requirements may request a No Further Action from the Department provided
that hazardous substance concentrations are at or below applicable land use and groundwater use Cleanup
Standards and requirements. For non-residential land use properties the issuance of a No Further Action
by the Department may be contingent on the placement of institutional LUCs such as groundwater use
restrictions and deed restrictions limiting a property to non-residential uses only.

Properties that have hazardous substance concentrations in exceedance of an applicable Cleanup Standard
must conduct aremedial action in conformance with COMAR 26.14.02.05-06. Applicants may request a
waiver from conducting a Risk Assessment required in COMAR 26.14.02.06, and substitute the
applicable Cleanup Standard requirements.

The Cleanup Standard may also be used to demonstrate attainment of aremedia response activity as

defined in COMAR 26.14.02.06. Under this condition, applicants must comply with sections 7.0 -10.0 to
use the Cleanup Standards for these purposes.

INTERIM FINAL GUIDANCE 11



Applicants may use the presumptive remediesidentified in Section 11 in support of the remedial action
plan for a property.

Sections 7.0 — 10.0 of the document describe minimum investigatory and remedial action requirements
that should be applied in order to demonstrate attainment of a cleanup standard for the soil and/or the
groundwater media. However, since most property environmental cases have unique investigatory or
remedia action issues, additional actions may need to be taken to demonstrate attainment of an
environmental media cleanup standard.

Figures 1 and 2 are "Decision- Tree" flow charts for the application of the groundwater and soil Cleanup
Standards. These flow charts have been developed from information in Sections 7.0 — 10.0 of the
Cleanup Standards document.

Additional guidance on hazardous substance environmental assessment work plan development is
contained in Appendix 3.

7.0 INVESTIGATIVE REQUIREMENTS-SOIL MEDIA

To apply the Cleanup Standards at a property subject to environmental assessment for release of
hazardous substance(s) to the soil media, the Department requires that surface soil (0 to 1 foot in depth)
and deeper soil (1 foot in depth to amaximum of 15 feet) be sampled. The extent of soil sampling
required at properties is dependent on a number of variablesincluding: 1) the size of the property, 2) the
historical use of the property, 3) the chemicals used at the property and 4) the extent of environmental
studies conducted at the property. Properties that have had a Phase | Environmental Site Assessment
completed in accordance with Standard E 1527-13 of the American Society for Testing and Materials
(ASTM), an environmental assessment that conforms to 40 Code of Federal Regulations (CFR) 312, an
EPA Preliminary Assessment, or a State Site Assessment which thoroughly documents the use history of
the property and types and quantities of chemicals associated with the property use, may use this
information to tailor the soil sampling and chemical anaysis requirements to include just chemicals
known or suspected to be used, stored or manufactured at the property, either currently or in the past. If a
thorough property history has not been documented, soil sampling and laboratory analysis should include,
at aminimum, priority pollutant metals, VOCs, DRO, GRO, SVOCs, pesticides and Polychlorinated
Biphenyls.

Under certain circumstances the extent of the soil media environmental assessment may be based on the
results of the Phase | assessment, or equivalent property assessment. Specificaly, if the assessment
thoroughly documents the property history and indicates that past activities had been confined to a
discrete portion of the property, the Phase |1, or equivalent property assessment sampling may be
concentrated in this area, and aminimal number of representative samples may be collected across the
remainder of the property.

The Voluntary Cleanup Program will typically accept soil sample analytical results as part of an
applicant's application if the samples were collected from the property within one year of submittal of the
application. Use of analytical data collected greater than one year prior to application submittal will be
considered on a site-specific basis.
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At aminimum, 10" grab samples are recommended to be taken from a property in order to demonstrate
attainment of an applicable soil Cleanup Standard. The spatial distribution, sample depth and number of
samples required to demonstrate attainment of an applicable Cleanup Standard is dependent on property
specific conditions. 1n general, the 10 minimum soil sampling requirement is restricted to chemicals
known or suspected to be used, stored or manufactured at the property, either currently or in the past.
However, sampling work plans should adequately address the variables identified in section 7.0 (i.e., size
of the property, historical use, chemical use, extent of previous environmental assessments) to
satisfactorily address this requirement.

For properties that are two acresin size or larger, sampling approaches that should be considered include:

a) Grid Sampling
b) Biased Sampling, or
¢) Phased Sampling.

Grid Sampling should be conducted when property conditions indicate widespread and uniformly
distributed release of hazardous substances. Biased Sampling is a preferred sampling approach when
property conditions have been reasonably characterized, and testing is conducted to refine the conceptual
sitemodel. Phased Sampling is recommended when limited information exists regarding the presence of
hazardous substances at a property. This approach may necessitate multiple sampling activities in order
to demonstrate attainment of a Cleanup Standard, or may indicate that Biased or Grid Sampling should be
conducted.

Composite Sampling may be used to demonstrate compliance with a cleanup standard during a remedial
action. Thefollowing criteria must be adhered to when collecting composite samples:

a) Theenvironmental assessment of a property must be considered complete by the Department,

b) Composite sampling shall be conducted under agrid or systematic sampling framework,

¢) A minimum of two or more sample |locations may be composited to represent a discrete
sample location,

d) Samplesto be composited should be located adjacent to each other in the sample framework,

€e) Anequa volume (gravimetric) of soil must be composited from each sample collected from
the sampling framework.

f) Composite sampling is typically not recommended for VOC, DRO and GRO samples.

g) Samples should be homogenized in the field.

The data collected from any sampling approach must be evaluated by statistical means to determine if
more than one population of data exists at a property. Statistical measurements may also indicate that
additional samples should be taken at the property. In the event that more than one population of datais
identified at a property, attainment of an applicable Cleanup Standard must be demonstrated for each
population. The Department accepts the following statistical methods to determine if more than one
population data exists at a property:

a) Non-Parametric statistical methods that compare the means of two populations — Wilcoxon
Rank Sum or the Quantile test as described in the EPA Guidance Document Statistical

* sampling requirement based on EPA Supplemental Guidanceto RAGS: Calculating the Concentration Term. This Guidance indicates that fewer than 10
samples per exposure area provides poor estimates of the mean concentration between the sample mean and the 95™ percent upper confidence limit.
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Methods for Evaluating the Attainment of Cleanup Standards for Soils and Solid Media,
EPA Office of Policy, Planning and Evaluation, PB94-176831, July, 1992.

b) Parametric statistical methods for evaluation of one population of data. This evaluation
would include the calculation of the mean, mode, standard deviation and upper confidence
limit of a population of data. The use of this method must be appropriate for the data
gathered at the property and must also be consistent with the underlying assumptions of the
method being used.

Exceptions to the number of samples required to demonstrate attainment of a Soil Standard may be
granted by the MDE on a property-specific basis.

The threshold established for attainment of a soil cleanup standard when at least 10 soil samples are
collected from a soil horizon is when either:

a) The 95% upper confidence limit (UCL) of the arithmetic mean is equal to or below the
standard. The preferential method for deriving UCLs is the EPA ProUCL (version 5.1.00)
software or equivalent. A minimum of 10 samplesis necessary within a soil horizon when
derivingaUCL.

b) All samples are below the applicable cleanup standard.

C) A site-specific risk assessment demonstrates risks are below the Department remedial
action noncancer standard of aHQ of 1 and the cancer remedial action standard of 1E-5.

Biased Sampling for the sole purpose of demonstrating attainment of the standard is not allowed.
Attainment of a soil cleanup standard may not be applicable using 95% UCL methods at most residential
unrestricted use properties as the exposure unit would be represented by each home and not the entire
property. In aresidential development scenario if each exposure unit is characterized attainment of the
standard may be achieved.

If any sample result exceeds a soil standard by five (5) times, then the Department reserves the right to
require additional delineation sampling to eliminate the possibility of a source areain close proximity to
any of the threshold attainment soil samples.

At properties where an existing building(s) exceeds 25% of the property area under evaluation and testing
under the building footprint(s) is not considered feasible, the Department approva with respect to
demonstration of attainment of the soil standard will reflect that limited to no data was collected from this
area(s). If at alater date the building is removed, the Department, pursuant to Environment Article 7-201,
may require additional environmental assessment work by persons considered responsible for the
hazardous substances in this area of a property.

7.1  Exceptionsto Soil Cleanup Standards
Exceptions to the application of the soils Cleanup Standards are:

a) Where it istechnically impractical to reach the standard and a risk assessment
demonstrates no risk is posed by the current or intended property use;
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b) Where arisk assessment demonstrates no risk is posed by the current or intended property
use. In this case, arestriction may need to be placed on the deed of a property with a
current non-residential use or other approved use that is protective of public health and the
environment that prohibits the use of the property under aresidential exposure scenario;
and

C) Where the Department determines that it is technically impracticable to reach the standard
and arisk assessment demonstrates that arisk is posed by the current or intended use. In
this case, an appropriate containment or isolation remedy is required to prevent exposure to
potential receptors. In addition, arestriction and LUCs may need to be placed on the deed
of a property with a current non-residential use or other approved use that is protective of
public health and the environment that prohibits the use of the property under aresidential
exposure scenario and maintains the LUCs.

8.0 USE OF FIELD SCREENING TECHNOLOGY FOR ENVIRONMENTAL MEDIA

Field Screening Technology (i.e., Mobile Gas Chromatograph/Mass Spectrometer Laboratory,
Immunoassay Technology and X-Ray Fluorescence equipment) for the soil mediamay be used in
combination with a Fixed Laboratory sampling and chemical analysis program to reduce the total number
of samples sent to a Fixed Laboratory for analysisin order to demonstrate attainment of a cleanup
standard or to completely characterize the presence of hazardous substances at a property. Field
Screening Technology may aso be used to reduce/eliminate possible hazardous substances of concern
from further evaluation at a property following an acceptable demonstration of positive correlation for
accuracy and precision of analytical results between a Fixed Laboratory and Field Screening Technology
results.

Generaly, a 30% Fixed Laboratory confirmation is required for 20 or more samples tested using Field
Screening Technologies. A 50% Fixed Laboratory confirmation is required for 10 — 19 samples tested
using Field Screening Technologies.

8.1 Immunoassay Field Screening Technology

With respect to the use of Immunoassay Field Screening Technology or any other technology approved
for use by the Department for use at properties subject to hazardous substance environmenta assessment,
apositive correlation of sample locations tested using both the field screening technology and the fixed
laboratory analytical result must be demonstrated by the applicant. This correlation is demonstrated by
satisfying the following requirements:

a) Thefixed laboratory data meets the quality assurance project plan requirements identified in
Appendix 3,

b) The field screening technology data was produced in conformance with the manufacturer’s
specifications, and adhered to the manufacturer's quality assurance/quality control
requirements. The later information must be supplied to the Department with the data
submission,

c) Thefield screening technology result, which is conveyed as either: 1) less than the total
concentration of a contaminant suite (e.g., total polycyclic aromatic hydrocarbons, total
pesticides, total Polychlorinated Biphenyls), 2) bound by concentration limits, or 3) exceeds a
lower bound concentration, correlates with the fixed laboratory analytic result for the
hazardous substance suite being evaluated.
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A positive correlation between the Immunoassay Technology result and the fixed laboratory result is
demonstrated when the total concentration of a particular suite of hazardous substances in the fixed
laboratory result falls within the concentration bounds conveyed by the immunoassay result for the same
sample location (e.g., asampleis analyzed by afixed laboratory for individual Aroclor PCBs. The
individual Aroclor concentrations, including Aroclor TICs are summed. This summed value is compared
against the total PCB concentration value/range from the immunoassay test result. If the fixed lab result
conforms with the immunoassay val ue/range result, then a positive correlation has been demonstrated).

Immunoassay Field Technology Screening data that has been accepted by the Department as
demonstrating a positive correlation with the complementary Fixed Laboratory result may be used to
represent the concentration of the contaminant of interest at the property with the lowest cleanup standard
value in the analytic suite of compounds (e.g., a positive Carcinogenic Polycyclic Aromatic Hydrocarbon
result using Immunoassay Technology would be used to represent the concentration of Benzo(a )Pyrene
for the sample result in the application of the Cleanup Standards). Please contact the Department at 410-
537-3493 for scheduling the use of the Department’s Field Screening Technol ogy.

8.2  X-Ray Fluorescence Field Screening Technology

Applicants may also use X-Ray Fluorescence (XRF) Technology to support demonstration of attainment
of acleanup standard. Aswith the use of the Immunoassay Technology, the same sample point from both
the fixed laboratory and the XRF must have been analyzed in conformance with the QAPP requirements
conveyed in Appendix 3 (i.e. for the fixed laboratory result) and in conformance with the Quality
Assurance/Quality Control (QA/QC) procedures assigned by the manufacturer of the XRF. Applicants
that use the XRF must supply the QA/QC procedures to the Department for review.

Since the XRF provides quantitative results for individual metal constituents, aregression analysis can be
applied between the XRF and fixed laboratory data points to produce a corrected X RF data result to
demonstrate positive correlation between XRF and fixed lab results.

9.0 HOT SPOTS'REMEDIAL ACTION REQUIREMENTSFOR THE SOIL MEDIA

Hot Spots may be identified during either a property environmental assessment or aremedial action. The
following contaminant characteristics shall be considered Hot Spots:

a) Contaminant concentrations in the soil media exceeds one of the following criteriaat a
sampling location:

1. The EPA Removal Action Guidelines for Sail,

2. Depending upon the existing land use, an EPA RSL valuein excess of 1E-4 cancer
risk or Hazard Index of 100,

3. Exceeds atraditional risk calculation of 1E-4 or Hazard Index of 100, or
b) Visible discoloration of soil and/or standing pools of discolored liquid that is later

confirmed by laboratory analysis or field screening technology to be a hazardous
substance(s), or
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C) Controlled Hazardous Substances in drums, tanks, bulk storage containers, or any other
container that pose an imminent threat of release as function of the poor integrity of the
storage vessdl, or

d) Free Product, or

€ Actual or potentia exposure to nearby human populations, animals or the food chain from
controlled hazardous substances that exceed the criteriaidentified in 9.a. Examples of
direct exposure scenarios include but are not limited to dust generation/migration to
residential areas, playgrounds, sensitive popul ations nearby, or

f) Threat of fire or explosion.

All identified Hot Spots have to be addressed in accordance with a Department approved Remedial
Action Plan. The Department's expectation is that treatment shall be used to remediate Hot Spot
contamination, wherever practicable. Engineering controls, such as containment, may be used when the
applicant has demonstrated to the satisfaction of the Department that treatment or removal is technically
impracticable. Land Use Control remedial actions may be used in conjunction with treatment or
containment of Hot Spots, but may not solely be used as an acceptable method to remedy Hot Spot
contamination.

10.0 GROUNDWATER ASSESSMENT/REMEDIAL ACTION REQUIREMENTS

A. The groundwater Cleanup Standards are to be applied to groundwater from Type | and Type |
aquifers and Groundwater Use Areas. Assessment of the groundwater media must cover the
lateral and vertical extent of contamination irrespective of property ownership. The number of
groundwater samples and the spatial distribution of samples taken at a property shall be
determined on a property specific basis.

B. Groundwater must be remediated if any of the following conditions occur:
1) Free product is discovered — (All Free Product/LNAPL /DNAPL must be removed).

2) The concentration of the hazardous substance(s) exceed either the target cancer risk
threshold of 1E-5 or the Hazard Quotient threshold = 1 viathe Inha ation Pathway
Exposure Scenario (this determination would be conducted from a property specific risk
calculation).

3) A drinking water well is contaminated above a Department groundwater cleanup standard,
or atraditional risk assessment indicates an exceedance of atarget cancer risk threshold of
either 1E-5 or the non-carcinogenic Hazard Quotient threshold = 1 at awell head, or the
Department determines that adrinking water well is at risk of becoming contaminated
above a groundwater cleanup standard.

The groundwater Cleanup Standards are generally applicable to groundwater when, at the
interface of a surface water body, mass |oading cal culations indicate that exceedance of:

1) aState of Maryland Surface Water Quality Criteriawill occur from the transfer of hazardous
substances in groundwater across an interface with a surface water body, or
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2) agroundwater cleanup standard will occur and the surface water body is either used for drinking
water, or may be used for drinking water in the future.

C. Groundwater Cleanup Standards are generally applicable to groundwater from Type | and 11
aquifers. Exceptionsto thisare:

1)

2)

3)

It istechnically impractical to complete aremedial action to a groundwater cleanup
standard. The standard for determining Technical Impracticability shall adhere to the EPA
Guidance Documents: OSWER Directive 9234.2-25 (September 1993) - Interim Final
"Guidance for Evaluating the Technica Impracticability of Ground-Water Restoration”
and OSWER Directive 9200.4-14 (January 1995) “ Consistent Implementation of the FY
1993 Guidance on Technical Impracticability of Ground-Water Restoration at Superfund
Sites.”, and “ Clarification of the Consultation Process for Evaluating the Technical
Impracticability of Groundwater Restoration at CERCLA Sites’, December 28, 2016,
OLEM Directive 9200.3-117.

Where the person can demonstrate that there is no current use or projected future use of
groundwater within one half mile of the property, where it can be shown that the
contaminant(s) in the groundwater are at asymptotic levels but do not exceed any
groundwater cleanup standard by an order of magnitude, arisk assessment demonstrates no
risk is posed from the current or intended property use, and where a groundwater
management zone has been implemented by the Department that restricts or prohibits the
use of groundwater for the property.

When a hazardous substance(s) exceeds a groundwater cleanup standard, an applicant or
responsible person can select either of the following alternative cleanup goals:
a) Demonstrate that the hazardous substance(s) will not migrate off the property.

Demonstration of this condition may be accomplished by the following actions:

)] Establish amonitoring system, including perimeter sentry wells to
demonstrate no off-property migration at concentrations exceeding the
applicable standards.

i) Develop a contingency remedial action plan in the event that concentrations
in the perimeter wells exceed the standards.

iii) Conduct arisk assessment to demonstrate that no risk is posed by the
current or intended property use.

iv) Adhere to a groundwater management zone that has been implemented by
the Department that restricts or prohibits the use of groundwater for the
property.

V) Secure abond or other financia security instrument that has been approved
by the Department to fund the implementation of i and ii.

Vi) With respect to sections 10.C 1 and 3, the Department shall require a
minimum of two rounds of groundwater data be collected on a semi-annual
basis before approving of this groundwater cleanup exception.

4) Where natural groundwater concentrations for metals exceed groundwater cleanup standards.
Demonstration of this condition is required to apply this exception.

11.0 PRESUMPTIVE REMEDIAL ACTIONSFOR THE SOIL MEDIA
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The Department has developed presumptive remedial actions for hazardous substances in the soils under a
restricted use residential scenario, mixed-use commercial/residential scenario, recreational scenarios and
commercia and industrial scenarios. Presumptive remedial actions are intended to provide the applicant
with readily understood requirements in order to facilitate an expedited remedial action of the property
while still being protective of public health. The Department has aso developed recreational use soil
cleanup scenarios whereby site-specific soil cleanup goals may be derived.

11.1 Residential Use Soil Cleanup Requirements
a) Tier IA Residential Unrestricted

Properties that have aresidential unrestricted use or have a projected future unrestricted residential
use are required to remedy hazardous substances in the soil to the applicable residential soil
standard. Use of either treatment technologies or removal of hazardous substances in the soil to
the applicable soil standard isrequired for thisland use. Attainment of the soil standard must be
demonstrated following the remedial action. The residential soil standard extends to a depth of 15
feet or the zone of saturation. Demonstration of attainment of the soil cleanup standard must also
include evaluation of temporal variations in the depth of the zone of saturation.

b) Tier 1B Residentia Restricted

Properties that have aresidential restricted use or have a projected future residential restricted use
arerequired to remedy hazardous substances in the surficial soil to the applicable residentia soil
standard. Use of either treatment technologies or removal of hazardous substances in the soil to
the applicable soil standard isrequired for thisland use. Attainment of the soil standard must be
demonstrated following the remedial action. A residential restricted land use may use one or more
LUCs imposed as a condition of residential use to mitigate potential exposures to hazardous
substances in subsurface soils.

11.2 Recreational Use Soil Cleanup Requirement

Property that has arecreational land use or has a similar projected future land use shall utilize the
residential soils Cleanup Standards to evaluate risk. To evaluate risk at such properties, the person
undertaking the environmental action at the property shall use aresidential scenario or select one of the
three recreational scenariosin the site-specific risk assessment process:

Level 1. Public Recreational Areas (High Frequency Use)

Definition: A high frequency public recreational areais any areathat is available for recreational use by
al populations at the highest potential exposure frequency (youth, child, adult, senior, etc.). Examples
may include, but are not limited to, playgrounds, day care facilities, schools with day care, golf courses,
and picnic areas.

Frequency: The frequency of visits by all populationsis 250 days per year or less.

Level 2: Public Recreational Areas (Moderate Frequency Use)

Definition: A moderate frequency use public recreational areais any areathat is available for recreational
use by al populations but the frequency of use islessthan ahigh frequency use public recreationa area.
Such areas may be restricted through the use of fencing, permitting requirements, or other similar
restrictions or LUCs that prevent or hinder unimpeded access to the recreational area. Examplesinclude,
but are not limited to, outdoor aquatic facilities, athletic facilities, dog parks, and limited access parks.
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Frequency: The frequency of visits by all populationsis 182 days per year or less.

Level 3: Open Space Public Recreational Area (Low Frequency Use)
Definition: An open space public recreational use areais defined as any area where access and useis
restricted by a combination of:

a)

b)

Covenants or other legal restrictions that prohibit the use of the property where such use may
impair the floraand faunain the open space; and

Physical environmental barriersimpede the use of the open space, including but not limited to
swamps, marshes, dense vegetation, and areas with steep inclines that limit the use of open
Space.

Frequency: The frequency of visits by all populationsis 52 days per year or |ess.

11.3

a)

b)

Commercial and Industrial Use Soil Cleanup Requirements

Tier 2A Commercia Unrestricted

Properties that have commercial unrestricted use or projected commercial unrestricted use are
required to remedy hazardous substances in the soil to the applicable non-residential soil standard.
Use of either treatment technologies or removal of the hazardous substances in the soil to the
applicable soil standard isrequired for thisland use. Attainment of the soil standard must be
demonstrated following remedial action. The non-residential soil standard extends to a depth of
15 feet or the zone of saturation. Demonstration of attainment of the soil cleanup standard must
also include evaluation of temporal variations in the depth of the zone of saturation. A commercial
LUC isrequired for the property.

