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INTRODUCTION
11 Project Description

Under the Resource Conservation and Recovery Act (RCRA), Subtitle |, a
number of Cooperative Leaking Underground Storage Tank (LUST) Trust
Fund Agreements have existed between the United States Environmental
Protection Agency (USEPA) and the Maine Department of Environmental
Protection (MEDEP) since 1988. The purpose of the agreements has
been to assist in the development and maintenance of a statewide
remediation program pertaining to leaking motor fuel underground storage
facilities. This is accomplished, in part, through a grant to MEDEP to
investigate and effectively remediate motor fuel LUST sites.

Maine's petroleum remediation program is broad in scope and also
addresses oil discharges from other underground storage tanks (USTs)
(e.g., heating oil) and other sources (e.g., aboveground tank facilities).
Several divisions of the MEDEP Bureau of Remediation and Waste
Management (BRWM) are involved in the LUST Program including
Response Services, Technical Services, and Petroleum Management.
Response Services will typically be the first MEDEP responders to a
reported spill. If the site requires long-term corrective action, it will be
referred to Technical Services for follow-up investigation. Technical
Services and/or Response Services may request assistance from the
Division of Petroleum Management for project management expertise
and/or enforcement action.

Under the LUST program, UST Facility owners and operators are
responsible to report any evidence of a spill to the MEDEP. Under most
circumstances, such reports are initially forwarded to the Response
Services Division, MEDEP/BRWM. In few cases, reports can be managed
and documented by Petroleum Management Division staff. Many reported
releases are resolved quickly, and they do not require long-term corrective
actions. These sites will be closed by staff in the division that initially
responds, and will not require formal, written remediation or site work
plans. When a release cannot be resolved quickly, responding staff will
forward the initial site assessment and all pertinent information to the
Division of Technical Services, MEDEP/BRWM. Sites involving
complicated long-term corrective action may be assigned a project
manager from the Petroleum Unit of the Division of Petroleum
Management, MEDEP/BRWM. These sites will typically require more
planning and subsequently require more detailed work plans and
documentation. Sites involving potential or actual enforcement activities
will be referred to the Division of Petroleum Management.
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Environmental and released-product samples may be taken for chemical
analysis to detect the presence of gasoline or other fuel oil and for
concentration determination in connection with remediation and/or
compliance-related activities. Program staff are responsible for the
collection, documentation, and maintenance of chain-of-custody of such
samples until they have been properly relinquished to the laboratory. The
laboratory analyzes the samples and generates data reports and
electronic data deliverables (EDDs) to the MEDEP for evaluation and
consideration in remediation and/or compliance-related actions.

QAP Implementation

The USEPA requires that all environmental monitoring and measurement
efforts mandated or supported financially by USEPA participate in a
centrally managed Quality Assurance Plan (QAP).

Any party generating data under this Program has the responsibility to
implement minimum procedures to assure that the precision, accuracy,
completeness, and representativeness of its data are known and
documented.

As stated in USEPA Order CIO 2105.0 (formerly 5360.1 A2) “Policy and
Program Requirements for the Mandatory Agency-Wide Quality System”
(approved May 5, 2000), the primary goal of the QAP is to ensure that all
environmentally related measurements performed or supported by USEPA
produce data of adequate quality and usability for their intended use. The
quality of the data is known when all components associated with its
derivation are thoroughly documented, with such documentation being
verifiable and defensible.

All Quality Assurance/Quality Control (QA/QC) procedures must be in
accordance with applicable professional technical standards, USEPA
requirements, government regulations and guidelines, and specific project
goals and requirements.

This document serves as the MEDEP/LUST Program QAP. This
document will describe, or reference attached documents that describe:

(a) The MEDEP/LUST Program organization;

(b) Personnel responsible for assuring the standards set in the QAP are
met;

(c) Quality standards goals;
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(d) The basic flow of project activities;

(e) Equipment available to MEDEP/LUST Program;

(f) Standard Operating Procedures for conducting field work; and

(g) MEDEP/LUST Program procedures for obtaining analytical support.
QUALITY ASSURANCE STATEMENT

It is the goal of the MEDEP/LUST Program to implement a QAP for all
environmental activities that generate analytical data. The QAP is a
management tool that will help guarantee that data are of sufficient known quality
to withstand scientific and legal challenge relative to the use for which the data
are obtained.

MEDEP/LUST PROGRAM ORGANIZATION
3.1 Organizational Hierarchy

The MEDEP/LUST Program organizational chart can be found in
Appendix A.

3.2 Personnel Responsible for QAP Implementation

MEDEP’s Quality Management Plan (QMP) (Revision 8.1, May 13, 2021)
1.4 reads, in part, “[clJommitment to and responsibility for the quality
objectives and operations detailed in...any QAP...begins with the
commissioner and continues through all levels of management and staff.”
As such, division and program-level managers, as outlined in the LUST
Organizational Chart, bear primary responsibility for ensuring that the QA
standards specified in this QAP are met.

3.2.1 Program Manager

Name: Molly King
Title: Director, Division of Technical Services
Phone: (207) 458-8839

Responsibilities:  Grant administration and semi-annual LUST 4 Report
submission, completion of public record, fund tracking, journaling state
match requirements and allotments, policy and regulation development,
establishment of priorities and general program management.
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Quality Assurance Manager, Office of the Commissioner

Communicates all QAP updates to USEPA, and

communicates QMP and USEPA requirements to MEDEP/LUST Program
personnel responsible for QAP implementation.

3.2.3 Project Quality Assurance Chemist

Name: Kelly Perkins

Title:

Chemist Ill, Division of Technical Services

Phone: (207)641-9150

Responsibilities:

Review QAP annually, and send a review report to the

Program Manager and Department QA Officer; send all approved QAP
updates to Program personnel responsible for QAP implementation; report
any unresolved laboratory issues to the Maine Laboratory Certification
Officer, and provide technical guidance to project staff as requested.

3.2.4 Quality Assurance Team

Quality assurance is the responsibility of MEDEP/BRWM statewide
supervisory technical, emergency response, and project management
staff whose names, titles, and phone numbers follow:

Name, Office

Title

Phone Number

Sean Dougherty, CMRO

Environmental Hydrogeology Manager

207) 441-7159

Matt Burke, CMRO

Senior Environmental Hydrogeologist

207) 458-8572

Jason Langley, EMRO

Senior Environmental Hydrogeologist

207) 458-3258

Mark Woodruff, SMRO

Senior Environmental Hydrogeologist

207) 458-9534

Tim MacMillan, CMRO

Environmental Engineering Services Manager

207) 458-9484

Peter Eremita, SMRO

Senior Environmental Engineer

Ed Cousins, CMRO

Senior Environmental Engineer

207) 458-9440

Chris Hopper, CMRO

Director, Division of Response Services

207) 816-0133

Jon Woodard, CMRO

Oil and Hazardous Materials Responder llI

207) 287-3692

Bob Shannon, EMRO

Oil and Hazardous Materials Responder llI

207) 941-4570

Greg O’Brien, SMRO

Oil and Hazardous Materials Responder llI

(
(
(
(
(
(207) 592-0592
(
(
(
(
(

207) 446-9885
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Name, Office Title Phone Number
Chris Fournier, CMRO Director, Division of Petroleum Management (207) 287-7860
Stacy Ladner, CMRO Environmental Specialist IV (207) 530-2247

CMRO - Central Maine Regional Office
EMRO - Eastern Maine Regional Office
SMRO - Southern Maine Regional Office

4.0

Responsibilities:  Perform, or delegate, periodic observation of sampling
and sample handling techniques for conformity with MEDEP/LUST
Program guidance documents; and provide technical guidance to Program
Manager and project staff as requested.

QAP ASSESSMENT

As required by the Policy to Assure the Competency of Organizations Generating
Environmental Measurement Data under Agency-Funded Assistance
Agreements (Agency Policy Directive Number FEM-2012-02 Revision 1;
Approved March 13, 2013, Updated December 21, 2016), activities involving the
use or generation of environmental data are evaluated to ensure they are
performed by individuals competent to perform the activity.

4.1

4.2

Laboratory Services Evaluation

All analyses used to assess petroleum contamination must conform to
methods listed in the Remedial Action Guidelines for Contaminated Sites
in Maine, November 15, 2023 (RAGs) and Appendix S of Rules for
Underground Oil Storage Facilities, 06-096 C.M.R. ch. 691 (amended
September 26, 2018) (Chapter 691). The LUST Program will only accept
data results from a Maine accredited laboratory. The Maine Laboratory
Accreditation Program administered by the Department of Health and
Human Services maintains a list of laboratories accredited to perform
these analyses in water, soil, and indoor air as well as other matrices.
Under the Maine Laboratory Accreditation Program, accredited
laboratories must annually pass performance evaluation samples for each
accredited analysis.

Internal Assessment

Personnel responsible for performing field and laboratory sampling
activities are responsible for continually monitoring individual compliance
with the QAP. The Quality Assurance Team will perform, or delegate,
periodic observation of sampling and sample handling techniques for
conformity with MEDEP/LUST Program guidance documents. The results
of this internal assessment are discussed with appropriate staff with
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suggestions and/or recommended requirements for a plan to correct
observed deficiencies.

4.3 External Evaluation

Field activities may be reviewed by personnel external to the
MEDEP/LUST Program, such as the Department QMP Audit Team or
USEPA. Such an assessment is an extremely valuable method for
ensuring that the QAP is appropriately implemented. The results of an
external assessment will be submitted to the LUST Program Manager.
The Program Manager, with input from staff will respond to the audit report
with a plan to correct observed deficiencies. Appropriate corrective
actions will be communicated to all program staff.

44 Yearly QAP Review

The Project QA Chemist will conduct an annual review of the QAP, and a
review report will be sent to the Program Manager and the Department QA
Officer. QAP revisions will be sent to the Quality Assurance Team as
outlined in Section 3.2.

A meeting of project personnel responsible for environmental sampling will
be scheduled annually as appropriate to review sampling procedures and
any QAP updates.

DATA QUALITY OBJECTIVES

The Quality Assurance objective of this program is to assure valid and
reproducible data. All laboratory tests performed for the LUST program must be
in accordance with Appendix S of Chapter 691. The laboratories performing
Volatile Petroleum Hydrocarbons (VPH), Extractable Petroleum Hydrocarbons
(EPH) and Air-Phase Petroleum Hydrocarbons (APH) analyses must be Maine
accredited, and are required to adhere to established standard operating
procedures (QAP, Appendix C) for measurement of concentrations of petroleum
analytes. Laboratories performing new drinking water supply analyses must also
be Maine accredited, and are required to adhere to USEPA approved drinking
water methods. The sampling and analytical procedures outlined in this QAP are
intended to produce data which are of appropriate accuracy for assessing public
health risks, remediation decision making, and defensible for any required
enforcement and litigation purposes.

Some analyses, as an exception to the above requirement, may be performed
using formerly standard methods should this be found necessary to maintain
consistency for litigation or enforcement purposes in a specific instance.
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Sample Collection and Preservation

Samples are taken as needed for the purposes of establishing site-specific
compliance or non-compliance with existing regulations and to support
remediation decisions. The number and type of samples to be collected is
governed by the project and data quality objectives and is documented in
the project file. The project and data quality objectives are defined by the
remediation guidelines applicable to the discharge and site as contained in
the RAGs and included as Appendix D to this QAP. Media determined to
be at risk and the applicable guidelines are documented for each long-
term remediation LUST site in the Division of Technical Services Priority
List Database.

Below is a screenshot from the Priority List Database of a list of wells for a
site that are either impacted or at risk. Based on the guideline applicable
to the site, these wells will be monitored, mitigated, or remediated
according to the RAGs. Below this screenshot is a screenshot of the
Guideline record in the Priority List Database.

Products Water Supply Score History Guidelines Path to Closure Closure Paperwork

Contaminated

Total Score: 3

Supply Type #Units Units Dependency Score Comments Action
Residential Ricci Household
1 Households 1 3 MODIFY
At Risk

Total Score: 1.2

Supply Type #Units Units Dependency Risk Score Comments Action
Residential Ricci Household
1 Households 1 0.20 0.6 MODIFY
Residential Back House
1 Households 1 0.20 0.6 ADD
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3 Site Specific Guideline

Initial discharge or leak investigations must conform to requirements in
Section 12(C)(4), Discharge and Leak Investigation, Response and
Corrective Action Requirements and Appendix P, Requirements for a Site
Assessment at Facility Closure or Abandonment, in Chapter 691.

Typically, all ground and surface water samples will be collected and
handled as described in Appendix B, MEDEP/LUST Program Standard
Operating Procedures (SOPs). Appendix B, SOP TS003, Field Quality
Control Guidance, Attachment 1 outlines basic sampling criteria including

sample collection and preservation parameters.

5.2 Sample Custody
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Samples are maintained under documented custody, as described below,
until accepted by the analytical laboratory. The laboratory is responsible
for subsequent custody control and documentation.

Chain-of-custody provides defensible documentation of sample integrity
from the point of collection to analysis. Chain-of-custody consists of two
components: documentation and actual physical custody. It includes
custody in the field and in the laboratory. When handling samples from
the point of collection until delivery to the laboratory, the custodian will
keep the containerized sample in their physical possession, or in view, or
secured to prevent tampering or inadvertent contamination in a locked
storage area.

Using an appropriate chain of custody form, all applicable information will
be completed by the person(s) collecting the sample. Any person(s)
assuming custody prior to delivery to the laboratory will adhere to these
custody procedures and will document transfer of custody by entering
signature, date, and time on the chain of custody form.

Upon receipt of the sample by the laboratory, documented by signature,
date and time on the chain of custody form, the laboratory is responsible
for following equivalent internal SOPs regarding maintenance of custody
to ensure sample and data integrity. Sample handling procedures for
laboratories utilized by this program must be documented in the
Laboratory’s Quality Assurance Manual.

Data Use

The data use(s) will be identified on a project specific basis. Data
collected for the MEDEP’s LUST Program may be used to meet any of the
following objectives:

(a) To determine the need for emergency action;

(b) To identify any waste materials and contaminants;

(c) To determine the quantity and levels of contamination;

(d) To identify impacted targets/receptors and natural resources; or

(e) To document the needs for further action or no further action.

Data use can be broken down into three basic categories: initial
investigation of a site, routine monitoring of a site, and site closure. Data
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collected for milestone remediation decisions and site closure generally
require the highest level of quality. Staff collecting or using data must be
competent in the activity performed. Samplers must strictly adhere to
appropriate sampling SOPs, and analytical data must adhere strictly to the
quality control requirements of the appropriate methods.

5.4 Data Quality Necessary for Project

Data quality needs depend on several factors including data use and
analytical requirements of the site. Analytical requirements and data
quality goals for site investigations are based on the RAGs and Appendix
Q, Section 2, Notification Requirements of Chapter 691. At a minimum,
data QA/QC will be evaluated for the items included in the BRWM Basic
Data Review Checklist (QAP, Appendix I).

The quantity of data needed will vary based on site-specific conditions,
available usable data, data use, and analytical methods used.

PROCEDURAL REQUIREMENTS FOR MEETING QAP

In order to assure the generation of quality data, procedural steps described in
the QAP and Chapter 691, Rules for Underground Oil Storage Facilities, Section
12, Discharge and Leak Investigation, Response and Corrective Action
Requirements must be followed. These steps include:

(a) Site assessments shall be conducted by facility owners in accordance with
procedures outlined in Appendix P of Chapter 691 (included in Appendix G);

(b) Field determination of soil hydrocarbon content shall be conducted according
to Standard Operating Procedure: TS004, Compendium of Field Testing of
Soil Samples for Gasoline and Fuel Qil, Revision 2.1, October 15, 2012
(included in Appendix B) or according to the methods outlined in Appendix Q
of Chapter 691 (included in Appendix G;

(c) Laboratory methods and performance standards found in Appendix S of
Chapter 691 shall be used (included in Appendix G);

(d) Field notes shall be taken either in bound field books or on appropriate field
note forms. Notes shall be signed and contain at a minimum:

(i) Date, site name, and location;
(i) Weather conditions;

(iii) Personnel present;
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(iv) Purpose of the visit;
(v) Field measurements, if taken;
(vi)Sample locations, if taken; and

(vii) Any information the field staff believes may be useful or pertinent in the
project file.

(e) Field quality control samples shall be collected during sampling events in

accordance with Standard Operating Procedure: TS003, Field Quality
Control, Revision 4, February 28, 2007 (included in Appendix B).

Written work plans shall be developed for sites requiring long-term corrective
action if: (a) a non-transient public water supply is contaminated or at risk of
becoming contaminated, (b) two or more wells are contaminated, or (c) long-
term corrective action costs are expected to exceed $100,000. Ata
minimum, the work plan shall include:

(i) Names of personnel responsible for site work, including MEDEP team and
any contractors responsible for environmental sampling;

(i) Objectives established in accordance with the RAGs;

(iii) Modifications and limitations to objectives, and/or site-specific objectives;
(iv) Site map;

(v) Sampling locations and methods;
(vi)Field QC samples;
(vii) Analytical methods; and

(viii)Any special training required.

(g) Work plans for sites directly managed by MEDEP staff shall be reviewed for

the eight elements described above, and a dated page carrying the approval
signature of the MEDEP project manager shall be included in the project file.
Work plans developed by external contractors shall be reviewed and
approved by the MEDEP project manager, signed, and filed as above. All
active work plans shall be reviewed annually by the MEDEP project manager,
and documentation of this review, including any changes to the work plan,
shall be filed as above. Any review of workplans (e.g., for technical
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validation) by a person other than the MEDEP project manager shall likewise
be documented.

(h) Project managers and/or project scientists will maintain communication with

remediation personnel during remediation activities and will periodically visit
the site to monitor cleanup progress. All site visits will be documented in field
notes.

(i) Data will be assessed to determine if the Data Quality Objectives (DQOs) are

met in accordance with Section 10 of this QAP.

() Findings and conclusions of the initial hydrogeological investigation will be

reported to the Department for review and approval;

EQUIPMENT AND SUPPLIES

7.1

Equipment

A variety of equipment is available to the MEDEP/LUST Program for
conducting soil, groundwater, and indoor air investigations. A list of the
available equipment can be seen in Appendix B. All equipment is
maintained and calibrated according to the manufacturers' instructions and
in accordance with the appropriate analytical methods. Manufacturers'
instructions and other instructional documentation will be kept in the
equipment logbook maintained by support staff in MEDEP/Division of
Technical Services. As new equipment is purchased or other otherwise
made available to MEDEP/LUST Program, the equipment list and SOPs
will be updated.

Equipment that requires calibration for use, such as photoionization
detectors (PIDs), pH meters, etc., shall be calibrated routinely on a
monthly basis or as directed by the manufacturer, and prior to its use in
the field at the beginning of each working day and checked at the end of
each working day. Additional calibration may also be conducted
throughout the work day as directed by the manufacturer, as required by
SOP RWM-PP-008 (included in Appendix B), or as deemed necessary by
the field personnel when equipment appears to be reporting suspect
results. Documentation of routine calibration and maintenance shall be
kept in the equipment calibration and maintenance logbook maintained by
designated MEDEP/Division of Technical Services staff. Documentation
of calibration of equipment prior to and during its use in the field will be
noted in the field notes of the person conducting the calibration.

Staff must be determined to be competent in the use of all equipment prior
to the use of the equipment to collect samples for soil, groundwater, or
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indoor air investigations. In addition, staff must complete annual refresher
training to demonstrate ongoing competency. Documentation of initial and
ongoing equipment use competency for MEDEP staff is maintained by the
MEDEP/Division of Technical Services Hydrogeology Unit or other
designated personnel. Non-MEDEP personnel are responsible for
maintaining their own competency demonstrations. Competency
demonstrations for non-MEDEP personnel should be provided to the
MEDEP upon request.

7.2 Supplies

Supplies needed to perform sampling under this program are ordered and
managed by the Hydrogeology Unit or support staff in MEDEP/Division of
Technical Services, and stored in a clean, secure room. Stocks are
continually checked to ensure that an adequate supply is maintained.

Organic free water used for trip blanks and field blanks is either purchased
or provided by the laboratory performing the analytical support for the
project. All water is tested for volatile organic compound (VOC) content
prior to use.

Sample bottles, preservatives, and chain of custody forms are supplied by
Maine accredited laboratories for appropriate analyses. Unused VOC
sample bottles taken into the field will not be returned to clean bottle
storage unless proven to be free of contamination.

LABORATORY SERVICES

The LUST Program will only accept drinking water supply well, water, soil, and
air analytical results from Maine accredited laboratories using approved methods.
These laboratories have been contracted to perform analyses for which they are
accredited by the Maine Laboratory Accreditation Program. The Maine
Laboratory Accreditation Program maintains a list of laboratories certified to
perform these analyses. A listing of these laboratories, current as of May 29,
2024, is included in Appendix F. An up to date list of all tests for which each
laboratory is certified can be found at the Maine Laboratory Accreditation
Program webpage.

For some large remediation sites, a non-accredited on-site laboratory may be
employed for quick turn-around analyses to guide cleanup. It is standard
practice to send replicates of 10% of such samples to a Maine accredited
laboratory as a check for accuracy of the on-site analyses. In these cases,
confirmation samples must be analyzed by an accredited laboratory.


https://www.maine.gov/dhhs/mecdc/environmental-health/dwp/professionals/labCert.shtml
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Laboratories must submit electronic data formatted to the current version of
MEDEP’s EDD as outlined on the Environmental and Geographic Analysis
Database (EGAD) webpage. In addition, all hardcopy and electronic data must
include the minimum QA/QC elements as outlined on the EGAD webpage. Data
from LUST sites are stored in the EGAD and shared with staff and the public as
applicable.

STANDARD OPERATING PROCEDURES (SOP)

MEDEP/LUST Program’s standard operating procedures for conducting sampling
and other data collection activities can be found in Appendix B, MEDEP/LUST
Program Standard Operating Procedures Manual. Additional sampling methods
for vapor intrusion investigations are found on the Vapor Intrusion Guidance
section of the webpage. Additional standard operating procedures are found at
http://www.maine.gov/dep/spills/publications/sops/index.html.

Depending on circumstances and needs, it may not be possible or appropriate to
follow these procedures exactly in all situations due to site conditions, equipment
limitations, and limitations of the standard procedures. In some instances it may
be necessary to perform an activity that does not have a specific SOP.
Whenever SOPs cannot be followed, they may be used as general guidance with
any and all modifications fully documented in field notes.

The MEDEP Program Manager must approve any changes in MEDEP/LUST
Program SOPs. The SOPs are controlled documents and revisions should be
indicated on each page in the upper right hand corner along with the revision
date.

DATA QUALITY ASSESSMENT

Given that imperfections in sampling and analytical procedures exist, it is
sometimes commonplace to find that the reported concentration and actual
concentration are not identical. The difference between the reported
concentration and the actual concentration of a sample is a function of both the
sampling and analytical error. Sampling error may be assessed with field QC
samples including field duplicates and trip blanks, and it will be minimized by
following standardized sampling protocols. The potential magnitude of analytical
error may be assessed by evaluating laboratory quality control samples, and will
help determine the significance of a reported concentration.

Data review is a three step process evaluating data completeness, data integrity,
and data usability. The level of data review will vary depending on the use of the
data. Even data of poor precision and/or accuracy may still be useful. Ata
minimum, data quality assessments will include the review of the items detailed
in the BRWM Basic Data Review Checklist (QAP, Appendix |). The project
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scientist (Hydrogeologist or Environmental Engineer) or Environmental
Specialist, with input from the Project QA Chemist as needed, will determine the
usefulness of data that may be of poor quality.

All data generated will be reviewed by the MEDEP/Division of Technical Services
Chemistry Unit for the following data quality indicators: precision, accuracy,
representativeness, completeness, comparability, and sensitivity as described
below in Sections 10.1 through 10.6. Additionally, field notes, custody forms, and
sample extraction and analysis dates will be reviewed by the project scientist or
Environmental Specialist to assure holding times and other standard procedures
are met. The project scientist may also review QC sample results to assure that
recoveries are within acceptable ranges, as well as reviewing blank, spike, and
duplicate samples to assure they are within acceptance criteria.

If data of questionable quality are reported (i.e., outside the acceptance criteria
presented in Section 10.1 through 10.6 of this QAP) or other quality control
issues uncovered, the project scientist or Environmental Specialist will be
notified. At a minimum, any data quality issues will be outlined in the final report
for which the data were generated. Need for additional corrective action,
including the collection of new or additional samples, will be determined after
review of the DQOs for the project on a case by case basis with input from the
project scientist or Environmental Specialist, and any other appropriate
personnel. If additional corrective action is necessary, it will be implemented as
described in Section 12.0 - Corrective Action of this QAP.

10.1 Precision

The precision required for a particular study will depend upon the
difference between background levels and the action level. Laboratory
precision is only one part of the total precision of the measurement
process leading from sample collection through data reporting. Selection
of an acceptable precision level should not be based solely on what is
attainable in the laboratory. Once the sample has been submitted to the
laboratory much of the sample to sample variation has already been
introduced into the sample by activities in the field.

Replicate or duplicate QC samples are submitted from the field to provide
a means of determining the precision of the measurement process. The
following formula will be used for precision measured from duplicative
samples, as defined by the relative percent difference (% RPD).
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% RPD =100 x (| X1 = X2/ / ((X1 + X2)/2))

where: X1 is the concentration of duplicate #1; and
X2 is the concentration of duplicate #2.

The RPD should be less than 50% for soil and 30% for water unless
specified otherwise in the analytical method. RPDs outside these criteria
shall at a minimum be noted in the final report for the data.

10.2 Accuracy

Accuracy is controlled primarily by the laboratory and usually reported as
percent recovery. Analysis of surrogate recovery and known
concentrations in Laboratory Control Samples should be within the
recovery range listed in the referenced analytical method. Recovery
outside appropriate criteria shall at a minimum be noted in the final report
for the data.

10.3 Representativeness

Representativeness is the ability to collect a sample that reflects the
conditions of a particular site. Representativeness is measured by how
well the sampling followed the proposed Sampling and Analysis Plan so
as to provide results that accurately depict the media and environmental
conditions being evaluated.

Documentation of field events confirms that proper protocols were
followed and all planned samples were collected and analyzed.

10.4 Completeness

Completeness is the number of valid measurements divided by the
number of samples taken. The project scientist or Environmental
Specialist will be responsible for determining the completeness of the
data; if completeness falls below 90%, it shall be noted in the final report
for the data.

10.5 Comparability

Comparability is a qualitative parameter expressing the confidence with
which one data set can be compared with another. Sample data should
be comparable with other measurement data for similar samples and
sample conditions. This goal is achieved through the use of standard
techniques to collect and analyze representative samples and reporting
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analytical results in appropriate units. All laboratory samples for EPH,
VPH, and APH must be analyzed by the approved method.

When available, analytical data will be compared to data collected from
previous sampling events and other secondary source data. If currently
collected data differs from previously collected data, it shall be evaluated
to determine if the current data reflect a data quality issue or a change in
site contaminant concentration trends. Unresolved data quality issues
shall be, at a minimum, reported to the Project QA Chemist, Senior
Hydrogeologist or Environmental Engineer as applicable. Need for
corrective action will be determined after review of the DQOs for the
project and follow the procedures listed in Section 12.0 - Corrective Action
of this QAP.

10.6 Sensitivity

Sensitivity is a quantitative measure indicating the lower limit that a
compound of interest may be accurately quantified. The quantitation limits
(reporting limits) of the method and those achievable by the analytical
laboratory should be low enough to accurately report the contaminant at a
specific concentration. The reporting limits should be based on the lowest
calibration standard, not the method detection limit (MDL). Reported
positive results between the reporting limit and the MDL should be flagged
with an appropriate qualifier (“J” qualifier). The analytical methods chosen
for a particular project need to be sensitive enough to characterize the
environmental conditions. When a project involves making a decision
related to a specific regulatory limit, the analytical methods utilized should
be sensitive enough to reach these limits.

11.0 DOCUMENT CONTROL

Document control is a systematic procedure for ensuring that all sampling and
monitoring documents are properly identified and accounted for during and after
the completion of investigations and project reports. Document control will
conform to MEDEP’s Quality Management Plan Appendix 4, Section 4.5, Control
of Documents and Records, and encompass document inventory and
assignment record, and document file repository.

The term document control, as it applies to MEDEP/LUST Program inspections
and investigations, refers to the maintenance of inspection, investigation, and
report project files. All project files shall be maintained by the appropriate project
manager, and may be kept with the project manager's files or in the respective
Regional Office Central Files. When sites are closed, project files shall be placed
in the Regional Central Files, and a copy of the closure report sent to the
MEDEP/BRWM Central File, located at the CMRO of MEDEP.



MEDEP/LUST Program Quality Assurance Plan
Revision 8

Date: 6/7/2024

Page 21 of 24

11.1 Project File
The following documents shall be placed in the project file:
(a) The original Chain of Custody records and analytical data sheets;
(b) A copy of field notes;

(c) A complete copy of investigative reports and memorandums
transmitting analytical or other data obtained during investigations;

(d) Work Plans and Health and Safety Plans (HASPs);

(e) All official correspondence received, or issued, by the MEDEP/LUST
Program relating to the investigation including records of telephone
calls;

(f) Applicable forms such as field worksheets;
(g) Contracts and contract amendments for site work;
(h) Any relevant permits; and

(i) Any other relevant documents related to the original
investigation/inspection or follow-up activities related to the
investigation/inspection.

Under no circumstances is any personal observation or irrelevant
information to be filed in the official project files. The project manager or
designee shall review the file at the conclusion of the project to ensure
that the file is complete.

11.2 Public Records

“Public records” shall mean all documents, papers, letters, maps, field
notes, books, photographs, video, sound recordings, or other material
regardless of physical form or characteristics made or received pursuant
to law or ordinance or in connection with the transaction of official
business by the MEDEP/LUST Program.

The following records shall not be deemed public unless specifically
authorized:
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(a) Trade secrets and commercial or financial information obtained from a
person, firm, or corporation, which are of a privileged or confidential
nature according to Uniform Trade Secrets Act, 10 M.R.S. §
1542(4)(A) & (B);

(b) Preliminary drafts, notes, impressions memoranda, working papers,
and work products;

(c) The contents of real estate appraisals, engineering or feasibility
estimates and evaluations made for or by MEDEP/LUST Program
relative to the acquisition of property or to prospective public supply
and construction contracts, until such time as all of the property has
been acquired or all proceedings or transactions have been terminated
or abandoned; provided the law of eminent domain shall not be
affected by this provision;

(d) All investigatory records of public bodies pertaining to possible
violations of statute, rule or regulation other than records of final
actions taken provided that all records prior to formal notification of
violations or noncompliance shall not be deemed public; and

(e) Records, reports, opinions, information, and statements required to be
kept confidential by federal or state law, rule, rule of court, or regulation
by state statute.

12.0 CORRECTIVE ACTION

Corrective actions must be taken immediately when data or field procedures are
of questionable quality. These corrections may range from modifying certain
procedures to reconducting an entire field investigation or resampling. Any
suspected problems will be brought to the attention of the Project QA Chemist,
Senior Hydrogeologist or Environmental Engineer as applicable.

The need for corrective action may be identified during performance audits,
standard QC procedures, or when data seems erroneous. The steps in the
corrective action are:

(a) Identifying and defining the problem;

(b) Investigating the problem;

(c) Determining the cause of the problem and appropriate corrective action;

(d) Implementing the corrective action; and
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(e) Verifying the problem has been corrected.

The Senior Hydrogeologist or Environmental Engineer is responsible for ensuring
effective corrective actions have been taken regarding sampling activities and
other field work. The Project QA Chemist is responsible for ensuring effective
corrective actions have been taken regarding laboratory activities.

IMPLEMENTATION SCHEDULE

This QAP will be implemented by MEDEP/LUST Program upon USEPA
approval. This QAP is to be considered a working document and will be
periodically updated as technology, policy, and protocol change.

DISTRIBUTION LIST

Upon approval and implementation of this QAP, the original shall be kept with the
MEDEP/LUST Quality Assurance Chemist, and copies sent to the MEDEP/LUST
Program Manager, MEDEP Quality Assurance Officer and USEPA. Copies will
also be made available to all personnel responsible for implementing the QAP
(see Section 3.2) who will be required to review this QAP within 120 days of
implementation and sign the QAP Log Sheet found in Appendix E. The
remaining MEDEP/LUST Program staff will be required to review and sign within
360 days of implementation. New staff hired by the MEDEP/LUST Program will
be required to review the QAP within 90 days of the hiring date and sign the QAP
Log Sheet found in Appendix E. The completed signature page is kept by the
Quality Assurance Chemist.

A copy of the approved QAP is available on the MEDEP website at
http://www.maine.gov/dep/spills/petroleum/lustgaplan.html.

USEPA REPORTING
15.1 LUST 4 Report

The MEDEP LUST Program Manager completes the LUST 4 Report on a
semi-annual basis with data provided from MEDEP Divisions of Response
Services, Technical Services, and Petroleum Management. The data
includes UST universe performance measures, UST inspections
performance measures, UST compliance performance measures, and
LUST performance measures.

15.2 Public Record

The Public Record is completed by the MEDEP LUST Program Manager
annually with data provided by MEDEP Divisions of Response Services
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and Petroleum Management. The Public Record is a record of information
relating to underground storage tanks regulated under Subtitle I. See
Appendix J, Process for the Collection of EPA LUST Trust Data for Motor
Fuel Discharges for additional information on the Public Record. The
Public Record is posted on MEDEP’s webpage at
http://www.maine.gov/dep/waste/ust/pubs.html.

16.0 LIST OF ACRONYMS AND ABBREVIATIONS

Acronym | Description

APH Air-Phase Petroleum Hydrocarbons

CMRO Central Maine Regional Office

DQ Data Quality

DQO Data Quality Objective

EMRO Eastern Maine Regional Office

EPH Extractable Petroleum Hydrocarbons

HASP Health and Safety Plan

LUST Leaking Underground Storage Tank

MEDEP Maine Department of Environmental Protection

PID Photoionization Detector

QA Quality Assurance

QC Quality Control

QAP Quality Assurance Plan

RAGs Remedial Action Guidelines for Contaminated Sites in Maine
RCRA Resource Conservation and Recovery

RPD Relative Percent Difference

project Environmental hydrogeologist, quality assurance chemist or
scientist environmental engineer assigned to the project

SMRO Southern Maine Regional Office

SOP Standard Operating Procedure

USEPA United States Environmental Protection Agency, Region |
UST Underground Storage Tank

VOC Volatile Organic Compound

VPH Volatile Petroleum Hydrocarbons
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1._APPLICABILITY

This Standard Operating Procedure (SOP) applies to all BRWM staff working on petroleum
remediation sites within the Petroleum Program. It is applicable to all petroleum remediation sites
after a referral has been made from Response Services. Itis applicable to all parties that
investigate, mitigate, remediate, or monitor petroleum releases.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any
legal rights of any individual, all of which are determined by applicable statutes and law. This SOP
does not supersede statutes or rules.

2._PURPOSE

The purpose of a Sampling and Analysis Plan is to provide a method for proper planning prior to
completing a sampling event. A SAP outlines the goals of the activity and methodology that will
be used to achieve the goal. A well-developed SAP will assure that the goals are obtainable,
the methodology is consistent, and the data generated will meet the Data Quality Objectives
(DQOs) for the project. A SAP will be developed in accordance with the site specific conceptual
site model (RWM-PP-006) and reviewed by all Project Team members in accordance with
RWM-PP-006 and RWM-PP-017.

The purpose of this document is to describe the MEDEP BRWM requirements for the
development of a Sampling and Analysis Plan (SAP).

3. _RESPONSIBILITIES

All MEDEP/BRWM Staff must follow this procedure when performing this task. All Managers
and Supervisors are responsible for ensuring that their staff are familiar with and adhere to this
procedure. MEDEP/BRWM staff reviewing data by outside parties are responsible for assuring
that the procedure (or an equivalent) was utilized appropriately.

4.0 DEFINITIONS

4.1 CONCEPTUAL SITE MODEL (CSM) - See RWM-PP-006. A written or pictorial
representation of an environmental system, the extent of the contaminant source, and the
biological, physical and chemical processes that determine the transport of contaminants from
sources through environmental media to environmental receptors within the system. (ASTM
E1689 - 95 (2014), Standard Guide for Developing Conceptual Site Models for Contaminated
Sites).

4.2 CONTAMINANT OF CONCERN (COC) - A contaminant that has been released at a site
and risk evaluation indicates that mitigation or remediation is necessary to prevent exposure to
the contaminant.

4.3 DATA QUALITY OBJECTIVE (DQO) - Data Quality Objectives (DQOs) are qualitative and
quantitative statements that specify the quality and quantity of data needed to support technical
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4.4 PROJECT LEAD - As defined in the RAGs, the “project lead” is the agency, group, or
organization that is the primary leader and funder for remedial activities at the site and generally
hires the contractor that undertakes the remediation. The project lead may be the site
owner/operator or other Potential Responsible Party, a state or federal agency, a developer, or
other person.

4.5 PROJECT TEAM - The project team includes DEP staff within BRWM that are
simultaneously assigned and actively involved in a petroleum release case that requires
remediation of soil, water, or air. The project team may include members of the Division of
Response Services, Division of Technical Services, Division of Petroleum Management, and the
Division of Remediation. Additionally, the team may include environmental consulting technical
staff hired by the MEDEP or a responsible party.

4.6 PROJECT TEAM LEADER - The project leader is the BRWM staff member who is directing
actions to be taken at the site, maintains communications with affected property owners,
occupants of the property, and other project team members, documents site activities, and
approves payment of invoices for the project. During the initial response action, the OHMR is
the project team leader until a referral has been made. After the referral is completed, the
project team will decide who the project leader shall be based on the site specific needs. If a
referral is made to the Petroleum Project Management Unit then the assigned project manager
becomes the project team leader.

4.7 SAMPLE POINT NAME - The specified sample point name for the monitoring well (e.g.
MW-1), water supply well (e.g. Smith), pore water location (e.g. PW-1), The sample point
name is consistent with the designated sample location on the Chain of Custody, recorded in
EGAD, GIS, and the sample location map.

5._GUIDELINES AND PROCEDURES
5.1 INTRODUCTION

A SAP includes a narrative document accompanied by sample location map(s) and tables with
the designated sample point name as they appear on the chain of custody. Sampling events
that require a SAP include both single-event investigation sampling and multiple-event
monitoring sampling, also known as routine monitoring.

Attachment 1 of this SOP presents a template for single-event investigation sampling. The SAP
can be updated for each phase of investigation where previous data exists and is reviewed for
data gaps. Typical sampling activities covered under the Attachment 1 includes testpits, soil
borings, groundwater sampling from temporary monitoring wells, neighborhood water supply
sampling events, borehole evaluations, surface water, and porewater sampling.

Attachment 2 of this SOP presents a template for multiple-event sampling at the same locations
associated with routine monitoring. One SAP can be developed and used for the entire
monitoring period of a petroleum remediation site where the same sample points are sampled
more than once. Typical sampling activities covered under the Attachment 2 includes two
templates that can be used for routine monitoring of water supplies, monitoring wells,
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groundwater treatment system sampling, vapor monitoring, indoor air screening, and air
sampling.

Attachment 1 and Attachment 2 can be supplemented with the CSM attachment (RWM-PP-
006), maps, and tables for reference and clarity to avoid duplication and improve efficiency.

Attachments 1 or 2, together with a sample location map, and the Chain of Custody can be used
to document sampling events as required in SOP RWM-PP-017.

Regardless of the type of sampling event (monitoring or site investigation) a SAP will contain the
following elements.

5.2 ASSESSMENT OF EXISTING DATA

The project leader for the site will ensure the review of any existing information on the site.
Analytical data will be analyzed for completeness, quality and usability.

5.2.1 SITE RECONNAISSANCE

Prior to sampling events, it is recommended that a site reconnaissance be conducted to
work out any logistical problems that may arise during sampling. This would include site
access issues, physical impediments to sampling, access issues with surface water
sampling, etc. Any logistical issues discovered during the site reconnaissance, along
with recommendations for overcoming these issues, should be discussed in the SAP.
For routine monitoring, where staff have already conducted field investigations or
remedial actions, a separate site reconnaissance is not necessary.

4.2.2 CONCEPTUAL SITE MODEL

The first step in developing any sampling plan is to develop a conceptual site model
(CSM). The CSM is a dynamic tool to be updated as new information becomes
available, and therefore it should be amended, as appropriate, after each stage of
investigation.

Refer to MEDEP SOP RWM-PP-006 for the procedure on developing a Petroleum
Program CSM. Considerations specific to a Petroleum Program site CSM include, but
are not limited to, the following:

The product type, volume, duration, and date of the release

Site history

Remaining impacts to environmental media following emergency remediation

The location of the release relative to water supplies, ground water resources, and
surface water resources

5. Impact or risk of impact to indoor air quality — consider heating, ventilation, and air
conditioning (HVAC) system

b=
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6. The location of the release relative to structures on the site — inside or outside of the

building

Impacts to preferential pathways such as sumps, floor drains, perimeter drains, etc.

Types and characteristics of at-risk water supplies — casing condition and depth, well

depth, etc.

9. Impacted building components - construction of building and foundation type

10. Site topography

11. Groundwater geochemistry changes and non-petroleum vapor impacts caused by
the petroleum release

© N

5.3 TITLE SECTION

The title section of an SAP will contain the name and town of project, the MEDEP Spill #, other
relevant project numbers (EGAD, Tank Registration, REMO), and the name and title of the
person developing the SAP.

5.4 INTRODUCTION

The introduction will state the DQOs which include the goals of the sampling plan and the end
use of the data relative to the criteria that the data will be compared to. The introduction will
state the purpose of the sampling (i.e. monitor at-risk property, monitor effects of emergency
actions, monitor effects of remedial actions, monitor on-going mitigation actions, monitor for site
closure). The purpose will include a statement justifying the need for the sampling related to the
spill, actions taken, action not taken due to site-specific conditions including the nature of the
migration pathway and/or the nature of the receptor(s). At a minimum, petroleum sites require a
Level 2 data deliverable and 95% data usability. If a higher level data deliverable or a different
data usability percentage is required, it must be specified in the project SAP. Provide
references to specific SOPs that will be followed during the sampling event(s).

5.5 BACKGROUND INFORMATION

At a typical Petroleum Program site, the background information is documented by the Division
of Response Services in the spill report file. Reference to the spill number is sufficient for
providing background information.

5.6 SITE SPECIFIC HEALTH AND SAFETY CONCERNS

This document should reference the site safety plan (RWM-PP-071).and note any special safety
concerns that exist at the site that pose a safety risk to samplers.

If below grade sampling is part of the SAP, Dig-Safe and Ok To Dig and/or nonmember utilities
must be notified at least 3 working days prior to the sampling event. Sample locations must be
marked on the ground prior to calling Dig-Safe.

5.7 SAMPLING METHODOLOGY/EQUIPMENT
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A description of the sampling methodology will be included in the SAP. In instances where a
MEDEP SOP is available, reference to SOPs by either name or document number is sufficient.
Any site-specific modification to the methodology must be documented.

5.8 SAMPLES AND PARAMETERS
5.8.1 SAMPLE LOCATIONS

A map or labeled photograph showing planned sampling locations shall be included in
the Petroleum Program project file. If locations are not pre-determined, the method that
samples will be chosen and collected (field observations, random, etc.) will be outlined in
the SAP. Also outlined will be any composite procedures, if applicable.

This section should also indicate sampling collection priority and order, to assure that the
most important samples are obtained, and that sampling is generally done from low
areas of contamination to higher levels of contamination. It is recommended that critical
samples be collected in duplicate.

5.8.2 MEDIA SAMPLED

A chart outlining the media collected and sample analysis will be included in the SAP.
Generally, the media sampled will be:

Soil;

Groundwater (via monitoring wells and residential wells);
Porewater;

Soil gas and/or sub-slab soil gas;

Indoor air;

Surface Water,;

Sediment;

Neat waste material.

5.8.3 ANALYTICAL PARAMETERS

Parameters will be identified by either laboratory analysis methodology number and
name of analysis, or by field test type

Containers, preservation, and holding times will be as recommended by the laboratory
providing analytical services. Special or out of the ordinary containers or preservation
should be noted in the SAP.

5.8.4 FIELD ANALYSES

Field instruments will be identified and the purpose of their use (direct lab sampling,
evaluate data quality control, making field decisions related to remedial actions, or
evaluating air and water quality) will be documented. Include appropriate references to
specific field procedures (such as soil gas, vapor source material identification,
identification of gasoline contaminated soil, etc.) using appropriate SOP references.
Appropriate reference to field instrument calibration should be noted (RWM-PP-008).
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5.9 FIELD QUALITY CONTROL SAMPLES

The specific needs for Quality Control (QC) samples for the project will be outlined; including,
but not limited to:

Background samples;
Field duplicates;

Trip blanks; and
Equipment blanks

5.10 REPORT GENERATION

Every sampling event will be documented in the project file. Data obtained as part of the SAP
will be assessed and documented in the project file.

6. QUALITY ASSURANCE/QUALITY CONTROL

Data quality objectives should be stated in the SAP. Quality Assurance/Quality Control
(QA/QC) samples may be collected if needed to meet DQOs. Typical types of QA/QC samples
that may be collected or prepared at the laboratory include replicate MIS samples to allow
determination of a UCL for the DU, laboratory control blank spikes, and analysis of reference
material containing known concentrations of the target analytes. All samples should be
accompanied by a Chain of Custody and should be properly preserved from the time they are
collected to the time they are analyzed.

All analytical data should be reviewed and assessed to determine if DQOs have been met. If
review indicates DQOs have not been met, corrective action will be recommended by the
reviewer. At a minimum, petroleum sites require a Level 2 data deliverable and 95% data
usability.

I._REFERENCES
ASTM E1689 - 95 (2014), Standard Guide for Developing Conceptual Site Models for
Contaminated Sites.

SOP RWM-PP-006 Conceptual Site Model for Petroleum Contamination
SOP RWM-PP-017 Site Activity Tracking and Site Closure
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SAMPLING AND ANALYSIS PLAN TEMPLATE

FOR SINGLE EVENT SITE SAMPLING
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MEDEP Petroleum Program

SAMPLING and ANALYSIS PLAN

SITE NAME:

DATE of SAMPLING:

MEDEP PERSONNEL: (list names, titles and roles such as person responsible for ordering containers

and completing trip reports)

OTHER PERSONNEL: (list name affiliation, title and role)

CONCEPTUALSITE MODEL:

(ASTM defines a CSM as “a written or pictorial representation of an environmental system and the
biological, physical and chemical processes that determine the transport of contaminants from, sources
through environmental media to environmental receptors within the system.” The CSM is a dynamic
tool to be updated as new information becomes available, and therefore it should be amended, as
appropriate, after each stage of investigation.)

Staff should work with their geologist to develop and update this as necessary. Provide the

following information for the site from the CSM.

Hydrogeologic Setting: (prepare a narrative describing what is known about the site-specific geology and

hydrology with respect to its effect on contaminant distribution and migration.

Contaminants of Concern: (list contaminants and their chemical properties that will influence how they

act in the environment)

Method of Release: (look at all releases)



Migration/Exposure Pathways: (groundwater, soil, surface water and or air)

Receptors: (list potential receptors and describe the risk to the receptor posed by contamination).

EVALUATION OF PREVIOUS DATA and DATA GAP ANALYSIS:

(Review previous data to determine the environmental and physical conditions existing at the site. For
example, if wells are present, well diameter and depth to water will govern the type of sampling
equipment that is necessary to sample the wells. Other information such as whether it is necessary to
filter samples may also be available. If samples were previously collected, were they analyzed for the
appropriate parameters? In addition, previous studies may indicate there is a high degree of confidence

with data that has been collected in one portion of the site, but not the other. In order to avoid or fill
data gaps, all available data should be assessed and compared to the current CSM. This will result in an

efficient and complete site assessment.)
SITE RECONNAISSANCE:
(Depending on the objectives of the sampling and the date of the last site visit staff may need to visit the

site prior to conducting the sampling. List the date of last site visit or reconnaissance)

INVESTIGATION PURPOSE and DATA QUALITY OBJECTIVES:

(fill out and attach forms for the pathway which will be sampled)
____Groundwater Sampling

____Soil Sampling

____Surface Water/Sediment Sampling

_____Air Sampling

ADDITIONALATTACHMENTS:

_____Sample SUMMARY OF SITE INVESTIGATION Table- (example attached)
______Sample location map

______ Container list

____HASP

_____Equipment Checklist

Previous “flow sheets”



GROUNDWATER SAMPLING:
DQOs:

__ To determine if contamination onsite has impacted groundwater
__ To determine if contamination in groundwater poses a risk to receptors
__ To determine if concentrations of contaminants have changed
__ To determine if groundwater is discharging to surface water
Other

Sample Point:

_ Existing monitoring wells (list date last sampled, attach previous “flow sheets™)
__ Wells which will be installed (with )

____ Pore water

___ Residential Wells

____ Other:

Regulatory Standards/Guidelines that will be used for comparison:
__ MEGs/MCLs/RAGs
__ Background

Sample Method:

__ Low Flow

__ Peristaltic Pump
__ Submersible Pump
____ Other:

Field Screening:
__pH
eh

__conductivity
__ turbidity
__ DO

__ Temperature
___ Water level
_ Flow rate

____ Other:

Analytical Method: (list the method and make sure the method meets the objective)
____VOCs:

__ Metals (field filtered for dissolved, unfiltered for total):

___ Pesticides/Herbicide:

___SVOCs:

___ Petroleum:

___ Other:




SOIL SAMPLING:

DQOs:

____To determine if a release of contaminants has occurred

__ To determine if contaminants pose a risk to residential/recreational receptors
__To determine if contaminants pose a risk to commercial and/or construction workers
____To determine the lateral and vertical extent of contamination

__ Determining disposal criteria

___ Other:

Regulatory Standard/Guideline:
_ RAGs:

__ Waste Disposal Criteria:
__ Background:

___ Other:

Sample Method: (CALL DIG SAFE and OK To Dig)
____ Shovel/trowel

__ Geoprobe

____Hand

__ Drill Rig

____ Excavator

____ Other:

Field Screening:
PID

FID

XRF

____ Other:

Analytical Method: (list the method and make sure the method meets the objective)
____VOCs:

____ Metals:

___ Pesticides/Herbicide:

___ SVOCs:

____ Petroleum:

____PCB:s:

SURFACE WATER/ SEDIMENT SAMPLING

DQOs:

__ To determine if contaminants from the site are discharging to surface water

____To determine the extent of contamination in surface water

__ To determine if contamination in the surface water body exceeds regulatory standards

__ To determine if contamination in sediments exceeds ecological toxicity criteria
Other:




Media:

___ Surface water
____ Pore water
____ Sediment

Regulatory Standard/Guideline:
__ AWQC

_ SQIRT

__ PEC/TEC

__ Background

____ Other:

Sample Methods:
____ Shovel/Trowel
___ Ponar

____ Beta/Kemmerer
__ Peristaltic pump:
____ Other:

Field Screening:
___PID

_ XRF
__DO

_ _Eh

__pH

__ Conductivity
__ Temperature

____ Other:

Analytical Method: (list the method and make sure the method meets the objective)
____VOCs:

_ Metals:

___ Pesticides/Herbicide:

__ SVOCs:

___ Petroleum:

__ PCBs:
___ Other:

AIR SAMPLING

DQOs:

__ To determine if vapors are present in soil gas at levels that pose a threat to receptors.
__ To determine how vapors are migrating from the site.

__ To determine if vapors are present in indoor air at levels that pose a risk to receptors.



_ To determine if landfill gases are present at a site.
___ Other:

Sample Point:

__ Soil gas

__ Preferential pathway
____ Subslab

___Indoor Air
____Ambient air

____ Other:

Regulatory Guideline:

____Ambient Air Guideline
__Indoor Air Target

__Residential 1 compound

__ Residential Multiple compounds
_ Commercial 1 compound

__ Commercial multiple compounds
___Residential sub chronic

___ Commercial sub chronic

__ Soil Screening level (this assumes an attenuation factor for soil gas to indoor air)
____ Other:

Sample Method:
__ Tedlar bag

____ Summa canister
____ Other:

Field Screening:

___PID (ppm or ppb)
___FID

_ Oxygen (%)

__ Carbon Dioxide (ppm)
__ Hydrogen Sulfide

__ Methane (% LEL)
___ Other:

Analytical Method:
____ Mobile lab
__ TO-15

__ TO-17
___APH
___ Other:
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ATTACHEMNT 2

SAMPLING AND ANALYSIS PLAN TEMPLATE

FOR MULTIPLE EVENT SITE SAMPLING AND ROUTINE MONITORING




Routine! Sampling and Analysis Plan (SAP) for

(Site Name) (Town)

SAP Developed By: Date:
Refer to the project file for site map, CSM, and background information.

Data Quality Objectives:
[0 Meet the Petroleum Guidelines
O Other:

Groundwater — Water Supply Wells

(Spill #)

Sample Point Name(s):

Well Type: Sample Location: Collection Method:

Before Filters Between Filters

After Filters

Sample Frequency

Laboratory Analysis Method*

Sample Point Name(s):

Well Type: Sample Location: Collection Method:

Before Filters Between Filters

After Filters

Sample Frequency

Laboratory Analysis Method*

Sample Point Name(s):

Well Type: Sample Location: Collection Method:

Before Filters Between Filters

After Filters

Sample Frequency

Laboratory Analysis Method*




Groundwater — Monitoring Wells

Sample Point Name

Sample Collection Method
Sample Frequency
Laboratory Analysis Method*

Groundwater — Recovery Well

Sample Point Name:
FORT event Treatment Trailer No treatment

before pumping | after pumping before filters between filters after filters

Sample Collection Method
Sample Frequency
Laboratory Analysis Method*

Vapor

Sample Point Name

Location

Screening Method

Screening Frequency

Sample Method

Sample Frequency
Laboratory Analysis Method *

*Commonly used sample analysis methods are listed below. For a method not included in the list, look up or ask the Chemistry Unit for the name

and number of the method.

EPH- MADEP-EPH Rev 1.1 VOA- EPA 524.2 APH- MADEP-APH Rev 1.0
VPH- MADEP-VPH Rev 1.1 VOA- SW8260 C/D TO-15
TEPH- MADEP-EPH Rev1.1 SVOA- SW8270 D/E

1. This SAP is designed for Routine sampling events at Petroleum Program sites. For all other sampling events, including soil, sediment, surface
water, and neat material sampling, develop a site-specific SAP or use Attachment A of MEDEP SOP No. RWM-DR-014.
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1.0_APPLICABILITY

This Standard Operating Procedure (SOP) applies to all BRWM staff working on petroleum
remediation sites within the Petroleum Program. It is also applicable to all parties that investigate,
mitigate, or remediate petroleum releases.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any
legal rights of any individual, all of which are determined by applicable statutes and law. This SOP
does not supersede statutes or rules.

2.0_PURPOSE

The purpose of this document is to describe the MEDEP/TS procedure for field instrument
calibration and documentation, as required by Section 7.1 of the Department’s LUST QAPP.

A variety of equipment is available to the MEDEP/TS Program for conducting soil, groundwater
and indoor air investigations. A subset of the available equipment can be seen in Table 2.0. All
equipment is maintained and calibrated according to the manufacturers' instructions and in
accordance with the appropriate analytical methods. Manufacturers' instructions and other
instructional documentation will be kept in the equipment logbook maintained by support staff in
MEDEP/TS. As new equipment is purchased or other otherwise made available to
MEDEP/LUST Program, the equipment list and SOPs will be updated, as needed.

3.0 RESPONSIBILITIES
All MEDEP/TS Staff must follow this procedure when using field equipment. Staff must be
determined to be competent in the use of all equipment prior to the use of the equipment to
collect samples for soil, groundwater or indoor air investigations. In addition, staff must
complete annual refresher training to demonstrate ongoing competency. Documentation of
initial and ongoing equipment use competency for MEDEP staff is maintained by the
MEDEP/TS Hydrogeology Unit or other designated personnel. Non-MEDEP personnel are
responsible for maintaining their own competency demonstrations. Competency
demonstrations for non-MEDEP personnel should be provided to the MEDEP upon request.
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4.0 DEFINITIONS

4.1 ACCEPTANCE CRITERIA — The conditions that instrument must meet to ensure that data
obtained will be valid and acceptable for decision making.

4.2 BUMP TEST — Measure known concentration to determine if the instrument meets the
acceptance criteria.

4.3 CALIBRATION GAS - Containerized gas certified to have known concentrations of volatile
compounds.

4.4 CALIBRATION STANDARDS - packets of liquid standards that are used with the water
quality meters.

4.5 NEW EQUIPMENT — Any equipment, not currently listed here, purchased by the
Department, intended for field measurement of site conditions, that require calibration by
the manufacturer.

4.6 PID/FID — An instrument designed to measure ionizable organic compounds in air using either
a Photo lonizing Detector (PID) or a Flame ionizing detector (FID).

4.7 WATER QUALITY METERS - Instruments that measure common components found in
groundwater, usually by connecting to a probe (i.e. specific conductance, temperature, pH,
Eh, DO, etc.).

4.8 WATER QUALITY TEST KITS — Colorimetric kits that measure common components found
in groundwater (i.e. DO, Fe, Mn).

4.9 ZERO AIR — Ambient air conditions assumed to contain no appreciable volatile components.

4.10 ZERO GAS - Containerized gas certified to have no volatile components.
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5.0_GUIDELINES AND PROCEDURES
5.1_INTRODUCTION

To ensure that all field equipment is performing within specifications and will provide accurate
readings on current conditions at remedial sites, all field instruments are to be bump tested or
calibrated, and then documented before and after use. Bump test and calibration results must be
recorded in the equipment log and the staff field book. Bump test results must be compared to the
acceptance criteria to assure that the instrument responds appropriately to the calibration gas. If
bump test results are outside the acceptance criteria, the instrument must be calibrated prior to
use. Instruments used to make field decisions related to remediation of contaminated media must
be bump tested after field use to document the accuracy of the instrument. All instrument
calibrations and bump tests should be recorded in the instrument log book.

5.2_PLANNING

A well-developed Conceptual Site Model (CSM) is imperative for effective use of this technique
(see MEDEP/TS SOP# RWM-PP-006 — Conceptual Site Model for Petroleum Contamination).
Prior to conducting any sampling event, a Sampling and Analysis Plan (SAP) should be
developed (see MEDEP/TS SOP# RWM-DR-014 - Development of a Sampling and Analysis
Plan).

5.3_PROCEDURE

5.3.1 OVERVIEW

The Division of Technical Services maintains indoor air and soil gas instruments (PID/FID, 4-gas
meter, MSA Altair, GEM 5000, etc.), water meters with probes (pH, eH, DO, etc.), and water test
kits (Hach, CheMets, etc.). The equipment that is maintained by the Division of Technical Services
changes periodically, so procedures listed below should be updated with the addition and
retirement of equipment.

5.3.2 PROJECT SPECIFIC CONSIDERATIONS
The project-specific methodology needs to consider factors such as:

Is the field instrument appropriate for the site conditions:
e Contaminants of concern

¢ Range of possible concentrations

o Cleanup guidelines

e Exposure points

5.3.3 AIR MONITORING EQUIPMENT

5.3.3.1 PID/FID
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5.3.3.1.1 PID/FID BUMP TEST

Start the instrument and allow it to warm up. Connect it to a supply of the calibration gas of a
known concentration. The acceptance criteria for this type of instrument is 5% +/- if the readings
will be used to make remedial decisions for the site. The acceptance criteria is 10% +/- if the
readings are to be used to check for trends or to provide a line of evidence to be combined with
other lines of evidence to make an intermediate site decision.

5.3.3.1.2 PID/FID CALIBRATION —
Calibration should follow the manufacturer’s instructions using a calibration standard gas, e.g.
Isobutylene or a site specific VOC of concern.

Air monitoring equipment shall be bumped and/or calibrated routinely on a monthly basis or as
directed by the manufacturer and prior to its use in the field at the beginning of each working
day and checked at the end of each working day. Data from these calibrations should be
recorded in the user’s field book and then copied into the designated instrument log book upon
the meter’s return to the office.

5.3.3.2 4-GAS METER
Calibration should follow the manufacturer’s instructions using a calibration standard gas and a
carbon dioxide scrubber to make sure the CO2 sensor is properly functioning.

Air monitoring equipment shall be calibrated routinely on a monthly basis or as directed by the
manufacturer and prior to its use in the field and at the beginning of each working day. Data
from these calibrations should be recorded in the user’s field book and then copied into the
designated instrument log book upon the meter’s return to the office.

5.3.3.3 MSA Altair

Calibration should follow the manufacturer’s instructions using a calibration standard gas.

Air monitoring equipment shall be calibrated routinely on a monthly basis or as directed by the
manufacturer and prior to its use in the field and at the beginning of each working day. Data
from these calibrations should be recorded in the user’s field book and then copied into the
designated instrument log book upon the meter’s return to the office.

5.3.3.4 GEM 5000
See SOP RWM-TS-LGO03, Protocol for Use of the GEM'™ 5000 Gas Analyzer, March 19,
2015

5.3.4 WATER QUALITY PROBES

Water quality probes, such as the Hanna Combo pH/EC pens, shall be calibrated routinely as
directed by the manufacturer, Attachment A. Pens shall be calibrated prior to their use in the
field at the beginning of each working day and checked at the end of each working day. Data
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from these calibrations should be recorded in the user’s field book and then copied into a
designated field book upon the probe’s return to the office. Standard Methods recommend
calibrating according to manufacturer’s procedure, making sure to bracket the expected range
of the samples. Some instruments will require a three-point calibration (i.e. pH 4-7-10), some
only need a two-point calibration (i.e. pH 0-10).

5.3.5 WATER QUALITY KITS

Water Quality Kits shall be used as directed by the manufacturer, including the use of reagents.
Staff shall confirm that all reagents and other dated solutions are not expired prior to its use in
the field. Confirmation of this check should be recorded in the user’s field book.

6.0_QUALITY ASSURANCE/QUALITY CONTROL

Data quality objectives should be stated in the SAP. Quality Assurance/Quality Control
(QA/QC) samples may be collected if needed to meet DQOs. Typical types of QA/QC samples
that may be collected or prepared at the laboratory include replicate MIS samples to allow
determination of a UCL for the DU, laboratory control blank spikes, and analysis of reference
material containing known concentrations of the target analytes. All analytical data should be
reviewed and assessed to determine if DQOs have been met. If review indicates DQOs have
not been met, corrective action will be recommended by the reviewer.

7.0_REFERENCES

7.1 Standard Methods, 18" Edition 1992, ed. A Greenberg, L Clesceri, A Eaton

7.2 https://www.epa.gov/hw-sw846

7.3 SOP RWM-TS-LGO03, Protocol for Use of the GEM™ 5000 Gas Analyzer, March 19, 2015
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Attachment A
Hannah Instruments Instruction Manual pH/EC/TDS/Temperature (HI98129) and
Hannah Instruments Instruction Manual pH/ORP & Temperature (HI98121)



Instruction Manual

HI1 98129 - HI 98130

pH/EC/TDS/Temperature
with Only One Tester

R

www.hannainst.com

WARRANTY

HI1 98129 and HI 98130 are warranted for one

year against defects in workmanship and materials
when used for their intended purpose and maintained
according to instructions. The electrode is war-
ranted for a period of six months. This warranty is
limited to repair or replacement free of charge.
Damages due to accident, misuse, tampering or lack
of prescribed maintenance are not covered.

If service is required, contact the dealer from whom
you purchased the instrument. If under warranty,
report the model number, date of purchase, serial
number and the nature of the failure. If the repair is
not covered by the warranty, you will be notified of
the charges incurred. If the instrument is to be re-
turned to Hanna Instruments, first obtain a Returned
Goods Authorization Number from the Customer
Service department and then send it with shipment
costs prepaid. When shipping any instrument, make
sure it is properly packaged for complete protection.

All rights are reserved. Reproduction in whole or in
part is prohibited without the written consent of the
copyright owner, Hanna Instruments.

Hanna Instruments reserves the right fo modify the design, con-
struction and appearance of its products without advance nofice.

Dear Customer,

Thank you for choosing a Hanna product.

This manual will provide you with the necessary
information for a correct operation. Please read it
carefully before using the meter.

If you need additional technical information, do not
hesitate to e-mail us at tech@hannainst.com.

These instruments are in compliance with the CE
directives.

PRELIMINARY EXAMINATION

Remove the instrument from the packing material and
examine it carefully. If any damage has occurred
during shipment, immediately notify your Dealer or
the nearest Hanna Customer Service Center.

Each meter is supplied with:

= HI 73127 pH electrode

= HI 73128 electrode removal tool

= batteries (4 x 1.5V) and instructions

Note: Conserve all packing material until the instru-
ment has been observed to function correctly.
Any defective item must be returned in its
original packing.

US DESIGN PATENT
D462,024

GENERAL DESCRIPTION

HI 98129 and HI 98130 are waterproof pH/EC/
TDS/temperature meters. The housing has been com-
pletely sealed against humidity and designed to float.
All pH and EC/TDS readings are automatically tem-
perature compensated (ATC), and temperature values
can be displayed in °C or °F units.

For EC/TDS readings, the EC/TDS conversion factor
(CONYV) is selectable by the user, as well as the
temperature compensation coefficient 3 (BETA).

The meters can be calibrated at one or two points for
pH (with auto-buffer recognition and against five
memorized buffer values), and at one point for EC.
Measurements are highly accurate with a unique

stability indicator right on the LCD.

These meters are also provided with battery level
indication at start-up, and with a low battery symbol
which warns the user when the batteries need to be
replaced. In addition the Battery Error Prevention
System (BEPS) avoids erroneous reading caused by low
voltage level by turning the meter off.

The HI 73127 pH electrode, supplied with the meter,
is interchangeable and can be easily replaced by the
user.

The stainless steel encapsulated temperature sensor
facilitates faster and more accurate temperature mea-
surement and compensation.

FUNCTIONAL DESCRIPTION SPECIFICATIONS

NOoO O AN —

NO~ O WN —

Range 0.0t0 60.0°C / 32.0 to 140.0°F
0.00 o 14.00 pH
010 3999 uS/cm (HI 98129)
0.00 0 20.00 mS/cm (HI 98130)
010 2000 ppm (HI 98129)
0.00 to 10.00 ppt (HI 98130)

. Battery compartment

. Liquid Crystal Display (LCD)
. ON/OFF/MODE button

. HI 73127 pH electrode

. Temperature sensor (behind)
. EC/TDS probe

. SET/HOLD button
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. Automatic tfemperature compensation indicator

. Stability indicator

. Battery life percentage indicator

. Low battery indicator
. Secondary display
. Primary display

. Measuring units for primary display

Resolution 0.1°C/ 0.1°F
0.01 pH
1pS/cm; 1 ppm (HI 98129)
0.01 mS/cm; 0.01 ppt (HI 98130)

Accuracy +0.5°C / £1°F
(@20°C/68°F) +0.05 pH

+2% f.5. (EC/TDS)
Typical EMC +0.5°C / £1°F
Deviation +0.02 pH

+2% f.s. (EC/TDS)
Temperature automatic,
Compensation with $=0.0 to 2.4%/°C (EC/TDS)
Environment 0to 50°C (32 to 122°F); RH 100%
TDS Factor 0.45t0 1.00 (CONV)
Calibration automatic, 1 or 2 point with 2 sefs of

memorized buffers (pH 4.01/7.01/
10.01 or 4.01/6.86/9.18) for pH;
automatic, at 1 point for EC/TDS

EC/TDS Cal.solutions
HI 98129: HI7031 (1413 pS/cm)

HI7032 (1382 ppm; CONV=0.5)

HI70442 (1500 ppm; CONV=0.7)

HI7030 (12.88 mS/cm)

HI70038 (6.44 ppt; CONV=0.5

or 9.02 ppt; CONV=0.7)
Eeciiode (ncluded] AT 73127 pH eleciode

HI 98130:

Battery Type/Life 4x 1.5V with BEPS/approx. 100 hours

Auto-off after 8 minutes of non-use
Dimensions 163x40x26 mm (6.4x 1.6x1.0")
Weight 100 g (3.50z)

Recommendations for Users

Before using this product, make sure that it is enfirely suit-
able for the environment in which it is used. Operation of
this instrument in residential areas could cause unaccept-
able interferences fo radio and TV equipment.

The glass bulb at the end of the electrode is sensitive to
electrostatic discharges. Avoid fouching this glass bulb at
all times.

Any variation infroduced by the user to the supplied equip-
ment may degrade the instrument's EMC performance. To
avoid electrical shock, do not use this instrument when volt-
ages at the measurement surface exceed 24 Vac or 60 Vdc.
To avoid damages or burns, do not perform any measure-
ment in microwave ovens.

IST98129R4  07/05
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OPERATIONAL GUIDE

To turn the meter on and to check battery
status

Press and hold the /MODE button for 2-3 seconds. All
the used segments on the LCD will be visible for a few
seconds, followed by a percent indication of the remaining
battery life (Eg. % 100 BATT).

To change the temperature unit

To change the temperature unit (from °C to °F), from
measurement mode, press and hold the) /MODE
button until TEMP and the current temperature unit are
displayed on the lower LCD (E.g. TEMP °C).

Use the SET/HOLD button to change the temperature
unit, and then press the ¢)/MODE button twice to
return to normal measuring mode.

To freeze the display

Press the SET/HOLD button for 2-3 seconds until
HOLD appears on the secondary display.

Press either button to return to normal mode.

To turn the meter off

Press the YMODE button while in normal measure-
ment mode. OFF will appear on the lower part of the
display. Release the button.

Notes:

= Before taking any measurement make sure the meter
has been calibrated.

= To clear a previous calibration, press the (//MODE
button after entering the calibration mode. The
lower LCD will display ESC for | second and the
meter will return to normal measurement mode. The
CAL symbol on the LCD will disappear. The meter
will be reset to the default calibration.

* If measurements are taken in different samples
successively, rinse the probe thoroughly to eliminate
cross-contamination; and after cleaning, rinse the
probe with some of the sample to be measured.

pH MEASUREMENTS & CALIBRATION

Taking measurements

Select the pH mode with the SET/HOLD button.
Submerge the electrode in the solution to be tested.
The measurements should be taken when the stability
symbol D on the top left of the LCD disappears.

The pH value automatically com-
pensated for temperature is
shown on the primary LCD while
the secondary LCD shows the
temperature of the sample.

Calibration buffer set

* From measurement mode, press and hold (0¥}
MODE until TEMP and the current temperature unit
are displayed on the lower LCD (E.g. TEMP °C).

* Press the (O/MODE button again to show the
current buffer set: pH 7.0l BUFF (for pH 4.01/
7.01/10.01) or pH 6.86 BUFF (for NIST set, pH
4.01/6.86/9.18).

= Press the SET/HOLD button to change the buffer value.
« Press the (/MODE button to return to the normal
measuring mode.

Calibration procedure

From measurement mode, press and hold the O/
MODE button until CAL is displayed on the lower
LCD. Release the button. The LCD will display pH
7.01 USE or pH 6.86 USE (if you have selected the
NIST buffer set). The CAL tag blinks on the LCD.

For a single-point pH calibration, place the electrode
in any buffer from the selected buffer set (eg. pH 7.01
or pH 4.01 or pH 10.01). The meter will recognize
the buffer value automatically.

If using pH 4.0l or pH 10.01, the meter will display
OK for | second and then return to the normal
measuring mode.

If using pH 7.01, after recognition of the buffer the
meter will ask for pH 4.0l as second calibration
point. Press the (YMODE button to return to mea-
surement mode or, if desired, proceed with the 2-point
calibration as explained below.

Note: It is always recommended to carry out a two-
point calibration for better accuracy.

For a two-point pH calibration, place the electrode
in pH 7.01 (or 6.86 if you have selected the NIST
buffer set). The meter will recognize the buffer value
and then display pH 4.01 USE.

Rinse the electrode thoroughly to eliminate cross-
contamination.

Place the electrode in the second buffer value (pH
4.0l or 10.01, or, if using NIST, pH 4.0l or 9.18).
When the second buffer is recognized, the LCD will
display OK for | second and the meter will return to
the normal measuring mode.

The CAL symbol on the LCD means that the meter is
calibrated.

EC/TDS MEASUREMENTS & CALIBRATION

Taking measurements

Select either EC or TDS mode with the SET/HOLD
button.

Submerge the probe in the solution to be tested. Use
plastic beakers to minimize any electromagnetic inter-
ferences.

The measurements should be taken when the stability
symbol Don the top left of the LCD disappears.

The EC (or TDS) value automati-
cally compensated for temperature
is shown on the primary LCD
while the secondary LCD shows
the temperature of the sample.

To change the EC/TDS conversion factor

(CONV) and the temperature compensa-

tion coefficient BETA

= From measurement mode, press and hold the ¢/
MODE button until TEMP and the current tempera-
ture unit are displayed on the lower LCD. Eg. TEMP
°C.

= Press the (//MODE button again to show the
current conversion factor. Eg. 0.50 CONV.

= Press the SET/HOLD button to change the conver-
sion factor.

= Press the ¢)/MODE button to show the current
temperature compensation coefficient 3. Eg. 2.1 BETA.

= Press the SET/HOLD button to change the tempera-
ture compensation coefficient f3.

= Press the ¢)/MODE button to return to the normal
measuring mode.

Calibration procedure

= From measurement mode, press and hold the [07)
MODE button until CAL is displayed on the lower
LCD.

= Release the button and immerse the probe in the
proper calibration solution: HI7031 (1413 uS/cm)
for HI98129 and HI7030 (12.88 mS/cm) for
HI198130.

= Once the calibration has been automatically per-
formed, the LCD will display OK for | second and
the meter will return to normal measurement mode.

= Since there is a known relathionship between EC
and TDS readings, it is not necessary to calibrate
the meter in TDS

The CAL symbol on the LCD means that the meter is
calibrated.

pH ELECTRODE MAINTENANCE

* When not in use, rinse the electrode with water to
minimize contamination and store it with a few
drops of storage (HI 70300) solution in the protec-
tive cap after use. DO NOT USE DISTILLED OR
DEIONIZED WATER FOR STORAGE PURPOSES.

If the electrode has been left dry, soak in storage
solution for at least one hour to reactivate it.

To prolong the life of the pH electrode, it is
recommended to clean it monthly by immersing it in
the HI 7061 cleaning solution for half an hour.
Afterwards, rinse it thoroughly with tap water and
recalibrate the meter.