Tier 2B Commercia Restricted

Properties that have commercial restricted use or projected commercial restricted use are required
to remedy hazardous substances in the surface soil to the applicable non-residential soil standard.
Use of either treatment technologies or removal of the hazardous substances in the soil to the
applicable soil standard isrequired for thisland use. Attainment of the soil standard must be
demonstrated following remedial action. A restricted commercial land use may use one or more
LUCs or engineering controls imposed as a condition of restricted commercia use to mitigate
potential exposure to hazardous substances in subsurface soils.

Industrial use or planned use of property would include workers over the age of 18, adult workers and
construction workers as well as intermittent visitors and trespassers whose exposure to hazardous
substance at the property would be at areduced frequency. Industrial properties are required to remedy or
remove hazardous substances following the same procedures identified in Section 11.3 @) and b) and
would be required to have an Industrial LUC on the property.

114

Mixed Use (Commer cial/Residential) Soil Cleanup Minimum Requirements

Property that has a non-residential/residential land use or has a similar projected future land use shall
utilize the residential soil Cleanup Standards to evaluate risk. Hazardous substances identified at a
property above the applicable soil cleanup standard must adhere to the following remedial action
requirements:

a) Remedial actions at the property can either:
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b)

d)

f)

9)

1) Utilize atreatment technology or perform aremoval action for contaminant of
concentrations that exceed an EPA RSL target cancer risk threshold value of 1e-4 Cancer
and/or the Hazard Quotient threshold = 100 or,

2) Remove hazardous substances that exceed the standards identified in 11.1 and place
under a Department-approved cap. Department approval of thisremedia action is
contingent on the applicant demonstrating that the placement of soil hazardous substances
under the cap will not result in an unacceptable risk to a human receptor from the
inhalation of contaminant vapors, and

Options a) 1 and 2 must also consider the Groundwater use area scenario and adhere to the
Hot Spots/Remedial Action Criteria.

Open Space areas of the properties (i.e. not park land, but including land between
buildings, etc.) with identified hazardous substance above the residential cleanup standard
for soil are required to have a minimum placement of a clean fill soil cap cover that isa
minimum of 30 inches thick over a Department-approved Geotextile Marker Fabric
Materia or an equivalent engineering control that is protective of public health and the
environment. This provision is applicable under an engineering control — containment
remedy.

Areasidentified for paving that have identified hazardous substances above the residential
cleanup standard for soil are required to have a minimum placement of a clean fill soil cap
cover that isaminimum of 30 inches thick or a combination of clean fill/road base and
asphalt/cement over a Department approved Geotextile Marker Fabric Material or an
equivalent engineering control that is protective of public health and the environment. This
provision is applicable under an engineering control — containment remedy.

With respect to the criteriaidentified in 11.4. c-d., the applicant will be required to have a
LUC restriction placed on the Deed that restricts excavation activities below the ground
surface. With respect to the criteriaidentified in 11.4.a.2, the restriction would be at the
ground surface. This provision is applicable under an engineering control — containment
remedy.

Underground utilities (i.e., water, sewer, gas, electric, telephone, cable, communication,
and others, as appropriate) that are to be installed at the property with identified
contamination above aresidentia cleanup standard for soil are recommended to over-
excavate to afoot below normal placement of the utility line and afoot wider on each side
of theline. A Department approved geotextile fabric must be placed in the bottom and
sides of the trench and covered with a minimum of one foot of clean fill. The utility lineis
then placed and covered with clean fill. This provision is applicable under an engineering
control — containment remedly.

Items c-f must also consider Contaminant Soil leaching to Groundwater Use Scenario.
This provision shall only apply to Groundwater use areas.

12. REFERENCES

The following references were used in the development of this Guidance document:

INTERIM FINAL GUIDANCE 21



USEPA. Exposure Factors Handbook: 2011 Edition. EPA/600/R-09/052F.

USEPA. Regiona Screening Level User's Guide. May 2018.c. USEPA. Risk Assessment
Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). December 1989.
EPA/540/1-89/002.

USEPA, Risk Assessment Guidance for Superfund (RAGS) Volume l11: Part A. December 2001.
EPA-540-R2-002.

USEPA, Risk Assessment Guidance for Superfund (RAGS): Part B, Volume |, Human Health
Evauation Manual (Part B, Development of Risk-based Preliminary Remediation Goals).
December 1991, EPA/540/R-92/003.

USEPA, Risk Assessment Guidance for Superfund (RAGS): Part C, Risk Assessment Guidance
for Superfund: Volume | - Human Health Evaluation Manua (Part C, Risk Evaluation Remedial
Alternatives). October 1991. Publication 9285.7-01C.

USEPA, Risk Assessment Guidance for Superfund (RAGS): Part D, Risk Assessment Guidance
for Superfund: Volume | , Human Health Evaluation Manual (Part D Standardized Planning,
Reporting and Review of Superfund Risk Assessments), December 2001. Publication 9285.7-47.

USEPA, Risk Assessment Guidance for Superfund (RAGS): Part E, Risk Assessment Guidance
for Superfund: Volume | , Human Health Evaluation Manual (Part E, Supplemental Guidance for
Derma Risk Assessment). July 2004. EPA/540/R/99/005. OSWER 9285.7-02EP. PB99-963312.

USEPA, Risk Assessment Guidance for Superfund (RAGS): Part F, Risk Assessment Guidance
for Superfund: Volume | , Human Health Evaluation Manual (Part F, Supplemental Guidance for
Inhalation Risk Assessment). January 2009. EPA-540-R-70-002. OSWER 9285.7-82.

USEPA, Soil Screening Guidance: Technical Background Document. May 1996 (EPA/540/R-
95/128) and Soil Screening Guidance: User’s Guide, April 1996 (EPA/650/R-96/018).

USEPA’s Soil Screening Guidance (EPA/650/R-96/018).

Kissdl, J. C.; Richter, K. Y., Fensky, R. A. 1996. “Field measurement of dermal soil loading
attributable to various activities:. Implications for exposure assessment.” Risk Analysis. 15:115-
125.

USEPA RSL Table. May 2018.

USEPA, Supplemental Guidance to the RAGS:. Calculating the Concentration Term. May 1992.
Publication 9285.7-081.

USEPA, Data Quality Objectives for Remedial Response Activities, March 1987. Publication
EPA/540/G-87/003.

American Society for Testing and Materials (ASTM), Standard Practice for Environmenta Site
Assessments: Phase | Environmental Site Assessment Process, Designation E 1527 —13,
November 1, 2013.

INTERIM FINAL GUIDANCE 22



n. USEPA, Hazard Evaluation Handbook — A Guide to Removal Actions, Fourth Edition, EPA
903/B-97-006, 1997.

0. USEPA, Statistical Methods for Evaluating the Attainment of Cleanup Standards for Soils and
Solid Media, EPA Office of Policy, Planning and Evaluation, PB94-176831, July, 1992.

p. USEPA, OSWER Directive 9234.2-25 (September 1993) - Interim Final Guidance for Evaluating
the Technical Impracticability of Ground-Water Restoration.

Q. USEPA, OSWER Directive 9200.4-14 (January 1995) Consistent Implementation of the FY 1993
Guidance on Technical Impracticability of Ground-Water Restoration at Superfund Sites.

r. Massachusetts Department of Environmental Protection, Characterizing Risks posed by Petroleum
Contaminated Sites: Implementation of MADEP VPH/EPA Approach, October 31, 2002,
Policy#WSC-02-0411.

S. American Society for Testing and Materials (ASTM), Standard Guide for Environmental Site

Assessments: Phase |1 Environmental Site Assessment Process, Designation E1903-11 (June 15,
2011).

INTERIM FINAL GUIDANCE 23



TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Aquifers (ug/L) Standard (mg/Kq) (ma/Kq) (a) (ma/Kag)
Inorganic Compounds
Aluminum 7429-90-5 2000 7700 110000 60000
Antimony (metallic) 7440-36-0 6.0 3.1 47 0.07
Arsenic, Inorganic 7440-38-2 10 0.68 3.0 0.03
Barium 7440-39-3 2000 1500 22000 320
Beryllium and compounds 7440-41-7 4.0 16 230 38
Cadmium (Water& diet) 7440-43-9 5.0 71 98 14
Chromium (Ill), Insoluble Salts 16065-83-1 2200 12000 180000 80000000
Chromium(VI) (e) 18540-29-9 0.035 0.3 6.3 0.013
Chromium, Total 7440-47-3 100
Copper 7440-50-8 1300 310 4700 56
Cyanide (CN-) 57-12-5 200 2.3 15 0.030
Iron 7439-89-6 1400 5500 82000 700
Lead and Compounds 7439-92-1 15 400 800
Manganese (Non-diet) 7439-96-5 43 180 2600 560
Mercuric Chloride 7487-94-7 2.0 2.3 35
Mercury (elemental) (d) 7439-97-6 2.0 1.1 4.6 0.066
Methyl Mercury 22967-92-6 0.2 0.78 12
Nickel Soluble Salts 7440-02-0 39 150 2200 52
Perchlorate and perchlorate 14797-73-0 15 55 82
salts
Selenium 7782-49-2 50 39 580 1.04
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Agquifers (ug/L) Standard (mg/Kq) (ma/Kqg) (a) (ma/Kag)
Inorganic Compounds
Silver 7440-22-4 9.4 39 580 1.6
Thallium (Soluble Salts) 7440-28-0 2.0 0.078 1.2 0.028
Tin 7440-31-5 1200 4700 70000 6000
Vanadium and Compounds 7440-62-2 8.6 39 580 17
Zinc and Compounds 7440-66-6 600 2300 35000 740
Petroleum Hydrocarbon (TPH)
Diesel Range Organics (DRO) 47 230 620
Gasoline Range Organics 47 230 620
(GRO)
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential ~ Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Aquifers (ug/L) Standard (mg/Kq) (ma/Kg) (a) (ma/Kg)
Polychlorinated Biphenyl
Alachlor 15972-60-8 2.0 9.7 41 0.017
Aldrin 309-00-2 0.00092 0.039 0.18 0.003
Aroclor 1016 12674-11-2 0.14 0.41 5.1 0.26
Aroclor 1221 11104-28-2 0.0047 0.20 0.83 0.0016
Aroclor 1232 11141-16-5 0.0047 0.17 0.72 0.0016
Aroclor 1242 53469-21-9 0.0078 0.23 0.95 0.024
Aroclor 1248 12672-29-6 0.0078 0.23 0.95 0.024
Aroclor 1254 11097-69-1 0.0078 0.12 0.97 0.04
Aroclor 1260 11096-82-5 0.0078 0.24 0.99 0.11
Atrazine 1912-24-9 3.0 24 10 0.004
Chlordane 12789-03-6 2.0 1.7 7.7 0.054
Dalapon 75-99-0 200 190 2500 0.24
DDD 72-54-8 0.0063 0.19 25 0.03
DDE, p,p'- 72-55-9 0.046 2.0 9.3 0.22
DDT 50-29-3 0.23 1.9 8.5 1.5
2Di2h|orophenoxy Acetic Acid, 94-75-7 70 70 960 0.09
D’ieldrin 60-57-1 0.0018 0.034 0.14 0.0014
Dinoseb 88-85-7 7.0 6.3 82 0.26
Endosulfan 115-29-7 10 47 700 2.8
Endrin 72-20-8 2.0 1.9 25 0.184
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential ~ Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Aquifers (ug/L) Standard (ma/Kg) (ma/Kq) (a) (ma/Kag)
Polychlorinated Biphenyl
Glyphosate 1071-83-6 700 630 8200 18
Heptachlor 76-44-8 0.40 0.13 0.63 0.0024
Heptachlor Epoxide 1024-57-3 0.20 0.07 0.33 0.00056
Hexachlorocyclohexane, Alpha- 319-84-6 0.0072 0.086 0.36 0.00084
Hexachlorocyclohexane, Beta- 319-85-7 0.025 0.30 1.3 0.003
Hexachlorocyclohexane, 58-89-9 0.20 0.57 25 0.0048
Gamma- (Lindane)
Methoxychlor 72-43-5 40 32 410 4
Oxamyl 23135-22-0 200 160 2100 0.22
Polychlorinated Biphenyls (PCB 1336-36-3 0.50 0.23 0.94 0.024
Total)
Simazine 122-34-9 4.0 4.5 19 0.006
Toxaphene 8001-35-2 3.0 0.49 2.1 0.22
Trichlorophenoxypropionic acid, 93-72-1 50 51 660 0.12
-2,4,5( 2,4,5-TP)(Silvex)
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential ~ Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Aquifers (ug/L) Standard (mg/Kq) (ma/Kg) (a) (ma/Kg)
Semivolatile Organic Compounds
Acenaphthene 83-32-9 53 360 4500 11
Anthracene 120-12-7 180 1800 23000 116
Benz[a]anthracene (e) 56-55-3 0.03 1.1 21 0.22
Benzo[a]pyrene (e) 50-32-8 0.2 0.1 2.1 0.58
Benzo[b]fluoranthene (e) 205-99-2 0.25 1.1 21 6
Benzo[k]fluoranthene (e) 207-08-9 25 11 210 58
Bis(2-chloroethyl)ether 111-44-4 0.014 0.23 1 0.28
Bis(2-ethylhexyl)phthalate 117-81-7 6 39 160 26
Chloroaniline, p- 106-47-8 0.37 27 11 0.0032
Chloronaphthalene, Beta- 91-58-7 75 480 6000 7.8
Chlorophenol, 2- 95-57-8 9.1 39 580 0.18
Chrysene (e) 218-01-9 25 110 2100 230
Cresol, o- 95-48-7 93 320 4100 1.5
Cresol, p- 106-44-5 190 630 8200 3
Di(2-ethylhexyl)adipate 103-23-1 65 450 1900 94
Dibenz[a,h]anthracene (e) 53-70-3 0.025 0.11 21 1.9
Dibenzofuran 132-64-9 0.79 7.3 100 0.30
Dibutyl Phthalate 84-74-2 90 46
Dichlorobenzene, 1,2- 95-50-1 600 180 930 0.6
Dichlorobenzene, 1,4- 106-46-7 75 2.6 11 0.0092
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential ~ Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Aquifers (ug/L) Standard (mg/Kq) (ma/Kg) (a) (ma/Kg)
Semivolatile Organic Compounds
Dichlorobenzidine, 3,3'- 91-94-1 0.13 1.2 5.1 0.016
Dichlorophenol, 2,4- 120-83-2 4.6 19 250 0.046
Diethyl Phthalate 84-66-2 1500 5100 66000 10.2
Dimethylphenol, 2,4- 105-67-9 36 130 1600 0.84
Dinitrophenol, 2,4- 51-28-5 3.9 13 160 0.088
Dinitrotoluene, 2,4- 121-14-2 0.24 1.7 74 0.0064
Dinitrotoluene, 2,6- 606-20-2 0.049 0.36 1.5 0.0013
Fluoranthene 206-44-0 80 240 3000 178
Fluorene 86-73-7 29 240 3000 10.8
Hexachlorobenzene 118-74-1 1 0.21 0.96 0.0024
Hexachlorobutadiene 87-68-3 0.14 1.2 5.3 0.054
Hexachlorocyclopentadiene 77-47-4 50 0.18 0.75 0.0026
Hexachloroethane 67-72-1 0.33 1.8 8 0.004
Indeno[1,2,3-cd]pyrene (e) 193-39-5 0.25 1.1 21 20
Isophorone 78-59-1 78 570 2400 0.52
Methylnaphthalene, 2- 91-57-6 3.6 24 300 0.38
Naphthalene 91-20-3 0.17 3.8 17 0.011
Nitrobenzene 98-95-3 0.14 5.1 22 0.0018
Nitroso-di-N-propylamine, N- 621-64-7 0.011 0.078 0.33 0.00016
Nitrosodiphenylamine, N- 86-30-6 12 110 470 1.34
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Agquifers (ug/L) Standard (mg/Kq) (ma/Kqg) (a) (ma/Kag)
Semivolatile Organic Compounds
Pentachlorophenol 87-86-5 1.0 1.0 4.0 0.0011
Phenanthrene 85-01-8 12 180 2300 26
Phenol 108-95-2 580 1900 25000 6.6
Pyrene 129-00-0 12 180 2300 26
Trichlorobenzene, 1,2,4- 120-82-1 70 5.8 26 0.024
Trichlorophenol, 2,4,5- 95-95-4 120 630 8200 8
Trichlorophenol, 2,4,6- 88-06-2 1.2 6.3 82 0.024
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Agquifers (ug/L) Standard (mg/Kq) (ma/Kqg) (a) (ma/Kag)
Volatile Organic Compounds
Acetone 67-64-1 1400 6100 67000 5.8
Benzene 71-43-2 5.0 1.2 5.1 0.0046
Bromodichloromethane(THM) (b) 75-27-4 80 0.29 1.3 0.00072
Bromoform (b) 75-25-2 80 19 86 0.017
Bromomethane 74-83-9 0.75 0.68 3.0 0.0038
Carbon Disulfide 75-15-0 81 77 350 0.48
Carbon Tetrachloride 56-23-5 5.0 0.65 2.9 0.0036
Chlorobenzene 108-90-7 100 28 130 0.1
Chloroform (b) 67-66-3 80 0.32 1.4 0.00012
Chloromethane 74-87-3 19 11 46 0.098
Cumene 98-82-8 45 190 990 1.5
Dibromo-3-chloropropane, 1,2- (e) 96-12-8 0.20 0.0053 0.064 0.0000028
(DBCP)
Dibromochloromethane (b) 124-48-1 80 8.3 39 0.0046
Dibromoethane, 1,2- 106-93-4 0.050 0.036 0.16 0.000042
Dichloroethane, 1,1- 75-34-3 2.8 3.6 16 0.016
Dichloroethane, 1,2- 107-06-2 5.0 0.46 2.0 0.00096
Dichloroethylene, 1,1- 75-35-4 7.0 23 100 0.20
Dichloroethylene, 1,2-cis- 156-59-2 70 16 230 0.022
Dichloroethylene, 1,2-trans- 156-60-5 100 160 2300 0.22
Dichloropropane, 1,2- 78-87-5 5.0 1.6 6.6 0.0054
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TABLE 1 - GENERIC NUMERIC CLEANUP STANDARDS FOR GROUNDWATER AND SOILS

Groundwater Soil Standards Soil Standards
Standards Residential Non-Residential Protection of

Type land i Clean-up Clean-up Standard Groundwater
Chemical (RSL Name) CAS Number Agquifers (ug/L) Standard (mg/Kq) (ma/Kqg) (a) (ma/Kag)
Volatile Organic Compounds
Ethyl Chloride 75-00-3 2100 1400 5700 12
Ethylbenzene 100-41-4 700 5.8 25 0.034
Methyl Ethyl Ketone 78-93-3 560 2700 19000 2.4
(2-Butanone)
Methyl Isobutyl Ketone 108-10-1 630 3300 14000 2.8
(4-methyl-2-pentanone)
Methyl tert-Butyl Ether (MTBE) (c) 1634-04-4 20 47 210
Methylene Chloride (e) 75-09-2 5.0 35 320 0.054
Styrene 100-42-5 100 600 3500 2.6
Tetrachloroethane, 1,1,2,2- 79-34-5 0.076 0.60 2.7 0.00060
Tetrachloroethylene 127-18-4 5.0 8.1 39 0.036
Toluene 108-88-3 1000 490 4700 1.52
Trichloroethane, 1,1,1- 71-55-6 200 810 3600 5.6
Trichloroethane, 1,1,2- 79-00-5 5.0 0.15 0.63 0.00026
Trichloroethylene (e) 79-01-6 5.0 0.41 1.9 0.0020
Trimethylbenzene, 1,2,4- 95-63-6 5.6 30 180 0.16
Trimethylbenzene, 1,3,5- 108-67-8 6.0 27 150 0.17
Vinyl Chloride(adult) (e) 75-01-4 2.0 0.059 1.7 0.00013
Xylenes 1330-20-7 10000 58 250 0.38

Note: When updated toxicity information on a contaminant is identified in the RSL table the updated toxicity information must be utilized to assess the

contaminant.

a. Standard based on EPA RSLs May 2018 SSLs for protection of groundwater migration using a dilution attenuation factor (DAF) of 20. (10/31/2007)
. THM (trihalomethanes) Contaminants within this group are disinfection byproducts sometimes added to drinking water.

b
c. MTBE action level in Maryland is 20 ug/L.
d

. The vapor intrusion and inhalation of volatiles and fugitive dust exposure pathways must be evaluated when mercury detections on a site exceed the

regional mercury Anticipated Typical Concentration (ATC).

e. Carcinogenic chemicals with a Mutagenic Mode of Action (MOA).
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Figure 1. Flowchart for the Application of MDE Soil Cleanup Standards
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Figure 2. Flowchart for the Application of MDE Groundwater Cleanup Standards
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Appendix 1. Risk Assessment Equationsand Exposure Factors Areldentified in the
Most Current Version of the EPA Regional Screening Level User’s Guide, May 2018.

Appendix 1- Tablel. MDE default exposur e populationsthat must be evaluated for applicable
land use scenarios.

Land Use Scenario Population
Residential Adult (l;ciuihlg Child Construction | Age-Adjusted
(<6 Years) Worker Resident
Y ears)
Y outh . : .
. Child Construction | Age-Adjusted
Recr eational Adult (>6-<18 (<6 Years) Worker Resident
Y ears)
Y outh . .
Commercial Adult (>6-<18 Child Construction
(<6 Years) Worker
Y ears)
. Construction
Industrial Adult Worker
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Appendix 2
REFERENCE LEVELSOF METALSAND TRACE ELEMENTSIN SOILSOF MARYLAND

AsIndicated by Background Soil Samples
Collected AsPart of National PrioritiesList, Federal Facility,
And CERCLA Investigations Conducted
Throughout Maryland

A horizon
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INTRODUCTION

The 1980 Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)
established a national process for investigating and remediating sites contaminated with hazardous
substances. Since that time the environmental industry and government sectors have labored to establish
cleanup standards that are practical and protective of human health and the environment.

One remediation approach commonly considered is clean up to “background.” Many regulatory agencies
define “background” as the concentration of a hazardous substance, if any, existing in the environment at
the site prior to the release of a hazardous substance. The establishment of *background” as a cleanup
standard results in the necessity of determining the concentration of achemical prior to any releases. This
approach is particularly significant when cleanup standards are being devel oped for naturally occurring
metals and trace elements that are present in the soil.

The soil mediais of particular concern during site investigations since it is commonly the first media that
isimpacted by arelease of hazardous material. Soils also serve as the pathway to other environmental
media, such asair (viadust) or groundwater (via seepage), or surface water (viarunoff). Asaresult,
establishing the “background” concentration for metals and trace elementsin soilsis one of the most
critical components of a site investigation.