The pH electrode can be easily replaced by using the
supplied tool (HI 73128). Insert the tool into the
electrode cavity as shown below.

= Rotate the electrode counterclockwise.

= Pull the electrode out by using the other side of the

tool.
*

:ﬂ:ﬁj

= Inserta new pH electrode following the above instruc-
tions in reverse order.

BATTERY REPLACEMENT

The meter displays the remaining battery percentage
every time it is switched on. When the battery level is
below 5%, the = symbol on the bottom left of the LCD
lights up to indicate a low battery condition. The batter-
ies should be replaced soon. If the battery level is low
enough to cause erroneous readings, the meter shows
“0%" and the Battery Error Prevention System (BEPS) will
automatically turn the meter off.

To change the batteries, remove the 4 screws located on
the top of the meter.

Once the top has been removed, carefully replace the 4
batteries located in the compartment while paying atten-
tion to their polarity.

Replace the top, making sure that the gasket is properly
seated in place, and tighten the screws to ensure a

watertight seal.

ACCESSORIES

HI 73127 Replaceable pH electrode

HI 73128 Electrode removal tool

HI 70004P pH 4.01 solution, 20 mL sachet (25 pcs)
HI 70006P pH 6.86 solution, 20 mL sachet (25 pcs)
HI 70007P pH 7.01 solution, 20 mL sachet (25 pcs)
HI 70009P pH 9.18 solution, 20 mL sachet (25 pcs)
HI 70010P pH 10.01 solution, 20 mL sachet (25 pcs)
HI 77400P pH 4 & 7 solutions, 20 mL sachet (5 each)
HI 7004M pH 4.01 solution, 230 mL bottle

HI 7006M pH 6.86 solution, 230 mL bottle

HI 7007M pH 7.01 solution, 230 mL bottle

HI 7009M pH 9.18 solution, 230 mL bottle

HI 7010M pH 10.01 solution, 230 mL bottle

HI 70030P 12.88 mS/cm solution, 20 mL (25 pcs)
HI 7003 1P 1413 pS/cm solution, 20 mL (25 pcs)
HI 70032P 1382 ppm solution, 20 mL (25 pcs)

HI 7003 8P 6.44 ppt solution, 20 mL (25 pcs)

H1 70442P 1500 ppm solution, 20 mL (25 pcs)

HI 7061M Electrode cleaning solution, 230 mL bottle
HI 70300M Electrode storage solution, 230 mL bottle
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WARRANTY

HI 98121 is warranted for one year against defects
in workmanship and materials when used for its
intended purpose and maintained according to in-
structions. The electrode is warranted for a period
of six months. This warranty is limited to repair or
replacement free of charge.

Damages due to accident, misuse, tampering or lack
of prescribed maintenance are not covered.

If service is required, contact the dealer from whom
you purchased the instrument. If under warranty,
report the model number, date of purchase, serial
number and the nature of the failure. If the repair is
not covered by the warranty, you will be notified of
the charges incurred. If the instrument is to be re-
turned to Hanna Instruments, first obtain a Returned
Goods Authorization Number from the Customer
Service department and then send it with shipment
costs prepaid. When shipping any instrument, make
sure it is properly packaged for complete protection.

All rights are reserved. Reproduction in whole or in
part is prohibited without the written consent of the
copyright owner.

Hanna Instruments reserves the right fo modify the design, con-
struction and appearance of ifs products without advance nofice.

Dear Customer,

Thank you for choosing a Hanna product. This
manual will provide you with the necessary informa-
tion for correct operation. Please read it carefully
before using the meter.

If you need additional technical information, do not
hesitate to e-mail us at tech@hannainst.com.

This instrument is in compliance with the £ Edirec-
tives.

PRELIMINARY EXAMINATION

Remove the instrument from the packing material and
examine it carefully. If any damage has occurred
during shipment, immediately notify your Dealer or
the nearest Hanna Customer Service Center.

Each meter is supplied with:

« HI 73127 pH electrode

= HI 73128 Electrode removal tool

= 4 x 1.5V batteries

Note: Conserve all packing material until the instru-
ment has been observed to function correctly.
Any defective item must be returned in its
original packing.

US DESIGN PATENT
D462,024

GENERAL DESCRIPTION

HI 98121 is a waterproof pH, ORP and temperature
meter. The housing has been completely sealed against
humidity and designed to float.

All pH readings are automatically temperature com-
pensated (ATC), and temperature values can be
displayed in °C or °F units.

The meter can be calibrated at one or two points for
pH (with auto-buffer recognition and against five
memorized buffer values), while the mV (ORP) range is
factory calibrated.

Measurements are highly accurate with a unique
stability indicator right on the LCD.

This meter is also provided with battery level indication
at start-up, and with a low battery symbol which
warns the user when the batteries need to be replaced.
In addition the Battery Error Prevention System (BEPS)
avoids erroneous reading caused by low voltage level
by turning the meter off.

The HI 73127 pH electrode, supplied with the meter, is
interchangeable and can be easily replaced by the user.
The stainless steel encapsulated temperature sensor
facilitates faster and more accurate temperature mea-
surement and compensation.

FUNCTIONAL DESCRIPTION CE DECLARATION OF CONFORMITY
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. Battery compartment

. Liquid Crystal Display (LCD)
. ON/OFF/MODE button

. HI 73127 pH electrode

. Temperature sensor (behind)
. ORP electrode

. SET/HOLD button
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. Automatic Temperature Compensation

Indicator
. Stability indicator
. Battery life percentage indicator
. Low battery indicator
. Secondary display
. Primary display
. Measuring unit for primary display
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DECLARATION OF CONFORMITY

HI 98121
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Recommendations for Users

Before using this product, make sure that it is entirely
suitable for the environment in which it is used.

The glass bulb at the end of the electrode is sensitive
to electrostatic discharges. Avoid touching the glass
bulb and the ORP electrode at all times.

Any variation introduced by the user to the supplied equip-
ment may degrade the instrument’s EMC performance.
To avoid electrical shock, do not use this instrument
when voltages at the measurement surface exceed 24
VAC or 60 VDC. To avoid damages or burns, do not
perform any measurement in microwave ovens.

ACCESSORIES

HI 73127  Replaceable pH electrode

HI 73128 Electrode removal tool

HI 70004P pH 4.01 solution, 20 mL sachet (25 pcs)
HI 70006P pH 6.86 solution, 20 mL sachet (25 pcs)
HI 70007P pH 7.01 solution, 20 mL sachet (25 pcs)
HI 70009P pH 9.18 solution, 20 mL sachet (25 pcs)
HI 70010P pH 10.01 solution, 20 mL sachet (25 pcs)
HI 7004M pH 4.01 solution, 230 mL bottle

HI 7006M pH 6.86 solution, 230 mL bottle

HI 7007M pH 7.01 solution, 230 mL bottle

HI 7009M pH 9.18 solution, 230 mL bottle

HI 7010M pH 10.01 solution, 230 mL bottle

HI 7021M ORP test solution (240 mV), 230 mL bottle
HI 7022M ORP test solution (470 mV), 230 mL bottle
HI 7061M Electrode cleaning solution, 230 mL bottle
HI 70300M Electrode storage solution, 230 mL bottle
HI 7091M  Pretreatment reducing solution, 230 mL
HI 7092M Pretreatment oxidizing solution, 230 mL
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SPECIFICATIONS pH MEASUREMENTS & CALIBRATION

Range -2.00 to 16.00 pH
+1000 mV
-5.010 60.0°C / 23.0 to 140.0°F
Resolution 0.01 pH
1mV
0.1°C or0.1°F
Accuracy +0.05 pH
(@20°C/68°F) +2 mV
+0.5°C or +1°F
TypicalEMC +0.02 pH
Deviation +2 mV
+0.3°C or +0.6°F
Temp.Compensation Automatic for pH
Cadlibration pH: at 1 or 2 points with 2 sets of
memorized buffers (pH 4.01/7.01/
10.01 or pH 4.01/6.86/9.18)
ORP: factory cdlibrated
Electrode HI 73127 pH electrode (included)
Environment =510 50°C (2310 122°F); RH T00%

BatteryType / life 4 x 1.5V / approx. 250 hours

Auto-off After 8 minutes of non-use
Dimensions 163x40x26 mm (6.4x1.6x1.0")
Weight 100g (3.507)

OPERATIONAL GUIDE

To turn the meter on and to check battery status

Press and hold the (/MODE button until the LCD
lights up. All the used segments on the LCD will be
visible for | second (or as long as the button is
pressed), followed by the percent indication of the
remaining battery life (E.g. % 100 BATT).

To freeze the display

While in measurement mode,
press the SET/HOLD button until
HOLD appears on the secondary
display. The reading will be fro-
zen on the LCD.

Press any button to return to normal mode.

To turn the meter off

While in measurement mode, press th&) /MODE
button. OFF will appear on the secondary display.
Release the button.

Note: If measurements are taken in different samples
successively, rinse the probe thoroughly to eliminate
cross-contamination; and after cleaning, rinse the
probe with some of the sample to be measured.

Taking measurements

Select pH mode with the SET/HOLD button.
Submerge the electrode in the solution to be tested
while stirring it gently.

The measurements should be taken when the stability
symbol D on the top left of the LCD disappears.

The pH value automatically com-
pensated for temperature is
shown on the primary LCD
while the secondary LCD shows

the temperature of the sample.

Note: Before taking any pH measurement make sure
the meter has been calibrated (CAL tag present on
the LCD).

DpH Calibration
For better accuracy, frequent calibration of the instru-
ment is recommended. In addition, the instrument
must be recalibrated whenever:

2 The pH electrode is replaced.

b) After testing aggressive chemicals.
o Where high accuracy is required.
d) At least once a month.

Calibration procedure

From normal measuring mode, press and hold the
&/MODE button until OFF on the secondary LCD is
replaced by CAL. Release the button. The LCD enters
the calibration mode displaying “pH 7.01 USE” (or
“pH 6.86 USE” if the NIST buffer set was selected).

After | second the meter activates the automatic buffer
recognition feature. If a valid buffer is detected then its
value is shown on the primary display and REC
appears on the secondary LCD. If no valid buffer is
detected, the meter keeps the USE indication active for
12 seconds, and then it replaces it with WRNG,
indicating the sample being measured is not a valid
buffer.

= For a single-point calibration with buffers pH 4.01,
9.18 or 10.01, the meter automatically accepts the
calibration when the reading is stable; the meter
displays the accepted buffer, with the message “OK
1”. After | second the meter automatically returns to
the normal measuring mode.

If a single-point calibration with buffer pH 7.01 (or
pH 6.86) is desired, then after the calibration point
has been accepted the (JMODE button must be
pressed in order to return to normal mode. After the
button is pressed, the meter shows “7.01” (or “6.86”)
- “OK 1” and, after | second, it automatically returns
to the normal measuring mode.

Note: It is always recommended to carry out a two-
point calibration for better accuracy.

= For a two-point calibration, place the electrode in
pH 7.01 (or pH 6.86) buffer. After the first calibration
point has been accepted, the “pH 4.01 USE” message
appears. The message is held for |12 seconds, unless a
valid buffer is recognized. If no valid buffer is recog-
nized, then the WRNG message is shown. If a valid

buffer (pH 4.01, pH 10.01, or pH 9.18) is detected,
then the meter completes the calibration procedure.
When the buffer is accepted, the LCD shows the
accepted value with the “OK 2” message, and then
the meter returns to the normal measuring mode.

Note: When the calibration procedure is completed,
the CAL tag is turned on.

To quit calibration and to reset to the default
values

= After entering the calibration mode and before the
first point is accepted, it is possible to quit the
procedure and return to the last calibration data by
pressing the (;/MODE button. The secondary LCD
displays “ESC” for | second and the meter returns to
the normal measuring mode.

= To reset to the default values and clear a previous
calibration, press the SET/HOLD button after entering
the calibration mode and before the first point is
accepted. The secondary LCD displays “CLR” for |
second, the meter resets to the default calibration and
the CAL tag on the LCD disappears.

ORP MEASUREMENTS

Taking measurements

Select ORP mode with the SET/HOLD button.
Submerge the electrode in the solution to be tested.
The measurements should be taken when the stability
symbol D on the top left of the LCD disappears.

The ORP (mV) value is shown my
on the primary LCD while the BE 5
secondary LCD shows the tem-
perature of the sample. E S’B%

The ORP range is factory calibrated
Contact your nearest Hanna Service Center for
recalibration, if necessary.

SETUP

Setup mode allows the selection of temperature unit
and pH buffer set.

To enter the Setup mode, select pH mode and then
press the (O/MODE button until CAL on the second-
ary display is replaced by TEMP and the current
temperature unit (E.g. TEMP °C). Then:

* for °C/°F selection: Use the SET/HOLD button.
After the temperature unit has been selected, press the
(/MODE button to enter the buffer set selection

mode; press the (//MODE button twice to return to
the normal measuring mode.

« to change the cdlibration buffer set: After setting
the temperature unit, the meter will show the current
buffer set: “pH 7.01 BUFF” (for 4.01/7.01/10.01) or
“pH 6.86 BUFF” (for NIST 4.01/6.86/9.18). Change

the set with the SET/HOLD button, then press /MODE
to return to the normal measuring mode.

ELECTRODE MAINTENANCE

= When not in use, rinse the electrodes with water to
minimize contamination and store them with a few
drops of HI 70300 storage solution in the protective
cap after use. DO NOT USE DISTILLED OR DEION-
IZED WATER FOR STORAGE PURPOSES.

= If the electrodes have been left dry, soak in storage
solution for at least one hour to reactivate them.

= To prolong the life of the electrodes, it is recom-
mended to clean them monthly by immersing them in
the HI 7061 cleaning solution for half an hour.
Afterwards, rinse it thoroughly with tap water and
recalibrate the meter.

= The pH electrode can be easily replaced by using
the supplied tool (HI 73128). Insert the tool into the
probe cavity as shown below.

Rotate the electrode counterclockwise.

Pull the electrode out by using the other side of the tool.

-

:ﬂ:ﬁj

Insert a new pH electrode following the above instruc-
tions in reverse order.

BATTERY REPLACEMENT

The meter displays the remaining battery percentage
every time it is switched on. When the battery level is
below 5%, the = symbol on the bottom left of the LCD
lights up to indicate a low battery condition. The batter-
ies should be replaced soon. If the battery level is low
enough to cause erroneous readings, the meter shows
“0%" and the Battery Error Prevention System (BEPS) will
automatically turn the meter off.

To change the batteries, remove the 4 screws located on
the top of the meter.

= -
? 7 ; ? \ FQI(DﬁrIH

Once the top has been removed, carefully replace the 4
batteries located in the compartment while paying atten-
tion to their polarity.

Replace the top, making sure that the gasket is properly
seated in place, and tighten the screws to ensure a
watertight seal.
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1.0 APPLICABILITY

1.1 Introduction: This Standard Operating Procedure (SOP) applies to all programs in the Maine
Department of Environmental Protection’s (MEDEP) Bureau of Remediation and Waste Management
(BRWM) divisions that respond to, investigate and/or or remediate air and vapor contamination
related to petroleum releases that impact and pose risk to occupied building.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any legal
rights of any individual, all of which are determined by applicable statutes and law. This SOP does not
supersede statutes or rules.

Indoor air contamination related to heating oil spills constitutes the bulk of DEP’s work related to
petroleum vapor and this SOP is weighted toward heating oil spills. The SOP has 3 components,
including:
1. Residential Heating Oil Tank Spill (RHOS) — Vapor Source Material Investigation and
Remediation
2. Indoor Air Multi Contaminant Risk Calculator for RHOS
3. Vapor Intrusion Screening at Sites with Historical Gasoline Contamination

Components 1 and 2 above apply to heating oil sites. The following sections provide a general
discussion of all three components and the appendices provide specific procedures for each component.

Appendix A - Residential Heating Qil Tank Spill (RHOTS) - Vapor Source Material (VSM) Investigation and
Remediation

Appendix B —Indoor Air Multi Contaminant Risk Calculator for Residential Heating Oil Tank Spill (RHOTS)

Appendix C—Vapor Intrusion (VI) Screening at Sites with Historical Gasoline Contamination

1.2 Residential Heating Qil Tank Spill — Vapor Source Material Investigation and Remediation: Maine has
hundreds of thousands of properties with heating oil tanks within orimmediately adjacent to the building.
Heating oil tanks are vulnerable to damage and aging and Maine DEP receives thousands of reports of
leaking heating oil tanks annually. The release of heating oil from the oil storage tanks within or at homes
and businesses constitute the majority of the Department’s petroleum resources.

Heating oil releases within or immediately adjacent to an occupied structure (home or business) often
result in a completed human health risk pathway to occupants through inhalation of petroleum vapors
exceeding indoor air guidance values (chronic, sub-chronic, and frequently acute exposure values). DEP
staff typically manages RHOTS sites because of the high risk level to human health and the need for
immediate and aggressive actions to successfully mitigate the exposure. This is in contrast to a release
of heating oil at a bulk oil facility or a transportation incident where there is typically not an immediate
human exposure and the responsible party has at least in part, the lead.
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Appendix A provides guidance pertaining to responding, investigating and remediating heating oil tank
spills at or within buildings. Other heating oil spill locations and situations that are not adjacent to or not
within a building and do not immediately impact or pose a risk to indoor air (such as transportation and
bulk plant facilities) are not covered in this guidance.

1.3 Indoor Air Multi Contaminant Risk Calculator for Residential Heating Qil Tank Spills This SOP pertains

to evaluating indoor air concentrations relative to the RAGs using a subchronic exposure for the multiple
petroleum contaminants present in the indoor air at an occupied residence or commercial building. The
use of the indoor air risk calculator assessment tool at residential and commercial heating oil spills is only
appropriate when the spill is promptly reported, thoroughly investigated and the identified vapor source
material is aggressively remediated and or comprehensively managed within 90 days of the release. The
risk calculator provides a risk summation when multiple contaminants are present (typical with petroleum
mixtures) and uses the sub-chronic (7 year) risk scenario. This exposure criteria is supported by the Maine
CDC and is consistent with the RAGs. criteria for . This document is a companion to Maine DEP’s Excel
Program “Home Heating Oil Indoor Air Input Sheet and Summary of Total Incremental Lifetime Cancer
Risks and Endpoint-Specific Hazard Indices” dated February 2019. Appendix B provides detail on applying
the calculator.

1.5 VI Screening at Sites with Historical Gasoline Contamination:

This guidance is not applicable in situations where there is a catastrophic or recent release of gasoline, or
there are reports of gasoline odors. Gasoline releases and indoor gasoline odors are to be immediately
reported to emergency responders and occupants smelling gasoline should be advised to vacate the
premises.

This SOP pertains to assessing petroleum vapor intrusion (PVI) potential associated with residual, gasoline
contamination from historic releases. This SOP replaces the 2010 VI Guidance. Appendix C provides
details on VI screening at gasoline sites to determine human health risks.

A site assessment in response to the release must consider the vapor potential, migration and exposure
in accordance with “Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from
Subsurface Vapor Sources to Indoor Air” from EPA’s Office of Solid Waste and Emergency Response, dated
June 2015. Therefore, environmental professionals must have experience with this document and follow
the document when investigation PVI from an historic gasoline release.

2.0 PURPOSE



s, SOP No. RWM-PP-009

£ % Effective Date: 9/15/2021

= el =

2 S Attachment 5 Revision No. 01

"“ Last Revision Date: 1/6/2021
forut Page 4 of 10

The purpose of this SOP is to identify the presence of petroleum contaminated media that impacts or
has the potential to impact indoor air quality above an acceptable risk-based concentration (herein
referred to as Vapor Source Material or VSM). Additionally, this SOP outlines steps to evaluate the VSM
and remediate the VSM when the indoor air quality exceeds the RAG or mitigate the pathway when
indoor air quality is below the RAG.

At RHOS sites, Vapor Source Material (VSM) is defined as petroleum contaminated media that meet all
the following conditions:

sufficient concentration to propagate vapor transmission,
located in close proximity to the building and
there is a direct vapor migration pathway connected to

el

an occupied building with measurable impacts to the indoor air quality.

National® and State? guidance is available on investigating vapor intrusion risk, and this guidance is
primarily for situations where the inhalation pathway is complete, as is often the case with residential
heating oil tank spills. By identifying the location and relative strength of VSM contributing to the
complete pathway, mitigative and remedial actions can be effectively scoped and targeted.

In identifying VSM and monitoring the progress of a clean-up and/or mitigation, MEDEP relies on a
formatted methodology of collecting, recording and tabulating spatial, temporal and experiential
information. The information is reviewed and weighted based upon staff judgement and consideration of
factors including conformance with the CSM, correlation with coincidental information,
representativeness, frequency, and validity. Validity can be a qualitative measure of developing and
adhering to a routine with respect to collecting and documenting information including routine,
personnel, equipment, location, timing and influences. Information considered strong, reliable and
defensible can be used to make decisions with respect to delineating the extent of impact, identifying
VSM, determining effectiveness of corrective actions and completing involvement with a spill. This
approach, of collecting, observing and documenting direct and indirect information to develop a
comprehensive understanding, is referred to as a “multiple lines of evidence” (MLE) approach. It is
particularly useful and important with regard to identifying and resolving vapor impacts as air/vapor is in
a greater flux than other forms of contamination (water, soil) which presents difficulty in establishing a
stable concentration to compare to clean up and performance guidelines.

3.0_RESPONSIBILITIES

All MEDEP/BRWM Staff must follow this procedure when performing this task. All Managers and
Supervisors are responsible for ensuring that their staff are familiar with and adhere to this procedure.
MEDEP/BRWM staff reviewing data by outside parties are responsible for assuring that the procedure
(or an equivalent) was utilized appropriately.
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4.0 DEFINITIONS

4.1 BUILDING ENVELOPE : The below grade interface and connections between the building
elements and the surrounding environment (foundation, backfill, piping, sump, utilities,
penetrations, groundwater, soil) where an exchange or transmission of vapors is possible. The
zone of the building envelope can change with seasons and groundwater table elevation.

4.2 Complete inhalation Pathway A pathway is considered complete when the indoor air
concentration exceeds the RAG for the appropriate risk scenario and the exceedance is directly
attributed to the vapor migration pathway between the VSM to the occupied building.

4.3 LINES of EVIDENCE also referred to as MULTIPLE LINES of EVIDENCE: Lines of Evidence is an
approach of collecting, observing, documenting direct and indirect information to develop a
dimensional understanding of a situation that can be evolving, as in the impacts or remedial
progress at a residential heating oil tank spill. Typically, there is not a solitary piece of
information (evidence) that adequately defines the situation, so it is necessary to collect
multiple pieces of information to confidently comprehend the situation or status.

4.4 ONE-WAY FLOOR DRAIN. A one-way valve for floor drains allows water to pass through while
sealing out soil gases including odor. A typical brand name for one-way valves is Dranjer™.
Dranjer™ floor drains can retrofit existing non-valved floor drains or be installed during the
construction of a new floor depending on the type of Dranjer™ floor drain used.

4.5 PHOTO-IONIZATION DETECTOR (PID). A PID measures volatile organic compounds (VOCs) and
other gases in concentrations from parts per billion (ppb) to 10,000 parts per million (ppm). The
PID is an efficient and inexpensive detector for many gas and vapor analytes. PIDs are hand-
held portable instruments that produce instantaneous readings and operate continuously. Their
primary use is for monitoring possible exposure to VOCs from petroleum fuels, solvents, and
degreasers. Other applications include assessing performance of a SSDS by measuring the VOC
concentration of the soil gas inside the exhaust pipe and assessment of vapor source strength
and location, by measuring the concentration of the soil gas in test holes and cracks in the floor.

4.6 SMOKE PEN. Smoke pen is a small “pen shaped” device that emits an inert smoke. It can be used
to test pressure gradients and air movement. Disposable puffers using titanium tetrachloride and
moisture to make smoke are not recommended for use since a byproduct of making smoke with
titanium tetrachloride is hydrochloric acid.

4.7 SUB SLAB DEPRESSURIZATION SYSTEM (SSDS). A SSDS is withdrawing air from the soil
immediately below a foundation slab in order to manipulate the pressure to prevent the soil gas
from entering the building. It is widely used in radon mitigation. In order to be effective, the



o

: w"sm
#i173108%

oW,
W RCK Ay
& “q/

SOP No. RWM-PP-009

Effective Date: 9/15/2021

Attachment 5 Revision No. 01
D Last Revision Date: 1/6/2021
o Page 6 of 10

foundation slab needs to be of relatively low permeability in comparison to the sub slab soil in
order to maximize influence below the slab. In addition to the low permeability slab, an SSDS
consists of an extraction pipe, an in-line fan, and exhaust pipe. The intercepted soil gas is
discharged to and dispersed to the atmosphere, away from receptors.

4.8 VAPOR INTRUSION - Vapor Intrusion is the migration of hazardous vapors from a subsurface
contaminant source, such as contaminated soil or groundwater or contaminated conduit(s), into
an overlying building or unoccupied structure via any opening or conduit.

4.9 VAPOR BARRIER. A vapor barrier is plastic sheeting used to prevent the migration of soil vapors
and water vapor from the soil into the building. A recommended product is 15-mil yellow
plastic sheeting (“Stego® Wrap”) from Stego® Industries, LLC with 0.0086 perms. Stego® Wrap is
a vapor barrier that is very durable and puncture resistant and has an extremely low perm
rating. In comparison, readily available 6-mil polyethylene has a perm rating of 0.06. It is
important to note that the installed, effective permeance is largely dependent on the
installation technique.

5.0_GUIDELINE PROCEDURES

5.1 Introduction
The procedural guidelines and planning aspects are developed in the following Appendices:

Appendix A - Heating QOil Investigation and -up
Appendix B - Petroleum Vapor Risk Calculator
Appendix C - VI Screening at Gasoline Sites

5.2 PID Use
A PID does not respond linearly to increasing fuel oil contamination concentrations in soil because
many of the components that comprise the greatest mass of fuel oil are outside the ionization
potential of the instrument. PID use to determine the presence or absence of fuel oil contamination in
soil is permitted in the SOP under the following conditions:

e ThePID lamp has been cleaned in accordance with the manufacturer’s instructions

e Thelamp cleaning is documented

e PIDis calibrated before use at the site and bump tested after one hour of use

e The PID readings are used in conjunction with other lines of evidence and is not used

exclusively as the only evidence

6.0_QUALITY ASSURANCE/QUALITY CONTROL

Data quality objectives should be stated in the SAP. Quality Assurance/Quality Control (QA/QC) samples
may be collected if needed to meet DQOs. Typical types of QA/QC samples that may be collected or
prepared at the laboratory include replicate MIS samples to allow determination of a UCL for the DU,
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laboratory control blank spikes, and analysis of reference material containing known concentrations of
the target analytes. All analytical data should be reviewed and assessed to determine if DQOs have

been met. If review indicates DQOs have not been met, corrective action will be recommended by the
reviewer.

7.0_REFERENCES

" OSWER Publication 9200.2-154 OSWER TECHNICAL GUIDE FOR ASSESSING AND MITIGATING THE
VAPOR INTRUSION PATHWAY FROM SUBSURFACE VAPOR SOURCES TO INDOOR AIR U.S.
Environmental Protection Agency Office of Solid Waste and Emergency Response June 2015
https://www.epa.gov/sites/production/files/2015-09/documents/oswer-vapor-intrusion-technical-guide-final.pdf

2 Supplemental Guidance for Vapor Intrusion of Chlorinated Solvents and other Persistent Chemicals Effective

Date: February 5, 2016 https://www.maine.gov/dep/spills/publications/guidance/rags/VI-Persistent-Chems-
Guidance-final-020516.pdf
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https://www.maine.gov/dep/spills/publications/guidance/rags/VI-Persistent-Chems-Guidance-final-020516.pdf
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INTRODUCTION

Maine has hundreds of thousands of heating oil tanks within or immediately adjacent to
occupied buildings. A Residential Heating Oil Tank Spill (RHOTS) can be very disruptive
to the function and occupation of a residence by immediately contaminating indoor air. In
addition to the building and indoor air, a RHOTS can quickly contaminate drinking water
wells, ground water, soil, surface water, and septic systems.

The inhalation pathway between the release and the occupants of the building is often
complete and urgency is required to rapidly mitigate the exposure and evaluate the impacts.
The complete pathway is often obvious and identified and reported by the occupant due to
the acrid, distinct odors associated with vapors from heating oil. Occupants usually notify
their service provider and subsequent DEP notification is usually quick, which facilitates a
rapid DEP response. This appendix summarizes proven methods to investigate and
mitigate/remediate Vapor Source Material (VSM) at RHOTS.

Although it is the vapor phase of fuel oil that is completing the inhalation pathway, fuel oil
contaminated building components, household items, soil, and groundwater are typical
vapor source material and need to be evaluated in a timely manner to successfully
mitigate/remediate a RHOTS . This appendix is based upon decades of environmental
professional experience and is applicable to heating oil spills at residential commercial,
and industrial buildings.

GUIDANCE PREMISE

Sections 6 and 8 of the OSWER Technical Guide for Assessing and Mitigating the Vapor
Intrusion Pathway from Subsurface Vapor Sources to Indoor Air covers methods for
identifying vapor source material and mitigation/remediation. This same approach, in
general, is adopted to heating oil spills that impact indoor air. RHOTS are somewhat unique
in comparison to other vapor forming chemicals (mercury, radon, dry cleaner solvents,
etc.) because the release is usually inside or very close to an occupied residential building,
the odor threshold is very low, and the effects of the release is often observed immediately
by the homeowner (no heat, visible product, oil taste, smell, etc.) Similarly, the completed
pathway is also observed immediately without the need for laboratory samples to be
collected.. Key components of reducing the magnitude and duration of the exposure,
protecting resources, and restoring property value are:

e an immediate report of a discharge,

o timely response by DEP and service provider,
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o carly identification of situations where teaming with Response Services, Tech
Services staff, and Project Managers is warranted and early formation of the DEP
project team,

e Communication between DEP team and property owner, building occupants, and
any outside parties (oil companies, service technicians, fire departments, local
government officials, etc.)

e thorough assessment and documentation of impacts and source areas, and

e aggressive removal and thorough control of source areas.

This appendix presents proven practices of DEP staff with decades of experience
successfully investigating and remediating more than 15,000 RHOTS.

Diligent and thorough identification of VSM is a critical preface/component of a successful
clean-up. Taking the time to assess and thoroughly remove the VSM is the preferred
approach as it eliminates the exposure by the most effective means — at its source. A
removal (a form of remediation) can be limited by costs, structural concerns, owner
cooperation, weather, seasons, resources, and a variety of other factors. When removal is
limited, supplemental actions may be necessary to mitigate the vapor inhalation risk..

Typical mitigation measures include concrete cleaning, concrete surface sealing,
groundwater control, and installation of a sub slab depressurization system - SSDS. Several
rounds of investigation, monitoring, and remediation may be necessary to facilitate vapor
and air equilibration after remedial actions are taken so that weak and remote locations of
VSM can be identified and remediated to achieve a successful site closure.. When the spill
circumstances are known and the impact and amount of VSM is low, a single, cursory,
confirmatory investigation may be adequate to complete actions and successfully close a
site.

DEP staff time involved in assessing, remediating, and documenting heating oil spills is
critical to::
e Completing time-sensitive steps to stop the leak and provide immediate steps to
reduce human health risks
o Establish a well-developed conceptual site model
e Execute a timely and focused investigation.
e Develop an appropriate vapor control plan
o Implement effective mitigation and remedial actions that eliminate vapor inhalation
risks permanently s
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Provides immediate protection of public health, and
Establishes long term liability protection with respect to 3rd Party Damage Claims.

Emergency measures for building occupants may include voluntary and temporary
relocation. DEP does not have the authority to require evacuation, but the option can be
discussed with the property owner, local, and state public health officials as deemed
appropriate by DEP staff on-site.

A PID may be used in accordance with Section 5.2 of this SOP.

Procedure
This appendix focuses on petroleum vapors/odors caused by heating oil spills and provides
BRWM staff with:

1. Objectives for investigating and remediating the spill

2. Communications and Responsibilities between the property owner/occupant and

DEP

3. Methodology

4. Best Management Construction Practices/

5. Related references and SOPs

1. Objectives for investigating and remediating the spill

a.

Develop and validate a Conceptual Site Model — CSM. Indoor air impacts
are most times obvious. Understanding, locating and controlling primary
vapor source material can take time and effort but it is a critical objective
upon arrival. Success of decisions ranging from “wait and see” to an
aggressive pursuit of VSM are contingent upon constructing and validating
the conceptual site model in order to effectively design and plan the
investigation(s), monitoring and remediation.

Develop and implement a remedy and verify that it is performing adequately
(demonstrate reliable influence on the residual VSM in order to declare
that the environmental exposure condition is under control).

Closure: Continue periodic performance monitoring checks, look for trends
over time and seasons, compare to closure criteria, and document that DEP
is satisfied with the clean-up by closing out the project.
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2. Communications, Interactions and Expectations between Owner/Occupant and
DEP.

In order to establish an informed and cooperative relationship between the parties
involved in the investigation, clean up and administration, there are many items that
are to be discussed at the onset and continued throughout the investigation and
clean-up. Items include program scope, program administration, expectations,
health (including the range of sensitivities and tolerances), work scope, access,
disruptions, scheduling, and finances. Details to cover with the owner/occupants
include:

a. Identifying parties with knowledge of the spill and or influences on the spill

1mmpact.

b. Provide DEP Objective: Inform occupants/owner that DEP’s mission is to
identify and control vapor source material (VSM) to reduce exposures and
protect the environment. Emergency, temporary ventilation and filters are
available while the assessment is ongoing and the clean up actions will be
presented prior to implementation. Multiple rounds of monitoring,
observation and communications will be necessary to complete the
understanding of the impacts, complete the evaluation of the remedy,
convey status, and make decisions. Occupant assistance in reducing
exposure and understanding progress will be requested by avoiding source
areas and reporting experience/impression following remedial/mitigation
actions.

c. Health Affects / Risk Guidance: As a matter of course at heating oil spills,
DEP does not conduct health risk assessments or have the authority and
qualifications to determine if oil impacted indoor air is “safe” to habitate.
Inform occupants that it is their decision on whether they can stay in the
building. Inform owners/occupants that fuel oil vapors are not an imminent
threat with regard to ignition or explosion. Recommend that they
avoid/limit exposure to fuel oil product, contaminated media and vapor.
Inform them that if they or their family have respiratory illness, vulnerable
due to age (pre-teens and elderly), or are experiencing symptoms that they
are uncomfortable with, they should consider alternative accommodations.
Inform them that DEP’s workplace PID action level (SOP RWM-PS-002
Last Revised 11/26/19) is 10 parts per million (PPM) and with adjustments
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for a 24 hour/7 day per week residential exposure, DEP recommends against
occupying areas, rooms and buildings where PID measurements are
sustained above 3 PPM.

d. Health Affects / Risk Referrals The State of Maine’s Center for Disease
Control has an Environmental Health Unit (EHU) that can be contacted to
discuss health effects and reactions with fuel oil vapors. If it is a situation
with multiple families or individuals (commercial/office, multi housing)
and/or sensitive population (small children/elderly, respiratory conditions)
or both (school, hospital, assisted living/elder care), advise
owner/manager/administrator that immediate involvement of CDC
provides valuable assistance in communicating and decision making with
respect to health and safety. When EHU is involved, DEP can serve as field
staff with regard to information and sample collection, risk calculation, and
comparison to “typical background” levels detected in Maine homes.
Site/exposure/population specific interpretations are the domain of the EHU
unit.

e. Alternative Temporary Housing: Accounting for finances, site safety,
availability of alternate housing through family and friends, sensitivity of
population, perceived timeline and degree of difficulty in achieving “under
control” status, Response Staff, at their discretion, are authorized to offer
assistance in finding and funding alternative accommodations. Refer to
2017? memo regarding Red Cross and relocation policy.

f. Timeframe: The timeline of marked improvement can range from a few
hours to a few weeks. The time frame can be affected by many factors
including the volume of oil lost, the lag time between the spill and the
reporting, proximity of groundwater, building drainage, building
construction, building HVAC, and the season. Typically, the VSM is
considered “under control” within a month. Operation and maintenance of
engineering controls for the residual VSM typically are necessary for 2 to 5
years.

g. Inform them of the Clean-up Lead Options available to them and document
their decision.

h. Inform them of the Ground and Surface Water Response Clean-up Fund
(G&SWRCF) available through the State Fire Marshall’s Office and
administered by DEP.
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i. Beyond the basic emergency measures of stopping the leak, collecting
readily available free phase oil, and minimizing the exposure (such as
temporary ventilation), provide the property owner and occupants with
recommended measures, in writing, at each step, and acquire consent as you
proceed through the investigative and remedial steps.

J. Where the amount of the discharge is significant yet the recovery is
limited so a significant amount of oil is lost to the environment, conduct
“due diligence” to ensure lost product is not shallow or within the building
envelope where it poses risk of future impact to building, well or nearby
surface water when influenced by groundwater and/or heating season.
Depending upon the situation, due diligence may involve monitoring for a
period to evaluate seasonal influences.