OBJECTIVE

The Annotated Code of Maryland § 7-501 defines "background level" as the level of a substance
occurring naturally at the site prior to any manmade spill or release.

The objective of this study isto evaluate previously collected information on "background"”
concentrations of metals and trace e ements in Maryland and use statistical methods to develop "reference
levels' for metals and trace elementsin the soil. The information generated from this study has been used
by the MDE in developing cleanup standards for metals and trace elementsin soil.

PROCESS

For the purpose of this study, the geographic area of the state has been divided into three provinces based
upon broad differences in age, chemistry, and structure of the geologic unitsin each province. These
provinces include Eastern Maryland, Central Maryland, and Western Maryland. Figure 1 depictsthe
boundaries of these provinces.

This study utilized laboratory derived analytical data collected on metalsin soil from environmental
investigations overseen by the MDE. The soil data used in this study were extracted from Federal
Facility, National Priorities List, and CERCLA investigations completed throughout the state of
Maryland. These soil samples were identified as "background” grab surface soil samplesfor the
particular site subject to investigation by the MDE. A complete list of sitesincluded in this study and the
analytic results are provided in Attachment 1.

All soil samples were collected after 1990. The samples were analyzed using methods approved by the
United States Environmental Protection Agency (EPA) and/or other approved methods for various
programs within the MDE. Therefore, the data set used in this study is considered to be acceptable for the
objectives identified.
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STATISTICAL ANALYSIS

Statistical analyses were conducted on data for each analyte included in the investigation. The statistical
analyses included the mean, standard deviation, and maximum and minimum values. Since each
particular site investigation has specific sampling objectives, not all samples were analyzed for all metals
included in this study. Analytesthat were not analyzed were not included in the statistical analysis. If an
analyte was not detected, then a value equivalent to half the detection limit was used in the statistical
analysis unless otherwise noted. The results of the analysis are presented in Attachment 2.

Values defined as the "Anticipated Typical Concentration” represent "reference levels' for each analyte.
The Anticipated Typical Concentration (ATC) represents the mean concentration plus one standard
deviation. The ATC represents avalue that either matches or exceeds the majority of background
concentration samples. ATC values were calculated for metals and trace elements in each of the three
provinces of the state of Maryland identified in this study.

SUMMARY TABLES

Background soil concentration data collected from environmental investigations overseen by the MDE for
each geologic province is summarized in Attachment 1. Information present in Attachment 2 includes a
statistical summary of metal species, the ATC, United States Geologic Survey (USGS) concentrations,
and the proposed Maryland cleanup standards. The USGS concentrations represent the average
concentrations of metals and trace elementsin soils and other surficial material in the conterminous
United States as reported by the USGSin 1984,

The proposed Maryland Cleanup Standards represent concentration levels at which no further remedial
response action would be required based upon the potential threat posed by these substances to human
health within the constraints of current knowledge. The soil concentration values for residential sites are
intended for properties that are zoned for residential use, or have a projected future residential use.

RESULTS

Comparison of the ATC to the Proposed Maryland Cleanup Standards for Residential sites shows that the
reference levels for the following el ements exceed the Maryland Cleanup Standards:

Anticipated Typical Concentration (ATC) Proposed Maryland
Cleanup Standards
Analyte Eastern Maryland Central Maryland Western Maryland (residential)

Aluminum 1.1 E+04 1.9 E+04 2.0 E+04 7.7 E+03
Arsenic 3.6 E+00 4.9 E+00 1.1E+01 6.8 E-01
Chromium (total) 2.8 E+01 3.0 E+01 4.2 E+01 3.0E-01
Iron 1.5 E+04 2.6 E+04 3.9 E+04 5.5 E+03
Manganese 4.8 E+02 1.4 E+03 15E+03 1.8 E+02
Thallium 3.9 E+00 1.5 E+00 4.6 E+00 7.8 E-02
\Vanadium 3.0 E+01 35 E+01 1.2 E+02 3.9 E+01

All values are reported in parts per million.

When an ATC concentration for a given province exceeds the “Proposed Maryland Cleanup Standards
(Residentia)”, the ATC vaue for the appropriate province may be proposed as an acceptable aternative
to therisk derived value presented in the “Proposed Maryland Cleanup Standards (Residential).”
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DISCUSSION OF RESULTS

Severa of the MDE derived reference levels for metalsin soils exceed the proposed Maryland Cleanup
Standards under aresidential use setting. This result is aconsequence of multiple factors and does not
necessarily indicate that a hazard is posed to either human health or the environment in areas of the state
where the reference level s exceed the proposed Residential Cleanup Standards.

The concentration of metals in soil under natural conditions are aresult of both chemical and physical
weathering processes on parent rock. The degree to which soils contain naturally occurring metalsis
dependent on the chemical make-up of the parent rock from which the soil was derived, and the degree of
chemical and physical weathering and transport of eroded parent rock material to the soil media. This
erosion and deposition relationship results in a high degree of variability with respect to the concentration
of metalsin soil.

All soil types contain metals. In most cases, the metals in the soil media are not present in their elemental
form, but are present asionic compounds. Ionic compounds are chemical combinations of metals (i.e.
cations) and non-metals (i.e. anions) that bond together through a process of electron transfer. Metal
compounds can form stable chemical complexes that exhibit markedly different characteristics from their
elemental forms, and may pose less of arisk (i.e. lower bioavailability) to human health or the
environment.

Metals that are bound up in relatively stable mineral complexes do not readily degrade and are not as
readily bioavailable as metalsin a pure form. Different valences of metals can produce dramatically
different toxicities and different matrices may render them more or less bioavailable. These factors have
ramifications for determining the potential health risks associated with metal reference concentrations that
exceed soil Cleanup Standards. For example, property specific soil conditions such as moisture content,
PH, cation exchange capacity, and total organic carbon content and the use of the land will affect the
amount of metal speciesthat are available to pose a health risk.

State and federal environmental regulatory programs routinely require the soil mediato be tested by
approved analytical laboratories for metal concentrations at properties subject to investigation. The
laboratory analytical methods commonly used by regulatory programs do not, however, differentiate
between metals that are in a pure form and metals that are bound up in chemical complexes. These
analytical methods use acid digestions and other destructive methods to dissolve the sail, parent rock or
organic complexes which resultsin the release of metalsin afree state. The outcome of these analytical
methods are concentrations that reflect the total amount of the elemental metal in the soil and do not
typically consider the percentage of metal bound up in mineral or organic complexes.

MDE derived reference levels for metalsin the soil are intended to represent concentrations that exist in
the natural environment absent anthropogenic effects. Comparison of the reference levelsto USGS
background metal concentrations in native soil for the Conterminous United States indicates a good
correlation exists between the data sets. With the exception of Selenium and Antimony, all derived
reference concentrations are within one order of magnitude of the USGS average concentrations. In many
instances the reference concentrations are lower than the USGS background concentrations. In light of
the conservative risk based approach used to derive the cleanup standards for metals (i.e. all metals
present in soil are assumed to exist as bioavailable free metals), the option to use reference levels rather
than the proposed Maryland Cleanup Standards is not expected to result in unacceptable levels of risk.
This may be aviable aternative when analytical data indicates metal concentrations are above the
standards.
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STUDY LIMITATIONS

Thisinvestigation does not constitute a rigorous scientific analysis conducted in a controlled experimental
setting. However, ATC reference levels can serve as general indicators of background levels of metals
and trace elementsin soil until amore rigorous and thorough background investigation can be completed.

REFERENCES

1) Shacklett, H.T. and Boerngenm, J.G., 1984: Element Concentrationsin Soils and Other Surficial
Materias of the Conterminous United States; USGS Professiona Paper 1270.
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Location of hazardous substance properties used to derive reference levels for metals
in Maryland. The State has been divided into three geological provinces for the
purposes of developing regional reference levels.
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APPENDIX 2- ATTACHMENT 1

BACKGROUND SOIL METAL DATA FROM

MDE SITE INVESTIGATIONSUSED IN THISSTUDY
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EASTERN

Site Name Province Designation Aluminum Antimony Arsenic Barium
Aberdeen Proving Ground EMBG S-1 3.7E+03 3.5E+00 2.8E+00 1.8E+01
Aberdeen Proving Ground EMBG S-1 DUP 3.3E+03 3.5E+00 2.4E+00 2.1E+01
Aberdeen Proving Ground EMBG S-2 5.8E+03 3.0E+00 1.7E+00 2.7E+01
Aberdeen Proving Ground EMBG S-3 8.4E+03 3.5E+00 2.5E+00 6.5E+01
Aberdeen Proving Ground EMBG S-4 9.2E+03 4.9E+00 2.7E+00 4. 7E+01
Aberdeen Proving Ground EMBG S-5 1.4E+03 2.7E+00 1.3E+00 1.1E+01
Aberdeen Proving Ground EMBG S-6 3.2E+03 2.8E+00 1.2E+00 1.0E+01
Aberdeen Proving Ground EMBG S-6 DUP 3.4E+03 2.8E+00 1.0E+00 1.1E+01
Aberdeen Proving Ground EMBG S-7 6.9E+03 2.9E+00 1.5E+00 5.7E+01
Aberdeen Proving Ground EMBG S-8 5.8E+03 3.3E+00 2.1E+00 4.2E+01
Aberdeen Proving Ground EMBG S-9 8.3E+03 3.0E+00 2.7E+00 4.4E+01
Aberdeen Proving Ground EMBG S-10 2.7E+03 3.1E+00 1.1E+00 1.2E+01
Aberdeen Proving Ground EMBG S-11 2.8E+03 2.9E+00 1.1E+00 1.7E+01
Aberdeen Proving Ground EMBG S-12 1.7E+04 3.6E+00 1.5E+00 9.0E+01
Aberdeen Proving Ground EMBG S-13 7.7E+03 3.1E+00 2.3E+00 5.6E+01
Aberdeen Proving Ground EMBG S-13 DUP 1.1E+04 3.3E+00 2.1E+00 6.4E+01
Aberdeen Proving Ground EMBG S-14 7.7E+03 3.2E+00 1.2E+00 9.0E+01
Aberdeen Proving Ground EMBG S-15 2.6E+03 3.0E+00 1.2E-01 9.8E+00
Aberdeen Proving Ground EMBG S-16 9.6E+03 3.1E+00 3.0E+00 3.6E+01
Aberdeen Proving Ground EMBG S-17 4.8E+03 3.1E+00 2.1E+00 3.3E+01
Aberdeen Proving Ground EMBG S-17 DUP 5.6E+03 3.0E+00 2.0E+00 3.5E+01
Aberdeen Proving Ground EMBG S-18 5.9E+03 3.2E+00 1.3E+00 2.0E+01
Aberdeen Proving Ground EMBG S-19 1.6E+04 3.1E+00 2.4E+00 7.4E+01
Aberdeen Proving Ground EMBG S-20 8.5E+03 3.1E+00 2.2E+00 3.4E+01
Aberdeen Proving Ground EMBG S-21 9.8E+03 3.0E+00 3.7E+00 4.5E+01
Aberdeen Proving Ground EMBG S-23 6.1E+03 3.2E+00 2.9E+00 5.4E+01
Aberdeen Proving Ground EMBG S-24 1.3E+04 3.2E+00 3.5E+00 6.3E+01
Aberdeen Proving Ground EMBG S-25 1.1E+04 3.5E+00 3.2E+00 8.1E+01
Aberdeen Proving Ground EMBG S-26 7.3E+03 3.3E+00 2.8E+00 6.2E+01
Aberdeen Proving Ground EMBG S-27 8.4E+03 3.0E+00 3.7E+00 4.4E+01
Aberdeen Proving Ground EMBG S-28 9.1E+03 2.9E+00 1.5E+00 4.7E+01
Aberdeen Proving Ground EMBG S-29 4.6E+03 3.5E+00 2.2E+00 1.8E+01
Aberdeen Proving Ground EMBG S-30 5.9E+03 3.3E+00 3.5E+00 2.4E+01
Indian Head EMBG BGDSS0010101 1.1E+04 5.1E-01 2.1E+00 5.2E+01
Indian Head EMBG BGDSS0020101 2.0E+03 2.1E-01 7.8E-01 1.3E+01
Indian Head EMBG BGDSS0030101 1.0E+04 5.1E-01 3.2E+00 6.7E+01
Indian Head EMBG BGDSS0040101 7.5E+03 7.1E-01 2.8E+00 4.8E+01
Indian Head EMBG BGDSS0050101 7.5E+03 5.3E-01 2.5E+00 3.6E+01
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EASTERN

Indian Head EMBG BGDSS0060101 2.6E+03 5.4E-01 1.7E+00 1.9E+01
Indian Head EMBG BGDSS0070101 1.1E+04 4.2E-01 2.1E+00 3.7E+01
Indian Head EMBG BGDSS0080101 1.3E+04 4.2E-01 3.1E+00 4.6E+01
Indian Head EMBG BGDSS0090101 6.5E+03 2.8E-01 8.5E-01 3.4E+01
Indian Head EMBG BGDSS0100101 6.2E+03 4.8E-01 2.5E+00 3.1E+01
Indian Head EMBG S25-MW03-001 4.0E+03 1.8E-01 2.2E+00 3.0E+01
Indian Head EMBG S26-MW03-001 1.3E+04 1.9E-01 3.3E+00 8.5E+01
Fort Meade EMBG SSB-1 7.0E+03 2.5E+00 1.0E+00 2.0E+01
Fort Meade EMBG SSB-2 5.6E+03 2.5E+00 2.8E+00 2.0E+01
Fort Meade EMBG SSB-3 2.5E+03 2.5E+00 1.1E+00 2.0E+01
Fort Meade EMBG SSB-4 1.8E+03 2.5E+00 1.2E+00 2.0E+01
Fort Meade EMBG SSB-4X 1.8E+03 2.5E+00 1.3E+00 2.0E+01
Fort Meade EMBG SSB-5 3.0E+03 2.5E+00 1.3E+00 2.0E+01
Tolchester EMBG MCHT13-S-4 1.1E+04 4.0E+00 4.0E+00 7.9E+01
Crisfield City Dump EMBG Background Soil 1.1E+04 6.0E+00 1.5E+00 3.8E+01
Old Fort Road EMBG Background Soil 1.8E+04 6.0E+00 2.9E+00 5.0E+01
Nicholson Landfill EMBG Background Soil 5.5E+03 NA 2.7E+00 3.0E+01
Union Road EMBG Background Soil 8.4E+03 1.7E+00 3.9E+00 7.2E+01
Braxton Property EMBG Background Soil 1.6E+04 6.0E+00 6.1E+00 5.5E+01
Abingdon Landfill EMBG Background Soil 7.3E+03 4.0E+00 2.6E+00 3.9E+01
Waldorf Control EMBG Background Soil 6.3E+03 6.0E+00 4.0E+00 5.2E+01
Vicon EMBG Background Soil 5.0E+03 9.6E+00 2.6E+00 2.0E+01
Firestone Perryville EMBG Background Soil 4.6E+03 5.2E+00 2.2E+00 3.4E+01
SkipJack Chemicals EMBG Background Soil 6.8E+03 6.0E+00 1.0E+00 3.2E+01
Old West Denton Landfill EMBG Background Soil 2.4E+03 NA 1.0E+00 1.7E+01
Fort Smallwood Control EMBG Background Soil 1.9E+03 6.0E+00 1.0E+00 1.0E+01
Fort Smallwood Launch EMBG Background Soil 1.9E+03 6.0E+00 2.1E+00 1.1E+01
Davidsonville Launch EMBG Background Soil 1.1E+04 1.6E+01 6.9E+00 1.2E+02
US Naval Research Lab Waldorf EMBG SO 54A 2.3E+03 6.0E+00 1.0E+00 2.0E+01
US Naval Research Lab Waldorf EMBG SO 54B 3.4E+03 6.0E+00 1.0E+00 2.0E+01
US Naval Research Lab Waldorf EMBG SO 55A 7.3E+03 6.0E+00 1.0E+00 5.8E+01
US Naval Research Lab Waldorf EMBG SO 55B 4.5E+03 6.0E+00 2.5E+00 2.0E+01
US Naval Research Lab Waldorf EMBG SO 56 6.6E+03 6.0E+00 1.8E+00 4.1E+01
US Naval Research Lab Waldorf EMBG SO 57 6.4E+03 6.0E+00 2.5E+00 2.0E+01
US Naval Research Lab Waldorf EMBG SO 58 1.1E+04 6.0E+00 2.5E+00 2.0E+01
US Naval Research Lab Waldorf EMBG SO 59 1.0E+04 6.0E+00 4.9E+00 1.7E+02
US Naval Research Lab Waldorf EMBG SO 59(D) 1.0E+04 6.0E+00 5.2E+00 1.6E+02
US Naval Research Lab Waldorf EMBG SO 60 1.1E+04 6.0E+00 3.7E+00 7.4E+01

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All values reported in parts per million.
Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA = not applicable.
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Site Name Province Designation Beryllium | Cadmium Calcium Chromium (Total) Cobalt
Aberdeen Proving Ground EMBG S-1 3.5E-01 3.5E-01 1.4E+02 6.7E+00 2.6E+00
Aberdeen Proving Ground EMBG S-1 DUP 3.5E-01 3.5E-01 1.9E+02 7.0E+00 2.0E+00
Aberdeen Proving Ground EMBG S-2 3.0E-01 3.0E-01 1.4E+02 6.1E+00 6.4E+00
Aberdeen Proving Ground EMBG S-3 3.5E-01 3.5E-01 1.3E+03 3.5E+01 9.2E+00
Aberdeen Proving Ground EMBG S-4 1.4E+00 4.9E-01 1.1E+03 1.2E+01 1.6E+01
Aberdeen Proving Ground EMBG S-5 2.7E-01 2.7E-01 6.7E+01 3.5E+00 1.2E+00
Aberdeen Proving Ground EMBG S-6 2.8E-01 2.8E-01 7.6E+01 3.6E+00 6.8E-01
Aberdeen Proving Ground EMBG S-6 DUP 2.8E-01 2.8E-01 6.4E+01 4.4E+00 1.2E+00
Aberdeen Proving Ground EMBG S-7 6.2E-01 2.9E-01 4.8E+02 1.2E+01 6.9E+00
Aberdeen Proving Ground EMBG S-8 3.3E-01 3.3E-01 6.9E+02 1.4E+01 9.1E+00
Aberdeen Proving Ground EMBG S-9 3.0E-01 3.0E-01 7.2E+02 1.7E+01 3.9E+00
Aberdeen Proving Ground EMBG S-10 3.1E-01 3.1E-01 7.1E+01 7.5E+00 6.2E-01
Aberdeen Proving Ground EMBG S-11 2.9E-01 2.9E-01 1.4E+03 5.3E+00 1.1E+00
Aberdeen Proving Ground EMBG S-12 1.1E+00 3.6E-01 8.6E+02 2.9E+01 1.5E+01
Aberdeen Proving Ground EMBG S-13 3.0E-01 3.0E-01 1.0E+03 7.1E+01 1.9E+01
Aberdeen Proving Ground EMBG S-13 DUP 3.2E-01 3.2E-01 1.1E+03 6.7E+01 1.6E+01
Aberdeen Proving Ground EMBG S-14 3.2E-01 3.2E-01 6.4E+02 9.4E+00 5.2E+00
Aberdeen Proving Ground EMBG S-15 3.0E-01 3.0E-01 8.2E+01 1.9E+01 1.8E+00
Aberdeen Proving Ground EMBG S-16 3.0E-01 3.0E-01 9.2E+01 1.8E+01 5.1E+00
Aberdeen Proving Ground EMBG S-17 3.1E-01 3.1E-01 2.2E+03 1.3E+01 3.6E+00
Aberdeen Proving Ground EMBG S-17 DUP 3.0E-01 3.0E-01 1.8E+03 1.3E+01 3.9E+00
Aberdeen Proving Ground EMBG S-18 3.2E-01 3.2E-01 7.2E+01 1.0E+01 1.5E+00
Aberdeen Proving Ground EMBG S-19 7.6E-01 3.1E-01 7.4E+02 1.8E+01 1.2E+01
Aberdeen Proving Ground EMBG S-20 3.1E-01 3.1E-01 1.3E+02 1.2E+01 3.6E+00
Aberdeen Proving Ground EMBG S-21 3.0E-01 3.0E-01 3.6E+02 1.4E+01 5.3E+00
Aberdeen Proving Ground EMBG S-23 9.0E-01 3.1E-01 6.2E+02 1.3E+01 1.4E+01
Aberdeen Proving Ground EMBG S-24 7.5E-01 3.1E-01 1.2E+02 1.6E+01 2.6E+01
Aberdeen Proving Ground EMBG S-25 3.5E-01 1.4E+00 9.2E+02 1.7E+01 5.0E+00
Aberdeen Proving Ground EMBG S-26 3.2E-01 3.2E-01 1.3E+03 1.5E+01 9.1E+00
Aberdeen Proving Ground EMBG S-27 3.0E-01 3.0E-01 9.8E+02 1.1E+01 6.6E+00
Aberdeen Proving Ground EMBG S-28 2.9E-01 2.9E-01 1.8E+02 2.8E+01 1.6E+01
Aberdeen Proving Ground EMBG S-29 3.5E-01 3.5E-01 1.1E+02 8.7E+00 2.0E+00
Aberdeen Proving Ground EMBG S-30 3.3E-01 3.3E-01 1.1E+02 4.3E+01 2.7E+00
Indian Head EMBG BGDSS0010101 5.6E-01 6.5E-02 1.2E+02 1.3E+01 4.2E+00
Indian Head EMBG BGDSS0020101 5.0E-02 5.5E-02 9.9E+01 3.5E+00 5.8E-01
Indian Head EMBG BGDSS0030101 5.3E-01 6.0E-02 1.3E+02 1.9E+01 1.5E+01
Indian Head EMBG BGDSS0040101 5.3E-01 6.5E-02 1.4E+02 1.3E+01 7.9E+00
Indian Head EMBG BGDSS0050101 1.7E-01 7.0E-02 1.1E+02 1.3E+01 2.3E+00
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Indian Head EMBG BGDSS0060101 4.7E-01 2.5E-01 2.8E+02 1.2E+01 3.0E+00
Indian Head EMBG BGDSS0070101 3.4E-01 2.2E-01 1.4E+02 1.3E+01 2.5E+00
Indian Head EMBG BGDSS0080101 6.0E-01 2.6E-01 1.5E+02 1.6E+01 4.2E+00
Indian Head EMBG BGDSS0090101 2.4E-01 1.5E-01 1.5E+02 7.7E+00 2.2E+00
Indian Head EMBG BGDSS0100101 1.5E-01 1.4E-01 1.2E+02 9.2E+00 2.7E+00
Indian Head EMBG S25-MW03-001 2.0E-01 5.4E-01 1.0E+02 1.1E+01 3.5E+00
Indian Head EMBG S26-MW03-001 6.1E-01 2.9E-01 4.1E+02 2.1E+01 1.5E+01
Fort Meade EMBG SSB-1 3.8E-01 2.5E-01 8.3E+02 1.4E+01 4.3E+00
Fort Meade EMBG SSB-2 6.3E-01 2.5E-01 7.7TE+02 9.4E+00 4.4E+00
Fort Meade EMBG SSB-3 1.1E-01 2.5E-01 5.0E+01 6.0E+00 1.0E+00
Fort Meade EMBG SSB-4 1.7E-01 2.5E-01 5.0E+01 6.4E+00 1.0E+00
Fort Meade EMBG SSB-4X 1.2E-01 2.5E-01 5.0E+01 7.0E+00 1.0E+00
Fort Meade EMBG SSB-5 1.7E-01 2.5E-01 5.0E+01 1.2E+01 2.7E+00
Tolchester EMBG MCHT13-S-4 5.0E-01 3.1E-01 9.5E+02 1.4E+01 9.0E+00
Crisfield City Dump EMBG Background Soil 2.3E-01 5.0E-01 4.3E+03 1.1E+01 1.2E+00
Old Fort Road EMBG Background Soil 4.8E-01 5.0E-01 7.7E+01 1.8E+01 3.5E+00
Nicholson Landfill EMBG Background Soil 7.1E-01 NA 7.7E+02 9.2E+00 3.8E+00
Union Road EMBG Background Soil 4.8E-01 5.0E-01 1.2E+03 5.7E+01 1.3E+01
Braxton Property EMBG Background Soil 5.3E-01 5.0E-01 3.5E+02 2.4E+01 1.2E+01
Abingdon Landfill EMBG Background Soil 3.9E-01 1.0E+00 2.8E+02 8.3E+00 7.0E+00
Waldorf Control EMBG Background Soil NA 5.0E-01 1.3E+03 1.4E+01 6.5E+00
Vicon EMBG Background Soil 1.8E-01 9.0E-01 9.9E+01 1.7E+01 1.9E+00
Firestone Perryville EMBG Background Soil 4.0E-01 5.0E-01 9.7E+02 2.0E+01 4.8E+00
SkipJack Chemicals EMBG Background Soil 5.0E-01 5.0E-01 1.3E+03 7.1E+00 5.0E+00
Old West Denton Landfill EMBG Background Soil 5.0E-01 5.0E-01 3.8E+02 2.0E+00 5.0E+00
Fort Smallwood Control EMBG Background Soil 5.0E-01 5.0E-01 5.0E+02 3.4E+00 5.0E+00
Fort Smallwood Launch EMBG Background Soil 5.0E-01 5.0E-01 1.1E+02 3.9E+00 5.0E+00
Davidsonville Launch EMBG Background Soil 9.2E-01 1.0E+00 1.8E+03 2.6E+01 3.5E+00
US Naval Research Lab Waldorf EMBG SO 54A 5.0E-01 5.0E-01 5.0E+02 4.0E+00 5.0E+00
US Naval Research Lab Waldorf EMBG SO 54B 5.0E-01 5.0E-01 5.0E+02 7.4E+00 5.0E+00
US Naval Research Lab Waldorf EMBG SO 55A 5.0E-01 5.0E-01 5.0E+02 1.1E+01 5.0E+00
US Naval Research Lab Waldorf EMBG SO 55B 5.0E-01 5.0E-01 5.0E+02 6.3E+00 5.0E+00
US Naval Research Lab Waldorf EMBG SO 56 5.0E-01 5.0E-01 5.0E+02 1.1E+01 5.0E+00
US Naval Research Lab Waldorf EMBG SO 57 5.0E-01 5.0E-01 5.0E+02 1.8E+01 5.0E+00
US Naval Research Lab Waldorf EMBG S0 58 5.0E-01 5.0E-01 5.0E+02 1.9E+01 5.0E+00
US Naval Research Lab Waldorf EMBG SO 59 1.0E+00 1.9E+00 1.4E+03 1.7E+01 5.0E+00
US Naval Research Lab Waldorf EMBG SO 59(D) 5.0E-01 1.3E+00 1.4E+03 1.7E+01 5.0E+00
US Naval Research Lab Waldorf EMBG SO 60 5.0E-01 1.3E+00 5.0E+02 2.5E+01 5.0E+00

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All values reported in parts per million.
Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA = not applicable.
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Site Name Province Designation Copper Iron Lead Magnesium Manganese
Aberdeen Proving Ground EMBG S-1 8.4E+00 5.1E+03 5.0E+01 2.0E+02 5.9E+01
Aberdeen Proving Ground EMBG S-1 DUP 8.6E+00 4.7E+03 5.0E+01 2.1E+02 5.0E+01
Aberdeen Proving Ground EMBG S-2 5.1E+00 5.4E+03 1.0E+01 3.6E+02 1.9E+02
Aberdeen Proving Ground EMBG S-3 2.8E+01 1.8E+04 1.2E+02 2.1E+03 3.0E+02
Aberdeen Proving Ground EMBG S-4 1.3E+01 8.9E+03 3.0E+01 1.5E+03 1.8E+02
Aberdeen Proving Ground EMBG S-5 4.8E+00 2.6E+03 1.4E+01 9.5E+01 6.9E+00
Aberdeen Proving Ground EMBG S-6 3.3E+00 3.6E+03 8.0E+00 2.0E+02 1.2E+01
Aberdeen Proving Ground EMBG S-6 DUP 3.4E+00 3.6E+03 9.8E+00 2.2E+02 9.2E+00
Aberdeen Proving Ground EMBG S-7 5.9E+00 1.0E+04 1.1E+01 1.1E+03 4.0E+02
Aberdeen Proving Ground EMBG S-8 1.4E+01 1.2E+04 3.0E+01 7.1E+02 2.6E+02
Aberdeen Proving Ground EMBG S-9 7.7E+00 1.5E+04 1.3E+01 1.2E+03 1.1E+02
Aberdeen Proving Ground EMBG S-10 3.7E+00 4.2E+03 8.6E+00 1.3E+02 8.4E+00
Aberdeen Proving Ground EMBG S-11 4.0E+00 4.5E+03 1.1E+01 2.0E+02 4.0E+01
Aberdeen Proving Ground EMBG S-12 2.3E+01 2.4E+04 2.1E+01 3.9E+03 1.0E+03
Aberdeen Proving Ground EMBG S-13 1.3E+01 1.6E+04 3.0E+01 1.4E+03 6.5E+02
Aberdeen Proving Ground EMBG S-13 DUP 1.4E+01 1.7E+04 2.7E+01 1.7E+03 5.3E+02
Aberdeen Proving Ground EMBG S-14 5.6E+00 8.6E+03 1.6E+01 8.8E+02 2.7E+02
Aberdeen Proving Ground EMBG S-15 4.6E+00 3.2E+03 5.5E+00 6.3E+01 5.0E+00
Aberdeen Proving Ground EMBG S-16 5.7E+00 1.5E+04 2.2E+01 6.9E+02 1.5E+02
Aberdeen Proving Ground EMBG S-17 9.3E+00 9.3E+03 3.0E+01 8.1E+02 1.7E+02
Aberdeen Proving Ground EMBG S-17 DUP 8.7E+00 9.4E+03 2.7E+01 8.7E+02 1.5E+02
Aberdeen Proving Ground EMBG S-18 3.0E+00 7.6E+03 1.2E+01 3.6E+02 2.1E+01
Aberdeen Proving Ground EMBG S-19 1.6E+01 1.9E+04 1.6E+01 3.1E+03 5.6E+02
Aberdeen Proving Ground EMBG S-20 5.0E+00 1.2E+04 1.6E+01 1.0E+03 7.2E+01
Aberdeen Proving Ground EMBG S-21 7.5E+00 1.4E+04 2.2E+01 9.8E+02 2.9E+02
Aberdeen Proving Ground EMBG S-23 8.0E+00 9.8E+03 2.0E+01 4.7E+02 1.1E+03
Aberdeen Proving Ground EMBG S-24 6.7E+00 1.7E+04 3.4E+01 1.1E+03 1.1E+03
Aberdeen Proving Ground EMBG S-25 1.3E+01 2.0E+04 5.7E+01 1.4E+03 4.4E+02
Aberdeen Proving Ground EMBG S-26 1.5E+01 1.5E+04 2.1E+01 1.2E+03 4.5E+02
Aberdeen Proving Ground EMBG S-27 6.2E+00 1.4E+04 2.0E+01 1.3E+03 2.2E+02
Aberdeen Proving Ground EMBG S-28 1.2E+01 1.9E+04 1.7E+01 5.7E+02 7.1E+02
Aberdeen Proving Ground EMBG S-29 9.3E+00 8.9E+03 2.8E+01 3.4E+02 3.7E+01
Aberdeen Proving Ground EMBG S-30 3.6E+00 1.8E+04 1.2E+01 3.7E+02 5.2E+01
Indian Head EMBG BGDSS0010101 4.6E+00 9.4E+03 7.4E+00 7.1E+02 2.5E+02
Indian Head EMBG BGDSS0020101 1.8E+00 2.8E+03 9.0E+00 1.4E+02 2.5E+01
Indian Head EMBG BGDSS0030101 5.4E+00 1.5E+04 1.0E+01 7.5E+02 3.8E+02
Indian Head EMBG BGDSS0040101 5.4E+00 1.2E+04 9.4E+00 5.7E+02 1.8E+02
Indian Head EMBG BGDSS0050101 4.6E+00 9.6E+03 1.5E+01 4.8E+02 6.3E+01
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Indian Head EMBG BGDSS0060101 2.1E+00 7.3E+03 6.7E+00 3.5E+02 1.1E+02
Indian Head EMBG BGDSS0070101 5.3E+00 1.0E+04 9.8E+00 6.7E+02 4, 7E+01
Indian Head EMBG BGDSS0080101 1.7E+01 1.3E+04 1.5E+02 1.1E+03 8.1E+01
Indian Head EMBG BGDSS0090101 3.1E+00 4.4E+03 5.5E+00 4.5E+02 2.3E+01
Indian Head EMBG BGDSS0100101 3.3E+00 6.5E+03 7.8E+00 4.0E+02 2.0E+02
Indian Head EMBG S25-MW03-001 2.5E+00 7.9E+03 1.0E+01 2.4E+02 1.2E+02
Indian Head EMBG S26-MW03-001 4.4E+00 2.5E+04 9.9E+00 1.1E+03 8.8E+02
Fort Meade EMBG SSB-1 8.2E+00 1.2E+04 1.4E+01 1.2E+03 1.2E+02
Fort Meade EMBG SSB-2 4.6E+00 7.7E+03 1.6E+01 8.4E+02 1.5E+02
Fort Meade EMBG SSB-3 3.2E+00 5.1E+03 3.8E+00 2.1E+02 2.0E+01
Fort Meade EMBG SSB-4 4.6E+00 7.7E+03 9.8E+00 1.1E+02 2.5E+01
Fort Meade EMBG SSB-4X 4.2E+00 8.9E+03 1.1E+01 1.2E+02 2.5E+01
Fort Meade EMBG SSB-5 6.6E+00 1.2E+04 1.6E+01 3.1E+02 3.0E+01
Tolchester EMBG MCHT13-S-4 9.3E+00 1.1E+04 3.8E+01 1.5E+03 2.3E+02
Crisfield City Dump EMBG Background Soil 4.8E+00 5.5E+03 1.6E+01 9.1E+02 2.8E+01
Old Fort Road EMBG Background Soil 5.3E+00 1.5E+04 9.4E+00 1.1E+03 4.9E+01
Nicholson Landfill EMBG Background Soil 8.7E+00 1.1E+04 9.2E+00 8.5E+02 1.2E+02
Union Road EMBG Background Soil 1.5E+01 1.4E+04 4.2E+01 1.7E+03 9.0E+02
Braxton Property EMBG Background Soil 1.1E+01 2.3E+03 1.3E+01 2.6E+03 2.3E+02
Abingdon Landfill EMBG Background Soil 6.7E+00 8.4E+03 6.7E+01 7.1E+02 3.5E+02
Waldorf Control EMBG Background Soil 1.0E+01 7.9E+03 4.4E+01 8.3E+02 1.2E+02
Vicon EMBG Background Soil 1.5E+01 1.2E+04 9.9E+00 3.4E+02 5.1E+01
Firestone Perryville EMBG Background Soil 1.2E+01 9.8E+03 2.2E+01 7.4E+02 2.7E+02
SkipJack Chemicals EMBG Background Soil 2.5E+00 5.3E+03 6.0E+01 5.0E+02 1.8E+02
Old West Denton Landfill EMBG Background Soil 5.0E+00 1.0E+03 2.3E+01 1.2E+02 4.3E+01
Fort Smallwood Control EMBG Background Soil 1.1E+01 2.1E+03 4.1E+00 5.0E+02 1.9E+01
Fort Smallwood Launch EMBG Background Soil 6.1E+00 3.0E+03 2.0E+01 9.5E+01 2.0E+01
Davidsonville Launch EMBG Background Soil 1.3E+01 1.3E+04 3.5E+01 1.7E+03 1.0E+02
US Naval Research Lab Waldorf EMBG SO 54A 2.5E+00 3.7E+03 7.3E+00 5.0E+02 1.4E+02
US Naval Research Lab Waldorf EMBG SO 54B 2.5E+00 5.4E+03 4.0E+00 5.0E+02 1.0E+01
US Naval Research Lab Waldorf EMBG SO 55A 2.5E+00 1.2E+04 1.7E+01 5.0E+02 3.0E+02
US Naval Research Lab Waldorf EMBG SO 55B 2.5E+00 8.3E+03 5.0E+00 5.0E+02 1.1E+02
US Naval Research Lab Waldorf EMBG SO 56 2.5E+00 5.8E+03 3.0E+01 5.0E+02 1.3E+01
US Naval Research Lab Waldorf EMBG SO 57 2.5E+00 7.6E+03 7.8E+00 5.0E+02 1.0E+02
US Naval Research Lab Waldorf EMBG S0 58 2.5E+00 1.4E+04 7.7E+00 5.0E+02 8.0E+01
US Naval Research Lab Waldorf EMBG SO 59 6.3E+00 1.5E+04 3.1E+01 5.0E+02 1.9E+02
US Naval Research Lab Waldorf EMBG SO 59(D) 6.7E+00 1.4E+04 3.3E+01 5.0E+02 1.7E+02
US Naval Research Lab Waldorf EMBG SO 60 5.0E+00 1.4E+04 1.7E+01 1.1E+03 2.5E+02

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All values reported in parts per
million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA = not applicable.
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Site Name Province Designation Mercury Nickel Potassium Selenium Silver
Aberdeen Proving Ground EMBG S-1 NA 4.3E+00 1.6E+02 4.6E-01 3.5E-01
Aberdeen Proving Ground EMBG S-1 DUP NA 4.8E+00 1.8E+02 4.8E-01 3.5E-01
Aberdeen Proving Ground EMBG S-2 6.2E-02 6.1E+00 1.8E+02 1.6E-01 3.0E-01
Aberdeen Proving Ground EMBG S-3 3.5E-02 1.7E+01 3.2E+02 4.4E-01 3.5E-01
Aberdeen Proving Ground EMBG S-4 NA 2.0E+01 5.4E+02 3.0E+00 4.9E-01
Aberdeen Proving Ground EMBG S-5 5.0E-02 2.6E+00 7.1E+01 1.3E-01 2.7E-01
Aberdeen Proving Ground EMBG S-6 5.5E-02 1.4E+00 1.0E+02 1.4E-01 2.8E-01
Aberdeen Proving Ground EMBG S-6 DUP 4.6E-02 2.6E+00 1.6E+02 1.4E-01 2.8E-01
Aberdeen Proving Ground EMBG S-7 5.8E-02 8.0E+00 3.5E+02 1.5E-01 2.9E-01
Aberdeen Proving Ground EMBG S-8 7.0E-02 1.0E+01 2.4E+02 1.7E-01 3.3E-01
Aberdeen Proving Ground EMBG S-9 5.9E-02 6.4E+00 3.4E+02 1.5E-01 3.0E-01
Aberdeen Proving Ground EMBG S-10 6.1E-02 9.3E-01 1.2E+02 1.5E-01 3.1E-01
Aberdeen Proving Ground EMBG S-11 2.9E-02 8.6E-01 9.6E+01 1.4E-01 2.9E-01
Aberdeen Proving Ground EMBG S-12 3.3E-02 2.1E+01 1.7E+03 1.8E-01 3.6E-01
Aberdeen Proving Ground EMBG S-13 6.0E-02 2.4E+01 3.7E+02 1.6E-01 3.0E-01
Aberdeen Proving Ground EMBG S-13 DUP 6.2E-02 2.4E+01 4.2E+02 1.6E-01 3.2E-01
Aberdeen Proving Ground EMBG S-14 3.2E-02 6.2E+00 2.2E+02 NA 3.2E-01
Aberdeen Proving Ground EMBG S-15 3.1E-02 9.1E-01 3.6E+01 NA 3.0E-01
Aberdeen Proving Ground EMBG S-16 3.1E-02 4.5E+00 1.8E+02 NA 3.0E-01
Aberdeen Proving Ground EMBG S-17 6.3E-02 6.7E+00 3.1E+02 1.6E-01 3.1E-01
Aberdeen Proving Ground EMBG S-17 DUP 6.2E-02 6.8E+00 2.8E+02 1.6E-01 3.0E-01
Aberdeen Proving Ground EMBG S-18 6.7E-02 2.7E+00 1.8E+02 1.6E-01 3.2E-01
Aberdeen Proving Ground EMBG S-19 6.1E-02 1.4E+01 1.5E+03 1.6E-01 3.1E-01
Aberdeen Proving Ground EMBG S-20 3.1E-02 6.4E+00 2.1E+02 NA 3.1E-01
Aberdeen Proving Ground EMBG S-21 3.0E-01 6.9E+00 3.8E+02 NA 3.0E-01
Aberdeen Proving Ground EMBG S-23 3.1E-02 9.0E+00 2.2E+02 NA 3.1E-01
Aberdeen Proving Ground EMBG S-24 3.3E-02 7.8E+00 2.5E+02 5.0E-01 3.1E-01
Aberdeen Proving Ground EMBG S-25 6.9E-02 1.1E+01 5.6E+02 1.7E-01 3.5E-01
Aberdeen Proving Ground EMBG S-26 3.2E-02 9.0E+00 4.6E+02 NA 3.2E-01
Aberdeen Proving Ground EMBG S-27 3.1E-02 8.0E+00 3.4E+02 NA 3.0E-01
Aberdeen Proving Ground EMBG S-28 3.1E-02 1.5E+01 1.8E+02 NA 2.9E-01
Aberdeen Proving Ground EMBG S-29 7.0E-02 3.2E+00 2.3E+02 1.8E-01 3.5E-01
Aberdeen Proving Ground EMBG S-30 6.7E-02 4.5E+00 3.1E+02 1.7E-01 3.3E-01
Indian Head EMBG BGDSS0010101 4.0E-02 5.8E+00 4.7E+02 3.0E-01 3.5E-02
Indian Head EMBG BGDSS0020101 3.0E-02 1.7E+00 1.3E+02 1.1E-01 6.0E-02
Indian Head EMBG BGDSS0030101 3.0E-02 7.8E+00 5.2E+02 7.0E-01 3.0E-02
Indian Head EMBG BGDSS0040101 3.0E-02 5.5E+00 3.1E+02 8.3E-01 3.5E-02
Indian Head EMBG BGDSS0050101 4.0E-02 3.2E+00 2.5E+02 5.1E-01 7.0E-02
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Indian Head EMBG BGDSS0060101 3.0E-02 2.5E+00 7.5E+02 5.4E-01 1.0E-01
Indian Head EMBG BGDSS0070101 5.0E-02 4.9E+00 5.1E+02 5.3E-01 3.5E-02
Indian Head EMBG BGDSS0080101 5.0E-02 8.6E+00 7.9E+02 7.9E-01 3.5E-02
Indian Head EMBG BGDSS0090101 3.0E-02 4.5E+00 4.5E+02 4.6E-01 1.0E-01
Indian Head EMBG BGDSS0100101 2.0E-02 3.4E+00 3.0E+02 5.3E-01 7.5E-02
Indian Head EMBG S25-MW03-001 8.0E-02 2.3E+00 2.2E+02 1.7E-01 5.5E-02
Indian Head EMBG S26-MW03-001 7.0E-02 1.1E+01 7.8E+02 8.5E-02 5.5E-02
Fort Meade EMBG SSB-1 5.0E-02 9.4E+00 5.0E+02 5.0E+00 2.5E-01
Fort Meade EMBG SSB-2 5.0E-02 6.3E+00 3.5E+02 5.0E+00 2.5E-01
Fort Meade EMBG SSB-3 5.0E-02 4.0E+00 1.3E+02 5.0E+00 2.5E-01
Fort Meade EMBG SSB-4 5.0E-02 3.9E+00 1.2E+02 5.0E+00 2.5E-01
Fort Meade EMBG SSB-4X 5.0E-02 4.4E+00 5.0E+01 5.0E+00 2.5E-01
Fort Meade EMBG SSB-5 5.0E-02 7.9E+00 2.1E+02 5.0E+00 2.5E-01
Tolchester EMBG MCHT13-S-4 1.4E-01 1.2E+01 4.9E+02 6.2E-01 1.0E+00
Crisfield City Dump EMBG Background Soil 5.0E-02 5.7E+00 6.2E+02 2.3E-01 1.0E+00
Old Fort Road EMBG Background Soil 5.0E-02 5.7E+00 7.7E+02 2.3E-01 1.0E+00
Nicholson Landfill EMBG Background Soil 3.5E+00 3.6E+00 4.4E+02 2.1E-01 1.0E+00
Union Road EMBG Background Soil 5.0E-02 2.8E+01 3.3E+02 5.0E-01 1.0E+00
Braxton Property EMBG Background Soil 5.0E-02 1.3E+01 5.8E+02 5.0E-01 1.0E+00
Abingdon Landfill EMBG Background Soil 1.0E-01 5.8E+00 2.6E+02 NA 1.5E+00
Waldorf Control EMBG Background Soil 5.0E-02 5.6E+00 6.1E+02 5.0E-01 1.0E+00
Vicon EMBG Background Soil 1.2E-01 3.0E+00 1.5E+02 3.5E-01 9.0E-01
Firestone Perryville EMBG Background Soil 5.0E-02 1.0E+01 2.9E+02 5.0E-01 1.0E+00
SkipJack Chemicals EMBG Background Soil 5.0E-02 4.0E+00 5.0E+02 5.0E-01 1.0E+00
Old West Denton Landfill EMBG Background Soil 5.0E-02 4.0E+00 9.1E+01 5.0E-01 1.0E+00
Fort Smallwood Control EMBG Background Soil 1.0E-01 4.0E+00 5.0E+02 5.0E-01 2.7E-01
Fort Smallwood Launch EMBG Background Soil 1.0E-01 4.0E+00 5.0E+02 5.0E-01 2.6E-01
Davidsonville Launch EMBG Background Soil 1.0E-01 7.3E+00 1.1E+03 2.0E+00 NA