3. Methodology
A. Establish Multiple Lines of Evidence. Multiple Lines of Evidence are used to

assess the impacts and evaluate the effectiveness of a remedy. In selecting points
to monitor along a particular line, it is important to pick points that are
representative (of the impact and or progress) and in locations that provide a
baseline reference and are repeatable in that it is expected to endure the corrective
actions. For instance, a point on a section of concrete floor may be a useful point to
mark the extent and/or level of impact but if a portion of the impacted floor is
removed and the monitoring point is removed with it, the “baseline” reference is
lost. If that point is cleaned and sealed rather than removed, it would continue to
serve as a progress marker, however its value may be temporarily impaired due to
the PID interference associated with the drying/curing time with cleaning solvents
and sealing products.

As the site progresses, some lines may become irrelevant and others may increase
in value. In order to have flexibility in lines to carry forward and to establish a
strong understanding of baseline conditions to illustrate progress over time, it is
important to establish multiple types and locations of monitoring points, and to
monitor all the points frequently early in the process, especially before and after
corrective actions, to gain a relative sense of the location of VSM and to understand
progress in the control of VSM.

B. Gather Multiple Lines of Evidence. Record influences on those results such as
weather, groundwater level, stage of investigation/clean-up, investigative/remedial
activity, the presence and operational status of remedial equipment (both temporary
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and long term), occupant presence/activity, and building operations (HVAC). Lines
of evidence may include:

a. Collected and chronicled information from parties involved with the spill,
living with the spill impacts, frequent visitors, and staff/contractors
managing and cleaning up the spill.

b. Concentration/impact results from observations, field screening
equipment, lab samples

C._ Example of Establishing and Gathering Multiple Lines of Evidence: In terms of
a RHOTS, a developed and consistent methodology can be PID screening,
observing and soliciting occupant impressions at each monitoring location from
clean to dirty, starting in the outside fresh air, entering the upper floor (assuming
the VSM is in the basement), the headspace at the top of the basement stairway,
the stairway landing in the basement, basement location(s) that are representative
of the indoor air impacts in the breathing zone and expected to be available despite
the range of investigative and remedial activities that may take place. For instance
the top of the hot water tank and/or the 7™ step of the basement stairway are
locations that are likely to endure. Once the ambient air impact has been assessed,
move on to source area assessments, again proceeding from clean to dirty to
identify VSM and to monitor progress and performance of prior remedial activities.

D. Review lines of Evidence and Make Determinations: Tabulate observations,
experiences, results collected over time and space and look for patterns and trends
and identify strong lines based upon that review. Strong lines are considered
representative and are corroborated with other lines (for instance PID readings are
consistently an order of magnitude higher on stained versus unstained portions of a
concrete floor — stains correspond with the PID readings so stains and PID can be
considered strong lines of evidence). Continue building upon the strong lines by
returning to those locations/features each monitoring event and document the
findings. Use the data to develop understandings in the CSM, identify
areas/locations of residual VSM, and to make decisions regarding the need for
further corrective actions, continued monitoring and closure. An example of
tabulated monitoring results is in the attached Table 1. Representative results from
Table 1 can be applied to Table 2 which provides criteria and thresholds to consider
in making decisions regarding:

a. Identifying VSM within the building and building envelope

b. Determining the status (controlled or uncontrolled) of the VSM

c. Qualify the relative extent and level of VSM contamination to assist in

determining removal versus mitigation/control
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d. Identify when the residual VSM is reduced in extent and strength so that
the risk of unacceptable exposures has been satisfactorily addressed. At
this point, remediation, mitigation, and monitoring activities can be
concluded and the closed status can be conferred upon the oil spill.

Incorporate site specific factors in determinations including: sensitivity of
occupants, use of the building (seasonal/primary/rental residence), building
style/age/construction/systems, extent and severity of the spill impacts, degree of
difficulty in mitigating, time to mitigate, weather, season, water table, clean-up
contractor availability, K-1 vs #2 fuel oil. All the gathered evidence and site specific
factors influence the timeframe, urgency, and options available to control VSM.
The lines of evidence methodology and decision criteria are provided as reference
or default guide. It is not intended to void individual/regional methodologies and
criteria. However it is recommended to arrive with a conceptual methodology and
criteria that can be explained and defended.

Photoionization Detectors (PIDs) provide valuable information in identifying the
presence and relative strength of vapor source material, understanding the
progress of corrective actions and communicating the status to interested parties.
However it is important to note that DEP’s Standard Operating Procedure
#TS004, “Compendium of Field Testing of Soil Samples for Gasoline and Fuel”
does not address the vapor pathway and does not accept use of the PID bag
headspace method for field screening of fuel oil contaminated soil. PIDs have a
nonlinear response to heating oil so that independent field screening thresholds
representative of risk cannot be developed with PIDs and fuel oil. Furthermore,
weather, equipment manufacturing, equipment age/use, user methodology, and
background levels of non-spill related volatile organic compounds (VOCs) all
influence the response of PIDs. Recognizing this conflict, between the
availability, use and experience with PIDs and the nonlinear response to fuel oil,
DEP recommends developing site specific context for the PID readings and
compensating for variability across days, users and instruments by conducting
multiple visits with the same equipment, same methodology, at valued locations,
over a range of conditions and operations/activities, and noting the conditions and
operations. Of note is the weather, groundwater elevation, fan(s) on/off, HVAC
status, windows and doorways open/closed, remedial and household activities),
and personal observations such as visual staining, odor level, homeowner
experience and odors in clothing upon departure. It is the pattern or trend
observed and understood over time that builds confidence that the vapor
source is properly identified and remediated, not the day’s PID reading. The
use of a PID must adhere to Section 5.2 of this SOP.
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4. Best Management Construction Practices This section of the guidance provides an

“awareness” summary of construction practices, methods and standards adopted
from other trades and developed through DEP and contractor experience. The
practices are promoted to provide immediate and long term protection for workers
and occupants. A list of related SOPs is also provided.

a.

Expand the site safety plan to address the potential for spreading oil
through a building by “Foot Tracking” (workers, occupants and inspectors
walking through oil impacted areas and spreading oil by walking with
dirty shoes into previously un-impacted areas.) Foot Tracking can be
limited by immediately limiting personnel, limiting routes and
identifying/marking accepted routes, placing and maintaining pads along
accepted routes.

Photos for assessment: Photos can sometimes capture and document impacts
better than the naked eye. Wicking up a sheetrock wall is an example of
impacts identified by photos but not first hand visual. Photos can be used to
document remedial progress about the impact to a sump water quality over
time or stain lightening after each cleaning event.

Inventory/tag/segregate between impacted and unimpacted goods. Items
can be shuffled during emergency clean-up and documenting the initial
location of goods with respect to oil impacts helps draw the line between
suspected and unsuspected oiled items. Documentation and marking
reduces the chances of oiled goods being returned to areas that have been
screened and cleaned. Documentation and marking can assist the
homeowner in identifying items for disposal and salvage and in future
insurance claims. Photos and color coding with tape are helpful inventory
tools.

Temporary ventilation: Locate temporary ventilation fans outside: If a leak
develops in the pressurized discharge side of the fan, the contamination is
discharged outside rather than inside the building. Ramfans and radons
fans are suitable for outdoor use. Where practical, provide security and
weather protection for exterior fans.

Vapor/dust barriers (zippered systems are now available) are
recommended for concrete work and interior excavation. Negative
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pressure within the enclosure is necessary to contain dust and vapor and
reduce the exposure.

f. “Permanent” Barriers can include insulation, sealants, poly sheeting, and
false partition walls and false floor. Where vapor source material removal
is not feasible, a barrier must be applied to protect indoor air from the
petroleum vapors. In areas where a spill has occurred outside a fieldstone
foundation, the foundation should be sealed on the inside with a closed-
cell spray foam insulation to create a barrier to vapors entering the
basement.

When interior oil impacts cannot be removed such as in a wall, ceiling or
floor, “false” walls, ceilings and floors can be installed to enclose the
source and where warranted, negative pressure can be applied to the cavity
between the contaminated material and the “false” barrier.

Poly Sheeting Barriers are generally used in areas with a dirt floor, or
under a mobile home. Poly should be White Cap type crawlspace vapor
barrier, 12 mil, sealed to the walls with slats or double-sided tape. It
should also be sealed to any support posts located in the area of concern.
In dirt basements, it should be protected by covering with sand and pea
stone. Poly sheeting is also used between backfill and the new slab to
impede residual sub slab contamination.

g. Indoor Air Treatment: Granular activated carbon air scrubbers are most
often used in occupied areas of a building to decrease petroleum vapor
concentrations in the initial days or weeks following a spill, while source
removal is taking place. Scrubbers can be used to remove lingering
petroleum odors after source removal efforts are complete. They can also
be used to provide peace of mind for sensitive homeowners. The DEP has
two types of air scrubbers — the “R2D2” units and the “big blue” units.
The R2D2 units have more carbon and circulate air at a slower flow rate.
The big blue unit has only a thin carbon filter and circulates air at a much
higher flow rate.

h. Permanent ventilation: See Sub Slab Depressurization System (SSDS)
SOP RWM=PP-019 for application and guidance. Note that pre-emptive
SSDS, can be a relatively low cost investigative tool. Guidance for
alternative permanent ventilation such as Air Exchangers is under
development.
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1. Wet saws are recommended for concrete cutting to reduce dust and vapor
generation.

j.  Observe Building Science principles, particularly in measuring air flow
direction with respect to vapor source material and when altering pressure
fields in a building which can affect the draft on combustion appliances.

Use of smoke pens at the doorway to the cellar or at basement window or
bulkhead will help assess air flow under natural conditions. Natural air
flow can provide the desired flushing (when air from the first floor is
being drawn in to the basement and exhausted through a cellar bulkhead or
window opening) however often-times the open cellar bulkhead or
window acts as an intake. Although outside fresh air is entering, it may be
drawn across VSM on its way to an upper occupied floor. Ideally, the area
of VSM is under negative pressure with respect to other areas and floors
of the home and this may be accomplished by measuring the natural air
flow direction and designing and constructing ventilation to induce a
negative pressure in the VSM area.

When a spill occurs at a site with a larger HVAC system, such as at a
school or at a commercial property, the operation of the HVAC system
can often be altered. The goal is to isolate the area of the building where
the spill occurred so that petroleum vapors are not circulated throughout
the entire building.

Prior to air flow manipulation and installation of vapor barriers, identify
combustion appliances in the building. Do not include combustion
appliances within an area designed to maintain a negative pressure (such
as a poly sheeting enclosure). Where significant changes in air flow and
pressures are involved (such as a ram fan in the heating season), have a
qualified individual monitor the draft of the combustion to determine the
effect of ventilation on performance of the appliance. Significant
ventilation operations and effects should be continually monitored and
shut down when they cannot be monitored.

k. Identify structural elements of a building within the impacted area and
establish “limits/bounds” of slab and soil removal earthwork to maximize
removal of VSM without jeopardizing the structure. This is the realm of
structural engineers and beyond the scope of this SOP. For conventional
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sized and constructed residences with standard 8” concrete walls and 6”
footings, general guidelines and rules of thumb are under development
with respect to a percentages, length, and width of floor that can be
removed, the amount of concrete floor to leave in place around the
perimeter and posts, excavation depth and slope with respect to footings,
allowable amount of exposed footing, and backfill operations and
specifications. Use of qualified contractors is recommended for work
within and around structures. Identification and location of utilities (sewer,
water, gas, fuel, electrical, radiant floor heating) is necessary before
probing and removal. Control measures are an acceptable alternative to
removal work around and within older and sub-standard foundations.

1. Design and construction of backfill and concrete floors. Ventilation and
drainage (both subslab and slab surface) need to be considered when
backfilling a basement excavation and placing a concrete floor. If a sump
is a component of the vapor control system, it needs to accommodate
subslab and slab surface drainage and it needs to be vapor tight and
accessible for monitoring and product recovery. Details on incorporating a
sump into vapor control systems are provided in the attached FIGURE 1.
In order to pick up surface drainage when the sump is sealed, waterless
trap seals are available for the sump cover as well as at a designed low
point in the new floor. A one-way valve creates a seal to reduce petroleum
vapors from coming up through a floor drain but still allows surface water
to flow into the drain.

m. Worker safety: electrical, excavation/heavy equipment, noise, petroleum
vapor, radon gas, silica dust, mold, sewer, vapor, infectious disease from
vermin, vermin waste, sewer, buried utilities, protective pets.

n. Protect from liability claims for construction damages or unauthorized
disposal of oil impacted goods. Take photos to document foundation,
yard, drainage, household items conditions before investigating and
remediating. Engage in frequent , thorough, documented discussions
about saving or tossing impacted items. Segregate and cover clean and
dirty items outside the home to verify the status and allow the
homeowner time to go through the piles and confirm final disposition

5 Related documents and references include:
i. SSDS SOP RWM-PP-019Floor Cleaning and Sealing Whitepaper
ii. Treatment Trailer SOP RWM-PP-013
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iii. Clean-up Options “Tool — kit”



State of Maine — Department of Environmental Protection — Bureau of Remediation and Waste Management

Petroleum Remediation Guidelines SOP 009

Vapor Source Material (VSM) Investigation and Remediation
Appendix A - Table 1 Residential Heating Oil Tank Spill (RHOTS)
TABULATING DATA TO DEVELOP and INTERPRET LINES OF EVIDENCE

Basemen
Carbon | 2ndFloor | t Top Hot Living Surface
Outside Air Filter Head | Water SSDS Complete Space Water
Date Staff Time Instrument| Bump | Ambient | Kitchen | Exhaust | Stairway Tank Exhaust pathway Product Vapor Impact  GW Plumg]
[ [ I
PME and PPBRAE Not Tank blew inam. Product inside basement and outside in
1/21/2020 SGB 13:00 4937 9880 |Recorded | 38000 48000 Yes Yes Yes Yes Yes drain ditch. NRC cleaned floor.Installed carbon air filter.
PME and PPB RAE
1/22/2020 SGB 13:15 4937 9916 70 7000 <2300 12380 Drilled holes in slab and PID screened. Notably less oil smell.
PPB RAE Dave and Mark from Air and Water Quality Treatment install
1/24/2020 PME 9:00 4937 9731 0 2003 <1000 4900 SSDS.
NRC cleaned basement floor earlier in day: contribute to PID?
No oil smell but Simple Green odor. SSDS bleed valve full
PMEw PPBRAE open. Jenny asked about moving carbon air filter to upstairs
1/27/2020 MW 13:00 4937 9575 32 765 <450 4271 4420 where oil smell is strongest.
PME Contained | Contained/
meet PPBRAE /Under Under No oil odor kitchen. NRC Camera and jet drain lines - no oil
2/3/2020 SGB 9:00 4937 10050 30 590 <700 1080 2200 2540 Control Control No Negligible No generated
Contained | Contained/
PPBRAE /Under Under SSDS Bleed valve closed when screen. Pre Binz PID survey of
2/4/2020 PME 15:05 3035 9742 15 856 <350 1463 2905 3010 Control Control No Negligible No floor and wall
Contained | Contained/
PPBRAE /Under Under
2/5/2020 PME 8:45 3035 10740 150 475 2030 1245 Control Control No Negligible No No oil odor kitchen. NRC applying BINZ to floor and wall
Contained | Contained/ No oil odor kitchen. Post BINZ PID survey. Nate England
PPBRAE /Under Under reported that he went away this weekend and oil odor
2/10/2020 13:30 3035 10250 6 438 <500 610 478 441 Control Control No Negligible No improved upon return. Noi oil discharging in ditch.

“Kitchen” column shows PID readings stabilize below 1000 PPB and “no oil odor
kitchen” starting on 1/27/2020 where the VSM can be declared “under control”




Petroleum Remediation Guidelines SOP 009
Vapor Source Material (VSM) Investigation and Remediation
Appendix A - Table 2 Residential Heating Oil Tank Spill (RHOTS)
SCREENING CRITERIA in ASSESSING EXTENT, IMPACT, CONTROL and CLOSURE of VSM

UNMANAGED VAPOR SOURCE MATERIAL (VSM) IMPACTING INDOOR AIR
Corrective Action indicated when supported by the weight of following lines of evidence

ASustained moderate fuel oil odors in occupied area

ASensitive population and complaints of health effects

AHeating season and low confidence in immediate, thorough, reliable control of vapor source material
ASignificant amount of LNAPL or oil stained goods and/or building materials within building

ASustained PID greater than 32 parts per million in an occupied area

MANAGED VAPOR SOURCE MATERIAL (VSM) IMPACTING INDOOR AIR
Montoring Indicated when supported by the weight of following lines of evidence and conditions

ASlight/Tolerable/Infrequent fuel oil odors and odors not detected in clothing upon departure
ADocumented understanding of spill impacts, extent, migration, pathways
ARemoval of primary VSM and reliable control of residual VSM

AStable PID less than 1° parts per million in occupied areas

REMOVAL of UNATTACHED / NON -STRUCTURAL FINISHES and STORED GOODS

AWhen material has absorbed or been in direct contact with liquid LNAPL

REMOVAL of BUILDING COMPONENTS, SLAB and SUB SLAB SOIL
Removal indicated when supported by weight of following lines of evidence and conditions & practical to apply

ASlab/Building Component: Oil was in contact long enough to saturate/permeate/severely stain

ASlab/Building Component: After thorough cleaning, PID attributed to oil and registers > 5 PPM over > 20 sq ft
ASubslab Soil: Oil saturated soil per Oleophylic Dye, or Shake Test. Or PID Bag Headspace > 100 PPM over > 50 sq ft
APrior to persuing soil, verify subslab source extent and level of impact with soil bag headspace samples

AClean, seal and SSDS when slab/element/subslab is not saturated/absorbed and impacts are weak/limited in extent

CLOSURE - EVIDENCE that RESIDUAL VSM CONTAMINATION is STABLE, LIMITED and LOW

AUpon multiple checks and under a range of conditions including conceptual worst case

70.3 PPM < Source Area Indoor Air < 0.7 PPM, without controls, and PID response not primarily attributed to spill
ASubslab source area <5 PPM PID in drill hole headspace without controls operating

AAcceptable risk calculation with results of subslab source area vapor samples without controls operating
AGroundwater within 3 feet of building envelope < 10° times Maine Groundwater Remedial Action Guidelines
ASSDS Stack exhaust < 1.0 PPM

ACorrelating lines of evidence, including support of closure from occupant and CDC (if involved)

AAcceptable risk calculation with results of indoor air sample(s) w/o controls operating.

a DEP’s workplace PID action level (SOP RWM-PS-002 Last Revised 11/26/19) is 10 parts per million (PPM) and with
adjustments for a 24 hour/7 day per week residential exposure results in a residential action level of 3 PPM. Actions
include avoiding areas, rooms and buildings where PID measurements are sustained above 3 PPM.

b Based upon DEP experience with successful clean-ups

H:\BRWM\Shared folders\2020 Draft Maine Petroleum Guidelines and SOPs\2020 SOPs\RWM-PP-009-
VaporSourcelnvestigationandRemediation\App A3 - Table 2 Criteria.xlsx1/6/2021
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Appendix B —Indoor Air Multi Contaminant Risk Calculator for Residential Heating Oil Tank Spill (RHOTS)
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Indoor Air Multi-Contaminant Risk Calculator for Residential Heating Oil Tank Spills
(RHOTS)

1) APPLICABILITY

This guidance document pertains to the use of indoor air multi-contaminant risk calculator
assessment tool at home heating oil spills where the spill is promptly reported, thoroughly
investigated and the vapor source material is aggressively remediated. This concept allows use
of the sub-chronic (7 year) risk scenario to develop targets. This document is a companion to
Maine DEP’s Excel Program “Home Heating QOil Indoor Air Input Sheet and Summary of Total
Incremental Lifetime Cancer Risks and Endpoint-Specific Hazard Indices” dated February 2019.

2) LIMITATION

This guidance is not intended for use with gasoline vapor intrusion or when a significant home
heating oil plume remains below a building. Nor is it intended for persistent compounds such us
chlorinated solvents. A petroleum spill or a RHOTS with a significant plume still below a building
may not be mitigated within a seven year period this guidance is not applicable for the sources and
pathways that are complete for more than 7 years. Also, the guidance does not address non-
human health endpoints, such as ecological impacts

3) BACKGROUND

The multi-contaminant risk calculator is used to determine the cumulative sub-chronic risk for
the total Incremental Lifetime Cancer Risk (ILCR) and the endpoint specific Hazard Index (HI)._
Action Levels are for volatile chemicals found in #2 fuel oil and kerosene.

The Risk Calculator uses the screening levels (SLs) developed using risk assessment guidance
from the EPA Superfund program. The SLs are risk-based concentrations derived from
standardized equations combining exposure information assumptions with EPA toxicity data.
The Risk Calculator determines the individual risk for each chemical analyzed and the risks are
summed to determine if the overall ICLR risk exceeds 1 x 10 for residential exposure or non-
residential exposure. The Risk Calculator also determines the HI risk for each chemical. The
individual HI risks are summed to determine if the overall HI risk exceeds 1.

The EPA Screening Levels are determined for residential exposure and indoor worker
exposure. The Risk Calculator uses the indoor worker scenario for non-residential exposures
where the occupants are only present for part of the day such as schools, businesses, office
buildings, and day cares. The residential exposure scenario is used for households nursing
homes and hospitals where the occupants are living at the site.

REFERENCES
EPA Regional Screening Levels Calculator, May 2019
“https://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search”
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The EPA updates the RLS’s on a semiannual basis. When the updates are published, the
calculator will be updated as well.

4) GUIDELINES AND PROCEDURES

Laboratory canisters should be located in a place to conservatively represent the exposure. A
Laboratory Certified in Maine for TO-15, TO-15 SIM and APH analysis should be used. The
concentration results are entered into the respective boxes in the Excel Program for each
chemical. The individual ICLR and HI results are shown in the cancer and noncancer risk
summary. If an individual compound is above the action level, the risk will present as in bold,
red font. The Risk Calculator sums the individual risks to determine the cumulative results.
Incremental Lifetime Cancer Risk Action Level is a cumulative risk above 1 E-05. 1 E-05 is an
increased cancer risk of 1 in 100,000. Hazard Index Action level is any cumulative risk above 1.

The Individual risk summary section reports the results with 3 significant digits. The cumulative
results sections report the results with only 1 significant digit. One significant digit is used to
determine if the results are above the action levels. Therefore, an ICLR results of 1.49 E-05
and a Hl results of 1.49 are both below their respective action levels when rounded and will only
be displayed as red and bold when they are above 1.49 E-05 and 1.49 respectively.

In addition to Maine DEP, Maine’s Division of Toxicology, within the Environmental Health Unit
of CDC, is to be immediately informed when a spill has occurred at a sensitive receptor such as
schools, daycares, and/or elderly care facilities as site specific protocols and communications
may be necessary.

REFERENCES
EPA Regional Screening Levels Calculator, May 2019
“https://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search”



State of Maine — DEP - BRWM
Petroleum Remediation Guidelines SOP 009
Investigating and Remediating Vapor Source Material at
Residential Heating Oil Tank Spills
Appendix B Indoor Air Input Sheet and

Summary of Total ILCR an

Site: Sample Date:
Town Sample ID
Spill No. Lab:

Risk Calculator for Residential Heating Oil Tank Spills Only Sample Location:

Hazard Indices

RISK SUMMARY
Indoor Air Maine Typical , . : .
CAS Number Chemical Concentration | Residential Indoor NESREE o E s NSl S SO Erets
i (7 year) (7 year)
(ug/m3) Air (ug/m3)
non-cancer cancer non-cancer cancer
106-99-0 1,3-Butadiene 0.38
1634-04-4 Methyl tert-butyl ether NA
71-43-2 Benzene 29
DEP2038 C5-C8 Aliphatics 240
108-88-3 Toluene 34
100-41-4 Ethylbenzene 3.5
1330-20-7 Xylene 19
DEP2039 C9-C12 Aliphatics 230
DEP2040 C9-C10 Aromatics 43
91-20-3 Naphthalene 1.6
Notes: Resident Non-Resident
ILCR and Hls above the Action Levels are written in red. Subchronic Subchronic
Incremental Lifetime Cancer Risk (ICLR) Action Level is anything greater than 1E-05. Cumulative ILCR Cumulative ILCR
1E-05 is an increased risk of cancer of 1 in 100,000.
Cumulative HI Cumulative HI

Hazard Index (HI) Action Levels are any Hl levels greater than 1

Sub-Chronic Action levels are based on 7 years of exposure at the same concentration.
The Risk Summary Chart shows the ICLR and HQ for each specific compound by itself.
The Cumulative ILCR shows the combined effect of all the compounds on the ILCR Result.
This version of the risk calculator is not to be used for gasoline sites.

Maine DEP report titled " Typical Concentrations of Petroleum Compounds in Maine Residential Indoor Air, January 2014."
Link to report: https://www.maine.gov/dep/spills/petroleum/documents/typical compounds4-2012rev2014.pdf

Version: November 18, 2019 Updated from EPA's RSL May 18, 2020 (no changes made)

App B2 Calc 11-2019 - HHO only - 1 Blank.xlIsx Printed: 1/6/2021 at 3:28 PM


https://nam03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.maine.gov%2Fdep%2Fspills%2Fpetroleum%2Fdocuments%2Ftypical_compounds4-2012rev2014.pdf&data=02%7C01%7CDonald.M.White%40maine.gov%7Cb329c9ac728d40ca822a08d7825bda84%7C413fa8ab207d4b629bcdea1a8f2f864e%7C0%7C0%7C637121203333593272&sdata=3MgmAzTXO4HVBZgsfW6YawnvTBXH0eCZOIH%2Ftz9fPy4%3D&reserved=0
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Appendix C—Vapor Intrusion (VI) Screening at Sites with Historical Gasoline Contamination
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RWM-PP-009 Appendix C

Vapor Intrusion Screening at Historic Gasoline Sites

1) APPLICABILITY
This appendix is applicable to assessing petroleum vapor intrusion potential associated with residual,

historic gasoline contamination encountered and/or suspected. It is applicable to property
redevelopment, ownership transfer, in any of BRWM programs, including the petroleum program
and the VRAP. This appendix is a companion to Maine DEP’s “PVI Flow Chart” dated June 2019.
This appendix replaces the petroleum vapor intrusion screening process in DEP’s 2010 VI Guidance.

2) LIMITATION

This guidance is not intended for use where gasoline vapor intrusion is obvious and or related to a
recent discharge. If vapor intrusion is obvious, inform occupants to immediately evacuate and
notify emergency fire and response personnel. This guidance is not applicable to home heating oil
spills impacting indoor air.

3) BACKGROUND

Complete petroleum vapor intrusion pathways are primarily associated with recent catastrophic
underground releases or surface spills that penetrate the surface which is not covered by this
SOP. Petroleum Vapor Intrusion (PVI) is rarely detected through investigation of residual
impacts from a historical release. Instances of PVI at historical releases involve gross impacts
(residual free product on the water table and/or petroleum saturated soil), shallow groundwater
(less than 15 feet), buildings located hydraulically downgradient from the gross contamination,
and zones of densely developed mixed use buildings with buildings and utilities in close
proximity to the residual contamination.

Historic petroleum investigations and clean ups were not designed to assess or address PVI so
there is a possibility that vapor source material remains on a property even after the site has
been closed by MEDEP. Vapor source material, or gross contamination, may have been
identified during the historical clean-up but historic soil removal was limited by structures and or
property boundaries. Additionally, new development may encroach upon gross levels of residual
gasoline or connect migration pathways between the vapor source material and receptors who
were not present at the time of the former investigations.

4) GUIDELINES AND PROCEDURES

This appendix and the accompanying Figure 1 provide a process that define levels of gasoline
in soil and groundwater that are considered vapor source material and present vertical and
lateral distances between vapor source material and receptors — “PVI inclusion distances”. If
vapor source material is detected or suspected within the inclusion distances, notify DEP to
scope and schedule the follow up investigation. Vapor barriers and sub slab depressurization
system infrastructure may be required by local codes and are recommended when developing
within 100 feet of historical contamination.
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In addition to Maine DEP, Maine’s Division of Toxicology, within the Environmental Health Unit
of CDC, is to be immediately informed when sensitive receptors such as schools, daycares,

and/or elderly care facilities are within the inclusion distance as site specific protocols and
communications may be necessary.

5) REFRENCES

USEPA 2015, Technical Guide for Addressing Petroleum Vapor Intrusion at Leaking
Underground Storage Tank Sites, EPA-510-R-15-001, June 2015

GEl, 2012, Summary Report, State of Maine, Vapor Intrusion Study for Petroleum Sites,
Prepared for State of Maine DEP, prepared by GEI Consultants, Inc., January 2012

NH-DES, 2013. Revised Vapor Intrusion Screening Levels and TCE Update; Vapor Intrusion

Guidance, Waste Management Division Update, State of New Hampshire Department of
Environmental Services; February 3, 2013



FIGURE 1 - VI Screening at Sites with Historical Gasoline Contamination
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Residual Gasoline antamination Encountered

[
YES

Imminent
Hazard?

NO

Gross Vapor Source Material
LNAPL
Oil Saturated Soil by Water Shake Test (TS -004)
Soil Contamination Exceeding Ex/CW Guideline
Benzene in Groundwater > 5000 ppb
VPH in Groundwater > 30,000 ppb

Gross Vapor
Source Material?

YES

Laterally within 30
feet of Building?

Groundwater Contamination Exceeding NH
GW-2
Benzene > 2900 ppb
Ethylbenzene > 1500 ppb YES
MTBE >2600 ppb
Naphthalene > 1700 ppb
Toulene > 50,000 ppb
Xylene > 17,000 ppb
VPH? > 3000 ppb

NFA

Directly below and
within 15 feet of lowest
foundation point

Receptor Subslab Screening/Sampling
Criteria for Additional Action
ELEVATED PID > 10 PPM
and/or depressed oxygen < 15%
and/or depressed CO2 < 1%

Or Sub slab APH analysis > 50 times IASL

Note 1: Adapted from NH DES “Vapor Intrusion Guidance”, July 2006
Note 2: VPH GW-2 Standard from Massachussetts DEP

Emergency Response Action

Groundwater

Contaminated (C'I\_II(E) AN)_> NFA
above MRLs?
A
Building known or
suspected within NO -
Plume

YES

Groundwater
contamination exceed
NH GW-2?

Directly below and
NO: within 3 feet of lowest
point of foundation

YES

Directly below and
within 6 feet of lowest
point of foundation

Receptor
Investigation YES
Includes screening
) and sampling
YES subslab soil gas, <
basement

drainage and
indoor air.

Receptor Basement Drainage Screening/Sampling

Criteria for Additional Action
DRAINAGE HEADSPACE PID >5 PPM
Or DRAINAGE PIDSOW? > 10 PPM

Or DRAINAGE with SHEEN or VPH Analysis > 3 PPM

Note 3: PIDSOW = PID screening of oil in water by sampling with a 16 oz bottle, shaking, and PID screening headspace.
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1._APPLICABILITY

This Standard Operating Procedure (SOP) applies to all programs in the Maine Department of
Environmental Protection’s (MEDEP) Bureau of Remediation and Waste Management (BRWM).
Itis also applicable to all parties that that may submit petroleum data that will be used by the
DEP/BRWM.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any
legal rights of any individual, all of which are determined by applicable statutes and law. This
SOP does not supersede statutes or rules.

2. PURPOSE

The purpose of this document is to describe the MEDEP/BRWM procedure for sampling water
for the presence of petroleum-related contaminants and other contaminants that may occur at a
petroleum release site. These contaminants include Volatile Petroleum Hydrocarbons (VPH),
Extractable Petroleum Hydrocarbons (EPH), Total Extractable Petroleum Hydrocarbons
(TEPH), Radon, Arsenic, Lead, Lead scavengers, Methyl tert-butyl ether (MTBE), and Per- and
polyfluoroalkyl substances (PFAS). Water samples are collected from monitoring wells and
water supply wells to determine extent of groundwater contamination and the impact of
groundwater contamination on human health at the exposure point. This standard operating
procedure (SOP) is designed to be a guideline for collecting water samples from these wells to
assure samples are collected in a consistent, appropriate manner that will provide accurate data
for making decisions and meeting the data quality objectives of the task.

3._RESPONSIBILITIES

All MEDEP/BRWM Staff must follow this procedure when performing this task. All Managers
and Supervisors are responsible for ensuring that their staff are familiar with and adhere to this
procedure. MEDEP/BRWM staff reviewing data by outside parties are responsible for assuring
that the procedure (or an equivalent) was utilized appropriately.

4. DEFINITIONS

4.1 ARSENIC — A naturally occurring mineral that is used in industrial processes such as
pesticide production and can be concentrated as a result of mining and ore smelting.
Arsenic occurs naturally in ferric hydroxide minerals present in Maine aquifer materials (soil
and bedrock) and can be desorbed from the aquifer and dissolved into groundwater under
certain geochemical settings (reduced conditions). Under rare instances the biodegradation
of petroleum contaminated groundwater may generate geochemical conditions that results
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in reductive dissolution and desorption of ferric hydroxide minerals and liberate arsenic from
the aquifer.

4.2 EXTRACTABLE PETROLEUM HYDROCARBONS (EPH) - Massachusetts Department of
Environmental Protection’s Method for the Determination of Extractable Petroleum

Hydrocarbons (EPH). https://www.mass.gov/guides/compendium-of-analytical-methods-
cam#-petroleum-hydrocarbon-methods-

4.3 HYDROCARBON FRACTIONS- EPH/VPH methods report concentrations for specific
carbon ranges that represent the remainder of the TPH mixture after the target compound
concentrations have been subtracted. The hydrocarbon fractions analyzed by each
analysis includes the following:

Hydrocarbon Fraction Analytical Method
C9-C18 aliphatics EPH
C19-C36 aliphatics EPH
C11-C22 aromatics EPH
C5-C8 aliphatics VPH
C9-C12 aliphatics VPH
C9-C10 aromatics VPH

4.4 HYDROCARBON TARGET COMPOUNDS- EPH/VPH methods report concentrations for
specific petroleum target compounds. The specific target compounds include poly aromatic
hydrocarbons (PAHs), benzene, toluene, ethyl benzene, xylene, and MTBE. EPH/VPH
methods do not analyze for lead or lead scavengers. Lead and lead scavenger compounds

must be analyzed using appropriate analyses based on the CSM and Data Quality
Objectives.

4.5 LEAD - Lead can be present in groundwater at some petroleum spill sites, high octane

racing fuel, aviation gas (AvGas) and at older sites (pre-1986) where leaded motor fuel was
stored and spilled.

4.6 LEAD SCAVENGERS - The common Lead Scavenger chemicals are ethylene dibromide
(EDB) and 1,2dichloroethane (1,2 DCA).


https://www.mass.gov/guides/compendium-of-analytical-methods-cam#-petroleum-hydrocarbon-methods-
https://www.mass.gov/guides/compendium-of-analytical-methods-cam#-petroleum-hydrocarbon-methods-
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4.7 METHYL TERT-BUTYL ETHER (MTBE) - An alcohol compound added to gasoline (circa
1979-2006) used to boost octane as a replacement for Lead.

4.8 PER- AND POLYFLUOROALKYL SUBSTANCES (PFAS) - Synthetic (man-made)
organofluorine chemical compounds that have multiple fluorine atoms attached to an alkyl
chain that includes PFOA, PFOS, GenX, and many other chemicals. PFAS have been
manufactured and used in a variety of industries since the 1940s, notably fire-fighting
foams. There is evidence that exposure to PFAS can lead to adverse human health effects.

4.9 RADON - A colorless and odorless gas present in soils and dissolved in groundwater that is
produced from the natural decay of uranium and radium present in Maine bedrock and soils.

4.9 SAMPLE LOCATION: The location where the water sample is collected (i.e. kitchen faucet,
outside spigot, pressure tank, before filter, after filter, before softener, well head, etc.) at a
given sample point.

4.10 SAMPLE POINT NAME: The unique name assigned to the sample point that is consistent
with the sample point name in EGAD and GIS. The sample point name is used to
designate the sample point on the Chain of Custody and associated site maps.

411 TOTAL EXTRACTABLE PETROLEUM HYDROCARBONS (TEPH) - The fractionation step
described in the EPH method can be eliminated to allow for a determination of a Total
Petroleum Hydrocarbon (TEPH), and/or to obtain qualitative “fingerprinting” information.
While TEPH provides little information on the chemical constituents, toxicity, or
environmental fate of petroleum mixtures, it may be a cost-effective screening tool in cases
where relatively low concentrations of contamination are suspected.

4.12 VOLATILE PETROLEUM HYDROCARBONS (VPH) - Massachusetts Department of
Environmental Protection’s Method for the Determination of Volatile Petroleum
Hydrocarbons (VPH) https://www.mass.gov/quides/compendium-of-analytical-methods-
cam#-petroleum-hydrocarbon-methods-

5._GUIDELINES AND PROCEDURES

5.1 INTRODUCTION

Correct sampling of groundwater for petroleum and related compounds is essential to the
proper investigation of groundwater contamination at petroleum spill sites. Many compounds
related to petroleum may be important to add to the Conceptual Site Model (CSM; SOP RWM-
PP-006) and Sampling and Analysis Plan (SAP; SOP RWM-PP-007) depending on site-specific
criteria. Each well represents a monitoring well for local groundwater and such data must be
factored into the groundwater investigation program.


https://www.mass.gov/guides/compendium-of-analytical-methods-cam#-petroleum-hydrocarbon-methods-
https://www.mass.gov/guides/compendium-of-analytical-methods-cam#-petroleum-hydrocarbon-methods-
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Volatile Petroleum Hydrocarbons (VPH) — Analysis for VPH compounds is important at gasoline
and very recent fuel oil, kerosene, or diesel spill sites. VPH analyses should be conducted in
accordance with the Massachusetts Department of Environmental Protection’s Method for the
Determination of Volatile Petroleum Hydrocarbons (VPH)
https://www.mass.gov/files/documents/2018/02/23/VPH%20GC%20PIDFID Revision%202 1
February%202018.pdf

Extractable Petroleum Hydrocarbons (EPH) — Analysis for EPH compounds is important at fuel
oil, kerosene, and diesel spill sites. All human health related decisions must be made based on
EPH analysis because the list of analytes corresponds to the Department’s Petroleum Clean-up
Guidelines. EPH analyses should be conducted in accordance with the Massachusetts
Department of Environmental Protection’s Method for the Determination of Extractable
Petroleum Hydrocarbons (EPH).
https://www.mass.gov/files/documents/2017/12/21/MassDEP%20EPH%20Method %20-
%20May%202004%20v1.1.pdf

Total Extractable Petroleum Hydrocarbons (TEPH) — Analysis for TEPH compounds can be
used as a screening tool at fuel oil, kerosene, and diesel spill sites. Human health related
decisions cannot be made based on TEPH analysis. All human health related decisions must be
made based on the full EPH analysis because the list of analytes corresponds to the
Department’s Petroleum Clean-up Guidelines.

Radon — When a Water Supply Well is found to be contaminated with petroleum compounds
above the Remedial Action Guidelines (RAGs), a Granular Activated Charcoal (GAC) filter
system is installed in the drinking water system. Radon is a naturally occurring element present
in groundwater and at high concentrations can cause the accumulation of radioactive elements
in GAC filter systems to a problematic level. Whenever a GAC filter system is installed, a water
sample must be tested for Radon to determine if it may cause problematic accumulation of
radionuclides in the GAC system.

Arsenic — When a large petroleum spill occurs, biodegradation of petroleum in groundwater may
create geochemical conditions leading to reductive dissolution and desorption of ferric hydroxide
minerals that may contain arsenic. BRWM staff should analyze for arsenic at sites where there
is a large volume of petroleum released, and petroleum has reached, or is likely to reach, the
bedrock and/or groundwater.

Lead — Lead can be present in water samples at some petroleum spill sites, older sites where
leaded motor fuel was stored and spilled, and past and present high-octane fuel and aviation
gas (AvGas) spill sites. Sample for Lead at gasoline motor fuel sites where the spill pre-dates
1986. Sample at sites where the spill happened between 1986 and 1996 depending on whether


https://www.mass.gov/files/documents/2018/02/23/VPH%20GC%20PIDFID_Revision%202_1_February%202018.pdf
https://www.mass.gov/files/documents/2018/02/23/VPH%20GC%20PIDFID_Revision%202_1_February%202018.pdf
https://www.mass.gov/files/documents/2017/12/21/MassDEP%20EPH%20Method%20-%20May%202004%20v1.1.pdf
https://www.mass.gov/files/documents/2017/12/21/MassDEP%20EPH%20Method%20-%20May%202004%20v1.1.pdf
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the facility stored leaded fuel. Sample sites with discharges after 1996 only if they involve
aviation gasoline or high-octane fuel such as racing motor fuel that contain lead or are
suspected of containing lead.

Lead Scavengers — Where Lead is likely present as a groundwater contaminant it is important to
test for volatile chemicals called Lead Scavengers. These chemicals were added to leaded fuels
to prevent lead deposits building up inside internal combustion engines. The common Lead
Scavenger chemicals are ethylene dibromide (EDB) and 1,2 dichloroethane (1,2 DCA). Sample
for Lead Scavengers at gasoline motor fuel sites where the spill pre-dates 1986. Sample at
sites where the spill happened between 1986 and 1996 depending on whether the facility stored
leaded fuel. Sample sites with discharges after 1996 only if they involve aviation gasoline or
racing motor fuel that contain lead or are suspected of containing lead.

Methyl tert-butyl ether (MTBE) — Beginning in approximately 1979 MTBE was added to gasoline
as an octane booster to replace Lead. Its chemical structure causes it to dissolve readily in
groundwater after a spill and can travel with groundwater to human health receptors. MTBE is
included in a VPH analysis.

Per- and polyfluoroalkyl substances (PFAS) — PFAS compounds are a group of man-made
chemicals that includes PFOA, PFOS, GenX, and many other chemicals. They are used in
some fire-fighting foams. When a petroleum fire (i.e vehicle fire, structure fire with petroleum) is
extinguished with fire-fighting foam some residual foam may enter groundwater along with
petroleum spilled from the vehicle.

This procedure includes three attachments, including the following:

o Addendum A- Additional Requirements for the samplings of Per- and Polyfluoroalkyl
Substances (PFAS)

¢ Addendum B - Additional Requirements for the samplings of Radon for the purpose of
Managing Groundwater Treatment Systems

e Addendum C - Additional Requirements for Determining the Nature of Arsenic
Concentrations in Water Supplies at Petroleum Contamination Sites

5.2 PLANNING

A well-developed CSM (RWM-PP-006) is imperative for effective use of this technique. Prior to
conducting any sampling event, a SAP should be developed ( SOP RWM-PP-007). During this
phase, it is important to identify which petroleum analysis to use and if it is likely that other, non-
petroleum, compounds might be present in the groundwater.

5.2.1 EQUIPMENT
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A majority of the Petroleum Program monitoring includes private water supply sampling.
Below is a list of recommended equipment to have when conducting water supply

sampling.

. Bucket (to collect excess water when sampling treatment systems),
. Disposable nitrile gloves (to prevent exposure and/or cross-contamination),
. Flashlight (to enter dark basements/cellars),

. Field Notebook (to record pertinent information),

. Chain of Custody Forms (to document chain-of-custody),

. Label Tags (to label sample points at households with filters),

. Container of clean water (for rinsing),

. Container of Soapy Water (for washing),

. Sample Containers from laboratory

. Fitting and section of hose to attach to spigot

5.2.2 HEALTH AND SAFETY

A site safety plan in accordance with SOP-RWM-PP-071 is required for all site activities,
including collecting water samples. Whenever sampling water from any point, at a
minimum wear disposable nitrile gloves and safety glasses. Hand and eye protection
decrease the chance of dermal exposure and reduces the chance of cross-
contamination of samples. Also be aware of physical hazards; treatment systems are
usually located in the basement, so make sure to take a flashlight. Watch for overhead
hazards such as low ceilings and/or hanging objects. Be especially careful of electrical
hazards such as outlets near the sampling area and/or bare wires. Do not purposefully
sniff the sample for odors as contaminated water may contain unhealthy levels of volatile
compounds. Lastly, try not to splash the water when sampling; splashing contaminated
water in the eyes or on exposed skin could be harmful if the water is significantly
contaminated. If water supplies are known or suspected to be contaminated, care should
be taken to avoid cross-contamination with other water samples being collected as part
of the same sampling event.

5.3 PROCEDURE
5.3.1 OVERVIEW

Sampling Water Supplies Without DEP Installed Treatment System

When sampling a water supply well without any treatment system, samples may be
obtained from an indoor faucet (kitchen, bathroom, other), or an outside faucet (spigot).
If MEDEP has sampled the well previously and conditions have not changed (house
renovations, family size, etc.) samples should be obtained from the same location as
previously sampled. If MEDEP has not sampled the well before, or if conditions have
changed, samplers should inspect the plumbing and select a sample location closest to
the pressure tank or pump. Samplers should make sure that the sample point is clean



Q\\““”"""% SOP No. RWM-PP-014
Effective Date: 9/15/2021
Revision No. 01

Last Revision Date: 1/8/2021
Page 8 of 13

a\'"sw
#1030

"y &
“Are g w®

(i.e., no grease, lead soldering, or other possible contaminants) and that no possible
sources of cross-contamination (gas cans, solvents, etc.) are nearby. If a water
treatment system (such as radon, sediment filters, or water softeners) is present, the
sample should be collected prior to these systems. If sampling from a faucet, remove the
aerator; if sampling from an outside spigot, remove existing hoses from the spigot. Run
the water on cold at full flow for least ten (10) minutes prior to collecting a sample.
Running the water will accomplish two goals. First, it will purge the pipes of any stagnant
water; second, it will drain the pressure tank and cause the pump to turn on and start
pumping water from the well. This should allow the collection of a representative sample
from the well.

Record any observations and/or comments about matters pertinent to the sample
location or to the site.

After the water has run for approximately 10 minutes, reduce the flow to facilitate sample
collection with minimal aeration and begin filling the laboratory containers. Do not adjust
flow rate when collecting an EPH sample to avoid false positive detections related to
plumbing grease. See Section 6.4.3 below for special procedures when sampling for
EPH or VPH.

Sampling Households With Treatment System(s)

For households with a treatment system installed, samplers should collect samples after
the treatment system first (post-treatment), between treatment devices second, and
before the treatment system (pre-treatment) last to reduce likelihood of cross-
contamination. The pre-treatment samples should be collected before any filter,
softener, or other device that the landowner or MEDEP has installed. The plumbing
system, including any treatment devices should be purged by turning on a faucet located
on the downstream end of the devices. This may be a kitchen faucet, bathroom faucet,
or outside spigot. When sampling from a faucet, remove the aerator prior to purging and
sampling. Sufficient water should be purged to flush the treatment devices as
completely as possible (10-20 minutes depending on the number of devices present). In
most situations, purging can continue while samples are being collected at the
designated sample points. The sample before the filter system is taken last due to its
highest probability of being contaminated. If multiple treatment systems are present,
sampling should proceed from point of use to point of entry (clean to dirty), in order to
reduce potential for cross-contamination. Care should be taken to accurately label the
sample containers with the correct sample location designation (after, before, between
filters). Each sample port location should be purged for 10 to twenty seconds to remove
stagnant water prior to sample collection. When sampling, it may be appropriate to
attach polyethylene tubing to the sampling port and collect purge water in a bucket.
Properly preserved laboratory containers should be filled using a flow rate that is
appropriate for the type of analysis and container type.
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If multiple treatment devices are present, it may be necessary to take more samples.
Samplers should take care to accurately identify and label sample locations and
associated laboratory containers. Filtration devices can often be bypassed with bypass
valves included in the plumbing. When sampling any of these devices, trace the route of
the plumbing (pipes) to make sure the sample is being taken from the correct sampling
port. Be sure to include contingencies for such devices in the sampling plan.

Once all the samples have been collected at a water supply, remove gloves, and return
all plumbing to its original position (aerator back on faucet, all sample ports closed, etc.).
Record water meter readings if the residence is equipped with a meter. Be sure to
properly record the units of the meter(cubic feet or gallons). The water meter reading will
give (in conjunction with the previous reading) the amount of water being used, which is
useful in predicting/explaining the breakthrough in GAC filters. Place the samples in a
cooler on ice for transport to the laboratory.

Sampling from Monitoring Wells

When sampling from monitoring wells, reference MEDEP SOP# RMW-DR-002, and 003.
These SOPs describe the procedures for collecting groundwater samples for
investigation and assessment monitoring (MEDEP SOP# RWM-DR-002) and long-term
groundwater plume monitoring (MEDEP SOP# RWM-DR-003).

Analysis-Specific Considerations

Volatile Petroleum Hydrocarbons (VPH) — When gasoline is a chemical of concern at the
site VPH analysis is used to quantify water contamination from a release. The VPH
method produces chemical concentration data to compare to PRGs. The lab method
used is Massachusetts DEP VPH. Fill the lab-provided 40 ml glassware with water at a
slow enough rate to avoid bubbles and agitation. Glassware comes from the lab
preserved with Hydrochloric Acid.

Extractable Petroleum Hydrocarbons (EPH) — When fuel oil/diesel/kerosene are
chemicals of concern at the site EPH analysis is used to quantify water contamination
from a release. The EPH method produces chemical concentration data to compare to
PRGs. The lab method used is Massachusetts DEP EPH. Fill the lab-provided one-liter
amber glassware. The glassware comes from the lab preserved with Hydrochloric Acid.

Total Extractable Petroleum Hydrocarbons (TEPH) — When fuel oil/diesel/kerosene are
chemicals of concern at the site, TEPH analysis is used as a screening test for
petroleum in water from a release. This method does not produce data comparable to
Petroleum Clean-up Guidelines. The lab method used is Massachusetts DEP EPH. Fill
the lab-provided one-liter amber glassware. The glassware comes from the lab
preserved with Hydrochloric Acid.
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Radon — Samples should be analyzed using EPA laboratory Methods 913.0 or SM 7500-
RN B. Fill the laboratory-provided 40 mL glassware with the sample water in
accordance with the procedure outlined in Addendum B of this SOP. Also see
Addendum B of this SOP for guidance on interpretation of radon results when managing
groundwater water treatment and filtration systems.

Arsenic — Samples should be analyzed using test EPA laboratory Methods 200.7 or
200.8. Fill the laboratory-provided 250-mL plastic bottles with the sample water. Bottles
come from the laboratory preserved with Nitric Acid. Arsenic samples should be
collected and interpreted in accordance with Addendum C of this SOP.

Lead — Use EPA laboratory Methods 200.7, 200.8 or 200.9. Fill the lab-provided 250 ml
plastic bottles with water. Bottles come from the lab preserved with Nitric Acid.

Lead scavengers — Use EPA laboratory Method 8260D for 1,2 DCA and EPA Method
8011 for EDB. Fill the lab-provided 40 ml glassware with water at a slow enough rate to
avoid bubbles and agitation. Glassware comes from the lab preserved with Hydrochloric
Acid.

Methyl tert-butyl ether (MTBE) — MTBE is included in the analyte list for the VPH testing
method. Fill the lab-provided 40 ml glassware with water at a slow enough rate to avoid
bubbles and agitation. Glassware comes from the lab preserved with Hydrochloric Acid.

Per- and polyfluoroalkyl substances (PFAS) — The method used is Modified EPA Method
537, with isotope dilution or EPA method 533. Additional analyses for Total Oxidizable
Precursors (TOP) using TOP Assay may be necessary, depending on the Data Quality
Objectives for the sampling event (see SOP RWM-PP-007). Samplers will also follow
Addendum A - Additional Requirements for the Sampling of PFAS, PFOA and PFOS. All
water samples will be collected using dedicated PFAS-free sampling equipment. Prior to
sampling each location, the sample handler must rinse their hands and don nitrile
gloves. PFAS contamination during sample collection can occur from common sources,
including food packaging and certain foods and beverages. Proper hand rinsing and
wearing nitrile gloves will help to minimize this type of accidental contamination of the
samples. Samples collected for PFAS analysis do not have to be headspace free.

5.3.2 PROJECT SPECIFIC CONSIDERATIONS

The introduction and procedures for each contaminant of concern discussed above
should be addressed during sampling. Additionally, there are certain situations that
require unique sampling methods. For example, when sampling for petroleum
hydrocarbons by either the VPH or EPH methods, it may be necessary to collect
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samples from spigots at high flow rates to avoid false positive detections related to the
plumbing grease present on the threads or in the shut-off valves (faucets). A section of
hose fitted with a “Y”-control valve may be required to assure that grease associated
with the moving parts of the fixture or spigot is not introduced into the sample by opening
or closing the fixture just prior to sampling.

Another example of a unique situation is when tritium is used to investigate the relative
age of the groundwater. Samplers need to remove their watches before collecting
samples that will be analyzed for tritium (if the watch is a tritium-illuminated type).
Special circumstances should be outlined in the sampling plan.

Samples collected for PFAS must follow procedures in Addendum A to this SOP.
Samples collected for Radon must follow procedures in Addendum B to this SOP.

Samples collected for Arsenic must follow procedures in Addendum C to this SOP.

6._ QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

In order to ensure that the samples are representative of the water at a given sampling point,
the sampler must pay close attention to QA/QC procedures. At each household the sampler
must be aware of four (4) areas which may be sources of cross-contamination of the samples:
1) samplers hands--wear a new pair of gloves at every residence sampled and at each sample
point; 2) sampling order--sample at the least contaminated households first, the most
contaminated last; and at the least contaminated point in any filtration system first (post-filter)
and the most contaminated point last (pre-filter) 3) self-contamination--make sure the sampling
area is free of any possible sources of contamination (grease on the tap, solvent bottles near
the sample port, etc.), and; 4) piping--look at the plumbing and pipe materials and note the
presence of lead soldering or improper lubrication (i.e. WD-40, oil, etc.) on the pipes. Also, ask
the resident if any work had recently been done on the well, plumbing, or any other components
of the water system.

For all Petroleum Program sites, duplicate samples should be collected in accordance with the
Leaking Underground Storage Tank (LUST) Quality Assurance Project Plan (QAPP). Typically,
the LUST QAPP specifies collecting a duplicate sample for petroleum compounds in
groundwater for one out of every ten samples analyzed. A duplicate sample should not
explicitly be identified on the sample container or chain of custody as a duplicate. Instead a
duplicate sample can be identified as a made up surname or address. |dentify the duplicate
sample and its co-located sample in your SAP and field notes or trip report.

A trip blank (prepared from contaminant free water by the laboratory or by MEDEP staff) should
be preserved with the same preservative as the actual samples, stored and transported with the
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other samples collected during the sampling event, and then analyzed (along with the other
samples) for the appropriate suspected contaminants by the lab. If a sampling event is
completed and the trip blank contains contaminants, this indicates that the containers may not
have been clean or other QA/QC procedures have failed. In this case, it may be necessary to
re-sample.

Samplers should avoid fueling a vehicle until after the samples have been delivered to the
laboratory or after securing them in a cooler. Avoid the use of colognes, perfumes and bug
sprays on sampling days. In addition, sampling personnel should avoid any contact with inside
surfaces of sample containers and covers or caps.

If sample results indicate that contamination is present at unanticipated levels or between filters
re-sampling may be warranted. All sample data should be reviewed for possible sources of
error before re-sampling the water supply. Re-check all field documentation from the trip to
insure the sample identification or sample numbers were recorded correctly in both the field
notebook and on the laboratory analysis request sheet and/or chain of custody. If the
documentation check fails, go back to the site and re-sample. When re-sampling, be sure to
check the plumbing to make sure all valves are properly opened and closed. An open bypass
valve would bypass the filters and supply unfiltered raw water to the house.

7._DOCUMENTATION

Sample point naming should remain consistent through out the project, and any necessary
changes should be clearly documented in the project file. Monitoring well names are typically
assigned at installation. Addresses are best to use when identifying private water supply
sample locations.

All sampling activities must be documented and include the following:
Sample Location Map using the sample point names recorded on the chain of custody
Site Name, Town, Spill Number
Names of Samplers
Date (s) of sample events
Data Quality Objectives
Sample Point Name
Sample Location
Collection Method
Laboratory Analyses
Comments and notes related to the sample locations

Documentation can include Attachment 1 from the SAP (RWM-PP-007), the sample location
map from the CSM (RWM-PP-006), and the Chain of Custody for the specific event that
provides legible information related to the samplers, sample date(s), and analyses. Alternatively,
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a Trip Report following SOP RWM-DR-013 that includes the above listed information can also
be used to document a sampling event. Sample custody must be followed as outlined in
MEDEP/DR SOP# RWM-DR-012 — Chain of Custody Protocol. Any Petroleum Program-
specific chain of custody should include the assigned sample point name, sample location, and
sample collection method as stated in the SAP.

8. REFERENCES

RWM-DR-001 Water Sample Collection from Water Supply Wells
RWM-DR-002 Groundwater Sample Collection for Site Investigation and Assessment Monitoring

RWM-DR-003 Groundwater Sampling Using Low Flow Purging and Sampling For Long-Term
Monitoring

RWM-PP-007 Sampling and Analysis Plan for Petroleum Sites
RWM-PP-006 Conceptual Site Model for Petroleum Sites

ITRC — 2018, Total Petroleum Hydrocarbons Fundamentals.
https://tphrisk-1.itrcweb.org/4-tph-fundamentals/
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1.0_APPLICABILITY

This Standard Operating Procedure (SOP) ADDENDUM applies to all programs in the Maine
Department of Environmental Protection’s (MEDEP) Division of Remediation (DR). Itis also
applicable to all parties that may submit data that will be used by the DEP/DR.

This SOP ADDENDUM is not a rule and is not intended to have the force of law, nor does it
create or affect any legal rights of any individual, all of which are determined by applicable
statutes and law. This SOP does not supersede statutes or rules.

2.0 PURPOSE
The purpose of this document is to describe the MEDEP/DRs requirements for the development
of a Sampling and Analysis Plan (SAP) with specific requirements for the sampling of
compounds related to Per- and Polyfluoroalkyl Substances (PFASSs), including
Perfluorooctanoic acid (PFOA) and Perfluorooctane sulfonate (PFOS).

Prior to conducting any investigative field work, routine monitoring, post closure sampling or any
data gathering/sample collection project, a SAP will be developed that outlines the goals of the
activity and methodology to achieve that goal. A well-developed SAP that is reviewed by all
field team members will assure that the goals are obtainable, the methodology is consistent,
and the data generated will meet the Data Quality Objectives (DQOs) for the project.

Given the ubiquitous nature of PFAS compounds, the low detection levels that are generally
requested, and the different methodologies for which these compounds are tested, additional
requirements regarding sampling methodology, equipment, and analysis for PFAS compounds
should be included as part of the sampling plan and during the sampling event. This document
outlines those specific requirements to be included in a PFAS sampling plan and during
sampling.

3.0_GUIDELINES AND PROCEDURES

3.1 INTRODUCTION

A sampling and analysis plan, regardless of whether sampling for PFAS compounds or other
potential contaminants, should include all the elements in SOP RWM-DR-014 — Development of
a Sampling and Analysis Plan. Although not required to be included in the SAP, (as outlined in
SOP RWM-DR-014), an assessment of the existing data should be conducted, a site
reconnaissance completed, a conceptual site model developed, and data quality objectives
determined as part of planning to assure the SAP will meet the goals of the sampling.

The SAP itself should include the goal of the sampling, end use of data, data quality objectives,
schedule, sampling methodology, sampling locations, media to be sampled, analytical
parameters, and QA/QC samples. Additionally, a site specific health and safety plan may be
necessary (see SOP-DR-014) depending on the scope of the sampling event. For example,
collection of samples in a large or moving water body, or as part of large sampling effort
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involving drilling rigs and/or excavation equipment would require a health and safety plan;
residential well sampling would likely not.

3.2 SAMPLING METHODOLOGY/EQUIPMENT

A description of the sampling methodology will be included in the SAP. Generally, reference to
an appropriate SOP for the sample methodology will be sufficient. The Division has developed
multiple SOPs for sample collection of most media; please refer to the Division of Remediation’s
Quality Assurance Plan - Attachment B — Data Collection SOPs for a list of all data collection
standard operating procedures.

3.2.1 Sampling Methodology

Sampling for PFAS will follow the standard procedures as outlined in the specific sampling
method SOPs. In addition, the following task must be included in the SAP and field staff must
perform the task as described below to prevent contamination of the sample:

“Prior to sampling each location the sample handler must wash their hands and
don nitrile gloves. PFAS contamination during sample collection can occur from
several common sources, including food packaging and certain foods and
beverages. Proper hand washing and wearing nitrile gloves will help to minimize
this type of accidental contamination of the samples.”

It should be noted that samples collected for PFAS analysis do not have to be headspace free.

3.2.2 Sampling Equipment/Supplies/Personal Protective Equipment (PPE)

The low detection limits required for PFAS water analysis and their common occurrence in
frequently used items warrant attention to equipment and PPE used for sampling. A sampling
equipment list for PFAS projects should follow the material guidelines in Table 1 of Attachment
A, avoiding use of LDPE and any Teflon-lined equipment or tubing. If field decontamination of
non-disposable equipment is necessary, washing with an approved soap solution, rinsing with
DI water and then a rinse with laboratory-supplied PFAS-free water is recommended. New
nitrile gloves should be used between locations and activities. Other recommended clothing and
PPE requirements are noted in Table 1 of Attachment A.

3.3 Media Sampled/Analytical Parameters

A chart outlining the media collected and sample analysis methodology will be included in the
SAP.

PFOA and PFOS are the typical potential contaminants of concern (COCs) at PFAS sites,
although laboratory reporting lists may include 12 to 26 PFAS compounds depending upon
method and laboratory. An additional analysis that may be warranted is the sum of all PFAS
present, either by total extractable fluorinated compounds (TOP analysis) or evaluation of total
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fluorine by a method such as proton induced gamma-ray emission (PIGE). Both of these
techniques can be followed by analysis of specific compounds, to assess the presence of
precursors in environmental media that are not captured by the compound specific methods.

Parameters will be identified by either laboratory analysis methodology number, or generally
accepted name of analysis. Given the different methods currently available for sampling PFAS,
there must be a clear understanding between the project manager and the laboratory providing
the analysis as to what the media sampled, test methodology, and detection levels will be.

Table 1 provides several current methods with their associated media:

TABLE 1
Media/Analytical Methodology
MEDIA LABORATORY HOLD TIME*/ ANALYSIS | Reporting
METHOD PRESERVATION TIME List
Drinking Water** USEPA Method 14 days to 28 days Method
537 extraction/Trizma™*** after specific
extraction
Groundwater Modified Method 14 days to 28 days DEP
537 extraction/<6°C after Minibid list
extraction b
Surface Water Modified Method 14 days to 28 days DEP
537 extraction/<6°C after Minibid list
extraction e
Soil/Sediment/sludge | Modified Method 14 days to 28 days DEP
537 extraction/<6°C after Minibid list
extraction b
Other (vegetation...) | Modified Lab specific Lab specific DEP
Method Minibid list
537 *kkk
Water or Soil TOP or other Lab specific/<6°C | Lab specific Method
total fluorinated specific
analysis

* Hold times may vary with contracted laboratory

** USEPA 537 is the only certified method for drinking water
*** Trizma needed for samples that may contain residual chlorine from treated water sources
*** |onger reporting lists may vary between laboratories, generally the DEP mini-bid list can be
used for comparison to other selected laboratories

Other methods may be appropriate based on the data quality objectives of the sampling project.

The contracted analytical laboratory must be Maine certified to perform any method for which
Maine provides certification. The contract lab must be able to accommodate the sample load
and perform the analyses within holding times. The contract lab must be able to achieve PQLs,
for all analyses, which are below the associated regulatory guideline value.
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Deviations can be made from the laboratory method on a site or event specific basis, based on
the goals of the sampling, end use of the data, and the data quality objectives. Rationale for
deviations from these methods should be described in the SAP and/or the final report.

As with all parameters, containers, preservation, and holding times will be as recommended by
the laboratory providing analytical services. Special or out of the ordinary containers or
preservation should be noted in the SAP.

3.4 FIELD QC SAMPLES

Sample collection for PFAS analysis does not require specific field QC samples outside the
normal requirements.

General recommendations for all sampling include one aqueous field blank, per field event, to
be analyzed for PFASs to determine if water samples have been contaminated by sources
unrelated to the project area, and to assess the overall field procedures. An equipment blank
may be needed if non-dedicated equipment is used. The field blank is typically one bottle of
PFAS-free water supplied by the laboratory, which is uncapped and poured to a second bottle.
For multi-day events, one blank per day should be considered. If non-disposable equipment is
used a PFAS-free water equipment blank is warranted to check field decontamination
procedures.

4.0 PFAS SPECIFIC TEMPLATE

In the instances of a PFAS only sampling event, in which samples are being collected from a
project which has a history of sampling for other analytes and a well-developed conceptual site
model and/or an SAP already exists, a PFAS sampling specific template has been developed
which provides the general requirements of a sampling plan. This template can be found in
Attachment A of this Addendum.

5.0 REPORT GENERATION

As stated in SOP RWM-DR-014, A Sampling Event Trip Report (SETR) will be developed for
every sampling event (see MEDEP/DR SOP# RWM-DR-013). The staff person responsible for
developing the SETR will be stated in the SAP. Data obtained as part of the SAP will be
assessed in the final report for which the data has been collected.
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ATTACHMENTA -
PFAS SAMPLING AND ANALYSIS PLAN FORM TEMPLATE -
04/08/2020

1.1 INTRODUCTION

The introduction will state the objectives of the sampling plan which include:
e Goals of the sampling plan;
e End use of data.

2.0 BACKGROUND INFORMATION

A BRIEF explanation of the background of the Site and/or conceptual site model (CSM) and
reason for sampling for PFAS will be presented.

3.0 SITE SPECIFIC HEALTH AND SAFETY PLAN

If determined necessary, a Site-Specific Health and Safety plan (HASP) will be developed and
attached.

4.1 SAMPLING METHODOLOGY/ EQUIPMENT

A description of the sampling methodology will be included in the SAP. In instances where a
MEDEP/DR SOP is available, reference to SOPs by either name or document number is
sufficient.

Prior to sampling each location the sample handler must wash their hands and don nitrile gloves.
PFAS contamination during sample collection can occur from a number of common sources,
including food packaging and certain foods and beverages. Proper hand washing and wearing
nitrile gloves will help to minimize this type of accidental contamination of the samples, particularly
when moving pumps, generators or other equipment between sample points.

Some sampling equipment, field supplies, field clothing and personal protective equipment are
prohibited when sampling for PFAS. Table 1 outlines the prohibited items. This table must be
included in the SOP and field staff informed as to what equipment is allowed.
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Table 1: Summary of Prohibited and Acceptable Items for Use in PFAS Sampling

Prohibited ltems

Acceptable Items

I
Field Eq

uipment

Teflon® containing materials. Aluminum foil.

High-density polyethylene (HDPE) and
stainless steel materials

Storage of samples in containers made of
LDPE
materials

Acetate direct push liners

Teflon® tubing

Silicon or HDPE tubing

Waterproof field books. Water resistant
sample bottle labels.

Loose paper (non-waterproof). Paper sample
labels covered with clear packing tape, or
lab-applied labels.

Plastic clipboards, binders, or spiral hard
cover
notebooks

Aluminum or Masonite field clipboards

Sharpies®, pens

Post-It Notes

Chemical (blue) ice packs

Regular ice

Excel Purity Paste
TFW Multipurpose Thread Sealant
Vibra-Tite Thread Sealant

Gasoils NT Non-PTFE Thread Sealant
Bentonite

Equipment with Viton Components (need to
be evaluated on a case by case basis,
Viton contains PTFE, but may be
acceptable if used in gaskets or O - rings
that are sealed away and will not come into
contact with sample or sampling
equipment.)

Field Clothi

ng and PPE

New clothing or water resistant, waterproof,
or stain treated clothing, clothing laundered
with fabric softeners, clothing containing
Gore-Tex™

Well-laundered clothing, defined as clothing
that has been washed 6 or more times after
purchase, made of synthetic or natural fibers
(preferable cotton). Cotton coveralls are one
option that reduces the need for specialized
personal clothing.

Clothing laundered using fabric softener

No fabric softener

Boots containing Gore-Tex™

Boots made with polyurethane and PVC for
wet conditions, or rubber overboots (“chicken
boots”)

Reflective safety vests, Tyvek®, Cotton
clothing, synthetic under clothing,
medical braces
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No cosmetics, moisturizers, hand cream, or Sunscreens - sunscreens that are “free” or

other related products as part of personal “natural”, or UV blocking clothing
cleaning/showering routine on the morning of | Insect Repellents - Sawyer permethrin
sampling clothing treatment, Deep Woods Off, Insect

Shield pre-treated clothing ™

Sample Containers

LDPE, glass containers or passive diffusion HDPE (any media) or polypropylene (only for
bags. EPA Method 537.1 samples)
Teflon®-lined caps Lined or unlined HDPE or polypropylene
caps
Rain Events
Gore-Tex™ or similar breathable coated Polyurethane, vinyl, wax or rubber-coated
waterproof or resistant rain gear rain gear. Gazebo tent that is only touched or
moved prior to and following sampling
activities
Equipment Decontamination
Decon 90 Alconox® and/or Liquinox®
Water from an on-site well Potable water from municipal drinking water

supply (if tested as PFAS-free); Lab-
supplied PFAS-free water

Food Considerations

All food and drink, with exceptions noted on Bottled water and hydration drinks (i.e.
the right Gatorade® and Powerade®) to be brought
and consumed only in the staging area

(1) Bartlett SA, Davis KL. Evaluating PFAS cross contamination issues. Remediation. 2018;28:53-57.

It is recommended that all water samples will be collected using dedicated or disposable
sampling equipment where possible. Any re-usable equipment, such as plumbing fittings, that
may be needed in certain cases to obtain a sample from the pressure tank tap, should be
deconned using Alconox/Liquinox soap and rinsed with PFAS-free water prior to use and
between locations.

5.0 Sample Locations

A map showing planned sampling locations will be included in the sampling plan. If locations
are not pre - determined, the method that samples will be chosen and collected (field
observations, random, etc.) will be outlined in the SAP. Field or laboratory compositing
procedures will also be described, if applicable.

This section should also indicate sampling collection priority and order, to assure that the most
important samples are obtained, and that sampling is generally done from low areas of
contamination to higher levels of contamination. It is recommended that critical samples be
collected in duplicate.

6.0 Media Sampled

A chart outlining the media collected and sample analysis will be included in the SAP. Table 2
provides several current methods with their associated media:
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Media/Analytical Methodology
MEDIA LABORATORY HOLD TIME*/ ANALYSIS | Reporting
METHOD PRESERVATION TIME List
Public Drinking USEPA Method 14 days to 28 days Method
Water Supply ** 537.1 extraction/Trizma*** after specific
extraction
Groundwater and Modified Method 14 days to 28 days DEP
Private Water 537 (Isotope extraction/<6°C after Minibid list
Supplies Dilution) extraction i
Surface Water Modified Method 14 days to 28 days DEP
537 (Isotope extraction/<6°C after Minibid list
Dilution) extraction e
Soil/Sediment/sludge | Modified Method 14 days to 28 days DEP
537 (Isotope extraction/<6°C after Minibid list
Dilution) extraction -
Other (vegetation...) | Modified Method Lab specific Lab specific DEP
537 (Isotope Minibid list
Dilution) i
Water or Soll TOP or other Lab specific/<6°C | Lab specific Method
total fluorinated specific
analysis

* Hold time of 14 days is specified by DEP

** USEPA 537.1 is currently the only Maine certified method for drinking water,
others such as Method 533 will be offered in the future

*** Trizma needed for samples that may contain residual chlorine from treated
water sources

**** | onger reporting lists may vary between laboratories, generally the DEP
mini-bid list can be used for all projects

Other methods may be appropriate based on the data quality objectives of the sampling
project.

The contracted analytical laboratory must be Maine certified to perform any method for
which Maine provides certification. The contract lab must be able to accommodate the
sample load and perform the analyses within holding times. The contract lab must be
able to achieve PQLs, for all analyses, which are below the associated regulatory
guideline value.

Containers, preservation, and holding times will be as recommended by the laboratory
providing analytical services. Special or out of the ordinary containers or preservation
should be noted in the SAP.

7.0 FIELD QC SAMPLES

The specific needs for QC samples for the project will be outlined. General requirements
for PFAS sampling events include one aqueous field blank, per field event, to be tested
for PFASs to determine if water samples have been contaminated by sources unrelated
to the project area, and to assess the overall field procedures. The field blank is typically



ATTACHMENTA -
PFAS SAMPLING AND ANALYSIS PLAN FORM TEMPLATE -
04/08/2020

one bottle of PFAS-free water supplied by the laboratory, which is uncapped and poured
to a second bottle. An equipment blank should be collected if non-dedicated equipment
is used. For multi-day events, one blank per day should be considered, and for large
events one blank per 10 or 20 samples is warranted, depending upon the project
requirements. All blanks should be collected with laboratory supplied PFAS-free water. A
source-water blank is handled like a trip blank, and assesses the laboratory supplied
water and sample containers. This blank may be warranted depending on DEP
experience with the laboratory or sensitivity of the project.

Additionally, any QC samples that will be collected in the field that are required as part of
laboratory QC requirements and to allow data validation will be outlined.

4.9 REPORT GENERATION

A Sampling Event Trip Report (SETR) will be developed for every sampling event (See

MEDEP/DR SOP# RWM-DR-013). Staff person responsible for developing the SETR will
be stated.
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1._APPLICABILITY

This Standard Operating Procedure (SOP) applies to all programs in the Maine Department of
Environmental Protection’s (MEDEP) BRWM (BRWM). It is also applicable to all parties that
provide or oversee the installation or management of granular activated carbon filtration systems
at MEDEP remediation sites.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any
legal rights of any individual, all of which are determined by applicable statutes and law. This
SOP does not supersede statutes or rules.

2. PURPOSE

The purpose of this document is to describe the MEDEP/BRWM procedure for sampling water
for the presence of radon and interpreting the results for the purposes of managing drinking
water treatment systems.

3. _RESPONSIBILITIES
All MEDEP/TS Staff must follow this procedure when performing this task. All Managers and
Supervisors are responsible for ensuring that their staff are familiar with and adhere to this

procedure. MEDEP/TS staff reviewing data by outside parties are responsible for assuring that
the procedure (or an equivalent) was utilized appropriately.

4. DEFINITIONS AND ACCRONYMS

4.1 GAC - Granular Activated Carbon A filter media used to remove organic and inorganic
contaminants dissolved in water and control odors. GAC is a form of processed carbon
designed to have small, micropores to increase surface areas available for adsorption or
chemical reactions. GAC is made from raw organic carbonaceous materials such as coconut
shells, nut shells, peat, wood, or coal.