US Naval Research Lab Waldorf EMBG SO 54A 5.0E-02 4.0E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG SO 54B 5.0E-02 4.0E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG SO 55A 5.0E-02 4.0E+00 5.0E+02 5.0E-01 2.7E+00
US Naval Research Lab Waldorf EMBG SO 55B 5.0E-02 4.0E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG SO 56 5.0E-02 4.0E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG SO 57 5.0E-02 4.0E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG S0 58 5.0E-02 4.0E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG SO 59 5.0E-02 8.3E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG SO 59(D) 5.0E-02 9.1E+00 5.0E+02 5.0E-01 1.0E+00
US Naval Research Lab Waldorf EMBG SO 60 5.0E-02 7.5E+00 1.4E+03 5.0E-01 1.0E+00

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All values reported in parts per
million. Not detected anal ytes reported at one half the detection limit. Not detected analytesitalicized. NA = not applicable.
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Site Name Province Designation Sodium Thallium Vanadium Zinc

Aberdeen Proving Ground EMBG S-1 4.4E+02 1.8E-01 1.8E+01 1.4E+01
Aberdeen Proving Ground EMBG S-1 DUP 4.4E+02 1.8E-01 2.0E+01 1.8E+01
Aberdeen Proving Ground EMBG S-2 3.8E+02 1.6E-01 1.1E+01 1.7E+01
Aberdeen Proving Ground EMBG S-3 6.6E+02 1.7E-01 4.7E+01 9.6E+01
Aberdeen Proving Ground EMBG S-4 9.4E+02 2.4E-01 2.0E+01 7.4E+01
Aberdeen Proving Ground EMBG S-5 2.3E+02 1.3E-01 1.3E+01 1.1E+01
Aberdeen Proving Ground EMBG S-6 2.0E+02 1.4E-01 7.9E+00 6.6E+00
Aberdeen Proving Ground EMBG S-6 DUP 2.1E+02 1.4E-01 9.7E+00 7.5E+00
Aberdeen Proving Ground EMBG S-7 3.8E+02 1.5E-01 1.8E+01 2.6E+01
Aberdeen Proving Ground EMBG S-8 4.5E+02 1.7E-01 2.3E+01 4.1E+01
Aberdeen Proving Ground EMBG S-9 4.2E+02 1.5E-01 2.7E+01 3.4E+01
Aberdeen Proving Ground EMBG S-10 4.9E+02 1.5E-01 1.6E+01 4.9E+00
Aberdeen Proving Ground EMBG S-11 3.4E+02 1.4E-01 1.2E+01 1.1E+01
Aberdeen Proving Ground EMBG S-12 5.5E+02 1.8E-01 4.1E+01 6.1E+01
Aberdeen Proving Ground EMBG S-13 4.0E+02 1.6E-01 2.9E+01 4.0E+01
Aberdeen Proving Ground EMBG S-13 DUP 4.4E+02 1.6E-01 3.2E+01 4.6E+01
Aberdeen Proving Ground EMBG S-14 4.8E+02 1.6E-01 1.6E+01 2.9E+01
Aberdeen Proving Ground EMBG S-15 4.7E+02 1.6E-01 2.2E+01 2.1E+01
Aberdeen Proving Ground EMBG S-16 4.3E+02 1.5E-01 2.9E+01 2.1E+01
Aberdeen Proving Ground EMBG S-17 4.5E+02 1.6E-01 1.7E+01 3.5E+01
Aberdeen Proving Ground EMBG S-17 DUP 3.4E+02 1.6E-01 1.8E+01 3.7E+01
Aberdeen Proving Ground EMBG S-18 4.4E+02 1.6E-01 1.6E+01 1.1E+01
Aberdeen Proving Ground EMBG S-19 4.0E+02 1.6E-01 3.2E+01 5.0E+01
Aberdeen Proving Ground EMBG S-20 4.4E+02 1.5E-01 2.0E+01 2.0E+01
Aberdeen Proving Ground EMBG S-21 4.3E+02 1.5E-01 2.3E+01 2.8E+01
Aberdeen Proving Ground EMBG S-23 4.6E+02 1.6E-01 1.9E+01 2.9E+01
Aberdeen Proving Ground EMBG S-24 3.8E+02 1.7E-01 2.6E+01 2.8E+01
Aberdeen Proving Ground EMBG S-25 4.7E+02 1.7E-01 2.9E+01 3.2E+01
Aberdeen Proving Ground EMBG S-26 4.6E+02 1.6E-01 2.7E+01 2.4E+02
Aberdeen Proving Ground EMBG S-27 4.9E+02 1.5E-01 3.1E+01 4.7E+01
Aberdeen Proving Ground EMBG S-28 4.3E+02 1.5E-01 1.8E+01 3.0E+01
Aberdeen Proving Ground EMBG S-29 4.4E+02 1.8E-01 5.9E+01 2.7E+01
Aberdeen Proving Ground EMBG S-30 5.0E+02 1.7E-01 1.6E+01 1.5E+01
Indian Head EMBG BGDSS0010101 1.2E+01 1.3E-01 2.2E+01 2.2E+01
Indian Head EMBG BGDSS0020101 2.2E+01 1.1E-01 1.3E+01 6.2E+00
Indian Head EMBG BGDSS0030101 4.1E+01 3.8E-01 2.8E+01 2.6E+01
Indian Head EMBG BGDSS0040101 5.1E+01 5.2E-01 2.3E+01 2.2E+01
Indian Head EMBG BGDSS0050101 2.6E+01 5.2E-01 1.9E+01 1.6E+01
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Indian Head EMBG BGDSS0060101 3.9E+01 1.3E-01 1.2E+01 2.3E+01
Indian Head EMBG BGDSS0070101 5.2E+01 1.3E-01 2.4E+01 2.0E+01
Indian Head EMBG BGDSS0080101 5.0E+01 2.6E-01 2.9E+01 2.8E+01
Indian Head EMBG BGDSS0090101 5.2E+01 1.4E-01 1.2E+01 1.5E+01
Indian Head EMBG BGDSS0100101 5.3E+01 2.7E-01 1.3E+01 1.1E+01
Indian Head EMBG S25-MW03-001 9.6E+00 1.4E-01 9.8E+00 1.1E+01
Indian Head EMBG S26-MW03-001 1.0E+01 1.4E-01 3.9E+01 3.1E+01
Fort Meade EMBG SSB-1 3.5E+02 1.0E+01 2.4E+01 2.3E+01
Fort Meade EMBG SSB-2 3.7E+02 1.0E+01 1.6E+01 2.2E+01
Fort Meade EMBG SSB-3 4.0E+02 1.0E+01 1.1E+01 7.4E+00
Fort Meade EMBG SSB-4 3.3E+02 1.0E+01 1.4E+01 1.2E+01
Fort Meade EMBG SSB-4X 3.3E+02 1.0E+01 1.6E+01 1.3E+01
Fort Meade EMBG SSB-5 3.3E+02 1.0E+01 2.0E+01 1.7E+01
Tolchester EMBG MCHT13-S-4 5.7E+01 NA 2.2E+01 5.5E+01
Crisfield City Dump EMBG Background Soil 5.5E+02 3.4E-01 1.6E+01 1.9E+01
Old Fort Road EMBG Background Soil 3.8E+01 1.0E+00 3.1E+01 2.3E+01
Nicholson Landfill EMBG Background Soil 1.9E+01 NA 1.4E+01 NA

Union Road EMBG Background Soil 1.0E+02 1.0E+00 2.6E+01 6.6E+01
Braxton Property EMBG Background Soil 7.7E+01 1.0E+00 3.8E+01 3.6E+01
Abingdon Landfill EMBG Background Soil 7.8E+01 2.5E-01 4.3E+01 9.0E+00
Waldorf Control EMBG Background Soil 2.3E+01 1.0E+00 1.6E+01 1.0E+02
Vicon EMBG Background Soil 2.9E+01 3.5E-01 2.0E+01 2.4E+01
Firestone Perryville EMBG Background Soil 3.5E+01 1.0E+00 1.4E+01 4.3E+01
SkipJack Chemicals EMBG Background Soil 8.5E+01 1.0E+00 1.1E+01 3.4E+01
Old West Denton Landfill EMBG Background Soil 5.0E+02 1.0E+00 2.5E+00 5.5E+01
Fort Smallwood Control EMBG Background Soil 5.0E+01 1.0E+00 6.1E+00 2.2E+01
Fort Smallwood Launch EMBG Background Soil 1.6E+01 1.0E+00 9.1E+00 4.4E+01
Davidsonville Launch EMBG Background Soil 7.0E+01 1.0E+00 2.3E+01 6.6E+01
US Naval Research Lab Waldorf EMBG SO 54A 5.0E+02 1.0E+00 5.0E+00 1.5E+01
US Naval Research Lab Waldorf EMBG SO 54B 5.0E+02 1.0E+00 1.1E+01 7.0E+00
US Naval Research Lab Waldorf EMBG SO 55A 5.0E+02 1.0E+00 1.9E+01 2.8E+01
US Naval Research Lab Waldorf EMBG SO 55B 5.0E+02 1.0E+00 1.5E+01 1.1E+01
US Naval Research Lab Waldorf EMBG SO 56 5.0E+02 1.0E+00 1.3E+01 1.2E+01
US Naval Research Lab Waldorf EMBG SO 57 5.0E+02 1.0E+00 1.2E+01 2.1E+01
US Naval Research Lab Waldorf EMBG SO 58 5.0E+02 1.0E+00 2.5E+01 1.8E+01
US Naval Research Lab Waldorf EMBG SO 59 5.0E+02 1.0E+00 2.2E+01 4.1E+01
US Naval Research Lab Waldorf EMBG SO 59(D) 5.0E+02 1.0E+00 2.3E+01 4.2E+01
US Naval Research Lab Waldorf EMBG SO 60 5.0E+02 1.0E+00 2.3E+01 5.2E+01

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All values reported in parts per
million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA = not applicable.
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Site Name Province |Designation Aluminum |Antimony | Arsenic | Barium |Beryllium|Cadmium
Ordnance Products (7/99) CMBG BG-01 (0 - 0.5 feet) 6.9E+03 6.0E+00 2.2E+00 4.5E+01 4.2E-01 5.0E-01
Ordnance Products (7/99) CMBG BG-02 (0 - 0.5 feet) 9.3E+03 7.3E-01 3.1E+00 5.6E+01 5.8E-01 5.0E-01
Ordnance Products (7/99) CMBG BG-03 (0 - 0.5 feet) 9.8E+03 6.0E+00 3.1E+00 4.2E+01 5.4E-01 5.0E-01
Ordnance Products (7/99) CMBG BG-04 (0 - 0.5 feet) 9.0E+03 NA 3.4E+00 4.3E+01 3.9E-01 5.0E-01
Bush Valley Landfill CMBG SUS1 (8/92, 0-6") 9.7E+03 NA 1.6E+00 3.8E+01 1.3E-01 1.2E+00
Bush Valley Landfill CMBG SUS2 (8/92, 0-6") 9.5E+03 NA 7.5E-01 6.2E+01 2.9E-01 1.3E+00
Bush Valley Landfill CMBG SUS3 (8/92, 0-6") 1.1E+04 NA 8.0E-01 6.4E+01 4.3E-01 1.3E+00
Mullinex Farms CMBG Background Soil 1.3E+04 8.5E+00 1.5E+00 8.5E+01 5.1E+00 1.0E+00
MullinexFarms CMBG Background Soill 1.0E+04 8.5E+00 4.3E+00 1.1E+02 7.0E-01 1.0E+00
Hopkins Quarry CMBG Background Soil 1.7E+04 5.0E-01 2.8E+00 8.2E+01 9.0E-01 2.5E-01
Childs Property CMBG Background Soill 1.1E+04 6.0E+00 5.3E+00 6.7E+01 6.4E-01 5.0E-01
Big Elk Chapel Road CMBG Background Sail 2.2E+04 2.1E+00 3.4E+00 7.3E+01 7.2E-01 4.7E-01
Power Matic CMBG Background Soil 1.4E+04 1.1E+01 1.0E+00 7.0E+01 8.7E-01 1.8E+00
LeHigh Portland Cement CMBG Background Soill 1.6E+04 6.0E+00 5.3E+00 2.0E+02 9.4E-01 5.0E-01
Langs Junkyard CMBG Background Sail 9.7E+03 NA 3.8E+00 8.0E+01 8.1E-01 1.0E+00
Kate Wagner Landfill CMBG Background Soill 1.5E+04 6.0E+00 3.8E+00 7.1E+01 6.7E-01 5.0E-01
Bachmans Valley Landfill CMBG Background Saoil 1.2E+04 6.0E+00 6.5E+00 4.3E+01 3.7E-01 1.6E+00
Maryvale Prep School CMBG Background Soill 1.2E+03 NA 2.9E+00 1.0E+02 8.1E-01 1.3E-01
Fork Control CMBG Background Soil 3.7E+04 9.2E-01 2.5E+00 9.0E+01 2.1E+00 5.0E-01
White Oak CMBG BG 04 SS 8.5E+03 5.7E-01 3.1E+00 4.2E+01 6.0E-02 3.5E-02
White Oak CMBG BG 05 SS 1.0E+04 5.6E-01 4.2E+00 5.3E+01 1.9E-01 3.0E-02
White Oak CMBG BG 06 SS 7.6E+03 5.6E-01 2.2E+00 4.9E+01 2.0E-02 1.2E-01
White Oak CMBG BG 101 SS 6.5E+03 5.6E-01 2.1E+00 4.3E+01 2.0E-02 1.1E-01
White Oak CMBG BG 07 SS 9.5E+03 5.5E-01 4.2E+00 4.1E+01 1.6E-01 3.0E-02
White Oak CMBG BG 10 SS 1.2E+04 5.8E-01 4.6E+00 7.7E+01 5.0E-02 8.0E-02
White Oak CMBG BG 09 SS 1.7E+04 6.6E-01 5.2E+00 4.3E+01 1.0E-02 3.6E-01
White Oak CMBG BG 100 SS 2.1E+04 6.4E-01 6.7E+00 4.9E+01 2.0E-02 5.9E-01
White Oak CMBG BG 102 SS 5.2E+03 6.6E-01 2.5E+00 2.0E+01 1.0E-02 1.5E-01

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All
values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA
= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.
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Site Name Province |Designation Calcium |Chromium(Total)| Cobalt | Copper Iron Lead

Ordnance Products (7/99) CMBG BG-01 (0 - 0.5 feet) 3.9E+02 2.0E+01 8.2E+00 5.6E+00 1.2E+04 1.2E+01
Ordnance Products (7/99) CMBG BG-02 (0 - 0.5 feet) 3.4E+02 2.1E+01 9.0E+00 5.9E+00 1.3E+04 1.8E+01
Ordnance Products (7/99) CMBG BG-03 (0 - 0.5 feet) 1.3E+02 2.8E+01 6.7E+00 1.3E+01 2.1E+04 1.6E+01
Ordnance Products (7/99) CMBG BG-04 (0 - 0.5 feet) 5.0E+02 1.3E+01 3.3E+00 7.0E+00 9.1E+03 3.3E+01
Bush Valley Landfill CMBG SUS1 (8/92, 0-6") 1.6E+03 1.9E+01 3.6E+00 1.1E+01 1.6E+04 2.9E+01
Bush Valley Landfill CMBG SUS2 (8/92, 0-6") 1.4E+03 2.0E+01 1.0E+01 1.8E+01 1.8E+04 1.1E+01
Bush Valley Landfill CMBG SUS3 (8/92, 0-6") 1.4E+03 2.1E+01 8.9E+00 1.9E+01 2.0E+04 1.3E+01
Mullinex Farms CMBG Background Soil 8.1E+02 3.2E+01 5.7E+01 3.4E+01 2.5E+04 1.4E+01
MullinexFarms CMBG Background Soill 3.3E+03 7.1E+00 7.7E+01 1.6E+01 1.9E+04 4.1E+01
Hopkins Quarry CMBG Background Soil 1.4E+03 6.0E+00 6.1E+00 1.6E+01 2.1E+04 3.2E+01
Childs Property CMBG Background Soill 3.5E+03 1.9E+01 4.6E+00 1.2E+01 1.6E+04 5.3E+01
Big Elk Chapel Road CMBG Background Sail 8.0E+02 1.3E+01 6.1E+00 3.5E+01 1.7E+04 7.4E+00
Power Matic CMBG Background Soill 3.7E+04 3.4E+01 1.8E+01 4.4E+01 2.6E+04 1.8E+02
LeHigh Portland Cement CMBG Background Soill 3.0E+04 2.0E+01 1.3E+01 2.9E+01 2.5E+04 3.4E+01
Langs Junkyard CMBG Background Soil 1.6E+03 1.2E+01 1.1E+01 9.1E+00 1.7E+04 3.8E+01
Kate Wagner Landfill CMBG Background Soill 2.5E+03 2.2E+01 4.1E+01 2.8E+01 3.7E+04 3.4E+00
Bachmans Valley Landfill CMBG Background Saoil 7.9E+02 1.8E+01 1.6E+01 2.5E+01 2.9E+04 3.8E+01
Maryvale Prep School CMBG Background Soill 8.9E+02 3.0E+01 NA 1.9E+01 2.6E+03 1.9E+01
Fork Control CMBG Background Soill 6.7E+02 3.1E+01 4.7E+01 2.9E+01 3.4E+04 1.4E+01
White Oak CMBG BG 04 SS 9.3E+01 1.2E+01 7.1E+00 4.8E+00 1.1E+04 2.8E+01
White Oak CMBG BG 05 SS 1.7E+02 2.1E+01 1.4E+01 9.4E+00 1.6E+04 2.5E+01
White Oak CMBG BG 06 SS 3.8E+02 1.2E+01 3.5E+00 1.9E+01 9.6E+03 4.2E+01
White Oak CMBG BG 101 SS 3.0E+02 1.0E+01 2.8E+00 1.7E+01 8.7E+03 3.6E+01
White Oak CMBG BG 07 SS 2.6E+02 1.3E+01 3.0E+00 5.5E+00 1.0E+04 1.8E+01
White Oak CMBG BG 10 SS 1.1E+03 5.6E+01 6.3E+00 1.3E+01 1.6E+04 3.1E+01
White Oak CMBG BG 09 SS 2.8E+02 1.9E+01 7.3E+00 1.2E+02 1.9E+04 1.3E+01
White Oak CMBG BG 100 SS 8.8E+01 2.7E+01 3.7E+00 1.1E+01 2.6E+04 1.2E+01
White Oak CMBG BG 102 SS 8.3E+01 8.4E+00 7.9E-01 3.4E+00 6.0E+03 1.8E+01

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All
values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA
= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.
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Site Name Province |Designation Magnesium | Manganese | Mercury | Nickel |Potassium| Selenium
Ordnance Products (7/99) CMBG BG-01 (0 - 0.5 feet) 6.4E+02 3.8E+02 5.0E-02 7.9E+00 2.6E+02 7.9E-01
Ordnance Products (7/99) CMBG BG-02 (0 - 0.5 feet) 9.7E+02 4.9E+02 5.0E-02 7.9E+00 3.6E+02 9.0E-01
Ordnance Products (7/99) CMBG BG-03 (0 - 0.5 feet) 1.8E+03 2.7E+02 5.0E-02 9.0E+00 5.7E+02 1.8E+00
Ordnance Products (7/99) CMBG BG-04 (0 - 0.5 feet) 7.2E+02 1.3E+02 5.0E-02 6.8E+00 3.7E+02 8.2E-01
Bush Valley Landfill CMBG SUS1 (8/92, 0-6") 1.1E+03 9.6E+01 6.5E-02 5.1E+00 4.2E+02 8.1E-01
Bush Valley Landfill CMBG SUS2 (8/92, 0-6") 3.2E+03 4.4E+02 6.5E-02 1.3E+01 1.6E+03 7.5E-01
Bush Valley Landfill CMBG SUS3 (8/92, 0-6") 3.4E+03 4.7E+02 1.4E-01 1.2E+01 1.6E+03 6.4E-01
Mullinex Farms CMBG Background Sail 2.5E+03 2.2E+03 NA 4.1E+01 4.4E+02 NA
MullinexFarms CMBG Background Soill 5.0E+02 3.4E+03 NA 8.0E+00 2.2E+02 NA
Hopkins Quarry CMBG Background Soil 2.8E+03 8.0E+02 5.0E-02 8.0E+00 4.1E+03 2.5E-01
Childs Property CMBG Background Soill 1.6E+03 2.6E+02 2.1E-01 1.9E+01 8.2E+02 9.2E-01
Big Elk Chapel Road CMBG Background Sail 2.3E+03 2.3E+02 6.0E-02 6.1E+00 1.4E+03 6.3E-01
Power Matic CMBG Background Soil 8.3E+03 4.3E+02 1.0E-01 3.0E+01 2.9E+03 1.0E+00
LeHigh Portland Cement CMBG Background Soill 3.1E+03 2.0E+03 1.2E-01 1.5E+01 1.4E+03 5.0E-01
Langs Junkyard CMBG Background Soil 6.4E+02 6.8E+02 1.0E-01 5.1E+00 8.3E+02 1.5E+00
Kate Wagner Landfill CMBG Background Soill 1.1E+03 NA 8.5E-02 4.0E+00 NA 5.0E-01
Bachmans Valley Landfill CMBG Background Saoil 2.3E+03 6.4E+02 1.7E-01 1.7E+01 1.5E+02 5.0E-01
Maryvale Prep School CMBG Background Soill 9.4E+02 1.1E+03 5.5E-02 1.1E+01 5.2E+02 4.8E-01
Fork Control CMBG Background Soil 6.7E+03 5.4E+02 4.0E-02 3.3E+01 6.9E+03 6.9E-01
White Oak CMBG BG 04 SS 6.5E+02 2.4E+02 7.0E-02 4.9E+00 3.1E+02 3.1E-01
White Oak CMBG BG 05 SS 9.2E+02 3.0E+02 6.0E-02 8.0E+00 5.4E+02 3.1E-01
White Oak CMBG BG 06 SS 3.7E+02 7.4E+01 2.1E-01 6.5E+00 3.6E+02 6.2E-01
White Oak CMBG BG 101 SS 3.1E+02 5.5E+01 1.8E-01 5.4E+00 3.0E+02 7.4E-01
White Oak CMBG BG 07 SS 7.7E+02 1.5E+02 4.0E-02 6.4E+00 3.6E+02 3.0E-01
White Oak CMBG BG 10 SS 1.2E+03 4.9E+02 1.1E-01 2.9E+01 8.6E+02 6.5E-01
White Oak CMBG BG 09 SS 1.7E+03 1.8E+02 4.0E-02 1.0E+01 1.0E+03 5.5E-01
White Oak CMBG BG 100 SS 1.2E+03 7.2E+01 2.0E-02 7.5E+00 1.0E+03 7.3E-01
White Oak CMBG BG 102 SS 3.2E+02 2.0E+01 5.0E-02 2.8E+00 2.4E+02 5.4E-01