4.2 Low-level waste — Nuclear water that does not fit into the categorical definitions for
intermediate-level waste (ILW), high-level waste (HLW), spent nuclear fuel (SNF), transuranic
waste (TRU), or certain byproduct materials known as 11e (2) wastes, such as uranium mill
tailings. Low-level waste includes items that have become contaminated with radioactive
material or have become radioactive through exposure to neutron radiation.

4.3 pCi/L - Picocurie per Liter

4.4 POET - Point of Entry Treatment- A point of entry treatment system is a whole-house
(building) water treatment solution at or before the point the water enters the building.
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5._GUIDELINES AND PROCEDURES

5.1 INTRODUCTION

When water supplies become impacted with petroleum compounds, a point of entry treatment
(POET) system consisting of GAC filters is often installed to remove petroleum contaminants from
the water. GAC filters will also remove radon from water. When POET consisting of GAC is to be
installed on a water supply, the concentration of radon in the water supply will need to be
determined to ensure appropriate filter system location, and to consider the GAC change-out
schedule and whether pre-treatment for radon is required. Additionally, when a replacement water
supply well is installed at a site, the concentration of radon in that well will need to be determined.

5.2 PLANNING

Prior to conducting any sampling event, a Sampling and Analysis Plan (SAP) should be
developed (see MEDEP/TS SOP# RWM-DR-014 - Development of a Sampling and Analysis
Plan).

To complete the sampling activities, staff will need appropriate laboratory-provided sample
containers, tubing, a hose adaptor, and a bowl or bucket that is large enough to submerge the
sample container. When sampling directly from a wellhead it will be important to ensure that the
well has been adequately developed, and a water pump, power source, and associated tubing
will be required.

5.3_PROCEDURE

5.3.1 OVERVIEW

Those approved to sample water supplies for radon can collect the sample according a
method approved by the Maine Department of Health and Human Services (DHHS)
Radon Control Program. MEDEP staff will typically collect radon in drinking water
samples using the DHHS-approved method outlined in this SOP.

Sample Collection:

When sampling an active water supply for radon, it is best to sample from the pressure tank
faucet if accessible. Otherwise collect the sample from a sample port that is unfiltered
being sure to remove the aerator and hoses if present. When sampling from a wellhead,
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the discharge piping will need to have a valve installed with a barb to attach tubing. The
water supply should be purged for 10 minutes prior to collecting the sample.

When it is time to collect the sample, attach the fitting and tubing to the spigot of the
pressure tank (or the tubing to the barb on the piping valve) and start to fill the bowl or
bucket. As you are filling the bowl! or bucket, adjust the flow to eliminate bubbles or
agitation. Fill the bucket enough to be able to submerge the sample container in the water.
Once the sample container is submerged, insert the tubing into the mouth of the sample
container. Flush the sample container twice, then fill the sample container while it is
submerged. Cap the sample container while it is still submerged underwater such that the
sample does not contain air bubbles. Do not send samples containing an air bubble to the
laboratory.

Interpreting Sample Results:

If the radon concentration in the water supply is less than 10,000pCi/L, the carbon filter
media in the GAC POET system can be changed out based on breakthrough of petroleum
compounds or bacteria buildup in the filters.

If the radon concentration in the water supply is 10,000 pCi/L or greater, radon
concentrations should be entered into the Carbdose calculator, or another EPA-approved
calculator. Based on the radon concentration and water supply usage, the Carbdose
calculator will provide the time that the GAC will become low-level waste (“waste disposal”
output) and the minimum distance recommended to limit gamma radiation in living spaces
(“safe distance” output).

Based on the “safe distance” output provided by the Carbdose calculator, ensure that the
POET filters are placed in a safe area that avoids potential radiation to site users. Space
limitations at sites may require that a protective barrier or shield be installed around the
filter system to mitigate gamma radiation.

The GAC changeout schedule may need to be adjusted based on the “waste disposal”
output provided by the Carbdose calculator. Even if breakthrough of petroleum compounds
or bacteria buildup has not occurred, GAC filter media should be scheduled to be changed
out prior to becoming low-level waste. The change out schedule may be so frequent that it
is more cost effective to install a pre-treatment system for radon such as an aeration
system.

Although the MEDEP’s purpose for analyzing a water supply for radon is to maintain GAC
POET systems at homes, radon in water is considered a health risk independent of any
potential risk caused by a petroleum discharge. DHHS suggests that radon treatment for
health risk purposes should be considered for a water supply if the concentration in the well
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water is greater than 4,000 pCi/L. If sample results are greater than 4,000 pCi/L, refer the
homeowner to DHHS, Maine Radiation Control Program.

5.3.2 PROJECT SPECIFIC CONSIDERATIONS

For some Petroleum Program projects, GAC POET will remain installed as long-term
mitigation of petroleum contamination in a water supply. In this case a long-term filter
agreement is secured between the property owner and MEDEP. The MEDEP, Division
of Resource Administration, Collections, Claims, and Recovery (CCR) Unit will assume
monitoring of the water supply and POET system. The CCR Unit will need to be
informed of how radon affects the GAC changeout schedule.

If site conditions and levels of petroleum contamination warrant that GAC filters are no
longer needed at a site, then the filters should be removed and appropriately disposed.
Occasionally, MEDEP staff leave GAC POET at sites even when it is not required for
petroleum treatment. If the GAC filters are going to remain installed at a site, and not be
maintained by the MEDEP (i.e. the concentrations of petroleum compounds in the water
supply do not pose a health risk to the site user), a transfer of ownership agreement will
need to be secured between the property owner and MEDEP. The transfer of ownership
agreement should address the radon concentration and recommended changeout
schedule if the radon concentration is greater than 4,000 pCi/L.

6._QUALITY ASSURANCE/QUALITY CONTROL

Data quality objectives (DQOs) should be stated in the SAP. Quality Assurance/Quality
Control (QA/QC) samples may be collected if needed to meet DQOs. All analytical data
should be reviewed and assessed to determine if DQOs have been met. If review
indicates DQOs have not been met, corrective action will be recommended by the
reviewer.

71._REFERENCES

http://www.maine.gov/dhhs/mecdc/environmental-health/rad/radon/hp-radon.htm
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1._APPLICABILITY

This Standard Operating Procedure (SOP) applies at petroleum release sites where there is a
large volume of petroleum released, and petroleum has reached, or is likely to reach the bedrock
and/or groundwater.

This SOP applies to all programs in the Maine Department of Environmental Protection’s
(MEDEP) Bureau of Remediation and Waste Management (BRWM). ltis also applicable to all
parties that to all parties that investigate, mitigate, or remediate petroleum releases.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any
legal rights of any individual, all of which are determined by applicable statutes and law. This
SOP does not supersede statutes or rules.

2. PURPOSE

The purpose of this document is to describe the MEDEP/BRWM procedure for determining if
arsenic contamination of homeowner wells is attributable to biodegradation of petroleum
hydrocarbons in ground water resulting in dissolution and desorption from ferric hydroxides.
This document is intended to help MEDEP/BRWM staff determine when to be concerned that a
water supply well is at risk of being contaminated with naturally-occurring arsenic that has been
mobilized by biodegradation of petroleum hydrocarbons and what parameters to measure to
evaluate this condition.

3._RESPONSIBILITIES

All MEDEP/BRWM Staff must follow this procedure when performing this task. All Managers
and Supervisors are responsible for ensuring that their staff are familiar with and adhere to this
procedure. MEDEP/BRWM staff reviewing data by outside parties are responsible for assuring
that the procedure (or an equivalent) was utilized appropriately.

4._DEFINITIONS

4.1 ARSENIC CONTAMINATION - Detection of arsenic in groundwater or a water supply above
the maximum contaminant level (MCL) of 10 micrograms per liter (ug/l).

4.2 BASELINE WATER QUALITY ANALYSIS: Groundwater or water supply analysis for
arsenic, dissolved iron, dissolved manganese, pH, dissolved oxygen (DO), oxidation
reduction potential (ORP), and specific conductance.

4.3 SECONDARY WATER QUALITY ANALYSIS: Groundwater or water supply analysis for
major ions (calcium, sodium, magnesium, potassium, chlorine, sulfate, and nitrate),
alkalinity, total organic carbon, and methane.
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5._GUIDELINES AND PROCEDURES

5.1 INTRODUCTION

There are several factors that will control the release of arsenic to the groundwater at a
petroleum spill including, but not limited to, the existence of a source of arsenic within the
aquifer, the size of the spill, the length of time after the spill, and geologic conditions, such as
the depth to bedrock or groundwater.

A small amount of petroleum product is capable of contaminating a nearby water supply well,
but a large amount of petroleum product is necessary to drive the redox conditions of the aquifer
to the point of iron reducing so that arsenic is mobilized. The amount that is necessary is
dependent on the initial redox conditions, the amount of terminal electron acceptors, and the
pathway of the petroleum to the groundwater. If the initial redox conditions are very oxidizing
and there are abundant electron acceptors, it will take a larger volume of petroleum to feed the
microbes required to reduce the electron acceptors. If there is a large volume of soil above the
water table, this can store a lot of the petroleum which may not make it to the groundwater, and
a larger volume of petroleum is required to influence the conditions of the aquifer. Furthermore,
an evaluation on recent spills that are cleaned up quickly and where petroleum does not reach
the bedrock groundwater showed that it is unlikely that reducing conditions will be incurred to
the point of releasing arsenic to the groundwater.

The methodology presumes that the mechanism for mobilization is reductive dissolution and
desorption from ferric hydroxide minerals in the aquifer and that the groundwater sampled
retains evidence of the reducing chemical environment.

Arsenic contamination is here defined as a detection above the maximum contaminant level
(MCL) of 10 micrograms per liter (ug/l). Elevated iron and manganese are taken as evidence of
redox conditions that are reducing enough to mobilize iron, manganese, and arsenic. Iron will
be considered elevated if it is measured above 5,000 ug/L, and manganese will be considered
elevated if it is measured above 300 ug/l. Where the redox sensitive parameters result in an
ambiguous indication of the redox state of the water, BRWM scientists will have to evaluate the
weight of the evidence and use professional judgement.

5.2 PLANNING

A well-developed Conceptual Site Model (CSM) is imperative for effective use of this technique
(RWM-PP-006). Prior to conducting any sampling event, a Sampling and Analysis Plan (SAP)
should be developed (SOP RWM-PP-007). All water supply sampling should be conducted in

accordance with MEDEP SOP RWM-PP-014.

5.3 PROCEDURE
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5.3.1 OVERVIEW

BRWM staff should analyze for arsenic at sites where there is a large volume of
petroleum released, and petroleum has reached, or is likely to reach, the bedrock and/or
groundwater.

If it is determined that the water supply should be analyzed for arsenic, a Baseline Water
Quality Analysis should be completed. At sites where the cause of high arsenic
concentrations in a water supply well is not clear, a Secondary Water Quality Analysis
including additional groundwater geochemistry parameters should be completed. The
parameters to be included in the Baseline and Secondary Analyses are defined below.

Based on the spill scenarios and results of the Baseline Water Quality Analysis, there
are several follow-up approaches to consider.

Analyzing for Arsenic Contamination at a Recent Spill

It generally takes a period of months for native microbes to acclimate to petroleum

hydrocarbons as a food source and create the reducing conditions that can mobilize

arsenic. If BRWM staff are certain that the spill was a discrete event and that it occurred
within a few weeks prior to initial sampling, then a Baseline Water Quality Analysis
sample may be collected to establish whether the water supply well had elevated arsenic
before biodegradation of the petroleum began. Three possible outcomes of these
analyses are evaluated below.

1. The arsenic concentration is below the MCL, iron and manganese are not elevated,
DO is greater than 1 milligram/liter (mg/l), and ORP is positive. This indicates that
the biodegradation of the petroleum hydrocarbons has not yet created reducing
conditions in the aquifer, or there is insufficient arsenic in the aquifer.

a. Quarterly monitoring of pH, DO, ORP, and specific conductance should be
completed.

b. The water supply well should be sampled for the Baseline Water Quality
Analysis parameters at the end of quarterly sampling to determine if conditions
have changed.

c. If redox conditions decrease and/or arsenic concentrations increase, this may
be an indication that the petroleum has impacted water quality, and additional
monitoring or a treatment system may be required.

2. The arsenic concentration is below the MCL, iron and manganese are elevated, DO
is less than 1 mg/l, and ORP is negative. In this case, the water supply and aquifer
already provide evidence of reducing conditions that enhance the mobility of arsenic,
but there may not be sufficient arsenic in the aquifer materials to mobilize arsenic
into the groundwater.

a. The water supply well should be sampled for the Baseline Water Quality
Analysis parameters at the end of quarterly sampling.
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b. If arsenic concentrations are significantly greater than the initial Baseline Water
Quality Analysis concentrations, this may be an indication that the petroleum
has impacted water quality, and additional monitoring or a treatment system
may be required.

3. The arsenic concentration is above the MCL. In this case, the water supply will be
considered arsenic-contaminated prior to the petroleum discharge. The Department
will not be responsible for providing water supply treatment unless the arsenic
concentration subsequently increases so much in response to biodegradation of the
petroleum that it subsequently increased the cost of appropriate point of use
treatment.

a. Educate the well owner/operator about arsenic health impacts and treatment
options and encourage them to address the issue.

b. The water supply well should be sampled for the Baseline Water Quality
Analysis parameters at the end of quarterly sampling.

c. If arsenic concentrations are significantly greater than the initial Baseline Water
Quality Analysis concentrations, this may be an indication that the petroleum
has impacted water quality, and additional monitoring or a treatment system
may be required.

Analyzing for Arsenic Contamination When the Date of the Release is Unknown

For those petroleum spills where a precise discharge date cannot be determined, and the

site meets the criteria contained in the “When to Analyze Water Supply Wells for Arsenic”

section of this guidance, collect a Baseline Water Quality Analysis sample upon detection
of petroleum contamination in soil or groundwater. Four possible outcomes of these
analyses are evaluated below.

1. The arsenic concentration is below the MCL, iron and manganese are not elevated, DO
is greater than 1 milligram/liter (mg/l), and ORP is positive. This indicates that the
biodegradation of the petroleum hydrocarbons has not yet created reducing conditions
in the aquifer, or there is insufficient arsenic in the aquifer.

a. Quarterly monitoring of pH, DO, ORP, and specific conductance should be
completed.

b. The water supply well should be sampled for the Baseline Water Quality Analysis
parameters at the end of quarterly sampling to determine if conditions have
changed.

c. Ifredox conditions decrease and/or arsenic concentrations increase, this may be
an indication that the petroleum has impacted water quality, and additional
monitoring or a treatment system may be required.

2. The arsenic concentration is below the MCL, iron and manganese are elevated, DO is
less than 1 mg/l, and ORP is negative. In this case, the water supply and aquifer
already provide evidence of reducing conditions that enhance the mobility of arsenic,
but there may not be sufficient arsenic in the aquifer materials to mobilize arsenic into
the groundwater.
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a. The water supply well should be sampled for the Baseline Water Quality Analysis
parameters at the end of quarterly sampling.

b. If arsenic concentrations are significantly greater than the initial Baseline Water
Quality Analysis concentrations, this may be an indication that the petroleum has
impacted water quality, and additional monitoring or a treatment system may be
required.

3. The arsenic concentration is above the MCL, iron and manganese are not elevated,
and the water contains dissolved oxygen greater than 1 mg/l and/or ORP is positive.
There is no evidence of reducing conditions capable of mobilizing arsenic, so the
arsenic can be attributed to natural causes instead of the petroleum contamination. The
assumption is that the system has reached equilibrium and no further reduction is
occurring.

a. Educate the well owner/operator about arsenic health impacts and treatment
options and encourage them to address the issue.

4. The arsenic concentration is above the MCL, iron and/or manganese are elevated, DO
is less than 1 mg/l, and ORP is negative. The water composition provides evidence of
reductive dissolution of the ferric hydroxide minerals. The Department cannot prove
that the arsenic was not mobilized by degradation of the petroleum, but it can obtain
more data to assess the situation.

a. The water supply well should be sampled for Secondary Water Quality Analysis
parameters. This will help identify whether the water supply well is located in a
recharge or discharge area. Wells located at the end of a flow path in a discharge
zone typically have higher specific conductance, higher alkalinity, higher pH, higher
sodium concentrations (but low chloride concentrations), as well as reducing
conditions and are more likely to have naturally-occurring arsenic. If a well has a
chemical signature typical of a recharge area (calcium carbonate-type water, low
specific conductance, low pH, low alkalinity), but has reducing conditions, then it is
more likely impacted by the presence of petroleum.

5.3.2 PROJECT SPECIFIC CONSIDERATIONS

At some sites where side- or up-gradient monitoring wells and water supply wells are
available, it may be practical to evaluate background (side- or up-gradient) water quality
to determine prevailing arsenic concentrations before the effects of the petroleum
contamination. This type of study should include parameters contained in both the
Baseline Water Quality Analysis and Secondary Water Quality Analysis so that the
whole water chemistry of the contaminated water supplies can be compared to that of
the side- or up-gradient monitoring points, not just the arsenic.

Great caution should be used when drawing conclusions based on neighboring wells.
Investigations within Maine have shown that naturally-occurring arsenic concentrations
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can vary significantly over short distances. A better approach would be to evaluate
groundwater downgradient of the plume. If downgradient groundwater does not have

high arsenic concentrations, then it is unlikely that the petroleum-contaminated site
would.

6. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

Any evaluation of background water quality that is the basis of decisions about water supply
treatment must be thorough and convincing enough to withstand external peer review.

Data quality objectives (DQOs) should be stated in the SAP. Quality Assurance/Quality Control
(QA/QC) samples may be collected if needed to meet DQOs. Typical types of QA/QC samples
that may be collected or prepared at the laboratory include replicate matrix interference spike
(MIS) samples to allow determination of an upper confidence limit (UCL) for the decision unit
(DU), laboratory control blank spikes, and analysis of reference material containing known
concentrations of the target analytes. All analytical data should be reviewed and assessed to
determine if DQOs have been met. If review indicates DQOs have not been met, corrective
action will be recommended by the reviewer.

7. REFERENCES

RWM-PP-006, Conceptual Site Model for Petroleum Contamination
RWM-PP-007, Development of a Sampling and Analysis Plan
RWM-PP-014, Water Sampling at Petroleum Sites
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1._APPLICABILITY

This Standard Operating Procedure (SOP) applies to all BRWM staff working on petroleum
remediation sites within the Petroleum Program. It is also applicable to all parties that investigate,
mitigate, or remediate petroleum releases.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any
legal rights of any individual, all of which are determined by applicable statutes and law. This SOP
does not supersede statutes or rules.

2. PURPOSE

The purpose of this document is to describe the MEDEP BRWM requirements for the
development of a Site Safety Plan (SSP). Prior to conducting field work, routine monitoring,
post closure sampling or on-site data gathering, a SSP will be developed. The SSP will outline
the potential hazards of the site activity, identify control measures to mitigate the risk, and
identify PPE needed to complete the control measure. Additionally, the plan will provide the
physical address should emergency services be required, directions to the site, weather
conditions, and responding emergency services with contact information.

3._RESPONSIBILITIES

All MEDEP/BRWM Staff must follow this procedure when developing a Site Safety Plan. All
Managers and Supervisors are responsible for ensuring that their staff are familiar with and
adhere to this procedure. MEDEP/BRWM staff reviewing plans by outside parties are
responsible for assuring that the procedure (or an equivalent) was utilized appropriately.

4.0 DEFINITIONS

4.2 CONTAMINANT OF CONCERN (COC) - A contaminant that has been released at a site
and risk evaluation indicates that mitigation or remediation is necessary to prevent exposure to
the contaminant.

5._GUIDELINES AND PROCEDURES

5.1 INTRODUCTION

1. A SSP may be developed as a narrative document that contains all the information
provided on Attachment 1. Alternatively, Attachment 1 provides a template for
completing a site safety plan..

5.2 TITLE SECTION
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The title section of an SSP will contain the name and town of project, the MEDEP Spill #, other
relevant project numbers (EGAD, Tank Registration, REMO), and the name and title of the
person developing the SSP.

5.3 INTRODUCTION

The introduction will state any site specific safety considerations that must be considered at the
site. This may include travel and transport situations, such as the location of the site relative to
the nearest hospital or EMS. Additionally, it may include site access details that present a
potential health and safety component.

5.4 BACKGROUND INFORMATION

At a typical Petroleum Program site, the background information is documented by the Division
of Response Services in the spill report file. Reference to the spill number is sufficient for
providing background information.

5.5 SITE SPECIFIC HEALTH AND SAFETY PLAN

A SSP will be developed prior to completing any fieldwork. Emergency Responders work under
a generic safety plan while the emergency response is taking place. Once the emergency
response is completed, field personnel must follow the site specific safety plan. The Site Safety
Plan satisfies the requirements for a Site Specific Health and Safety Plan in accordance with the
BRWM requirements for sites where work is done in Level C and D PPE. If work tasks require a
higher level of protection a full HASP will need to be developed and approved by the BRWM
Safety Officer prior to completing the work.  If sampling, monitoring, and investigative activities
remain the same during the Project Team’s involvement, the initial SSP can be applied and
remain in effect for the duration of the project. If the Project Team’s onsite activities change
such that they are outside the scope of a current SSP, a new plan will need to be developed
and recorded in the project file.

If below grade sampling is part of the SAP, Dig-Safe and Ok To Dig and/or nonmember utilities
must be notified at least 3 working days prior to the sampling event. Sample locations must be
marked on the ground prior to calling Dig-Safe and Ok To Dig.

For transportation spills and other incidents that require work within a road right of way, the SSP
must include site specific requirements for flagging, vehicle marking and lighting, or other
considerations necessary to safely complete the work or access the worksite. This may include
work being completed under a subcontractors HASP that is referenced in the SSP.

DEP staff must contact Dig Safe (811 or www.digsafe.com) and OkToDig (1-866-658-6344 or
oktodig.com) at least 72-hours prior to advancing any tools below the ground surface (72 hours
does not include weekends and holidays). Dig Safe color codes are provided below.
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Attachment 1 is acceptable as a SSP for work at petroleum remediation projects being
completed in Level C and Level D as long as all the information is entered for the tasks being
completed. BRWM staff are responsible for making sure the information is accurate and
complete as part of the QA/QC of the SSP, in accordance with Section 3 of this SOP.

71._REFERENCES

ASTM E1689 - 95 (2014), Standard Guide for Developing Conceptual Site Models for

Contaminated Sites.

SOP-PP-006 Conceptual Site Model for Petroleum Contamination
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SITE SAFETY PLAN TEMPLATE
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DEP BRWM TECHNICAL SERVICES SITE HEALTH AND SAFETY

SITE INFORMATION
SITE NAME: Click or tap here to enter text. SPILL NUMBER: Click or tap here to enter text.

PHYSICAL ADDRESS: Click or tap here to enter text. TOWN: Click or tap here to enter text.
DIRECTIONS TO SITE: Click or tap here to enter text.

SITE SPECIFIC SAFETY CONSIDERATIONS: Click or tap here to enter text.

WORK OBJECTIVE: Click or tap here to enter text.

ANTICIPATED WEATHER CONDITIONS:

TEMP
Click or tap here to enter text.

WIND
Click or tap here to enter text.

CLOUD COVER
Click or tap here to enter text.

SITE EMERGENCY RESPONSE PLAN
*TECHNICAL SERVICES FIELD STAFF WILL EVACAUTE IN THE EVENT OF A SPILL/EMERGENCY*
*MEDICAL TREATMENT BY DEP STAFF IS LIMITED TO BASIC FIRST AID/CPR*

EMERGENCY SERVICES

LOCATION

TELEPHONE #

RESPONDING FIRE DEPARTMENT or

Click or tap here to enter

Click or tap here to enter text.

AMBULANCE SERVICE text.

POLICE Click or tap here to enter Click or tap here to enter text.
text.

NEAREST HOSPITAL Click or tap here to enter Click or tap here to enter text.
text.

DEP REGIONAL OFFICE -DIVISION OF | Click or tap here to enter Click or tap here to enter text.

RESPONSE SERVICES text.

NATIONAL RESPONSE CENTER

1-800-424-8802

POISON CONTROL CENTER

1-800-222-1222

DEP BRWM ERTC

Ray Building Augusta

(207) 620-4456

SITE SAFETY COORDINATOR/SITE SUPERVISOR: Click or tap here to enter text.
BASIC SAFETY EQUIPMENT:

First Aid Kit [J ‘ SAFETY EYEWASH [ FIRE BLANKET [ Other
SITE MONITORING:
Meter Continuous/Periodic Interval Action Level
PID Choose an item. 15 PPM
Oxygen Choose an item. above/below 20.8%
%LEL Choose an item. 2%

Page1lof3 SOIL/WATER SAMPLING HASP



DEP BRWM TECHNICAL SERVICES SITE HEALTH AND SAFETY

HAZARD ASSESSMENT
TASK PHYSICAL HAZARD CONTROL MEASURE PPE
TASK CHEMICAL HAZARD CONTROL MEASURE PPE
DECONTAMINATION
PERSONNEL PROTOCOL
Between tasks:
Leaving Site: | Use hand sanitizer or soap and water if available
Emergency: | Eyewash, copious amounts of water, remove effective clothing

PROTECTIVE CLOTHING

Between tasks:

Change nitrile gloves

In field decon:

n/a

Final (back at
warehouse) decon:

Throw out used disposable coveralls, overboots and gloves.
Launder field clothing. Clean boots in decon room.

EQUIPMENT

Between tasks:

In field decon:

Final (back at
warehouse) decon:

Clean all equipment used in decon room with appropriate
solution before putting back in supply room

RESPIRATOR (if used)

Between tasks:

n/a

Field decon:

Remove cartridges and bag for disposal back at warehouse

Final (back at
warehouse) decon:

Clean respirator in decon room with approved MSA respirator
sanitizer solution, dry thoroughly, check seal before putting away

Page 2 of 3
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DEP BRWM TECHNICAL SERVICES SITE HEALTH AND SAFETY

| have read and understand the contents of this HASP, supporting material referenced and
have completed field certification to perform tasks as called for in this plan:

SIGNATURE: DATE:

Page3of3 SOIL/WATER SAMPLING HASP



DEP BRWM TECHNICAL SERVICES SITE HEALTH AND SAFETY

SITE INFORMATION
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DEP BRWM TECHNICAL SERVICES SITE HEALTH AND SAFETY

HAZARD ASSESSMENT
TASK PHYSICAL HAZARD CONTROL MEASURE PPE
TASK CHEMICAL HAZARD CONTROL MEASURE PPE
DECONTAMINATION
PERSONNEL PROTOCOL
Between tasks:
Leaving Site: | Use hand sanitizer or soap and water if available
Emergency: | Eyewash, copious amounts of water, remove effective clothing

PROTECTIVE CLOTHING

Between tasks:

Change nitrile gloves

In field decon:

n/a

Final (back at
warehouse) decon:

Throw out used disposable coveralls, overboots and gloves.
Launder field clothing. Clean boots in decon room.

EQUIPMENT

Between tasks:

In field decon:

Final (back at
warehouse) decon:

Clean all equipment used in decon room with appropriate
solution before putting back in supply room

RESPIRATOR (if used)

Between tasks:

n/a

Field decon:

Remove cartridges and bag for disposal back at warehouse

Final (back at
warehouse) decon:

Clean respirator in decon room with approved MSA respirator
sanitizer solution, dry thoroughly, check seal before putting away
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DEP BRWM TECHNICAL SERVICES SITE HEALTH AND SAFETY

| have read and understand the contents of this HASP, supporting material referenced and
have completed field certification to perform tasks as called for in this plan:

SIGNATURE: DATE:

Page3of3 SOIL/WATER SAMPLING HASP
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1.0_APPLICABILITY

This Standard Operating Procedure (SOP) applies to all programs in the Maine
Department of Environmental Protection’s (MEDEP) Division of Remediation (DR). lItis
also applicable to all parties that may submit data that will be used by the MEDEP/DR.

This SOP is not a rule and is not intended to have the force of law, nor does it create or

affect any legal rights of any individual, all of which are determined by applicable statutes
and law. This SOP does not supersede statutes or rules.

2.0_PURPOSE

The purpose of this document is to describe the MEDEP/DR’s procedure for collecting
groundwater samples from wells utilizing the “Low Flow” purging and sampling
procedure. This Standard Operating Procedure (SOP) is similar to MEDEP/DR SOP#
RWM-DR-002 - Groundwater Sample Collection for Site Investigation and Assessment
Monitoring. RWM-DR-002 is intended to be used at sites where Data Quality Objectives
(DQOs) do not require long-term monitoring of concentration trends. The purpose of this
SOP (RWM-DR-003) is to outline the procedure for collecting groundwater samples from
existing monitoring wells where DQOs require consistently documented procedures for
collecting groundwater samples at regular intervals (quarterly, tri-annual, bi-annual,
annual, etc.) to monitor data trends over time. Site specific DQOs should be reviewed to
ensure the sampling methods are appropriate.

3.0 RESPONSIBLITIES
All MEDEP/DR Staff must follow this procedure when performing this task. All Managers
and Supervisors are responsible for ensuring that their staff are familiar with and adhere
to this procedure. MEDEP/DR staff reviewing data by outside parties are responsible for
assuring that the procedure (or an equivalent) was utilized appropriately.

4.0_GUIDELINES AND PROCEDURES

4.1 INTRODUCTION

Low flow sampling (LFS) is an appropriate method for long-term monitoring of
groundwater at sites. The goal in any groundwater monitoring activity is to collect
groundwater samples that are representative of mobile organic and inorganic loads in
the vicinity of the selected open well interval. Current research indicates that LFS is the
best available technique for: 1) obtaining the most consistently representative samples
of groundwater from the formation surrounding the screened interval of a properly
installed monitoring well; 2) eliminating variability introduced by sampling technique; and
3) providing a basis for evaluating appropriateness of long-term groundwater sampling
data.
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LFS includes both a purge and no-purge option. The purge option for LFS involves
pumping the well at a rate that minimizes drawdown in a well to reduce mixing of the
riser water and groundwater in the aquifer. Field parameters, such as pH, dissolved
oxygen, temperature, turbidity and conductivity are monitored during purging until
readings have stabilized; at this point, groundwater entering the pump intake represents
formation water and the sample is collected.

In low permeability formations or poorly installed monitoring wells it may not be possible
to collect groundwater samples using the specified purge techniques. In such instances,
the no-purge option should be evaluated (see Attachment A).

Additionally, this procedure is not designed to collect samples from wells containing light
or dense nonaqueous phase liquids (LNAPLs or DNAPLS).

LFS is a skill which requires considerable experience and ongoing education and tuning
on the part of those who perform it; therefore, at least one experienced person in LFS
should always accompany every sampling team.

4.2 EQUIPMENT

The following list of equipment is necessary when performing LFS. Specific brand
names indicate equipment owned by either MEDEP/DR and MEDEP/TS, and is
available to staff for use. Equipment with similar performance may be used in place of
the specifically identified equipment. (see MEDEP/DR SOP# RWM-DR-014 -
Development of a Sampling and Analysis Plan).

4.2.1 PUMP

The pump selected must have capabilities of adjusting the flow rate without the use of
flow restrictors. Types of acceptable pumps include: submersible, bladder and peristaltic
pumps. Physical limitations on the use of peristaltic pumps also apply to wells with
deeper water levels; wells with water levels greater than approximately 24 feet cannot be
sampled with a peristaltic pump. In these instances, a submersible or bladder pump
should be used.

The Department recommends the use of dedicated equipment, where possible, for long-
term monitoring.

4.2.2 TUBING

Low density polyethylene (LDPE) is recommended for most situations. However, site
specific DQOs should be reviewed before selecting the appropriate tubing. For
example, sites with low concentrations of certain petroleum related contaminants should
consider the use of Teflon lined polyethylene tubing. Peristaltic pumps typically use 1/4-
inch or 3/8-inch outside diameter (OD) LDPE tubing together with 3/8-inch OD silicone
tubing. Submersible pumps typically have barbed fittings that accommodate 3/8-inch or
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1/2-inch inner diameter (ID) LDPE tubing, depending on the pump manufacturer. Note
that larger diameter tubing (1/4 inch ID or greater) is generally easier to install in
monitoring wells equal to or greater than 2 inches in diameter.

As in the case with pumps the use of dedicated tubing, where possible, is recommended
for long-term monitoring programs.

4.3 POWER SUPPLY

The power supply options for the pumps include generators, deep cycle batteries, and
compressed gas. If a gasoline generator is used, it must be located downwind and at a
safe distance from the well so that the exhaust fumes do not contaminate the samples.
If the operator of the generator has handled gasoline, then he/she should not risk cross-
contamination by handling the sampling equipment or sample containers.

4.4 INDICATOR PARAMETER MONITORING INSTRUMENTS

Site specific Data Quality Objectives (DQOs) should be used to select appropriate field
parameters. Field parameter options include, but are not limited to:

pH (EPA Methods 150.1 or 9040),

turbidity (EPA Method 180.1),

specific conductance (EPA Methods 120.1 or 9050),
temperature (EPA Method 170.1),

oxidation reduction potential (ORP), and

dissolved oxygen (EPA Method 360.1).

A flow-through cell is required for dissolved oxygen and ORP measurements.

4.5 WATER LEVEL/FLOW MEASURING TOOLS

Water level and flow measurement are required for LFS. Several different water level
meters, including Solinist® and Well Wizard®, are available to staff. A graduated
cylinder and stopwatch are used for measuring flow in mL/minute.

4.6 DOCUMENTATION SUPPLIES

This includes a field notebook for taking field notes, and the MEDEP LFS data sheet
included in Attachment B.
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4.7 WELL DOCUMENTATION

A well’s location, well construction, previous sampling data, and the Sampling and
Analysis Plan (SAP) should accompany samplers in the field.

4.8 MISCELLANEOUS SUPPLIES

Miscellaneous supplies include decontamination equipment and material, sample
bottles, preservation supplies, sample tags and labels.

4.9 LOW FLOW SAMPLING PURGE AND SAMPLE PROCEDURE
4.9.1 PREPARATION

Prior to conducting a low flow sampling(LFS) event, information regarding well
construction, development, and water level records for each well to be sampled should
be obtained and reviewed to determine the appropriate pump to be used, the depth of
intake, and the potential groundwater recharge rate of the well. If this information is not
available, a reconnaissance should be made prior to the actual sampling event to
determine well depth, water level, length of screen, and a pump test to determine the
recharge rate of the well. Additionally, wells that have not been sampled for two years
should be redeveloped prior to conducting the actual sampling event. Redevelopment
of Monitoring wells is outlined in MEDEP/DR SOP RWM-DR-028 — Maintaining and
Redevelopment of Inactive Monitoring Wells.

4.9.2 FIELD PROCEDURE

1)_Obtain static water level. Measure and record the depth to water (to 0.01 ft) in the
well to be sampled before inserting tubing or preparing to purge the well. Monitoring
wells should be measured consistently by using the same measuring reference point for
each sampling event. If the top of the well riser pipe is the selected reference point, a
mark or notch in the well material should indicate where the measurement takes place. If
no mark or notch is observed, the measurement should take place on the highest point
of the well riser. Care should be taken to minimize suspension of any particulates
attached to the sides or at the bottom of the well. If wells to be sampled are arranged in
clusters (i.e. shallow/middle/deep), then depth to water readings should be collected
from all wells in the cluster before purging.

2)_Install sampling pump or tubing. The use of dedicated sample tubing will reduce
disturbance and water mixing in the well. In situations where dedicated equipment is not
used, field staff will lower equipment (i.e. pump, safety cable, tubing and electrical lines)
slowly into the well so that the pump intake is placed at the desired location of the
saturated screened interval to avoid disturbing sediments in the bottom of the well.

3)_Purge well. Flow rate and water level (drawdown) should stabilize before connecting
the flow cell or obtaining any other measurements. Air or gas bubbles trapped in the
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sample tube can usually be removed by elevating the discharge tube and pump to allow
the air to continue rising until discharged with the water. However, some groundwater
has high dissolved gas levels and gas cannot be completely removed from the sample
tube. Check previous data sheets to assist in well set up, flow rates, and notes
regarding gas presence in the sample tube.

Monitor water level and pumping rate frequently during the first five minutes of purging.
If the recharge rate of the well is less than minimum capability of the pump, then the
water level will not stabilize. If a constant water level cannot be maintained at a flow rate
of 80 to 100 mL/min., then the no-purge option should be evaluated (see Section 4.12
No-Purge Option). Care should be used to avoid dewatering the screen or lowering the
water level to the intake depth.

Once the water level has stabilized during purging, monitor field indicator parameters.
For field indicator parameter readings collected from a flow-through cell (dissolved
oxygen and ORP at a minimum), the pump’s flow rate must be able to “turn over” at least
one flow-through cell volume between each reading. Depending on the pump rate and
flow-through cell volume, these readings are typically collected every three to five
minutes. Samples for turbidity measurements should be obtained before water enters
the flow-through cell to provide more accurate readings. Purging is complete and
sampling may begin when all field indicator parameters are within the following limits
after three consecutive readings at the appropriate time interval:

e Turbidity: 10% for values at or above 5 NTU. If three consecutive turbidity
readings are less than 5 NTU, the values may be considered stabilized.

e Dissolved Oxygen: 10% for values at or above 0.5 mg/L. If three consecutive
dissolved oxygen readings are less than 0.5 mg/L, the values may be considered
stabilized.

e Specific Conductance: 3%.

e Temperature: 3%.

e pH:£0.1 units

e Oxidation/Reduction Potential: + 10 millivolts.