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All
values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA

= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.
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Site Name Province |Designation Silver | Sodium | Thallium | Vanadium Zinc

Ordnance Products (7/99) CMBG BG-01 (0 - 0.5 feet) 3.6E-01 1.7E+02 1.3E+00 2.6E+01 1.8E+01
Ordnance Products (7/99) CMBG BG-02 (0 - 0.5 feet) 5.6E-01 2.5E+02 1.7E+00 2.6E+01 2.5E+01
Ordnance Products (7/99) CMBG BG-03 (0 - 0.5 feet) 6.9E-01 2.3E+02 2.9E+00 3.2E+01 3.1E+01
Ordnance Products (7/99) CMBG BG-04 (0 - 0.5 feet) 1.0E+00 2.3E+02 1.0E+00 2.0E+01 2.3E+01
Bush Valley Landfill CMBG SUS1 (8/92, 0-6") 7.5E-01 7.9E+01 2.5E-01 2.6E+01 3.9E+01
Bush Valley Landfill CMBG SUS2 (8/92, 0-6") 8.0E-01 7.0E+01 2.7E-01 3.3E+01 5.1E+01
Bush Valley Landfill CMBG SUS3 (8/92, 0-6") 8.0E-01 1.0E+02 2.6E-01 3.4E+01 5.9E+01
Mullinex Farms CMBG Background Sail 5.0E-01 1.1E+02 NA 3.3E+01 7.2E+01
MullinexFarms CMBG Background Soill 5.0E-01 8.0E+01 NA 1.9E+01 4.4E+01
Hopkins Quarry CMBG Background Sail 5.0E-01 1.0E+02 2.5E-01 1.7E+01 7.2E+01
Childs Property CMBG Background Soill 1.0E+00 1.4E+02 1.0E+00 2.0E+01 1.1E+02
Big Elk Chapel Road CMBG Background Sail 2.2E-01 5.9E+01 5.5E-01 5.6E+00 1.7E+01
Power Matic CMBG Background Soill 1.0E+00 8.6E+01 4.3E-01 4.2E+01 1.1E+02
LeHigh Portland Cement CMBG Background Soill 1.5E+00 3.8E+02 3.4E-01 3.2E+01 6.0E+01
Langs Junkyard CMBG Background Saoil NA 3.8E+01 NA 1.9E+01 3.2E+01
Kate Wagner Landfill CMBG Background Soill 1.0E+00 8.8E+01 1.0E+00 1.6E+01 4.3E+01
Bachmans Valley Landfill CMBG Background Saoil 1.0E+00 3.6E+01 1.0E+00 1.9E+01 7.5E+01
Maryvale Prep School CMBG Background Soill 6.0E-01 5.0E+01 2.4E-01 3.8E+01 2.9E+01
Fork Control CMBG Background Soill 1.0E+00 5.0E+02 3.1E+00 3.7E+01 1.1E+02
White Oak CMBG BG 04 SS 8.5E-02 4.4E+01 3.2E-01 2.6E+01 1.9E+01
White Oak CMBG BG 05 SS 8.5E-02 4.3E+01 3.2E-01 1.2E+01 2.6E+01
White Oak CMBG BG 06 SS 1.3E+00 7.7E+01 3.2E-01 3.1E+01 2.3E+01
White Oak CMBG BG 101 SS 9.9E-01 5.8E+01 3.1E-01 2.7E+01 1.8E+01
White Oak CMBG BG 07 SS 8.5E-02 4.2E+01 3.1E-01 2.2E+01 2.0E+01
White Oak CMBG BG 10 SS 9.0E-02 6.5E+01 3.3E-01 2.8E+01 4.4E+01
White Oak CMBG BG 09 SS 1.1E-01 1.2E+02 2.8E-01 3.2E+01 3.1E+01
White Oak CMBG BG 100 SS 1.1E-01 1.3E+02 2.7E-01 4.3E+01 2.6E+01
White Oak CMBG BG 102 SS 1.1E-01 1.5E+01 2.7E-01 1.4E+01 7.8E+00

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All
values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA
= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.




WESTERN

Site Name Province |Designation Aluminum Antimony Arsenic Barium Beryllium Cadmium
Ft. Detrick WMBG BORMWAL-A NA NA 2.3E+01 5.5E+02 NA NA
Ft. Detrick WMBG BORMWA1-B NA NA 2.2E+01 5.3E+02 NA NA
Ft. Detrick WMBG BORMWA2-B NA NA NA 5.5E+02 NA NA
Ft. Detrick WMBG BORMWAS3-A NA NA 1.1E+01 5.0E+02 NA NA
Ft. Detrick WMBG BORMWA3-B NA NA NA 5.6E+02 NA NA
Ft. Detrick WMBG BORMWO9D-A NA NA NA 6.4E+02 NA NA
Ft. Detrick WMBG BORMW9D-B NA NA 1.2E+01 5.6E+02 NA NA
Ft. Detrick WMBG BMW36D-A 2.4E+04 5.0E+00 1.0E+01 1.6E+02 8.7E-01 2.5E-01
Ft. Detrick WMBG AMWA3—0 2.0E+04 5.0E+00 1.0E+01 1.5E+02 1.1E+00 2.5E-01
Ft. Detrick WMBG AMWA1-0.5 2.5E+04 5.0E+00 2.7E+01 1.1E+02 2.1E+00 2.5E-01
Ft. Detrick WMBG AMWA2-0.5 2.1E+04 5.0E+00 2.0E+01 1.7E+02 2.7E+00 2.5E-01
Ft. Detrick WMBG BMW47D-0 2.1E+04 5.0E+00 1.0E+01 1.2E+02 8.3E-01 2.5E-01
Frederick Tool and Die WMBG Background Soil 1.9E+04 3.3E+00 6.0E+00 1.1E+02 9.5E-01 3.7E-01
Vale Summit WMBG Background Soil 7.2E+03 NA NA 1.6E+02 1.7E+00 1.2E+01
Old Cumberland Land Fill WMBG Background Soil 7.0E+03 4.3E+00 8.2E+00 1.5E+02 6.1E-01 8.1E-01
Hoffman Land fill WMBG Background Soil 8.3E+03 NA 7.9E+00 1.4E+02 1.1E+00 4.3E-01
Cabin Run Land Fill WMBG Background Soil 6.3E+03 6.0E+00 6.1E+00 3.7E+01 3.0E-01 5.0E-01
Fort Ritchie WMBG BKSSO07 7.3E+03 2.5E-01 1.1E-01 6.5E+01 2.1E-01 3.1E-01
Fort Ritchie WMBG BKSS08 9.3E+03 2.6E-01 5.5E-02 1.1E+02 3.7E-01 3.7E-01
Fort Ritchie WMBG BKSS09 8.0E+03 2.6E-01 5.5E-02 1.4E+02 4.0E-01 3.7E-01
Fort Ritchie WMBG BKSS11 4.9E+03 2.6E-01 4.1E-01 6.2E+01 1.2E-01 3.6E-01
Fort Ritchie WMBG BKSS12 7.1E+03 2.5E-01 2.1E-01 3.4E+01 1.5E-01 4.0E-01
Fort Ritchie WMBG BKSS13 5.4E+03 2.6E-01 1.4E-01 4.3E+01 1.3E-01 3.0E-01
Fort Ritchie WMBG BKSS14 7.7E+03 NA 4.5E-01 3.9E+01 4.0E-02 7.6E-01
Fort Ritchie WMBG BKSS15 6.2E+03 3.9E-01 5.9E-01 3.2E+01 4.0E-02 5.4E-01
Fort Ritchie WMBG BKSS16 7.4E+03 2.8E-01 4.4E-01 8.2E+01 2.3E-01 3.5E-01
Fort Ritchie WMBG BKSS17 9.1E+03 2.6E-01 5.5E-02 1.1E+02 4.2E-01 3.5E-01
Fort Ritchie WMBG BKSS18 1.6E+04 2.8E-01 6.5E-01 2.9E+02 1.3E+00 5.5E-01
Fort Ritchie WMBG BKSS37 8.1E+03 3.9E-01 3.0E+00 3.8E+01 1.9E-01 1.5E-01
Fort Ritchie WMBG BKSS38 6.6E+03 3.8E-01 2.3E+00 5.0E+01 1.6E-01 9.8E-01
Fort Ritchie WMBG BKSS39 5.6E+03 3.2E-01 2.7E+00 3.4E+01 1.2E-01 1.2E-01
Fort Ritchie WMBG BKSS40 5.2E+03 3.2E-01 2.3E+00 2.3E+01 6.0E-02 1.3E-01
Fort Ritchie WMBG BKSS19 1.8E+04 2.6E-01 1.1E-01 4.8E+01 3.4E-01 1.8E-01
Fort Ritchie WMBG BKSS20 1.9E+04 7.6E-01 4.7E-01 7.0E+01 4.0E-01 3.6E+00
Fort Ritchie WMBG BKSS21 1.5E+04 2.8E-01 6.0E-02 2.9E+01 3.0E-01 2.1E-01
Fort Ritchie WMBG BKSS22 1.8E+04 2.6E-01 2.1E-01 5.7E+01 4.9E-01 2.1E-01
Fort Ritchie WMBG BKSS23 1.4E+04 2.8E-01 3.2E-01 7.2E+01 5.5E-01 2.5E-01
Fort Ritchie WMBG BKSS24 1.9E+04 8.6E-01 8.5E-01 6.6E+01 3.9E-01 3.8E+00
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Fort Ritchie WMBG BKSS25 2.1E+04 2.7E-01 6.0E-02 9.0E+01 4.3E-01 2.3E-01
Fort Ritchie WMBG BKSS26 2.2E+04 2.8E-01 6.0E-02 1.6E+02 5.1E-01 2.0E-01
Fort Ritchie WMBG BKSS27 1.9E+04 3.1E-01 7.0E-02 1.3E+02 4.6E-01 5.4E-01
Fort Ritchie WMBG BKSS28 1.5E+04 2.9E-01 6.0E-02 1.1E+02 8.3E-01 3.8E-01
Fort Ritchie WMBG BKSS29 1.6E+04 2.8E-01 1.9E-01 8.1E+01 5.2E-01 3.1E-01
Fort Ritchie WMBG BKSS30 2.0E+04 1.0E+00 1.2E-01 7.3E+01 2.8E-01 4.0E+00
Fort Ritchie WMBG BKSS31 1.5E+04 7.3E-01 3.4E-01 5.2E+01 2.0E-01 2.1E+00
Fort Ritchie WMBG BKSS32 2.0E+04 4.8E-01 1.2E-01 4.6E+01 3.1E-01 1.5E+00
Fort Ritchie WMBG BKSS33 1.9E+04 1.5E+00 1.2E+00 2.0E+02 3.9E-01 3.0E+00
Fort Ritchie WMBG BKSS34 2.0E+04 1.0E+00 1.2E-01 8.5E+01 3.0E-01 2.4E+00
Fort Ritchie WMBG BKSS35 1.7E+04 1.1E+00 1.0E+00 3.5E+01 3.2E-01 5.1E+00
Fort Ritchie WMBG BKSS36 1.6E+04 8.4E-01 1.6E-01 1.1E+02 3.3E-01 2.1E+00

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All

values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA
= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.
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Site Name Province |Designation Calcium Chromium (Total) Cobalt Copper Iron Lead

Ft. Detrick WMBG BORMWAL-A 2.3E+03 NA NA 2.8E+01 | 3.8E+04 |2.8E+01
Ft. Detrick WMBG BORMWAL-B 2.7E+03 NA NA 3.2E+01 | 6.1E+04 |2.3E+01
Ft. Detrick WMBG BORMWA2-B 1.9E+03 NA 2.3E+01 NA 3.6E+04 |[1.5E+01
Ft. Detrick WMBG BORMWAS3-A 1.5E+03 NA NA NA 2.3E+04 |2.0E+01
Ft. Detrick WMBG BORMWAS3-B 3.5E+02 NA NA NA 3.5E+04 |[1.2E+01
Ft. Detrick WMBG BORMWO9D-A 2.3E+03 NA NA 2.0E+01 | 4.1E+04 |2.3E+01
Ft. Detrick WMBG BORMW9D-B 3.5E+03 NA NA NA 3.9E+04 |[2.0E+01
Ft. Detrick WMBG BMW36D-A 1.4E+03 2.1E+01 9.7E+00 | 1.2E+01 | 2.6E+04 |2.2E+01
Ft. Detrick WMBG AMWAS3--0 5.4E+03 2.0E+01 1.3E+01 | 9.0E+00 | 2.1E+04 |1.7E+01
Ft. Detrick WMBG AMWA1-0.5 4.3E+03 3.7E+01 1.5E+01 | 2.4E+01 | 3.6E+04 |2.7E+01
Ft. Detrick WMBG AMWA2-0.5 1.9E+04 1.9E+01 1.6E+01 | 1.4E+01 | 2.6E+04 |2.2E+01
Ft. Detrick WMBG BMW47D-0 3.3E+03 2.1E+01 1.0E+01 | 1.2E+01 | 2.4E+04 |3.3E+01
Frederick Tool and Die WMBG Background Soil 3.3E+03 2.6E+01 1.2E+01 | 2.5E+01 | 2.2E+04 |1.4E+02
Vale Summit WMBG Background Soil 1.6E+03 2.3E+01 3.0E+01 | 4.8E+01 | 7.1E+04 |4.5E+01
Old Cumberland Land Fill WMBG Background Soil 3.7E+03 2.1E+01 5.8E+00 | 1.6E+01 | 2.1E+04 |3.4E+01
Hoffman Land fill WMBG Background Soil 2.6E+03 1.2E+01 1.9E+01 | 2.9E+01 | 3.4E+04 |3.5E+01
Cabin Run Land Fill WMBG Background Soil 5.9E+02 1.0E+01 3.6E+00 | 2.0E+01 | 2.5E+04 |1.2E+01
Fort Ritchie WMBG BKSS07 5.7E+01 3.7E+00 1.1E+00 | 1.4E+00 | 5.1E+03 |3.7E+00
Fort Ritchie WMBG BKSS08 1.2E+02 4.2E+00 2.6E+00 | 1.6E+00 | 5.4E+03 |5.4E+00
Fort Ritchie WMBG BKSS09 2.1E+02 3.4E+00 2.3E+00 | 1.4E+00 | 4.8E+03 |7.6E+00
Fort Ritchie WMBG BKSS11 1.3E+02 3.7E+00 8.7E-01 | 2.6E+00 | 5.2E+03 |[1.4E+01
Fort Ritchie WMBG BKSS12 6.1E+01 5.2E+00 1.3E+00 | 1.3E+00 | 6.7E+03 |6.6E+00
Fort Ritchie WMBG BKSS13 9.5E+01 3.6E+00 8.0E-01 | 2.9E+00 | 4.5E+03 |[2.8E+01
Fort Ritchie WMBG BKSS14 1.0E+02 3.1E+00 3.8E-01 | 9.0E-02 | 5.6E+03 [3.0E+00
Fort Ritchie WMBG BKSS15 7.2E+01 1.7E+00 4.3E-01 4.4E-01 4.3E+03 |2.2E+01
Fort Ritchie WMBG BKSS16 1.4E+02 3.4E+00 2.0E+00 | 1.8E+00 | 4.8E+03 |1l.4E+01
Fort Ritchie WMBG BKSS17 1.3E+02 3.7E+00 2.3E+00 | 2.0E+00 | 4.8E+03 |[1.1E+01
Fort Ritchie WMBG BKSS18 3.9E+02 4.5E+00 5.8E+00 | 5.7E+00 | 6.9E+03 |2.0E+01
Fort Ritchie WMBG BKSS37 8.9E+02 7.8E+00 2.1E+00 | 3.8E+00 | 1.0E+04 |1.5E+01
Fort Ritchie WMBG BKSS38 7.2E+02 5.4E+00 1.0E+00 | 3.2E+00 | 7.1E+03 |1.8E+01
Fort Ritchie WMBG BKSS39 8.7E+01 1.9E+01 3.9E-01 | 1.1E+00 | 7.0E+03 [7.4E+00
Fort Ritchie WMBG BKSS40 9.9E+01 4.9E+00 3.8E-01 | 1.7E+00 | 6.8E+03 |8.9E+00
Fort Ritchie WMBG BKSS19 8.1E+02 5.1E+01 4.2E+01 | 3.8E+01 | 3.0E+04 |6.7E+00
Fort Ritchie WMBG BKSS20 8.3E+02 3.8E+01 3.3E+01 | 2.4E+01 | 2.9E+04 |1.4E+01
Fort Ritchie WMBG BKSS21 9.4E+02 5.1E+01 2.4E+01 | 1.4E+01 | 2.5E+04 |5.3E+00
Fort Ritchie WMBG BKSS22 6.1E+02 5.5E+01 4.8E+01 | 3.8E+01 | 3.2E+04 |5.0E+00
Fort Ritchie WMBG BKSS23 9.3E+02 5.1E+01 4.5E+01 | 1.7E+01 | 2.7E+04 |(2.1E+01
Fort Ritchie WMBG BKSS24 3.5E+03 3.8E+01 4.5E+01 | 2.4E+01 | 3.3E+04 |1.8E+01
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Fort Ritchie WMBG BKSS25 8.4E+02 3.8E+01 3.1E+01 | 3.3E+01 | 3.0E+04 [7.7E+00
Fort Ritchie WMBG BKSS26 7.6E+02 3.5E+01 3.8E+01 | 4.2E+01 | 3.4E+04 [1.1E+01
Fort Ritchie WMBG BKSS27 2.2E+03 3.0E+01 3.1E+01 | 4.3E+01 | 3.1E+04 |3.4E+01
Fort Ritchie WMBG BKSS28 2.3E+03 5.3E+01 45E+01 | 3.0E+01 | 3.4E+04 [1.9E+01
Fort Ritchie WMBG BKSS29 2.5E+03 7.4E+01 3.7E+01 | 3.2E+01 | 3.0E+04 |1.4E+01
Fort Ritchie WMBG BKSS30 1.7E+03 3.0E+01 3.0E+01 | 2.7E+01 | 3.5E+04 |2.2E+01
Fort Ritchie WMBG BKSS31 3.9E+02 1.7E+01 1.7E+01 | 1.4E+01 | 2.4E+04 |1.4E+01
Fort Ritchie WMBG BKSS32 4.4E+02 2.1E+01 2.2E+01 | 1.5E+01 | 2.3E+04 |1.1E+01
Fort Ritchie WMBG BKSS33 2.2E+03 4.0E+01 3.0E+01 | 6.1E+01 | 3.7E+04 |1.7E+02
Fort Ritchie WMBG BKSS34 3.5E+03 3.3E+01 3.1E+01 | 2.3E+01 | 3.0E+04 |2.3E+01
Fort Ritchie WMBG BKSS35 1.6E+03 5.0E+01 3.2E+01 | 3.9E+01 | 3.5E+04 |7.0E+00
Fort Ritchie WMBG BKSS36 1.7E+03 2.8E+01 3.3E+01 | 2.6E+01 | 3.2E+04 |1.7E+01

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All

values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA

= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.
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Site Name Province |Designation Magnesium Manganese Mercury Nickel Potassium Selenium
Ft. Detrick WMBG BORMWAL-A NA 1.0E+03 NA NA 4.3E+04 NA

Ft. Detrick WMBG BORMWAL-B NA 4.8E+02 NA NA 3.9E+04 NA

Ft. Detrick WMBG BORMWA2-B NA 2.7E+02 NA NA 2.7E+04 NA

Ft. Detrick WMBG BORMWAS3-A NA 1.0E+03 NA NA 1.8E+04 NA

Ft. Detrick WMBG BORMWAS3-B NA 3.1E+02 NA NA 2.1E+04 NA

Ft. Detrick WMBG BORMWO9D-A NA 1.5E+03 NA NA 2.0E+04 NA

Ft. Detrick WMBG BORMW9D-B NA 1.7E+03 NA NA 2.0E+04 NA

Ft. Detrick WMBG BMW36D-A 2.7E+03 4.3E+02 5.0E-02 1.6E+01 2.6E+03 5.0E+00
Ft. Detrick WMBG AMWAS3--0 2.6E+03 1.1E+03 5.0E-02 1.5E+01 2.5E+03 8.2E+00
Ft. Detrick WMBG AMWA1-0.5 6.2E+03 9.0E+02 5.0E-02 2.9E+01 4,4E+03 9.6E+00
Ft. Detrick WMBG AMWA2-0.5 4.1E+03 1.5E+03 5.0E-02 2.0E+01 3.6E+03 5.0E+00
Ft. Detrick WMBG BMW47D-0 2.5E+03 5.5E+02 5.0E-02 1.4E+01 1.7E+03 5.0E+00
Frederick Tool and Die WMBG Background Soil 2.2E+03 8.3E+02 6.0E-02 1.6E+01 1.6E+03 7.3E-01
Vale Summit WMBG Background Soil 1.4E+03 1.7E+03 4.0E-02 4. 7E+01 1.9E+03 8.6E-01
Old Cumberland Land Fill WMBG Background Soil 6.5E+02 1.1E+02 6.0E-02 8.8E+00 5.7E+02 1.2E+00
Hoffman Land fill WMBG Background Soil 1.0E+03 1.2E+03 1.0E-01 2.2E+01 1.2E+03 3.5E-01
Cabin Run Land Fill WMBG Background Soil 2.5E+02 4.1E+01 5.0E-02 1.8E+00 1.0E+03 NA

Fort Ritchie WMBG BKSS07 3.3E+02 5.7E+01 6.0E-02 1.9E+00 7.0E+02 9.0E-01
Fort Ritchie WMBG BKSS08 4.8E+02 1.8E+02 6.0E-02 4.0E+00 8.7E+02 4.1E-01
Fort Ritchie WMBG BKSS09 4.4E+02 4.5E+02 6.0E-02 3.0E+00 5.6E+02 1.0E+00
Fort Ritchie WMBG BKSS11 2.7E+02 1.7E+02 8.0E-02 2.1E+00 1.5E+02 7.0E-01
Fort Ritchie WMBG BKSS12 4.1E+02 1.7E+02 8.0E-02 2.6E+00 1.9E+02 7.1E-01
Fort Ritchie WMBG BKSS13 2.4E+02 9.9E+01 8.0E-02 2.0E+00 1.7E+02 9.6E-01
Fort Ritchie WMBG BKSS14 1.9E+02 4.4E+01 7.0E-02 1.4E+00 2.4E+02 5.9E-01
Fort Ritchie WMBG BKSS15 9.1E+01 1.5E+02 9.0E-02 7.5E-01 6.2E+02 9.0E-01
Fort Ritchie WMBG BKSS16 2.9E+02 1.9E+02 8.0E-02 2.4E+00 5.3E+02 6.7E-01
Fort Ritchie WMBG BKSS17 4.2E+02 1.6E+02 8.0E-02 4.0E+00 5.7E+02 9.9E-01
Fort Ritchie WMBG BKSS18 5.8E+02 2.4E+03 1.2E-01 1.3E+01 6.1E+02 1.8E+00
Fort Ritchie WMBG BKSS37 6.6E+02 1.1E+02 7.0E-02 4.7E+00 5.7E+02 3.6E-01
Fort Ritchie WMBG BKSS38 3.7E+02 5.9E+01 8.0E-02 2.9E+00 5.2E+02 6.4E-01
Fort Ritchie WMBG BKSS39 2.4E+02 4.0E+01 7.0E-02 8.4E+00 3.7E+02 5.3E-01
Fort Ritchie WMBG BKSS40 2.5E+02 2.3E+01 6.0E-02 2.1E+00 3.9E+02 4.0E-01
Fort Ritchie WMBG BKSS19 1.3E+04 9.5E+02 7.0E-02 5.3E+01 1.1E+02 1.7E+00
Fort Ritchie WMBG BKSS20 8.9E+03 1.1E+03 1.3E-01 4.4E+01 1.4E+02 1.8E+00
Fort Ritchie WMBG BKSS21 1.2E+04 3.3E+02 3.5E-02 5.2E+01 1.1E+02 1.5E+00
Fort Ritchie WMBG BKSS22 8.3E+03 9.1E+02 6.0E-02 4,9E+01 1.3E+02 1.6E+00
Fort Ritchie WMBG BKSS23 4.4E+03 1.9E+03 9.0E-02 3.4E+01 1.8E+02 1.9E+00
Fort Ritchie WMBG BKSS24 8.6E+03 1.4E+03 1.0E-01 3.8E+01 2.2E+02 2.4E+00

59




WESTERN

Fort Ritchie WMBG BKSS25 1.3E+04 8.0E+02 7.0E-02 4.8E+01 1.5E+02 1.7E+00
Fort Ritchie WMBG BKSS26 1.4E+04 1.1E+03 8.0E-02 5.3E+01 1.5E+02 1.6E+00
Fort Ritchie WMBG BKSS27 1.2E+04 1.8E+03 1.3E-01 4.2E+01 4.3E+02 2.2E+00
Fort Ritchie WMBG BKSS28 6.9E+03 2.1E+03 1.1E-01 3.8E+01 1.5E+02 2.2E+00
Fort Ritchie WMBG BKSS29 1.1E+04 1.9E+03 9.0E-02 5.2E+01 1.3E+02 2.2E+00
Fort Ritchie WMBG BKSS30 9.8E+03 8.6E+02 9.0E-02 3.8E+01 1.8E+02 2.1E+00
Fort Ritchie WMBG BKSS31 4.1E+03 1.4E+03 8.0E-02 1.9E+01 1.9E+02 1.0E+00
Fort Ritchie WMBG BKSS32 1.3E+04 4.4E+02 1.2E-01 3.0E+01 1.6E+02 1.5E+00
Fort Ritchie WMBG BKSS33 1.3E+04 2.0E+03 1.7E-01 4.6E+01 2.1E+02 2.4E+00
Fort Ritchie WMBG BKSS34 1.4E+04 1.3E+03 1.8E-01 4.3E+01 2.0E+02 2.1E+00
Fort Ritchie WMBG BKSS35 1.3E+04 6.3E+02 8.0E-02 5.8E+01 1.3E+02 2.4E+00
Fort Ritchie WMBG BKSS36 1.1E+04 1.9E+03 1.5E-01 3.7E+01 1.2E+02 2.1E+00

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All
values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA

= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.
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Site Name Province |Designation Silver Sodium Thallium Vanadium Zinc

Ft. Detrick WMBG BORMWAL-A NA NA NA 1.9E+02 7.9E+01
Ft. Detrick WMBG BORMWA1-B NA NA NA 1.5E+02 6.3E+01
Ft. Detrick WMBG BORMWA2-B NA NA NA 1.7E+02 6.1E+01
Ft. Detrick WMBG BORMWAS-A NA NA NA 1.7E+02 6.2E+01
Ft. Detrick WMBG BORMWA3-B NA NA NA 1.6E+02 6.6E+01
Ft. Detrick WMBG BORMW9D-A NA NA NA 1.9E+02 9.0E+01
Ft. Detrick WMBG BORMW9D-B NA NA NA 2.4E+02 7.5E+01
Ft. Detrick WMBG BMW36D-A 1.0E+00 9.6E+01 1.0E+01 5.4E+01 6.2E+01
Ft. Detrick WMBG AMWAS3--0 1.0E+00 | 1.0E+02 1.0E+01 4.7E+01 5.4E+01
Ft. Detrick WMBG AMWA1-0.5 1.0E+00 9.3E+01 1.0E+01 6.1E+01 6.1E+01
Ft. Detrick WMBG AMWA2-0.5 1.0E+00 | 7.2E+01 1.0E+01 5.3E+01 5.9E+01
Ft. Detrick WMBG BMW47D-0 1.0E+00 7.4E+01 1.0E+01 5.2E+01 6.3E+01
Frederick Tool and Die WMBG Background Soil 1.7E+00 | 5.3E+01 4.8E-01 3.5E+01 1.1E+02
Vale Summit WMBG Background Soil NA NA NA 3.4E+01 1.6E+02
Old Cumberland Land Fill WMBG Background Soil 2.2E-01 8.9E+01 4.3E-01 1.9E+01 1.3E+02
Hoffman Land fill WMBG Background Soil 1.0E+00 | 1.2E+02 1.0E+00 1.8E+01 7.8E+01
Cabin Run Land Fill WMBG Background Soil 1.0E+00 | 3.8E+01 1.0E+00 2.3E+01 2.5E+01
Fort Ritchie WMBG BKSSO07 1.7E+00 | 7.2E+01 6.0E-02 7.8E+00 1.0E+01
Fort Ritchie WMBG BKSS08 1.7E+00 7.7E+01 1.2E-01 8.4E+00 1.8E+01
Fort Ritchie WMBG BKSS09 3.5E+00 | 7.4E+01 1.2E-01 7.2E+00 1.6E+01
Fort Ritchie WMBG BKSS11 1.8E+00 7.6E+01 1.2E-01 8.9E+00 1.0E+01
Fort Ritchie WMBG BKSS12 1.7E+00 | 7.0E+01 1.2E-01 1.1E+01 1.1E+01
Fort Ritchie WMBG BKSS13 1.7E+00 7.2E+01 1.2E-01 8.0E+00 1.0E+01
Fort Ritchie WMBG BKSS14 9.5E-02 8.4E+01 6.0E-02 7.5E+00 8.4E+00
Fort Ritchie WMBG BKSS15 2.1E-01 9.7E+01 6.5E-02 4.1E+00 5.5E+00
Fort Ritchie WMBG BKSS16 1.9E+00 | 7.5E+01 1.3E-01 7.5E+00 1.4E+01
Fort Ritchie WMBG BKSS17 1.7E+00 7.3E+01 1.2E-01 7.8E+00 2.0E+01
Fort Ritchie WMBG BKSS18 1.9E+00 8.0E+01 6.5E-02 7.4E+00 6.4E+01
Fort Ritchie WMBG BKSS37 9.5E-02 9.5E+01 6.0E-02 1.4E+01 2.5E+01
Fort Ritchie WMBG BKSS38 1.0E-01 1.1E+02 1.9E-01 9.7E+00 2.2E+01
Fort Ritchie WMBG BKSS39 9.5E-02 9.3E+01 6.0E-02 8.2E+00 1.0E+01
Fort Ritchie WMBG BKSS40 9.5E-02 9.4E+01 2.5E-01 8.6E+00 9.7E+00
Fort Ritchie WMBG BKSS19 1.7E+01 | 9.2E+01 6.0E-02 9.3E+01 6.3E+01
Fort Ritchie WMBG BKSS20 2.1E-01 1.0E+02 6.5E-02 7.3E+01 5.7E+01
Fort Ritchie WMBG BKSS21 1.9E+01 | 8.8E+01 6.5E-02 8.2E+01 5.3E+01
Fort Ritchie WMBG BKSS22 1.8E+01 7.7E+01 1.6E-01 1.1E+02 5.6E+01
Fort Ritchie WMBG BKSS23 1.9E+01 | 8.2E+01 1.5E-01 9.2E+01 4.7E+01
Fort Ritchie WMBG BKSS24 2.1E-01 1.2E+02 6.5E-02 7.8E+01 6.2E+01
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Fort Ritchie WMBG BKSS25 1.8E+01 [ 8.1E+01 1.5E-01 8.5E+01 8.7E+01
Fort Ritchie WMBG BKSS26 1.8E+01 | 8.0E+01 1.3E-01 1.1E+02 9.9E+01
Fort Ritchie WMBG BKSS27 2.1E+01 | 9.5E+01 7.5E-02 9.7E+01 1.0E+02
Fort Ritchie WMBG BKSS28 1.9E+01 1.0E+02 1.4E-01 1.1E+02 7.2E+01
Fort Ritchie WMBG BKSS29 1.9E+01 1.2E+02 1.4E-01 9.6E+01 7.2E+01
Fort Ritchie WMBG BKSS30 2.1E-01 1.3E+02 6.5E-02 8.7E+01 6.6E+01
Fort Ritchie WMBG BKSS31 1.0E-01 9.2E+01 6.5E-02 4.0E+01 3.2E+01
Fort Ritchie WMBG BKSS32 1.1E-01 1.2E+02 1.3E-01 3.7E+01 6.5E+01
Fort Ritchie WMBG BKSS33 1.1E-01 1.4E+02 1.3E-01 7.1E+01 2.8E+02
Fort Ritchie WMBG BKSS34 1.1E-01 1.8E+02 1.4E-01 6.0E+01 8.6E+01
Fort Ritchie WMBG BKSS35 5.0E-01 1.2E+02 1.5E-01 9.0E+01 6.0E+01
Fort Ritchie WMBG BKSS36 1.1E-01 1.2E+02 1.3E-01 6.0E+01 9.1E+01

EMBG = Eastern Maryland Background, CMBG = Central Maryland Background, WMBG = Western Maryland Background. All
values reported in parts per million. Not detected analytes reported at one half the detection limit. Not detected analytesitalicized. NA
= not applicable. Not detected XRF data excluded from analysis due to elevated detection limits.
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APPENDIX 2- ATTACHMENT 2

ANTICIPATED TYPICAL CONCENTRATIONS (ATC)/REFERENCE
LEVELSOF METALSIN THE STATE OF MARYLAND
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Region Aluminum Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Iron Lead
(Total)
CMBG  Number Samples 28 22 28 28 27 28 28 28 27 28 28 28
CMBG Mean 1.2E+04  3.4E+00 3.3E+00 6.5E+01 6.4E-01 5.9E-01 3.3E+03 2.0E+01 1.5E+01 2.1E+01 1.8E+04 2.9E+01
CMBG Std(n-1) 6.6E+03 3.5E+00 1.6E+00 3.4E+01 9.8E-01 5.0E-01 8.6E+03 1.0E+01 1.9E+01 2.2E+01 8.2E+03 3.1E+01
CMBG Min 1.2E+03 5.0E-01 7.5E-01 2.0E+01 1.0E-02 3.0E-02 8.3E+01 6.0E+00 7.9E-01 3.4E+00 2.6E+03 3.4E+00
CMBG Max 3.7E+04 1.1E+01 6.7E+00 2.0E+02 5.1E+00 1.8E+00 3.7E+04 5.6E+01 7.7E+01 1.2E+02 3.7E+04 1.8E+02
CMBG ATC(n-1) 1.9E+04 6.8E+00 4.9E+00 9.9E+01 1.6E+00 1.1E+00 1.2E+04 3.0E+01 3.3E+01 4.2E+01 2.6E+04 6.1E+01
USGS Concentrations (average) 7.2E+04 6.6E-01 7.2E+00 5.8E+02 9.2E-01 NA 2.4E+04 5.4E+01 9.1E+00 2.5E+01 2.6E+04 1.9E+01
Proposed Maryland Cleanup 7.8E+03  3.1E+00 4.3E-01 1.6E+03 1.6E+01 3.9E+00 NA 2.3E+01 NA 3.1E+02 5.5E+03 4.0E+02
Standards Residential
Region Aluminum Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Iron Lead
(Total)
EMBG  Number Samples 76 74 76 76 75 75 76 76 76 76 76 76
EMBG Mean 7.1E+03 3.6E+00 2.3E+00 4.3E+01 4.3E-01 4.2E-01 5.9E+02 1.5E+01 5.9E+00 7.4E+00 1.0E+04 2.2E+01
EMBG  Std(n-1) 3.9E+03 2.4E+00 1.2E+00 3.1E+01 2.3E-01 3.1E-01 6.6E+02 1.3E+01 49E+00 5.0E+00 5.2E+03 2.3E+01
EMBG  Min 1.4E+03 1.8E-01 1.2E-01 9.8E+00 5.0E-02 5.5E-02 5.0E+01 2.0E+00 5.8E-01 1.8E+00 1.0E+03 3.8E+00
EMBG Max 1.8E+04 1.6e+01 6.9E+00 1.7E+02 1.4E+00 1.9E+00 4.3E+03 7.1E+01 2.6E+01 2.8E+01 2.5E+04 1.5E+02
EMBG ATC(n-1) 1.1E+04 6.0E+00 3.6E+00 7.3E+01 6.6E-01 7.3E-01 1.3E+03 2.8E+01 1.1E+01 1.2E+01 1.5E+04 4.5E+01
USGS Concentrations (average) 7.2E+04 6.6E-01 7.2E+00 5.8E+02 9.2E-01 NA 2.4E+04 5.4E+01 9.1E+00 2.5E+01 2.6E+04 1.9E+01
Proposed Maryland Cleanup 7.8E+03  3.1E+00 4.3E-01 1.6E+03 1.6E+01 3.9E+00 NA 2.3E+01 NA 3.1E+02 5.5E+03 4.0E+02
Standards Residential
Region Aluminum Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Iron Lead
(Total)
WMBG Number Samples 43 40 46 50 43 43 50 43 44 46 50 50
WMBG  Mean 1.4E+04 1.3E+00 4.2E+00 1.6E+02 5.5E-01 1.2E+00 1.8E+03 2.4E+01 1.8E+01 1.9E+01 2.4E+04 2.3E+01
WMBG  Std(n-1) 6.2E+03 1.8E+00 6.9E+00 1.7E+02 5.5E-01 2.1E+00 2.8E+03 1.9E+01 1.6E+01 1.5E+01 1.5E+04 3.0E+01
WMBG Min 4.9E+03 2.5E-01 5.5E-02 23E+01 4.0E-02 1.2E-01 5.7E+01 1.7E+00 3.8E-01 9.0E-02 4.3E+03 3.0E+00
WMBG  Max 2.5E+04 6.0E+00 2.7E+01 6.4E+02 2.7E+00 1.2E+01 1.9E+04 7.4E+01 4.8E+01 6.1E+01 7.1E+04 1.7E+02
WMBG ATC(n-1) 2.0E+04 3.2E+00 1.1E+01 3.3E+02 1.1E+00 3.3E+00 4.6E+03 4.2E+01 3.4E+01 3.4E+01 3.9E+04 5.2E+01
USGS Concentrations (average) 7.2E+04 6.6E-01 7.2E+00 5.8E+02 9.2E-01 NA 2.4E+04 5.4E+01 9.1E+00 2.5E+01 2.6E+04 1.9E+01
Proposed Maryland Cleanup 7.8E+03  3.1E+00 4.3E-01 1.6E+03 1.6E+01 3.9E+00 NA 2.3E+01 NA 3.1E+02 5.5E+03 4.0E+02

Standards Residential

USGS Concentrations as reported by Shacklette, H.T. and Boerngenm, J.G., 1984: Element Concentrationsin Soils and Other Surficial Materials of the
Conterminous United States; USGS Professional Paper 1270.

Concentrations in Parts Per Million (PPM).
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Region Magnesium Manganese Mercury Nickel Potassium Selenium Silver Sodium Thallium Vanadium Zinc

CMBG  Number Samples 28 27 26 28 28 26 27 28 25 28 28
CMBG Mean 1.8E+03 6.0E+02 8.6E-02 1.2E+01 1.1E+03 7.0E-01 6.2E-01 1.2E+02 7.3E-01 2.6E+01 4.4E+01
CMBG  Std(n-1) 1.8E+03 7.8E+02 5.4E-02 9.7E+00 1.5E+03 3.5E-01 4.2E-01 1.1E+02 7.9E-01 9.1E+00 2.9E+01
CMBG  Min 3.1E+02 2.0E+01 2.0E-02 2.8E+00 1.5E+02 2.5E-01 8.5E-02 1.5E+01 2.4E-01 5.6E+00 7.8E+00
CMBG Max 8.3E+03 3.4E+03 2.1E-01 4.1E+01 6.9E+03 1.8E+00 1.5E+00 5.0E+02 3.1E+00 4.3E+01 1.1E+02
CMBG ATC(n-1) 3.7E+03 1.4E+03 1.4E-01 2.2E+01 2.6E+03 1.0E+00 1.0E+00 2.3E+02 1.5E+00 3.5E+01  7.3E+01
USGS Concentrations (average) 9.0E+03 5.5E+02 9.0E-02 1.9E+01 1.5E+04 3.9E-01 NA 1.2E+04 9.4E+00 8.0E+01 6.0E+01
Proposed Maryland Cleanup NA 1.6E+02 1.6E+02 NA 3.9E+01 3.9E+01 NA 5.5E-01 7.8E+00 2.3E+03

Standards Residential

Region Magnesium Manganese Mercury Nickel Potassium Selenium Silver Sodium Thallium Vanadium Zinc

EMBG  Number Samples 76 76 73 76 76 66 75 76 74 76 75
EMBG Mean 7.9E+02 2.2E+02 1.0E-01 7.2E+00 4.1E+02 8.5E-01 5.0E-01 3.1E+02 1.2E+00 2.1E+01  3.2E+01
EMBG Std(n-1) 6.8E+02 2.6E+02 4.0E-01 5.5E+00 3.1E+02 1.4E+00 4.5E-01 2.1E+02 2.7E+00 9.9E+00 3.1E+01
EMBG Min 6.3E+01 5.0E+00 2.0E-02 8.6E-01 3.6E+01 8.5E-02 3.0E-02 9.6E+00 1.1E-01 2.5E+00 4.9E+00
EMBG Max 3.9E+03 1.1E+03 3.5E+00 2.8E+01 1.7E+03 5.0E+00 2.7E+00 9.4E+02 1.0E+01 5.9E+01 2.4E+02
EMBG  ATC(n-1) 1.5E+03 4.8E+02 5.1E-01 1.3E+01 7.2E+02 2.2E+00 9.4E-01 5.2E+02 3.9E+00 3.0E+01  6.3E+01
USGS Concentrations (average) 9.0E+03 5.5E+02 9.0E-02 1.9E+01 1.5E+04 3.9E-01 NA 1.2E+04 9.4E+00 8.0E+01  6.0E+01
Proposed Maryland Cleanup NA 1.6E+02 1.6E+02 NA 3.9E+01 3.9E+01 NA 5.5E-01 7.8E+00  2.3E+03

Standards Residential

Region Magnesium Manganese Mercury Nickel Potassium Selenium Silver Sodium Thallium Vanadium Zinc

WMBG Number Samples 43 50 43 43 50 42 42 42 42 50 50
WMBG Mean 5.1E+03 8.3E+02 8.2E-02 2.4E+01 4.4E+03 1.9E+00 4.7E+00 9.3E+01 1.3E+00 6.5E+01 6.0E+01
WMBG  Std(n-1) 5.2E+03 6.8E+02 3.3E-02 2.0E+01 9.9E+03 1.9E+00 7.5E+00 2.5E+01 3.2E+00 5.9E+01  4.6E+01
WMBG Min 9.1E+01 2.3E+01 3.5E-02 7.5E-01 1.1E+02 3.5E-01 9.5E-02 3.8E+01 6.0E-02 4.1E+00 5.5E+00
WMBG Max 1.4E+04 2.4E+03 1.86-01 5.8E+01 4.3E+04 9.6E+00 2.1E+01 1.8E+02 1.0E+01 2.4E+02 2.8E+02
WMBG ATC(n-1) 1.0E+04 1.5E+03 1.2E-01 4.3E+01 1.4E+04 3.9E+00 1.2E+01 1.2E+02 4.6E+00 1.2E+02 1.1E+02
USGS Concentrations (average) 9.0E+03 5.5E+02 9.0E-02 1.9E+01 1.5E+04 3.9E-01 NA 1.2E+04 9.4E+00 8.0E+01 6.0E+01
Proposed Maryland Cleanup NA 1.6E+02 1.6E+02 NA 3.9E+01 3.9E+01 NA 5.5E-01 7.8E+00 2.3E+03

Standards Residential

USGS Concentrations as reported by Shacklette, H.T. and Boerngenm, J.G., 1984: Element Concentrationsin Soils and Other Surficial Materials of the
Conterminous United States; USGS Professional Paper 1270.