4)_ Collect Samples. Collect samples in appropriate containers as indicated by
laboratory conducting the analysis. Samples for laboratory analyses must be collected
before the flow cell. This can be done by disconnecting the flow cell after reaching

stabilization, using a sample port before the flow cell, or by disconnecting the flow cell
once parameters have stabilized.

LFS will help reduce turbidity caused by improper purge and sampling techniques. The
need for filtering water samples will be reduced by using this method. However, if
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turbidity values equilibrate above 20 NTUs, one should consider the need to collect both
a filtered and an unfiltered sample. An in-line 0.2-0.45 um particulate filter should be pre-
rinsed with approximately 25 - 50 mL of groundwater prior to sample collection, or as per
filter manufacturer’s instructions. Note that filtered water samples are not an
acceptable substitute for unfiltered samples when the monitoring objective is to
obtain chemical concentrations representative of total mobile loads.

After collection of the samples, any tubing used may either be dedicated to the well for
resampling (by hanging the tubing inside the well), decontaminated, or properly
discarded.

4.10 PROCEDURE EVALUATION

The purpose of the LFS purge option is to sample the groundwater from the surrounding
aquifer. If the well is not receiving sufficient recharge from the formation, then the water
level will drop as pumping continues. This means that the discharge water could contain
a significant percentage of stagnant water from the well casing. As the percentage of
casing water increases, the representativeness of the sample decreases. If the
percentage of casing water is significant, an alternative sampling technique, such as the
no—purge option, should be considered (see Section 4.12). A decision process for
implementing low flow/no purge sampling can be found in Attachment B.

The second step in evaluating the viability of LFS for a potential no—purge well is to
determine the volume of groundwater needed to fill the laboratory containers. Compare
this volume to the volume of groundwater in the screened section of the monitoring well.
If the volume of water contained in the screened zone is greater than the volume of
sample required to fill the sample containers, then the no-purge option is appropriate for
this well.

4.10.1 CALCULATING FORMATION/STAGNANT WATER RATIO

The following calculation will determine how much of the water being pumped is coming
from the well, and how much is coming from the aquifer. This is done by comparing the
total volume being purged to the drawdown volume in the well. If the equilibrium flow

rate is 150 mL/min or lower for a given well, the following evaluation should be followed:

e Calculate the total volume of water discharged for a given time interval.

o Measure the total drawdown of the water level in the well during that time
interval.

e Calculate the total drawn down volume in the well (see Attachment B for mL/ft
conversions of typical monitoring well sizes)

Compare the total volume of water discharged to the total drawdown volume. If the
drawdown volume comprises 60% or more of the discharge volume, then any samples
collected may not be representative of the surrounding groundwater aquifer and the well
construction should be evaluated.
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4.10.2 WELL CONSTRUCTION EVALUATION

Evaluate the well construction. Was the appropriate screen slot size selected? Was the
appropriate filter sand selected? If the well construction details are not appropriate for
the formation, then consideration should be given to installing a replacement well that is
properly designed. A poorly designed well will not yield representative samples no
matter what purging procedure is utilized.

4.11 PROCEDURE MODIFICATIONS

The LFS procedure can be modified to meet the DQOs for the Sampling Event. In long-
term monitoring events it may be possible to reduce the field parameter list after
baseline information is obtained over the first year or two. Careful consideration should
be given to the purpose of each parameter used in the procedure. Each parameter has
importance that extends beyond the measurement for equilibrium. If Low-Flow sampling
is not appropriate for a particular site, then MEDEP/DR SOP RWM-DR-002 —
Groundwater Sample Collection for Site Investigation and Assessment Monitoring
should be used for the site.

Cold weather considerations must be factored into a low flow sampling plan.

Monitoring wells with recharge rates below 100 mL/min may not be capable of being
pumped at a continuous rate. Therefore, low or no purge options should be considered.
4.12 NO - PURGE OPTION

The theory of no-purge sampling is that the water in the screened zone is in equilibrium
with the aquifer and the water in the riser portion of the well is not. The goal is to sample
only the water in the screened zone and to minimize any mixing with the water in the
riser.

In certain low permeability formations it may not be possible to maintain a constant
drawdown at low flow rates (~80-100 mL/min.). In these formations the only option may
be to obtain a groundwater sample without purging.

4.12.1 NO-PURGE PROCEDURE

Dedicated equipment is required to properly complete this procedure (to eliminate any
additional mixing of the water in the riser with the water in the screen).

The pump intake must be in the screened zone, at or slightly above the midpoint of the
screen.

1) Calculate the volume of water standing in the discharge line.
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2) Turn on the pump at the lowest possible flow rate.
3) Purge the volume of water that was standing in the discharge line.

4) Immediately begin sample collection after the discharge line is purged.

4.13 DECONTAMINATION

Dedicated equipment will not need decontaminating. However, non-dedicated
equipment should be cleaned prior to field work, after each sampling location, and upon
return to the office from the field, as outlined in MEDEP/DR SOP# RWM-DR-017 —
Equipment Decontamination Protocol, with specific procedures for cleaning submersible
pumps outlined below. The pump, including support cable and electrical wires which are
in contact with the well will be decontaminated by one of the procedures listed below.
Note that if historical data is available for site wells, non-dedicated equipment
decontamination in the field can be minimized or even eliminated by sampling monitoring
wells in order from cleanest to dirtiest. Non dedicated tubing should be discarded.

The decontaminating solutions can be pumped from either buckets or short PVC casing
sections through the pump or the pump can be disassembled and flushed with the
decontaminating solutions. It is recommended that detergent and isopropyl alcohol be
used sparingly in the decontamination process and water flushing steps be extended to
ensure that any sediment trapped in the pump is flushed out. The outside of the pump
and the electrical wires must be rinsed with the decontaminating solutions as well. The
procedure is as follows:

¢ Flush the equipment/pump with deionized or tap water. Flush pump by allowing
pump to run with water for several minutes in basin filled with water.

¢ Flush with non-phosphate detergent solution for several minutes.

e Flush with deionized water to remove all of the detergent solution. In some
instances of high levels of contamination, it may be appropriate to use isopropyl
alcohol in this step. The need for this will be determined in the Site Specific
Sampling and Analysis Plan (See MEDEP/DR SOP# RWM-DR-014)

¢ Flush one final time with distilled/deionized water. If required (as determined in
Site Specific Sampling and Analysis Plan), collect equipment blank after final
flushing.

5.0_ QUALITY ASSURANCE/ QUALITY CONTROL

DQOs should be stated in the site Sampling and Analysis Plan (SAP). Quality
Assurance/Quality Control (QA/QC) samples may be collected if needed to meet data
quality objectives. The following are typical types of QA/QC samples that may be
collected as part of the QA/QC program for groundwater samples collected utilizing this
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SOP. Other QA/QC samples may be collected as stated in the SAP. For additional
information on QA/QC samples, please refer to the MEDEP/DR Quality Assurance Plan,
Sections 4 and 8. All analytical data should be reviewed and assessed to determine if
DQOs have been met. If review indicates DQOs have not been met, corrective action
will be recommended by the reviewer.

5.1 TYPICAL QA/QC SAMPLES

5.1.1 EQUIPMENT BLANKS

If using non dedicated or disposable equipment, equipment blanks should be collected
at a rate of 5%, which is equivalent to one equipment blank for every twenty samples
collected. The equipment blank will consist of purging de-ionized water through
submersible pumps and piping, and/ or rinsing equipment with de-ionized water, and
collection for appropriate sample analysis.

5.1.2 DUPLICATE SAMPLES

It is recommended that duplicate samples be collected at a rate of 5% to assess sample
location variability.

5.1.3 TRIP BLANK

A trip blank may be necessary when sampling for volatile organic compounds (i.e. EPA
8260). The need for a trip blank will be outlined in the SAP.

5.1.4 BACKGROUND SAMPLES

The need for background groundwater samples will be outlined in the SAP.

6.0 DOCUMENTATION

All site visits, including groundwater sampling events shall be documented as described
in the MEDEP/DR SOP# RWM-DR-013 - Documentation of Field Activities and
Development of a Trip Report. A field log must be kept each time ground water
monitoring activities are conducted in the field; the LFS Data Sheet in Attachment A is
the approved form for use by staff. The field log should document the following:

Well identification, condition of well

Static water level

Pumping rate, or flow rate including units

Time of all measurements

Water Level at the specified pumping rate

Indicator parameter values

Well sampling sequence and time of sample collection.
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Types of sample bottles used and sample identification numbers.
Preservatives used.

Parameters requested for analysis.

Name of sample collector(s).

Calibration information of meters.
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Decision Process for Implementing LFS

Obtain well construction, development, and water level records for each well being
sampled. Compile total depth, screened interval, water level, and available
hydraulic conductivity information for field technician(s).

Continue to 2

Review available equipment. Make sure the pump is capable of variable speeds
and can pump water at low rates without the use of mechanical flow restrictions.
Reducing flow by altering the diameter of the discharge pipe is not acceptable for
purposed of LFS. Make sure the chamber being used to collect field parameters is
appropriate for the parameters being measured. For ORP and DO measurements
with probes, the chamber must be an enclosed chamber that does not allow water
to contact the atmosphere and does not impact the water quality. Additionally, the
size of the chamber should be appropriate given the expected flow rates.
Continue to 3

The objectives of the sampling event should be reviewed to determine the important
stabilization parameters as well as the important field parameters for geochemical
analyses.

Continue to 4

Is the well being used as part of a long-term plan to monitor trends in groundwater

chemistry?
Yes ...Goto5
No ...Goto 6

Complete Well Performance Evaluation on Well prior to first sampling event.
Continue to 6

Will water level (under pumping conditions) stabilize above the top of the screen?

Yes ...Goto 11
No ...Goto7
Is the static water level above the top of the screen?
Yes ...Goto9
No ...Goto 8

Will the stabilized water level reduce the volume of water in the well by greater than
10%?

Yes ...Goto12

No ... Goto 11

Is there sufficient water in the well to purge and sample the well given the measured
drawdown rate without dewatering any part of the screen?

Yes ...Goto10

No ...Goto 12
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10) Is the volume of water attributable to the change in water level greater than 20% of

the volume of water being discharged during the same time period?
Yes ...Goto12
No ... Goto 11

11) Complete the Standard Low Flow Sampling Procedure and collect groundwater
samples once the selected stabilization parameters have equilibrated.

12) Evaluate the appropriate application of Reduced Purge Procedures for this well.
Continue to 13

13) Is the sampling equipment (pump or sample tube) dedicated to the well and/or has it

been installed for more than 2 weeks prior to sampling?
Yes ...Goto15
No ...Goto 14

14) Install the pump or tubing and purge a volume of water equal to 1.5 times the

volume required to fill the laboratory containers. Purging must be completed at the
lowest setting possible (must be less than 100 mL/min). Then shut-off the pump and

allow the well to recharge until the water level returns to the static water level
Continue to 15

15) Set the pump rate to the lowest possible setting (must be lower than 100 mL/min)

and purge a volume of water equal to the volume of water in the sample tube. Then

immediately begin collection of laboratory samples at the same rate. Record the

water level at the beginning of sample collection and at the end of sample collection.

If field parameters are to be collected, they must be collected after laboratory
samples are collected.
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1.0_APPLICABILITY

This Standard Operating Procedure (SOP) applies to all programs in the Maine Department of
Environmental Protection’s (MEDEP) Division of Remediation (DR). Itis also applicable to all
parties that may submit data that will be used by the MEDEP/DR.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any

legal rights of any individual, all of which are determined by applicable statutes and law. This
SOP does not supersede statutes or rules.

2.0_PURPOSE

The purpose of this document is to describe the MEDEP/DR procedure for field screening
volatile organic content of soils using a closed container and a photoionization detector (PID) or
a flame ionization detector (FID). Please note that MEDEP has separate SOPs for the field
screening of soils impacted by petroleum products (RWM-PP-004). The investigation and
remediation of petroleum related impacts are typically overseen by the MEDEP Division of
Petroleum Management or Division of Technical Services. Refer to the most recent version of
MEDEP’s Petroleum Remediation Guidelines and associated petroleum specific SOPs for
additional guidance.

3.0_RESPONSIBILITES

All MEDEP/DR Staff must follow this procedure when performing this task. All Managers and
Supervisors are responsible for ensuring that their staff are familiar with and adhere to this
procedure. MEDEP/DR staff reviewing data by outside parties are responsible for assuring that
the procedure (or an equivalent) was utilized appropriately.

4.0_INTRODUCTION

In conducting this procedure, a soil sample is placed in an approved container and sealed. Any
volatile compounds in the soil then volatilize into the headspace of the container until a state of
equilibrium is reached. The air in the jar headspace is then measured with a calibrated PID or
FID, with a result expressed in parts per million (ppm). Due to the different vapor pressures and
ionization potentials of the volatile compounds, concentrations of individual compounds cannot
be determined. However, this technique provides an effective means of screening soil for the
presence of total volatile organic compounds (VOCs). ltis also a helpful low-cost field
technique that can be used to locate “hot spots”, identify the extent of hot-spots, and as a
means of screening samples for submittal for laboratory analysis.

This methodology may not be sensitive enough to identify individual VOCs at or near the
appropriate guidelines (with the possible exception of petroleum contaminants). The
methodology is not a substitute for actual laboratory analysis. The method is a low-cost field
screening tool that is most effective when the number of site screening samples is proportional
to the size of the area of concern and/or volume of contaminated soil. The methodology
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effectiveness is also based on the knowledge and experience of the environmental professional
and the development of a complete conceptual site model.

5.0_PLANNING

As with any sampling event, a sampling and analysis plan (SAP) and a health and safety plan
(HASP) must be developed. Protocol for the development of a Sampling and Analysis Plan
(SAP) can be found in MEDEP/DR SOP# RWM-DR-014 — Development of a Sampling and
Analysis Plan.

6.0 _EQUIPMENT

The following equipment is required for conducting the procedure:
¢ Soil sampling equipment (e.g., shovel, bucket auger, soil boring tools);
e Approved containers (recommend using a metalized aluminum bag or glass jar, see
section 6.1);
e APIDorFID; and
e Calibration equipment, including user’s manual, for particular PID or FID to be used.

6.1 SPECIAL CONSIDERATIONS REGARDING CONTAINERS
Currently, the most commonly used (and recommended) containers are one-quart sized
metalized aluminum bag (various manufacturers make these types of bags). Also used are

wide mouthed, metal screw top 16-o0z. glass jars, with a %4 inch hole drilled through center, and
with foil over the top to provide the seal.

7.0_PROCEDURE

1)_Warm up and calibrate the PID and FID instrument to be used according to the
manufacturers recommended procedure (See Section 8 - Additional Considerations With Use of
PID/FID). The PID and/or FID should be ready for use prior to collection of the first sample.
The PID/FID should be operated in accordance with MEDEP/DR SOP# RWM-DR-019 —
Protocol for the Use of Portable Vapor Monitors.

2) Collect the soil sample, as outlined in the site-specific SAP, utilizing appropriate soil sampling
equipment.

3) Place approximately 200 grams of the soil sample into an approved container as stated in
the SAP. The same type of container should be consistently used at the site for comparison
purposes; do not mix or reuse headspace containers (unless the approved container is reusable
and cleaned appropriately between uses). In so far as possible, samples should be mineral soil
free of vegetation and stones larger than % inches in diameter. The type of soil being screened
should be recorded and that description reported with the results. If a duplicate sample is to be
submitted to the laboratory for analysis, this sample should immediately be containerized and
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preserved as appropriate. Care should be taken to co-locate field screening and laboratory
samples from the same soils. Laboratory VOC samples should not be taken from the field
screening sample after it is screened, unless approved in the SAP and documented in the field
notes and subsequent report. If using jars, the jars should be immediately sealed by placing a
square of foil over the mouth and screwing on the lid. If using a metalized bag, the gusset at the
bottom should be opened to allow development of the headspace within the entire bag.

4) Knead and break-up soil clods and shake the container for 30 seconds to thoroughly mix the
contents.

5) Let Sample equilibrate for 10-minutes and shake again. Allow at least ten minutes but not
more than 60-minutes for VOCs to reach headspace equilibrium. An attempt should be made to
allow the same amount of equilibration time for each sample. When ambient temperatures are
greater than 70 °F, samples should be stored in the shade. When temperatures are below 70
°F, samples should be warmed in the sunlight or in a running vehicle.

6) Measure and record the samples headspace concentration with the instrument by recording
the highest PID/FID response. Collect a sample of the headspace by inserting the PID/FID
probe into the appropriate opening for the container you are using. It is important to insert the
probe as quickly as possible after the seal to the container has been broken. If the highest
reading is related to a spike in the instrument response, then both the spike response and the
highest response should be recorded and noted. Documentation of headspace results should
be outlined in the SAP.

8.0_ADDITIONAL CONSIDERATIONS WITH USE OF A PID/FID

The protocol for operating a PID/FID can be found in MEDEP/DR SOP# RWM-DR-019 —
Protocol for the Use of Portable Vapor Monitors.

There are limitations of PIDs and FIDs. A PID or FID cannot detect all VOCs, nor do they detect
all VOCs equally. Factors that influence the response of the particular compound include
ionization potential of compound, particular energy rating of the PID lamp, calibration standard
used, response factor, response curve, etc. In some instances, such as when the contaminant
of concern is a single known compound, it is possible to calibrate the instrument so that a
relatively accurate measurement, when compared to laboratory analysis, can be obtained.
Because of this, it is recommended that the operator of the particular instrument that will be
conducting this procedure take the time before the sampling event to familiarize themselves with
the particular instrument that will be used, if they are not already familiar with that instrument.
This includes reviewing the specific user manual, and calibration and practice with the
instrument prior to the sampling event. Typically, if petroleum constituents are the primary
contaminants of concern then MEDEP petroleum specific SOPs should be followed, as
generally described in Section 2 of this SOP, unless otherwise stated in the SAP.
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9.0_QUALITY ASSURANCE/QUALITY CONTROL

Data quality objectives (DQOs) should be stated in the SAP (See MEDEP/DR SOP# RWM-DR-
014). Quality assurance/quality control (QA/QC) samples may be collected, if needed to meet
your DQOs. The following are typical QA/QC samples or tasks conducted for PID/FID field
screening. Additional sampling or tasks may be added based on the DQO requirements of the
project.

9.1 RECALIBRATION DURING USE

During the course of the workday, the PID/FID should be bump tested with the appropriate
calibration gas every two hours during the workday, or after screening samples with
headspaces greater than 1,000-ppm. If the bump test reading is more than 10% different from
the calibration gas, then the instrument should be recalibrated in accordance with the
manufacturer’s specifications. All bump test and recalibration readings must be documented in
the field notebook.

9.2 DUPLICATE SAMPLES
Field screening duplicate samples may be collected at a rate of 5% to assess sample location

variability.

10.0 DOCUMENTATION

Field notes should be collected following the standard procedures outlined in MEDEP/DR SOP#
RWM-DR-013 - Documentation of Field Activities and Development of a Trip Report. Itis
important that documentation include the specific lamp energy rating, calibration standard, and
special response factors or curves that may be employed for the particular sampling event.
When documenting such a sampling event, one should include enough information so that a
person at a later date can easily duplicate the sampling and be able to compare the results.

As this type of screening is done in the field by the sampling team conducting the sampling, no
chain of custody is required.

Specialized forms may be developed for recording field screening data. Additionally, some
PID/FIDs have software which can record data. Any special method of recording and
documenting results must be outlined in the SAP.
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1.0_APPLICABILITY

This Standard Operating Procedure (SOP) applies to all programs in the Maine Department of
Environmental Protection’s (MEDEP) Division of Remediation (DR). Itis also applicable to all
parties that may submit data that will be used by the MEDEP/DR.

This SOP is not arule and is not intended to have the force of law, nor does it create or affect any

legal rights of any individual, all of which are determined by applicable statutes and law. This
SOP does not supersede statutes or rules.

2.0_PURPOSE

The purpose of this document is to describe the MEDEP/DR procedure for documenting field
actions.

3.0_RESPONSIBILITIES

All MEDEP/DR Staff must follow this procedure when performing this task. All Managers and
Supervisors are responsible for ensuring that their staff are familiar with and adhere to this
procedure. MEDEP/DR staff reviewing data by outside parties are responsible for assuring that
the procedure (or an equivalent) was utilized appropriately.

4.0_DEFINITIONS

¢ Field Notebook - Bound books with water resistant pages in which information from field
activities is documented.

e Field Notes — Information gathered during a sampling event or other field activity
associated with a known or suspected hazardous substance, petroleum, or landfill site.

e Field Log Form — A special use form for obtaining field notes in a standardized format,
such as for low flow groundwater well monitoring or landfill inspection form.

5.0_GUIDANCE AND PROCEDURES

5.1 INTRODUCTION

There are several reasons for taking field notes when conducting work at hazardous substance,
petroleum, and landfill Sites. These include:

e To provide a record of conditions of a site at a specific time, such as an inspection;

¢ To document specific activities at a site;

¢ Noting information in the field for its use, such as recording low flow well field
parameters for comparison purposes to determine stabilization;
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e To allow the re - creation of an event by persons not at the site (for comparing data of
different events or finding sample locations for long term monitoring);

e To provide a means of reviewing the activities at a site if quality concerns with data
collected during the site visit are encountered during data review; and

e To document a site visit.

All field notes should be taken with these purposes in mind. Additionally, all field notes must be
made available for both internal and external review by assuring a copy is placed in the Sites
official file in the MEDEP/BRWM file room. This includes creating an electronic “pdf’ copy of
field notes and saving in the appropriate MEDEP/DR electronic file using current MEDEP/DR
electronic file naming conventions.

5.2.0 PROCEDURE
5.2.1 INITIALIZING FIELD BOOK

Upon Receipt of a Field Notebook, enter your name, DEP address, and phone number on the
inside front cover. Staff may dedicate field books to a specific site if it is a long term project, or
use one general field book for all of their tasks. Field books should be given a specific
designation (site name and book volume number for site specific field books e.g. Joe’s Garage,
Volume 1), or project manager/ year/ book number for general field books, (e.g. Frank Zappa,
2008 —1). If afield book is not paginated, staff must number all pages, in order, prior to its use.

5.2.2 SITE DOCUMENTATION

All field notes, with the stated exceptions (i.e. use of field forms), will be kept in the standard
field book issued by MEDEP/DR.

Upon arrival at a site, the following information must be written down in the field notes: 1) Date
of field activity; 2) Site or project name and location; 3) names of persons visiting site, including
who they represent and their positions or roles; 4) time of arrival; 5) weather conditions.

After completing the header, take field observations as necessary. At the bottom of each page,
and at the end of each day or event, sign and date the field book.

The field notebook must be kept organized, legible, and accurate as it may be used as evidence
in court proceedings. Do not doodle on pages or document personal comments. Additionally,
only blue or black ink should be used. Pencils must never be used.

5.2.3 ITEMS TO BE DOCUMENTED
Given the variety of circumstances that can be found, it is difficult to provide a minimum for

documentation. Staff should take field notes with the concept that another person will be able to
recreate the activities from the notes taken.
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The following list should be considered a guide for documentation:

Names of personnel present and organization;

The sample event date and time;

Weather conditions;

Field measurements (such as PID readings, pH, temperature, etc);

Sample station location designations, sample container numbers, etc;

Specific sample location information, such as description of location, depths of sample,

tide conditions, soil conditions, water color/conditions, etc;

e Out of the ordinary events, such as equipment failure, damage to monitoring wells or
evidence of tampering, observations of gross contamination, odors, etc; and

¢ Information the field staff believe may be useful or pertinent at a later date.

For field events with multiple personnel present, it is not necessary for each participant to take
field notes. The person(s) responsible for taking field notes and completing the Sampling Event
Trip report (SETR) will be stated in the Sampling and Analysis Plan (SAP) or Quality Assurance
Project Plan (QAP) for the event (See MEDEP/DR SOP #RWM-DR-014 - Development of a
Sampling and Analysis Plan; MEDEP/DR SOP #RWM-DR-016 - Development of a Site Specific
Quality Assurance Project Plan (QAPP)).

5.2.4 ERROR CORRECTIONS

Do not scratch out or blacken over error. Place one line through error, initial it, and continue
with correct information. Never rip out or otherwise remove a page from a field book.

5.2.5 FIELD LOG FORMS

Some field activities have specific forms for taking notes, or specific projects may require
specialized forms to assist in data organization. If sampling for PFAS, field log forms may be
used to track sampling events in place of field books due to the composition of the waterproof
paper as outlined in MEDEP/DR SOP DR#014-PFAS Addendum. If forms are used in
conjunction with a field book, a field book entry must be made with reference to the forms used
during that event. At the end of the day, the total number of forms used during that days’
activity(s) must be indicated in the field book. If forms are used without a field book, all of the
forms for that day must be paginated at the end of the day, and, if multiple forms are used for
the same project, attached as a packet to a field event trip report cover sheet (found in
Attachment A). If the form has all of the information on the cover sheet, a cover sheet is not

required.

MEDEP/DR and Maine Department of Environmental Protection, Bureau of Remediation and
Waste Management, Division of Technical Services (MEDEP/TS) have various forms for notes,

including but not limited to:

Low flow purge and sampling of monitoring wells
Soil boring/test pit logs

Elevation survey forms

Residential water supply survey form
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Well development form
Landfill inspection form
XRF sample log sheet
Indoor air and soil vapor form

Site or task specific forms can also be generated on an as needed basis.

6.0_FIELD EVENT TRIP REPORT (FETR)

After each field event, a sampling event trip report (FETR) package must be completed for the
event. If the field event has multiple MEDEP/DR staff present, the person responsible for
completing the FETR will be stated in the SAP. At a minimum, the FETR will consist of the
completed FETR cover sheet form (Attachment A to this SOP), photocopies of all field notes
taken by all personnel during the event, and copies of chains of custody for samples. A cover
sheet form is not required if only one form is used for a site, and that form has all of the
information required on the FETR cover sheet (such as a landfill inspection form). It is also
recommended that a summary memo to the file be developed and attached to the FETR form
which outlines the field events purpose, activities, and outcomes, and other relevant issues.

Once completed, the original hardcopy of the FETR package will be placed in the Project Site
File and a pdf electronic copy will be placed in the electronic file for the site.
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DATE: Weather Conditions:

SITE NAME and LOCATION:

MEDEP PERSONNEL PRESENT:

OTHER PEOPLE PRESENT:

PURPOSE OF SITE/AREA VISIT:

Reconnaissance

Residential Water Sampling

Sampling Monitoring Wells or Micro Wells
Waste Sampling, Drums, Stained Soil, Other

Soil Sampling
Surface Water/ Sediment Sampling. Water Body

Geoprobing
Contractor Oversight

OOo0oOooOooono

OTHER

FIELD NOTES and SAMPLE NUMBERS RECORDED BY:

ADDITIONAL COMMENTS:

Audit of procedures conducted? Yesd  No O

Deficiencies noted? Yes 0 No O If Yes, explain in written trip report and attach

ATTACHMENTS:
O Copy of Field Book Pages
O Copy of Chain-of-Custody
O Photographs
O OTHER:

Print
Name: Signature:

Date:
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1.0_APPLICABILITY

This Standard Operating Procedure (SOP) applies to all programs in the Maine Department of
Environmental Protection’s (MEDEP) Division of Remediation (DR). Itis also applicable to all
parties that may submit data that will be used by the MEDEP/DR.

This SOP is not a rule and is not intended to have the force of law, nor does it create or affect any
legal rights of any individual, all of which are determined by applicable statutes and law. This
SOP does not supersede statutes or rules.

2.0_PURPOSE

The purpose of this document is to describe MEDEP/DR procedure for decontamination of
equipment.

3.0_RESPONSIBILITIES

All MEDEP/DR Staff must follow this procedure when performing this task. All Managers and
Supervisors are responsible for ensuring that their staff are familiar with and adhere to this
procedure. MEDEP/DR staff reviewing data by outside parties are responsible for assuring that
the procedure (or an equivalent) was utilized appropriately.

4.0_GUIDELINES AND PROCEDURES

4.1 INTRODUCTION

Decontamination is an essential part of a successful field operation. This procedure is intended
to ensure that field equipment is properly and adequately decontaminated in order to preserve
the integrity of data collected with that equipment in the field as well as to protect staff working
with the equipment from exposure to contaminants.

In addition to this guideline, personnel using a specific piece of equipment for the first time
should also review the manufacturer’s user manual for any equipment specific decontamination
procedures recommended by that manufacturer.

4.2 PLANNING

Prior to conducting any type of sampling or other field work, a sampling and analysis plan
(SAP), or in the case of remedial activities, a work plan and a health and safety plan (HASP),
must be developed. Protocol for the development of a Sampling and Analysis Plan can be
found in MEDEP/DR SOP RWM-DR-014 — Development of a Sampling and Analysis Plan. A
conceptual site model (CSM) which includes expected contaminants to be encountered is part
of a SAP. Specific chemicals, particularly when sampling containers or tanks, may require the
use of neutralizing agents or other specialty decontamination procedures. The need for special
decontamination agents for chemicals expected to be found at a site must be outlined in the
SAP and HASP.
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Decontamination procedures should be completed with an appropriate level of personnel
protection. PPE required for staff conducting decontamination must also be indicated in the
SAP/ HASP.

4.3 DECONTAMINATION EQUIPMENT

Equipment required for decontamination may include:
e Brushes, scrapers, sponges;

Spray bottles;

Water, tap or deionized;

Soap, such as Liquinox;

Paper towels;

Methanol or other solvent wash (as needed).

Other specialty decontamination equipment, such as a powered high-pressure wash, special
neutralizing chemicals, or PFAS-free water may be required, and must be described in the SAP.

4.4 PROCEDURES

Decontamination generally involves three steps: 1) gross contamination removal; 2) field
decontamination; 3) secondary decontamination. If using a sink (such as in the equipment
warehouse after sampling) or washbasin, then cleaning these may be considered a fourth step.

4.4.1 GROSS CONTAMINATION REMOVAL

Gross contamination removal involves the removal of large dirt and mud chunks or clods, and
other visible contamination, from the object being decontaminated, and prevents wash water
from becoming contaminated by mud and dirt.

If a piece of equipment is grossly contaminated, use appropriate tools/equipment (for example,
scraper, bristle brush, sponge, etc.) to remove the excess soil, sludge, and other obvious
contamination. While removing the contamination, spray the items of equipment with water or a
detergent/water solution. Such spraying (especially from a high pressure sprayer) may loosen
the contamination with a minimal amount of effort. Remember that each item (i.e. brush, spray-
bottle) used for the decontamination of equipment may also become contaminated and must be
appropriately handled, stored, and either decontaminated itself or disposed of. Also be sure to
clean your sink, bucket, or wash basin if used.

In addition, the decontamination of equipment generates contaminated rinse liquids, sludges,
etc., that potentially may need to be containerized onsite until proper disposal arrangements are
made. In many instances, the levels of contamination may be sufficiently low and disposal at a
hazardous waste facility may not be necessary. Disposal of wash and rinse fluids will be
outlined in the SAP, Work Plan, and/or HASP.

Certain items that become grossly contaminated and cannot be practically decontaminated (i.e.
small tools and tools with wooden handles) should be disposed of properly. In some instances
it is more practical and sensible to dispose of these items properly than to attempt
decontamination. Such decisions will be made by the field personnel performing the work
activities at the site.
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4.4.2 FIELD DECONTAMINATION

Once the gross contamination has been removed from a piece of equipment, a more thorough
cleaning involving detergents (such as Liquinox®) and rinses should be done. The primary
steps to take when performing field decontamination of equipment are dependent on what item
of equipment is being decontaminated; however, these steps will generally be followed:

1) Disassemble the equipment (if applicable), and place in a bucket or suitable sized basin filled
with a deionized or tap water and Liquinox® (or other appropriate detergent);

2) Scrub the equipment thoroughly with a suitable sized brush;

3) Rinse the inside and outside of the equipment with deionized or tap water;

3A) Rinse equipment with methanol solvent wash (if determined necessary, see below);

4) Inspect equipment to assure proper decontamination.

In some instances, an additional wash with methanol may be required. The need for a
methanol solvent (or other solvent, or chemical neutralizing agent) wash will be determined on a
project by project basis, and if required, outlined in the project's SAP. A methanol solvent wash
may be necessary in the case of sampling in high levels of contamination, or when sampling
particularly difficult to clean contamination such as coal tar.

Instruments such as pH meters, conductivity meters, and other instruments which are immersed
in a medium also need field decontamination. In many cases, these instruments do not come
into contact with the actual “material” that will be collected for analysis. An example would be
collection of groundwater samples using “low flow” methodology (Low flow methodology is
outlined in MEDEP/DR SOP# RWM-DR-003). In instances such as this, a thorough rinsing of
the instrument probes would suffice, with additional decontamination to follow after the sampling
event in a controlled indoor environment, when greater care can be taken so the instrument is
not damaged.

If the equipment to be decontaminated is delicate, such as a photoionization detector (PID) or a
Combustible Gas Indicator (CGl), care must be taken when decontaminating so the equipment
is not damaged. The best way to avoid the need to decontaminate items such as these is to
prevent contact with contamination in the first place. Develop a method of wrapping/bagging
these instruments in polyethylene sheeting/bags so that contact with contamination is minimized
but the performance of the instrument is not adversely affected.

4.4.3 SECONDARY DECONTAMINATION

It is recommended that all field equipment be decontaminated again upon the end of a project in
a controlled environment (i.e., indoors, with uninterrupted water delivery) to assure that it as
been properly decontaminated and is still working before its next use. Procedures for
secondary decontamination would mimic field decontamination, however the availability of
uninterrupted water under pressure, plus counter space and being indoors, would allow for
greater care taken during decontamination. When doing so, be sure to clean your sink and
counters once you finish.

Effective Date: 03/23/2009
Revision No. 04

Last Revision Date: 04/28/2015
Page 3 of 6
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4.4.4 LARGE EQUIPMENT DECONTAMINATION

For site work involving large equipment, such as backhoes, bulldozers, drill rigs, etc., a site
specific decontamination procedure will be required in the Site specific work plan. As a
guideline, a thorough brushing, scraping, washing and/or steam cleaning should be completed.
Such maximum contact points as tires, treads, buckets, blades, and drill pipe/bits, should be
thoroughly decontaminated in an effort to prevent migration of contaminants off the site. At sites
where equipment becomes highly contaminated, provisions to collect rinsate water/solutions
may have to be made.

4.5 DECONTAMINATION ALTERNATIVES

Decontamination is, by its nature, an arduous and painstaking task which is often better to
avoid. By eliminating contact with contamination and/or using disposable equipment,
decontamination of equipment may be avoided. Such alternatives are:

1) Dedicating specific equipment to a specific sample point (e.g. specific bailers to specific
wells) when economically and logistically feasible;

2) Using disposable equipment when applicable (e.g. disposable tubing), and;

3) Wrapping monitoring equipment in plastic bags(or other materials) to protect from
contamination.

It is important to keep monitoring equipment such as PIDs or CGls from contacting soil or liquids
at hazardous substance sites. However, if an instrument becomes contaminated it must be
decontaminated, regardless as to how protected the equipment was. Additionally, all equipment
should be inspected and decontaminated at the end of the project even if protected from
contamination.

5.0_QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

Data quality objectives (DQOs) must be determined prior to sampling, and outlined in the SAP.
Equipment blanks are samples obtained from equipment rinsate and may be collected to
assure decontamination is effective, and preventing cross contamination. Equipment blanks
should be collected at a rate of 5%, or as stated in the SAP to meet DQOs.

5.1 EQUIPMENT BLANK COLLECTION PROCEDURE

1) Procure appropriate water for equipment blank and store in clean area;

2) Decontaminate equipment;

3) Rinse equipment again with blank water, and collect into sample containers for laboratory
analysis. Try to drain rinse water directly into containers; however, it may be necessary to utilize
a rinsate collection trough, or a funnel. Be sure to decontaminate trough or funnel prior to using
for collection of blank.

4) Store/preserve samples with other samples, and submit to laboratory following standard
chain of custody protocol.

5.1.1 EQUIPMENT BLANK
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Equipment blank water should consist of de-ionized water procured from the laboratory
conducting the analysis. However, tap water may be used if metals and trihalomethanes are
not contaminants of concern. Source of equipment blank water will be stated in the SAP, and
documented in the field notes of the sampling event.

6.0 DOCUMENTATION

Documentation of decontamination activities, including collection of equipment blanks, should
be conducted as outlined in MEDEP/DR SOP# RWM-DR-013, Documentation of Field Activities
and Development of a Trip Report, and the SAP.
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1.0 APPLICABILITY:
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MEDEP LUST Program is responsible for the investigation and remediation of petroleum
contaminated sites throughout Maine. Fieldwork for this program may include initial investigation
of a reported spill, routine monitoring of an established site, or collecting samples that will be used
to support a decision to close a site. The level of quality control needed to meet the needs for the
sampling event should be established prior to fieldwork. This SOP is applicable to all phases of
LUST Program field sampling.