Concentrations in Parts Per Million (PPM).
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APPENDI X 3
GUIDANCE ON THE CONTENT OF ENVIRONMENTAL INVESTIGATION WORK PLANSAND

QUALITY ASSURANCE PROJECT PLANSINCLUDING DATA VERIFICATION AND
VALIDATION
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Guidance Document on the Content of Environmental I nvestigation
Work Plans and Quality Assurance Project Plans

1.0 APPLICABILITY AND SCOPE

This document serves as guidance for environmental investigation work plans submitted to the Land and
Materials Management Administration (LMA) of the Maryland Department of the Environment. This
guidance isintended to apply to investigations conducted for the Voluntary Cleanup Program, the
Brownfields and Site Assessment Program, and the State Superfund Program, and may also serve asa
technical supplement for the Solid Waste Program, Hazardous Waste Program and the QOil Control
Program.

2.0 WORK PLAN REQUIREMENTS

The final work plan documents should explicitly describe the objectives of the work to be completed
(Data Quality Objectives Process for Superfund, EPA 540-R-93-071, 1993), the mediato be sampled, the
methodology to be used for sample collection, the number and type of samples to be collected, record-
keeping for field activities, and plans for the management of investigation derived media and wastes.

The work plan document must include the following:
(A) A siteconceptual model which shall include:

Q) the background and purpose for the work to be performed,

2 adite history including types of hazardous materials used at the site and known
releases or disposal,

©)] description of previous site characterization,

4 description of potential contaminant migration pathways,

(5) previous remedial actions.

(B) A statement of the project/sampling objectives including, requirements on the quality of
datato be collected, and background information to provide a historical and scientific
perspective for the work to be compl eted.

(C) A description of the work to be performed and the schedule for implementation that
describes in genera terms the following, as needed:

(1) media or other materials to be sampled,

(2) sampletypes and purpose of the sample (e.g., surface soil for metals),

(3) methodology by which samples will be collected (e.g., hand auger, split spoon), which
may reference Standard Operating Procedures (SOPs),

(4) number and type of samplesto be collected including quality control samples as
specified in the QAPP,

(5) sample preservation and packaging,

(6) sample designations and chain of custody requirements,

(7) sample handling and analysis requirements,

(8) siterestoration activities (e.g., boreholefilling).
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(D)

(E)

Requirements for fieldwork record keeping should include a specific description of the
content and style of geologic logs of all borings and well constructions, well construction
diagrams, and sampl e data sheets. (See Attachment A for examples.)

A statement that describes the methods for handling investigation derived media (IDM)
that conforms to the Land and Materials Administration (WAS) policy on IDM
(Attachment B). IDM are naturally occurring liquids, rocks, and soils that are generated by
the activities associated with the described work and should be managed in accordance
with WAS policy.

3.0 QUALITY ASSURANCE PROJECT PLAN REQUIREMENTS

The Quality Assurance Project Plan (QAPP) should detail the quality checks and requirements on the
collection of al datafor the given project. At aminimum, it must include a detailed description of the
measurement/data acquisition, assessment/oversight, and data validation and usability processes.

(A)

M easurement/Data Acquisition

This part of the QAPP should cover explicitly all aspects of measurement systems design and
implementation including, sampling methods, analysis, data handling, and QC measures
employed. All of these elements may be included in the QAPP as part of the laboratory methods
and/or SOPs. If these requirements are addressed in the laboratory’ s documentation and
credentials it must be cited in this section of the QAPP and provided as an appendix.

Thefollowing isalist of measurement/data acquisition elements that must be addressed in the

QAPP:

D

Sampling process design (Experimental Design) describing the type of quality control
samples to be taken and protocols to be followed, including:

@ Field duplicates (not included specifically as laboratory QC samples) should
represent 10% of the total number of samples collected

(b) Trip blanks, which are samples of alaboratory reagent water which is placed in the
appropriate bottle and accompanies the sample container (cooler) from thetimeitis
shipped to the field to the time it is returned with samples from analysis to monitor
contamination, should be no less than 1 per shipping episode.

(© Rinsate blanks, which are samples of laboratory reagent water poured into the
requisite sample container that are treated in the same manner as afield sample (i.e.
poured over the sampling equipment after decontamination and collected), should
represent no less than 1 sample per sampling episode.

(d) Field split samples, which are aliquots of field samples that the state will use for

independent verification of laboratory results, will be at the discretion of the state
project manager.
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3

(4)

Sampling method requirements describing the equipment and procedures for collection,
identification, and preservation of samples (see Attachment C for examples). Methods
including QC protocols should be identified by the appropriate regulatory citation and the
specific performance requirements should be described).

With respect to laboratory QC samples, the following general protocols shall be required
unless it can be demonstrated on a site-specific basis that one or more protocols are not
necessary. Such a modification must be approved by MDE prior to initiation of the work.

@ Method reagent blanks, which are samples of |aboratory reagent water processed
through the same analytical procedure as the sample, must be prepared and
analyzed for each individual procedure every day that asampleis prepared. The
method blank must contain less than or equal to three times the method detection
l[imit (MDL) for compounds of interest. If this criterion is not met, then sample
processing should be halted and corrective actions taken. All data collected during
the out of control period will be reprocessed and reanal yzed.

(b) Fortified method blank spikes, consist of a standard solid matrix fortified with the
analytes of interest and used to monitor analyte recovery, should be analyzed with
every batch of 20 or fewer samples or as described in the accepted EPA method.
Appropriate response actions to various blank levels are described in USEPA
Contract Laboratory Program National Functional Guidelines for
Organic/Inorganic Data Review (EPA 540-R-07-003, 2007/EPA 540/R-04-004,
2004).

(© Matrix spike samples, which consist of afield sample spiked with the analytes of
interest to monitor matrix effects, should be chosen at random and be performed
with every batch of 20 or fewer samples for organic analyses or as described in the
accepted EPA method. Thefinal spiked concentration of each analyte in the
sample should be at least ten timesthe MDL, or as appropriate. Appropriate
response actions are described in USEPA Contract Laboratory Program National
Functional Guidelines for Organic/Inorganic Data Review (EPA 540-R-07-003,
2007/EPA 540/R-04-004, 2004).

(d) Surrogates are organic compounds that are similar to analytes of interest in
chemical composition, but not normally found in environmental samples. These
compounds are spiked into all blank, standards, samples, and spiked samples prior
to analysis for organic parameters or as described in the accepted EPA method.
Surrogate spike recoveries shal fall within the control limits set in accordance with
procedures specified in the EPA method.

Sample handling and custody requirements for al samplesin thefield, laboratory, and
during transport. Thisisto include provisions for preservation, packing, shipment, and
storage. Examples of appropriate sample labels, custody forms, and custody logs should be
included (Attachment D).

Analytical method requirements should identify the analytical methods, equipment,
laboratory duplicates, and extraction procedures. These requirements shall include any
specific performance requirements and turnaround needed.
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©)

(6)

(")

(8)

(9)

(10)

Analytical methods should be identified by number, date, and regulatory citation. Any
non-standard methods should comply with the USEPA’ s “ Guidelines to Establish Modified
Analytical Requirements within the Contract Laboratory Program Statements of Work.”

A description or reference for the procedures and formulas to be used to calculate QC
statistics, as well as precision and bias should be included. (See USEPA Contract
Laboratory Program National Functional Guidelines for Organic/Inorganic Data Review
[EPA 540-R-07-003, 2007/EPA 540/R-04-004, 2004])

I nstrument/Equi pment testing, inspection, and maintenance requirements should describe
how inspections and acceptance testing of environmental sampling and measurement
systems and their components would be performed and documented and describe how
deficiencies will resolved. This section should also address how and when periodic
preventative maintenance will occur.

Instrument calibration frequency requirements should identify all tools, gauges,
instruments, and other sampling, measuring, and test equipment used for data collection to
calibrate. This section should also describe or reference the methodology for calibration
checks, including the use of continuing calibration blanks, and describe the maintenance of
such calibration records.

| nspection/acceptance requirements for supplies and consumables should clearly state
acceptance criteria for things such as sample bottles, calibration gases, reagents, hoses, de-
ionized water, and potable water.

Data acquisition requirements for non-direct measurements such as computer databases,
programs, literature files and historical databases should be specified. Thiswill include
acceptance criteriafor the use of this datain the project and discuss any limitations on the
use due to uncertainty in its quality.

Data management requirements should describe the project data management scheme,
tracing the path of the data from their generation in the laboratory to their formal storage.
This section should include a description of the standard record keeping procedures for all
data including the mechanism for preventing the loss of data. The laboratory or the PRP
may be designated as the ultimate repository for all project related data.

A summary of the record keeping procedures for the field and laboratory work related to
the project should be provided. If thereis no existing provision for laboratory record
keeping the laboratory should conform to the following or submit to MDE an equivalent
plan for approval:

@ Manual records will be maintained, for aperiod no less than five years (preferably
aperiod lasting the life of the project), in bound laboratory notebooks. Each page
of the notebook must be dated, numbered, and signed by the person performing the
indicated activities and reviewed, dated, and signed by another staff member (i.e.
immediate supervisor). A single diagonal line prior to dating and signing the page
will mark incomplete pages. Errorswill be corrected by drawing asingle line
through the incorrect entry, dating and initialing the change.
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(b)

(©

(d)

Electronic datafiles should be maintained for all current and past activities related
to the project on adiskette. All files should be organized within directories and
sub-directories that consist of a combination of appropriate project and/or client
names.

Project fileswill be established and maintained by the laboratory project manager
(or the PRP) for each project. The project filewill contain all correspondence
associated with the project. All materials must be dated. Project files should
include references to the location of raw analytical datafor easy retrieval if
necessary.

Notebooks to be maintained include standards preparation log, instrument
calibration log, instrument run log, sample preparation log, weighing log, and
instrument maintenance log. Copies of all or some of these are to be included in
the final data package.

i) Standards Preparation Log shall be maintained and include the following
information, as a minimum, for each sample prepared:

Unique sample ID #

Sample description

ID # of source or starting material
Weight/V olume of starting material
Volume and ID # of dilution solvent used
Final concentration

Date of preparation

Expiration date

Storage conditions and location
Signature of analyst preparing the solution
Initials and date of second level reviewer

(i) Instrument Calibration Log shall be maintained for each instrument and
should include the date, time, and results of each calibration and should be
cross referenced with the standards preparation log, which documents the
date and batch number (unique sample identification) of standard
preparation for the standards used for each calibration. This can be
incorporated into the instrument run log where appropriate.

(@iii)  Instrument Run Log must be maintained for each instrument used to
analyze samples for any parameter. The analyst performing the task must
complete the run log concurrently with the specific analysis. Ata
minimum, the following information must be contained in the instrument
run log:

Sample number/ID
Preparation date (cross reference with sample preparation |og)
Analysis date
Injected volume of analyte (ul or ml)
Total run time
File name
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Analyst initials
Comments (i.e., signal intensity, baseline, re-run)
Calibration applied (cross-reference with instrument calibration log)

(iv)  Sample Preparation Log (digestion/extraction) will be maintained to record
the processing of samples prior to instrumental analyses. The log will
include:

Date of processing

Samples processed

QC samplesincluded in the analytical batch
Weights/volumes of sample aliquots

Final volume of extract/digestate

Standards used for spiking

*Note and document any deviations from SOPs

(v) Weighing Log will record the external calibrations of the balance aswell as
the daily calibrations. The ID for the specific set of weights used for
calibration should be included as well asthe |ast calibration date/certificate
of theweight set. All sample, spike and other relevant wei ghts should be
recorded including ID #, date, and related project/client.

(vi)  Instrument Maintenance Log will be required to record maintenance of any
kind performed on laboratory instruments. Depending on the number of
instrumentsin the lab, a separate log for each instrument is preferable.

(B)  Assessment and Oversight

Assessment and corrective response actions should list and describe the type and frequency of
field and laboratory/data assessments to be used in the project, as well as the distribution and
context of project status reports. There should also be a description of the corrective response
actions for deficiencies and how they are documented. The objectives of corrective action
procedures are to ensure that recognized errors in performance of sample and data acquisition
leads to effective remedial measures. The actions required to correct an existing condition are to
be documented to provide assurance that any data quality deficiencies are recognized in later
interpretation and are not recurrent in the course of the project.

The type and frequency of assessments and who will carry them out can be appropriately modified
for each project but should include a Management Systems Review (MSR) and a Data Quality
Assessment (DQA).

Q) The MSR is used to ensure that sufficient management controls are in place and
carried out by the organization to adequately plan, implement, and assess the
results of the project. See the Guidance for the Management Systems Review
Process (EPA QA/G-3).

2 The DQA involvesthe application of statistical tools to determine whether the data
meet the assumptions that the DQOs and data collection design were devel oped
under and whether the total error in the dataistolerable. See Guidance for the
Data Quality Assessment Process (EPA QA/G-9).
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(C) DataVaidation and Usability

The criteria used to review and validate data should be provided. These criteriawill be submitted
to MDE for review and shall address the following topics:

1)

2)

Datareview, validation, and verification requirements that clearly state the criteria
used to review and validate (i.e. accept, reject, or quantify) data (see USEPA
Contract Laboratory Program National Functional Guidelines for
Organic/Inorganic Data Review [EPA 540-R-07-003, 2007/EPA 540/R-04-004,
2004]). Any formsor checklists required and any project specific calculations
should be included in the QAPP.

Validation and verification methods must be described and precisely define the
difference between verification and validation issues and the process to be used for
each. This element should also describe who is responsible for data validation,
how and by whom any issues will be resolved and how results are conveyed to the
data users.

(a) Data Verification must include the following steps (see Guidance on
Environmental Data Verification and Validation [EPA QA/G-8]):

(1) Compliance: This check ensures that data pass numerical quality control
tests, including criteria on precision and accuracy as specified in SOPs
and/or the QAPP (i.e., detection limits, bias, precision,
representativeness of samples, comparability, compl eteness).

(i) Correctness: This check ensures through a mechanical objective check
that data collection plans and protocols have been followed and that
basic operations and cal culations were performed and documented

properly.

(i)  Consistency (Comparability): This check ensures that data collection
procedures were done in asimilar manner for all sites and locations.

(iv)  Completeness. This check ensures that a sufficient amount of data and
information are present to perform avalidation anaysis.

(b) DataValidation process (see Guidance on Environmental Data Verification and
Validation [EPA QA/G-8)):

() ensures that the measurement system (field and laboratory) meets the
users needs;

(i)  assignsquaifiersto individua data values based on whether the ana yte
in question is detected and the associated degree of variability, with
consideration given to the level of deviation from performance
standards;

74



3

(4)

()

(6)

(ili)  assesstherelevancy of certain performance criteria used to make
decisions on the observed data, given information obtained during the
course of the project;

(iv)  determine whether the data can proceed to Data Quality Assessment
(DQA) and whether the DQOs were generally satisfied.

Data Qualification

All individual analyses must be qualified so that the qualification indicates the
degree to which a given value deviated from performance criteria. The preferred
data qualifying codes are provided in Attachment E. The use of alternative
qualifying codes should be approved by MDE prior to initiation of work.

Examples of data qualifications include:

analyte not detected above method detection limit,

quantity of analyte is approximate due to analysis limitations,
identification of the anayteis tentative,

identification of the analyte is uncertain (with areason given, such as,
interference) and,

quantity of analyte confirmed

Data may also be qualified based on the potential effect of several factorsincluding
holding times, sample condition, and QA and QC analysis results.

Review of Performance Criteria

A review of the performance criteriais required to evaluate if they were specified
adequately and appropriately with in the QAPP. Thisreview should utilize
information not available at the time the performance criteria were established (e.g.,
analytical errors) and should be performed by a qualified third party.

Qualified Review

A determination by a qualified outside reviewer, unless otherwise specified in the
QAPP, should be made as to whether the data are adequate to proceed to DQA.

Reporting the Results of Data Validation

The report of the results of the data validation process should include an assessment
of the usability of the test results. The type of assessment, who is responsible for
performing the assessment, and how the results will be reported should be
identified in the QAPP. Information in the data validation report should be
provided in the form of tables or spreadsheets and should include a summary of
environmental sample results, a summary of QA and QC results, and a full-verified
copy of the raw data.
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(b)

Items to be included in the summary of environmental sample results
include:

client and laboratory identification numbers,

sample matrix,

sampl e collection date,

sample extraction date,

sample extraction and/or analysis method,

ID of instrument used for analysis,

instrument specifications,

sample weight/volume,

dilution or concentration factor,

analytical results and associated units,

gualifier codes that are applied during verification and validation,
method detection limits or sample quantification units, and
definitions for any laboratory qualifiers used

Items to be included in the summary of QA and QC results include:

sampling and analytical precision (field/laboratory replicates), analytical

accuracy (surrogates, laboratory control samples, matrix spike samples,
standard reference material s),decontamination and cross-contamination
assessment (field, shipping, and method blanks),

method conformance (summary of analytical procedures), and,

anarrative statement that discusses any deviations from the QAPP, including

QC failures, and the impact of those failures on the data.
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APPENDIX 3—-ATTACHMENT 1

SCIL AND SITIMENT
- SAMPUNG CATA SHEET

F:GH CONCENTRATION EXPECTER? HIGH HAZARD?

| wisTALL=RON/SITE _

AREA
iINST CC3E

FiLE NAME _

Site. TYPE

_SME 0

FElD SMPLE MUMBER

CATE . {aM/00/Y) [/ TIME
OEPTH (TOP) DEPTH INTERVAL
. .

AMPM . SAMPLE FROG.
- UNIT

AMPLING METHOO: :
SPUT SPOON ___ AUGER

SHELSY TUBE ____ SCOOP_____ OTHER

CHK  ANALYSIS  SAMPLE CONTAINER XD, REMARKS

. TOTAL NUMBER OF CCNTAINERS FOR SAMPLE

" DESCRIPTION Cf SITE AND SAMPLE CONDITIONS
SiTE CEISCRIPTION: '

" SAMPLE FORM

___COLOR ‘ __00OR
PID- (HNu) _ UNUSUAL FEATURES
WEATHER /TEMPERATURE
SAMPLER(S)
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SOILBORING LOG

Aberdeen Proving Ground -
. Page__of ___
Project: Boring Identification:
Location: DateStarted: DateCompleted: .
Total Depth Drilled: Facliity Coordinates
Land Surface Elevation: North: East:
Engineer/Geologlst: of FosterWheelerEnviresponse, inc..
Driller(s): ‘ of : e
Driliing Rig/Method: Drllling Fluid:
Auger or Bit Diameter: Other/Comments:
Sampling Devices: :
Dépth SollSample L . Biowsper | oy
lear; + | no. ISD. REC. Lithologic pescﬂpﬂon CO—; uscs :'Q‘OS; (opm) Remorks or Observertions
gé:; %gm%gggﬁgé:%’g‘;@ﬁ; %) , Graphic Lloglegend Comments’
. fe] Q . B
USCS UnifiedsollCiasstfication System, N clavccten Sand (SW.sP)
PID  Photolonization DetectionReading - g
v O(ggehenppwwscmplésuﬁace) & SlHyClcsf(CL) Slity Sand GM)
| D TotalDepth o N sandyclayovy ClayeySand (5C)
splitspoon [ sitemu | Gravel(GW.GP) {
: gé?n‘;"‘:?a"el Auger H sonaystemy B3 Awpebrs
ThinWalled No ] claveystaury B waste
Tube Sampler Sample @ Peat (OLOH)
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-—-  WELL CONSTRUCTION LOG
Aberdeen Proving Ground

Project: Well:
T —— To¢ Location:
(o] ty: H
i ounty State:
Permit No.:
I LAND SURFACE
N N Land-Surface Elevation
\ \ and Datum surveyed
%\ l\_ Inch dla. feet AMSL estimated
\ =>\ drilled hole
§ § Installation Date(s):
I~
\ \ el castag Drilling Method:
~\\\ %\ Drilling Contractor:
\ \ Drilling Fluid:
\_D Backhl Fluid Loss During Drilling: gallons
§ [0 Grout
\Q Development Technique(s) and Date(s)
fr. l
[ slurry
Bentonlite
’ [0 pellets
b Water Removed During Development: gallons
i Static Depth to Water: feet below TOC
Lo -. : Pumping Depth to Water: feet below TOC
: Pumping Duration: hours
: g\\— Well Secreen
= Yield: gpm Date:
=
: E Specific Capacity: gpm/ft
% -0 Gravel Pack
= éﬁj Sand Pack Well Purpose:
>3 Formatlon
: Collapse
Remarks:
ft.
s 5 T~ Blank silt
= trap
-
Prepared By:
NOT TO SCALE i
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APPENDIX 3-ATTACHMENT 2

IDM Comment

Investigatory derived media (IDM) describes the groundwater, surface water, soils and sediments
that are collected during field activities to support the remedial investigation / feasibility study
(RI/FS). Specifically, IDM may include development and purge water from monitoring wells,
drill cuttings, and extra soils removed during sample collections. To evaluate whether the IDM
must be managed as hazardous waste, the preliminary inquiry is whether the IDM is a solid

- waste, as defined in Maryland’s Environment Article, § 7-201(t) and COMAR 26.13.02.02.
Basically, uncontaminated IDM need not be considered a solid waste, as long as that IDM: 1)

will not be abandoned in an environmentally unsound manner; and 2) is not inherently waste-
like.

There must be some initial evaluation as to whether the IDM is contaminated or inherently
waste-like. As guidance, IDM must be handled as a solid waste when:
1) It is visually or grossly contaminated;
2) It has activated any field monitoring device indicating the presence of volatile organic
compounds (VOC) or metals; '
3) On previous monitoring/sampling activity, it has exhibited levels of contamination
above accepted environmental quality standards;
4) Based on historical information, the responsible party or the regulatory agency
believes it warrants caution or additional testing.

IDM with contamination should be viewed as inherently waste-like unless or until the media is
no longer contaminated, or is treated or recycled. As with any solid waste, the generator must
perform a hazardous waste determination. If the waste is a hazardous waste, then it must be
disposed of through an appropriate hazardous waste disposal facility. If the waste is not a
hazardous waste, then that IDM may be disposed of through any permitted or authorized waste
management facility willing to accept the waste, or recycled or reused in a manner permissible
under the law.

Naturally occurring media which does not exhibit any of the characteristics or concerns described
above need not be managed as a waste, particularly if the material will be returned to a suitable
location on the facility. Unless otherwise specified, the handling or disposition of this material
must be performed in such a manner, so that potential impacts to the environment are avoided.
The facility must comply with all pertinent sediment and erosion control regulations. Also,
seeding and the judicious discharge of non-contaminated water to ensure infiltration will be
considered the minimum steps necessary to ensure non-degradation of the environment.
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