2.0 PURPOSE

The purpose of this document is to describe the Maine Department of Environmental Protection,
LUST Program guidance for collecting and evaluating field quality control samples.

3.0 DEFINITIONS
3.1 GRO: Gasoline Range Organics
3.2 VOC: Volatile Organic compounds
3.3 LUST: Leaking underground storage tanks
3.4 RPD: Relative percent difference, a measure of precision

4.0 RESPONSIBILITIES

All MEDEP LUST Program staff will follow the procedures outlined in this SOP for the collection
and evaluation of quality control samples. The project scientist for a site is generally responsible
for field quality control, with input from appropriate staff. Their respective supervisors and
managers are responsible for ensuring that they are familiar with and adhere to this procedure, and
receive the appropriate training and guidance to conduct fieldwork.

5.0 FIELD QUALITY CONTROL GUIDANCE
5.1 Requirements for Quality Control Sample Collection:

Requirements for collection of field quality control samples will depend on the type
of site and what data will be used for. Section 5.2 contains general guidelines.
Specific requirements should be included in a site work plan as necessary.

For sites that do not require a specific site work plan section 5.2 guidelines should
be followed for sampling events that will be used for key project decisions, site
closure, and for sampling events used for site monitoring when multiple sample
locations are to be sampled.

For occasional sampling including preliminary investigations and routine monitoring
of small sites [less than 10 samples] quality control samples are not routinely
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required. However, if questions of data quality are raised, confirmation sampling
should be undertaken that includes the appropriate quality control samples.

Collection and Evaluation Procedures:

5.21

5.2.2

523

Trip Blanks are taken when sampling for GRO or VOC to ensure that
routine sample handling procedures including sample bottle contamination
issues do not lead to false positive analyses. One trip blank should be taken
to each sampling event/ site.

A trip blank is organic free water placed in sample bottles prior to a site visit.
Typically laboratories supply the appropriate trip blank. The trip blank is then
transported to the site along with sample bottles, and ultimately back to the
laboratory for analysis. Trip blanks must be properly labeled, but are not
included as samples on the chain of custody form.

Trip blanks are analyzed when field blank samples indicate a problem, or if
field blanks are not collected. Analysis of the trip blank in conjunction with a
field blank or equipment blank will help determine where a sample
contamination problem originates.

Trip blanks should not contain any analytes of interest at or above the
guantitation limit of the test. If trip blank contamination is documented, all
positive sample results are suspect, and depending on the level of
contamination, may require re-sampling.

Field blanks are taken when sampling for all analyses to ensure site
conditions do not lead to false positive analyses. One field blank should be
taken for each batch of up to 20 samples during a sampling event when
taken. Often field blanks are not taken for field events that involve samples
from a variety of locations since site conditions at one location may be
different from other locations. Field blanks should be taken according to the
judgement of the project scientist. Generally if solvent odors are present
field blanks should be taken for VOC.

To collect field blanks, analyte free water must be transported to the field,
and poured into appropriate sampling bottles on-site. Field blanks should be
properly labeled, and identified on the chain of custody record. They are
analyzed as samples by the analytical laboratory.

Field blanks should not contain any analytes of interest at or above the
guantitation limit of the test. If field blank contamination is documented, all
positive sample results are suspect, and depending on the level of
contamination, may require re-sampling. Field blank contamination also
triggers analysis of the trip blank.

Equipment Blanks: When sampling equipment, such as bailers, pumps
with tubing, hand augers, etc. is used to collect samples, an equipment blank
is collected to assess decontamination procedures for the equipment. One
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equipment blank should be taken for each batch of up to 20 samples during
a sampling event.

Equipment blanks are not necessary when using dedicated or disposable
equipment unless contamination from the constituent materials is suspected.

Equipment blanks should be properly labeled, and identified on the chain of
custody record. They are analyzed as samples by the analytical laboratory.

Equipment blanks should not contain any analytes of interest at or above the
guantitation limit of the test. If equipment blank contamination is
documented, all positive sample results are suspect, and depending on the
level of contamination, may require re-sampling.

Field Duplicates are taken to assess precision in the field. One field
Duplicate should be taken for each batch of up to 20 samples during a
sampling event.

When taking aqueous samples, the field duplicate should be taken directly
after the sample using the appropriate sample container.

When taking soil samples, GRO and VOC duplicates should be "co-located"
that is taken from soil immediately adjacent to where the sample was taken.
Other types of samples can be composited. To take composite samples,
place enough soil into a container [plastic for metals, and stainless steel for
everything else] for both the sample and the duplicate. Mix thoroughly, and
fill the appropriate sample containers.

Samples should be labeled and included on the chain of custody record.
Evaluate results by calculating the RPD between the sample and duplicate.
RPD =100 x (|S =D/ / ((S + D)/2));

where: S is the sample concentration; and
D is the duplicate concentration.

Water samples should be within 30% RPD and soil samples should be within
50% RPD. If overall precision is outside criteria, laboratory precision should
be evaluated to help determine whether this represents a sampling or
analysis issue. Sampling precision should be included in an overall analysis
of data quality. If sample results are close enough to a site action level, and
will be used to make decisions about closing a site, re-sampling may be
indicated. Field duplicate precision information should be included in any
data evaluation reports.

Matrix Spikes and matrix spike duplicates are not required field samples,
but are useful to assess matrix interference for the site. Matrix spikes are
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not used for GRO in groundwater, and are most useful for soil samples.
These samples should be collected at the discretion of the project scientist,
or according to criteria set up in a site work plan. Note that matrix spike and
spike duplicates are required for SW846 solid waste methods such as 8260/
8270.

For the field sampler matrix spike and matrix spike duplicate collection
entails providing enough of the sample so the laboratory can analyze three
samples [the sample, a matrix spike, a matrix spike duplicate].

Matrix spike and spike duplicate samples are evaluated by the laboratory for
accuracy [percent recovery], and also for precision [RPD]. Criteria used to
evaluate these samples are found in the appropriate analytical method.

Sample Preservation Issues:

53.1

5.3.2

All samples should be preserved according to guidelines included in
Attachment 1 whenever possible. These guidelines should be strictly met for
all sampling events that will be used for key project decisions, site closure,
and for sampling events used for site monitoring when multiple sample
locations are to be sampled.

It is recognized that due to unforeseen circumstances some samples may
need to be taken without proper refrigeration. In these cases, samples
should be transported to a lab or an office refrigerator within 4 hours of
collection. Sample results that will be most affected by this deviation from
guidelines are those for VOC or GRO. In cases where samples are not
properly chilled in the field, data quality issues should be evaluated based on
sample temperature, time not under refrigeration and use of the data. If data
guality does not support project data quality objectives, confirmation
sampling may be required.

6.0 REFERENCES
Test Methods for Evaluating Solid Waste, SW 846, third edition, Chapter 1; USEPA, final
update Ill, December 1996



Attachment 1: SAMPLING CRITERIA FOR METALS AND ORGANIC COMPOUNDS

Organics
Test Method® Sample Type Preservative Hold Time | Notes
Size Container
GRO (water) ME 4.2.17 2-40 ml G, TLS® cool, 4 C, HCI pH<2 14 Days trip blank may be needed
GRO (soil) ME 4.2.17 2-40 ml or G, TLS® Methanol & cool, 4 C -or- freeze 14 Days see GRO in Soil SOP
60 ml samples without methanol
DRO (water) ME 4.1.25 1L Amber cool, 4 C; HCI or sodium bisulfate | 7 Days minimize plumbing grease
G,TLS® extraction contamination
DRO (soil) ME 4.1.25 200g G,TLS® cool, 4 C 14 Days
extraction
SVOC (water) | 3510C or 3520C/ | 1L Amber cool, 4 C 7 Days Extra bottles for MS/MDS;
8270C G,TLS® extraction minimize phthalate
contamination
SVOC (soil) 3540C or 3541/ 200g Amber cool, 4 C 14 Days
8270C G,TLS® extraction
PCB in water 3510C or 3520C/ | 1L Amber cool, 4 C 7 Days Extra bottles for MS/MDS;
8082 G,TLS® extraction
PCB in soll 8082 200g Amber cool, 4 C 14 Days 3550B extraction may be used
G,TLS® extraction with caution
Pesticides in 3510C or 3520C/ | 1L Amber cool, 4 C 7 Days Extra bottles for MS/MDS;
water 8081A G,TLS® extraction
Pesticides in 3540C or 3541/ 200g Amber cool, 4 C 14 Days 3550B extraction may be used
soil 8081A G,TLS® extraction with caution
Herbicides in 8151A 1L Amber cool, 4 C 7 Days Extra bottles for MS/MDS;
water G, TLS® extraction
Herbicides in 8151A 200g Amber cool, 4 C 14 Days
soil G, TLS® extraction
Volatiles 5030/ 8260B 2-40 mlvials | G, TLS® cool, 4 C [8260 only] 7 Days Extra bottles for MS/MDS; trip
(water) 524.2 [DW] cool, 4 C, HCI pH<2 14 Days blank may be needed
dechlorinate as needed prior to
addition of HCI
Volatiles (soil) | 5035/ 8260B 3 samples encore cool, 4 C 48 hours Extra bottles for MS/MDS; extra
sampler sample for % solids
or | 5035/ 8260B 3-40 ml G, TLS® cool, 4 C; sodium bisulfate soln. 14 days Extra bottles for MS/MDS;
vials, 5g in in 2 vials and methanol in 1 vial acetone may be artifact
each vial extra sample for % solids
or | 8260B 3-40 mlvials | G, TLS® freeze 14 days Extra bottles for MS/MDS;

5g in each vial
extra sample for % solids




Attachment 1: SAMPLING CRITERIA FOR METALS AND ORGANIC COMPOUNDS

Metals

Test Method® Sample Size | Type Container | Preservative Holding Time | Notes

Dissolved metals | 6010B, 6020 or 7000 | 1L cube cont. HNO3 to pH<2 | 6 Mos. Filter on site
series

Total metals in 6010B, 6020 0r 7000 | 1L cube cont. HNO3 to pH<2 | 6 Mos. For RCRA 8 1L

water series includes mercury
200.7, 200.8, & 200.9
for drinking water

Total metals in 6010B, 6020 or 7000 | 200g Whirlpack none 6 Mos.

soil series

Dissolved 7470A 1L cube cont. HNO3 to pH<2 | 28 Days Filter on site

Mercury

Total Mercury in | 7470A 1L cube cont. Cool 4 C; 28 Days

water 245.1 [DW] HNO3 to pH<2

Total Mercury in | 7471A 200g Whirlpack Cool4 C 28 days

soil

TCLP

Test SW 846 Method Sample Size Type Container | Preservative | Holding

Time

TCLP-VOC 1311/ 8260B 4 0z G, TLS® cool, 4 C NA

TCLP-Metals 1311/ 6010B or 7000 series 4 0z G none NA

TCLP — herbicides 1311/8151 1L G, TLS® cool, 4 C NA

MISC.

Test SW 846 Method Sample Size Type Container | Preservative | Holding

Time

Reactive Sulfide & Reactive SW846 Chapter 8 section 3 2- 4 0z jars G none NA

Cyanide

Flash point 1010, 1020A 4 0z G, TLS® cool, 4 C NA

pH2 9040A, 9041A, 9045B for soil | 4 oz G none NA

Maine Waste Oil Parameters * 2 4 oz amber jars | G, TLS® none NA

Notes:
1. Sw 846 methods, except as noted

For situations where the material is very light (e.g. fly ash, feathers, etc.) please provide more material than a 4-0z jar.

2.
3. TLS = Teflon lined cap
4.

Maine Waste Oil Parameters include PCBs, flash point, total Halogens, arsenic, cadmium, chromium, and lead
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Acronym Definition

AOC Area of Concern

AST Aboveground Storage Tank

BRWM Bureau of Remediation and Waste Management
CSM Conceptual Site Model

CSS Confirmation Screening Sample
DQO Data Quality Objective

DR Division of Remediation

EDD Electronic Data Deliverable

EGAD Environmental and Geographic Analysis Database
EPS Expanded Polystyrene

ESA Environmental Site Assessment

ESS Excavation Screening Sample

FGS Feet below Ground Surface

GW Groundwater

LS Laboratory Sample

LUST Leaking Underground Storage Tank
°F Degrees Fahrenheit

PID Photo lonization Detector

PPM Parts Per Million

PPMV Parts Per Million by Volume

QAP Quality Assurance Plan

RAG Remedial Action Guideline

REC Recognized Environmental Condition
RS Response Services

SAP Sampling and Analysis Plan

SOP Standard Operating Procedure

TS Technical Services

UST Underground Storage Tank

Page 2 of 21



SOP No.TS004
Date: October 15, 2012
Revision: 2.1

1.0 PURPOSE

The purpose of this document is to describe the Maine Department of Environmental Protection,
Bureau of Remediation and Waste Management (BRWM) procedure for petroleum field testing
of soils.

2.0 APPLICABILITY

BRWM is responsible for the investigation and remediation of petroleum sites throughout Maine.
The procedures described herein are field tests for (1) determining relative levels of gasoline
present in soil with a PID instrument and (2) screening soils contaminated with kerosene and
fuel oil using an oleophilic dye test. Under certain conditions where soil contact scenarios focus
on the excavation-construction worker exposure scenario below two feet, a third screening
technique identified as the Water Shake Test can be used as an acceptable substitute for the
PID and Oleophilic Dye Test as explained below.

The PID Bag Headspace Test is applicable only for soils contaminated with gasoline. It is not
applicable for heavier petroleum products such as kerosene or fuel oil.

The Oleophilic Dye Test is applicable for fuel oils. It is not applicable for use with heavy crude
oils (Bunker C) or bituminous materials like asphalt or waxes. Mineral oil and motor oils may be
detected; however, the detergents in some synthetic motor oils may interfere with color
development.

Both tests are needed to screen soils for gasoline and fuel oils at sites contaminated with mixed
or unknown petroleum products.

When these procedures are strictly followed results may be used to make key field decisions
and provide information for site assessments.

The Water Shake Test is applicable only when leaching to groundwater is NOT a risk pathway

of concern, the direct contact risk is limited to the excavation construction worker, and the soils

are deeper than two-feet below the land surface. Under these conditions the Water Shake Test
can replace the PID Bag Headspace Test and the Oleophilic Dye Test methods.

3.0 RESPONSIBILITES

All staff must be appropriately trained prior to performing these tests for the investigation of
petroleum sites and that training must be documented in accordance with the LUST QAP
(http://www.maine.gov/dep/rwm/ust/lustgaplan.htm). Generally, it is the field personnel of
BRWM/Technical Services (BRWM/TS), BRWM/Response Services (BRWM/RS) and
BRWM/Remediation (BRWM/DR) who will be responsible for performing these tests.

The directors of the Divisions of Response Services, Technical Services and Remediation as
well as all supervisors in those divisions are responsible for ensuring that staff understand and
adhere to these procedures when used for key field decisions or site assessments.

4.0 INTRODUCTION

This SOP includes three field tests for petroleum along with guidance for their application for
site work.
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For the PID Bag Headspace Test, a soil sample is placed in an approved container and the
volatile constituents are allowed to come to equilibrium. The headspace is then measured with
an isobutylene calibrated PID, with a result expressed in parts per million by volume (PPMV).

For the Oleophilic Dye Test, soil is added to the sample bottle, to which oil-free water is also
added and the contents shaken vigorously with a rapidly dissolving red or blue oleophilic dye.

The oleophilic dye stains petroleum products red (or blue). When petroleum is released from the
soil it attaches to an expandable polystyrene (EPS) bead and/or attaches to the walls of the
container. Where no visible oil layer is present the bead will turn pink or blue down to the limit of
detection which is about 500 ppm.

For the Water Shake Test soil and water are added to a clear glass container, shaken, and the
presence of free petroleum blebs or a petroleum layer can be seen.

5.0 PLANNING

As with any sampling event, a sampling and analysis plan (SAP) and a health and safety plan
(HASP) should be developed. Guidance for the development of a Sampling and Analysis Plan
can be found in DR SOP #014 — Development of a Sampling and Analysis Plan
(http://www.maine.gov/dep/rwm/sops/index.htm).

Processing one headspace sample will take up to 30 minutes from initial sample collection
through recording results. It is important to plan for someone to complete the sampling and
analysis in a careful and timely fashion for results to be useful. For some projects more than one
field person may be needed.

6.0 EQUIPMENT

6.1 The following equipment is required for conducting the PID Bag Headspace Test for
gasoline:

e Soil sampling equipment such as shovel, bucket auger, soil borer, scoops; 200g container (6
ounce can), 20g and 5g soil coring devices.

e Approved containers: Bags are made from a double layer of strong metalized polyester and
low-density polyethylene (3 mil) with dimensions: 8-1/2" x 12" stand-up zipper pouch with 3-
1/2" bottom gusset.

Note: Associated Bag Company Item Number 183-52 meets these requirements. Other
products may be acceptable. Standard re-sealable plastic bags such as sandwich or
freezer bags are not acceptable because they do not adequately prevent the loss of
gasoline vapors.

e An approved PID with a lamp energy of 10.2 to 10.6 eV; and

e Calibration equipment, including users’ manual, for particular PID to be used.

6.2.  The following equipment is required for conducting the Oleophilic Dye Test for fuel oils:
e Soil sampling equipment such as shovel, bucket auger, soil borer, scoops;

e 50 ml plastic sample bottles containing appropriate dyes and EPS bead. Kits from two
commercial test kit companies, Oil-In-Soil and OilScreenSoil have been successfully tested
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by MEDEP for use according to this SOP. Red dyes are preferred, but Indigo Blue kits are
available for use when soil color interferes with interpretation of red dye test kits; and

¢ Oil-free water

6.3.

The following equipment is required for conducting the Water Shake Test:

e Clear container with cover; and

e QOil free water.

7.0 PROCEDURE for PID BAG HEADSPACE

7.1.

7.2.

7.3.

7.4.

Instructions for use of a PID can be found in Division of Remediation SOP DR#019 —
Protocol for Use of a PID/FID (http://www.maine.gov/dep/rwm/sops/index.htm). Itis
recommended that the operator that will be conducting this procedure take the time before
the sampling event to familiarize themselves with the particular instrument that will be
used, if they are not already familiar with that instrument. This includes reviewing the
specific user manual, and calibration and practice with the instrument prior to the sampling
event.

The PID must be bump tested prior to each use, at least every two hours during use, and
at the end of the day. If the bump test falls outside 100+10 PPM, the lamp should be
cleaned and the filter changed. If repeat bump testing remains outside 100+10 PPM the
instrument should be re-calibrated. Record all bump test results. The PID must be
calibrated to isobutylene according to manufacturer instructions. Check the calibration
("bump test”) against the 100 PPM isobutylene standard and record the results.

Note: No calibration adjustment or correction of instrument readings is made for
set points; the response factor should be 1.0 for all instruments.

Evaluate PID high concentration performance before arriving at the site each day of use.
This can be accomplished by measuring the headspace over pure acetone or other
suitable substance that normally produces values higher than the Outdoor Commercial
Worker/ Excavation-Construction Worker screening number from Table 1. The PID must
not be used for site work if performance does not meet the expectation.

Collect the soil sample with appropriate soil sampling equipment, as outlined in the site
specific Sampling and Analysis Plan (SAP)(See SOP DR#014 - Development of a
Sampling and Analysis Plan) or the applicable Appendix to this SOP.

Do test in triplicate (at a minimum), taking co-located samples. True replicates are
difficult to collect. It is important to collect at least three samples when using the results
to make key field decisions.
Label and open the bags. Unfold the bottom gusset in each bag to facilitate a uniform
headspace volume when the bags are closed. This is particularly important for smaller
sample sizes.
Place appropriate mass of soil in aluminized bag.
0 For Leaching to Groundwater cleanup scenarios use 200 g soil (6 oz can)
0 For Resident or Park User cleanup without regard to groundwater use 20 g soil
(20 ml syringe or plug sampler)
0 For Outdoor Commercial Worker/ Excavation-Construction Worker cleanup
scenarios use 5 g soil (5 ml syringe or plug sampler)
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¢ Close bag leaving uniform headspace.

Knead samples (in closed bag) if needed to break up clumps, then shake bags for 30

seconds.

Thaw sample if frozen.

Let stand for 10 minutes to develop headspace.

Knead/shake bags for additional 30 seconds.

Let stand for 2 minutes. Do not let samples stand for more than a total of 30 minutes

before PID measurement. Gasoline vapors can migrate through bags. Testing indicates

up to 20% loss after sitting for 60 minutes at 70°F in the metalized bags.

¢ Open bag carefully and insert probe of calibrated PID one third to half way into bag
(approximately 4 inches). Keep bag seal closed as much as possible around probe.
Allow instrument to read until concentrations start to fall.

¢ Record highest sustained reading.
Repeat for additional bags.

. Result Interpretation

Table 1 presents field cleanup guidelines for the various exposure scenarios. Values in
Table 1 are dependent on sample size and PID model. Only approved PID models may be
used. Remediation is indicated if the average sample result is at or above the Table 1 value
for the site’s cleanup scenario.

Excavation Screening Samples (ESS) and other samples where only one bag per sample is
tested: compare results to Table 1 values.

Confirmation Screening Samples (CSS) and other samples where more than one bag per
sample is tested: Average the three (or more) sample results and compare to Table 1
values.

Alternatively, a PID can be calibrated to a gasoline contaminated site if sufficient laboratory
MA VPH sample data are available for comparison. Any alternative calibration must follow a
Department approved plan.

PROCEDURE FOR FUEL OIL OLEOPHILIC DYE TEST

8.1

Collect the soil sample with appropriate soil sampling equipment, as outlined in the site

specific Sampling and Analysis Plan (SAP)(See SOP DR#014 - Development of a Sampling and
Analysis Plan) or the applicable Appendix to this SOP.

8.2

8.3

Perform test as follows:

e Add soil to sample bottle (50 ml plastic sample bottles containing appropriate dyes and
EPS bead) according to manufacturer’s instructions;

Label bottle;

Add oil free water to sample bottle according to manufacturer’s instructions;

Shake vigorously until dye cube dissolves (about 30 seconds);

Allow sample to sit for 10 minutes for color development on bead;

Use indigo blue dye when results are inconclusive with red dye.

Results are reported as saturated, positive, slightly positive and undetected as described

below:
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Saturated when obvious red (or blue) dye is observed in the soil matrix, or in/on the
water (may stain the side of the jar);

Positive when only the EPS bead is dyed dark pink/ red or blue and there is no
coloration in the soil or water;

Slightly Positive when only the EPS bead is dyed light pink or blue and there is no
coloration in the soil or water; or

Undetected when there is no coloration in the soil or water and the EPS bead remains
white.

Results are interpreted as described below:

Undetected result indicates no cleanup is required unless laboratory results indicate an
exceedance of a leaching to groundwater exposure criteria.

Positive/ Slightly Positive result indicates cleanup is needed for leaching to groundwater,
excavations less than 200 cubic yards, and resident/park user scenarios.

Saturated results indicate cleanup is needed for leaching to groundwater, resident/park
user and outdoor commercial/ excavation-construction worker scenarios.

Note: Testing performed to date indicates that an Undetected result will be protective of
leaching to groundwater in most cases. Laboratory analyses may be needed to ensure all
guidelines are met. The Department will continue to collect and review results to evaluate
whether or not this test may be used to determine when cleanup is needed for leaching to
groundwater scenarios.

9.0 PROCEDURE FOR WATER SHAKE TEST

9.1

Collect the soil sample with appropriate soil sampling equipment, as outlined in the site

specific Sampling and Analysis Plan (SAP)(See SOP DR#014 - Development of a Sampling and
Analysis Plan) or the applicable Appendix to this SOP.

9.2

9.3

9.4

Perform test as follows:

Add soil to clear glass container, approximately 1/3 container volume;
Label bottle;

Add oil free water to container, to fill approximately 1/2 container volume;
Shake vigorously for approximately 30 seconds;

Allow sample to sit for 10 minutes;

Make observation of any NAPL.

Results are reported as Observed NAPL (ON) or No Observed NAPL (NON)

Observed NAPL when a NAPL layer or blebs is observed on or below the water
surface;
No Observed NAPL when no NAPL is present or only a sheen is observed.

Results are interpreted as described below:

Observed NAPL: oil or gasoline saturated soil is present;

No Observed NAPL: oil or gasoline saturated soil is not present.
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Note: The Water Shake Test is only applicable for sites where leaching to groundwater is not a
risk pathway of concern, soils are below two-foot depth, and when resident, park user, or
commercial worker scenarios are NOT applicable.

10.0 QUALITY ASSURANCE/QUALITY CONTROL

All field tests must be completed and documented according to these written procedures.

Samples will be collected in accordance with a site specific sampling plan or as outlined in the
applicable appendix to this SOP.

PID calibration must be checked at the beginning and end of each day and every two hours
while testing is performed. Results must be 100+10 PPM for initial calibration check. If the
initial check falls outside 100+10 PPM, the lamp should be cleaned and the filter changed. If
repeat bump testing remains outside 100+10 PPM the PID should be recalibrated. All
recalibration and calibration checks (bump tests) must be documented on the field sheet or in
the field notebook.

PID high concentration performance must be evaluated and documented before each day of
use, as described in Section 7.3.

All PID Bag Headspace samples used for key field decisions or assessments performed for
compliance to Chapter 691 rules must be taken in triplicate (at a minimum).

Quiality control samples will be taken in accordance with the LUST QAP.

Additional quality assurance/quality control tasks may be needed based on the DQO
requirements of the project.

11.0 DOCUMENTATION

Field notes should be collected following the standard procedures as outlined in 6.0 of the LUST
QAP. When documenting such a sampling event, one should include enough information so
that a person at a later date can easily duplicate the sampling and be able to compare the
results. Any deviations from these procedures must be documented.

Record results for the PID bag headspace test on the form provided in Attachment 1. Results
may alternatively be recorded in the field notebook as long as all information from Attachment 1
is recorded. Additionally, some PIDs have software which can record data. Any special method
of recording and documenting results must be outlined in the SAP.

Record results for the oleophilic dye test and/or water shake test on the form provided in
Attachment 2. Results may alternatively be recorded in the field notebook as long as all
information from Attachment 2 is recorded.

Results for CSS with corresponding laboratory analysis should be submitted to the Department
in the Maine DEP electronic data deliverable [EDD] format. Excel spreadsheets
(http://www.maine.gov/dep/rwm/ust/sop/EDD_Oil Field Sheets blank.xlIs) for use specifically
with these field tests as well as laboratory EDD spreadsheets
(http://www.maine.gov/dep/rvm/egad/ME_DEP_EGAD_EDDv5.1 FINAL rhd.xIs) are available
from Maine DEP. The Excel spreadsheets for these field tests follow the format of Attachment 1
and Attachment 2. Note: Submission of EDD should not include ESS field screening results.
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Only CSS with the corresponding laboratory results should be submitted for uploading to the
Environmental and Geographic Analysis Database [EGAD].
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Table 1: Approved PID Field Cleanup and Notification Guidelines

SOP No.TS004
Date: October 15, 2012
Revision: 2.1

Soil size
Cleanup Scenario [grams] lon Thermo | Passport | Foxboro | MiniRAE | Photon
Leaching to GW/ Notification 200 80 60 60 50 40 40
Resident/ Park User 20 700 275 500 250 350 300
Outdoor Commercial Worker/
Excavation-Construction Worker 5 1200 500 850 375 1500 400

Note: No adjustment is made for set points; the response factor should be 1.0 for all instruments.

Instrument Descriptions

lon: lon Science PhoCheck Series

Thermo: Thermo Environmental OVM 580 Series
Passport: MSA Passport PID || OVM

Foxboro PID: Foxboro TVA-1000 PID mode

MiniRAE: RAE Systems MiniRAE 2000 and MiniRAE 3000

Photon: MSA Photon Gas Detector
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SOP TS004 Attachment 1

TS004 Bag Headspace Field EDD Sheet

Site Name:

Spill #

Town:

Sampler:

Air Temperature:

Date:

Sample Method

Calibration Gas Concentration:

Soil Heating Method:

Confirm high end measurement:

PID Instrument:

Calibration Documentation Bump Test Documentation Weather:
Time 1: Reading 1: Time 1: Reading 1
Time 2: Reading 2: Time 2: Reading 2
Time 3: Reading 3: Time 3: Reading 3
Calibration Documentation readings above should be post-calibration readings
Depth | Sample | Collection | Analysis Soil CSS
Sample ID [FGS] Size Time Time Bag-1 | Bag-2 | Bag-3 | Average Type | Location Comments
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SOP TS004 Attachment 2

TS004 Oil Shake Test Field/Water Shake Test Field EDD Sheet

Site Name: | Town:
Date: Sample Method:
Spill # |  Sampler:
Ambient Temperature: Weather:
Depth CSS
Sample ID [FGS] Result | Soil Type Location Comments

SA = Saturated- obvious red (or blue) dye is observed in the soil matrix, or in/on the water (may stain the side of the jar)
PO = Positive- the EPS bead is dyed dark pink/ red or blue and there is no coloration in the soil or water

SP = Slightly Positive- the EPS bead is dyed light pink or blue and there is no coloration in the soil or water

U = Undetected - No observations of dye coloration on EPS bead, soil, or water

NON = No Observed NAPL for Water Shake Test

ON = Observed NAPL for Water Shake Test
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SOP TS004 Appendix A

Field Sampling Procedure for Excavations

Appendix A is to be used at soil removals and excavations where the data quality objective is to
meet the Soil Exposure Guidelines in Section 5 of the Remediation Guidelines for Petroleum
Contaminated Sites in Maine. Appendix A is not intended for remediating releases under
Section 3 of the Remediation Guidelines for Petroleum Contaminated Sites in Maine. The basis
of this procedure is that field samples will be used to direct soil excavation and confirm that field
screening objectives are met prior to terminating the excavation and collecting laboratory
samples. The following procedure should be followed when the objective is to determine
excavation limits based on field screening. The following procedure is not intended to override
the Conceptual Site Model (CSM) or other site specific objectives for the removal action. |If
termination of the excavation is not based on field screening procedures, then the reasons
should be clearly presented in post removal documentation. A site specific sampling plan that
differs from this procedure may be applied if approved in advance by the Department.

This procedure uses three types of samples as defined below. The sample type definitions are
provided to help clarify what is meant by terms used in this document.

Excavation Screening Samples (ESS). Use ESS to define soils to be removed. These are field
screened samples generally collected to help direct the soil excavation (see Appendices B and
C for other uses). These samples may represent soils that are removed during an excavation
because they exceed the field screening guidelines, or they may represent soils that remain in
place. Triplicate sampling is not required for PID Bag Headspace test of ESS for this
application. Documentation of the ESS is at the discretion of the Environmental Professional
completing the sampling.

Confirmation Screening Samples (CSS). CSS should identify areas of the excavation where
cleanup objectives have been reached or where site limitations prevent further excavation.
These field screened samples should represent worst case contaminated soils, if still present,
that remain in place. Triplicate samples are required for Bag Headspace test of CSS. CSS
must be documented and include all information presented in Attachment B.

Laboratory Samples (LS). These are lab samples that are collected at the termination of the
excavation and represent worst case contaminated soils, if still present, that remain in place.
They are collected at arate of 1 - LS per 10 - CSS. Please remember, you can collect as many
excavation screening samples as you need to help direct the excavation without collecting any
LS. However, once you have reached the limits of the excavation and CSS are collected, then
a minimum of one LS will be collected for each ten CSS collected. The LS should be co-located
with the corresponding CSS location or locations, and should be collected where the most
contaminated soil was present during the excavation process.

CONCEPTUAL SITE MODEL [CSM]

The Appendix A procedure is intended to fit within the context of the CSM when the objective for
the site is to complete an excavation based on field screening methods described in this SOP.
In cases where the CSM justifies variation from the procedure outlined in Appendix A, the CSM
must be presented in written form and included in the post removal document that is available
for future investigators. The CSM should also be included in the site specific sampling plan
submitted for Department approval when variation from the Appendix A procedure is
appropriate. The CSM must include a concise explanation of the sources present at the site and
on adjoining properties (surface spill, AST, UST, product piping, loading rack, and fuel
dispensers); receptors (on-site and off-site); and the risk scenario (Leaching to Groundwater,
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SOP TS004 Appendix A

Resident/Park User, Outdoor Commercial Worker/Excavation-Construction Worker). Keep in
mind that the risk scenario may change if contamination extends onto an adjoining property.

SAMPLING STRATEGIES

During the soil removal various sampling strategies can be utilized to expedite decision making.
For example, a large sample (full bag) can be collected from the excavation and brought to a
work table for processing. For gasoline contaminated sites, an initial PID screening of the soll
(quick bag headspace with a 1-minute headspace equilibration) can be done to determine the
relative concentration of gasoline contamination that is present. If the initial screening shows
that results are above the termination criteria then no further processing may be necessary and
the soil in the bag can be placed in a truck for disposal. If the initial screening determines that
the concentrations may be near the termination criteria, then triplicate samples can be prepared.
This sampling strategy requires quick processing and handling. Triplicate samples should be
prepared within a few minutes of collecting the large sample volume from the excavation.

SAMPLE FREQUENCY

Excavation Screening Sampling (ESS)

The sampling frequency and documentation of ESS is up to the discretion of the environmental
professional responsible for directing the excavation. Once the environmental professional
determines that sufficient soils have been removed, CSS should be collected to document the
decision to terminate excavation.

Confirmation Screening Samples (CSS)

The collection of CSS is separated into specified depth intervals to account for direct contact
risks and risks associated with contaminant migration (oil saturated soils, free-product, or
leachable to groundwater). The specified depth intervals are based on the definitions of
Accessible, Potentially Accessible, and Isolated Soil included in The Maine Remedial Action
Guidelines (RAGSs) for Soil Contaminated with Hazardous Substances. The top two feet is
defined as accessible soil and represents that greatest potential for direct contact and ingestion
risk. Therefore, samples are required for determining the risks in the upper two feet. Below two
feet the soils are considered potentially accessible to a depth of 15-feet unless the soils are
covered by a building or other permanent structure that does not have earthen floors. Below
15-feet the soils are considered isolated for contact risk, but may represent a groundwater
leaching pathway.

Lab Samples (LS)

LS frequency is set at 10% of total CSS analyzed for the excavation. LS should be co-located
with a CSS and documentation of the co-located samples should be clear for future
investigators.

Page 14 of 21



SOP TS004 Appendix A

MINIMUM SAMPLE LOCATIONS

Excavation Wall Sampling

Top Two Feet of Excavation

A minimum of one CSS is required in the top two feet for each twenty-foot section of
excavation exposure. The excavation exposure is the total perimeter distance of the
excavation.

Two to Fifteen Feet of Excavation Depth

A minimum of one CSS is required for each twenty linear feet of excavation perimeter.

Greater than Fifteen Feet of Excavation Depth

A minimum of one CSS is required for each additional ten feet of depth by 20 linear feet
of excavation perimeter.

Floor Sampling

On the floor, a minimum of one CSS sample shall be collected for each 100-square feet of floor
exposure (10 x 10). Keep in mind that due to side wall sloping, the floor exposure is likely to be
smaller than the foot print of the excavation.

EXAMPLE

An excavation oriented north-south that is 50-feet long, 50-feet wide, and 15-feet deep
represents a removal of approximately 1,400 cubic yards (Figure 1). The perimeter measures
200-feet and the walls are vertical to keep things simple. This excavation would require a
minimum of 45 CSS locations as shown below. The 45 CSS included: ten CSSs from 0-2 feet,
ten samples from 2-15 feet, and 25 samples from the floor. This example would require a
minimum of 5 LS.
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Sampling Plan for 50’L x 50°'W x 15’D Excavation

North Wall: 50-feet long, 15 feet deep

5 10 15 20 25 30 35 40 45 50
Sample 1 Sample 2 Sample 3
Sample 4 Sample 5 Sample 6

55 60

East Wall 50 feet long, 15 feet deep

65 70 75 80 85 90 95 100

Sample 3

Sample 7 Sample 8

Sample
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Sample 9 Samplel0
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South Wall: 50-feet long, 15 feet deep

105 110 115 120 125 130 135 140 145 150
Sample 11 Samplel?2 Samplel3
Sample 14 Sample 15 Samplel6

10
15
20
25
30
35
40
45
50
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West Wall 50 feet long, 15 feet deep
155 160 165 170 1v5 180 185 190 195 200

Sample 13 Sample 17 Sample 18
Sample
16 Sample 19 Sample 20

Floor Of Excavation is 50-feet long and 50-feet wide

5 10 15 20 25 30 35 40 45 50
Sample Sample Sample Sample Sample
21 22 23 24 25
Sample Sample Sample Sample Sample
26 27 28 29 30
Sample Sample Sample Sample Sample
31 32 33 34 35
Sample Sample Sample Sample Sample
36 37 38 39 40
Sample Sample Sample Sample Sample
41 42 43 44 45
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SOP TS004 Appendix B

Field Sampling Procedures for Environmental Site Assessment [ESA] Investigations

1. Introduction

The purpose of this appendix is to provide for application of the field procedures to ESAs, which
include Phase Il assessments, property transactions, or similar environmental investigations.
This procedure focuses on analyzing surface and subsurface soil samples. Sample collection
methods may include backhoe/excavator, split spoon, direct push, bucket auger, or hand tools.

Results of the field methods can be used for selecting samples for laboratory analyses,
determining if DEP notification levels have been exceeded, and for making risk-based decisions
for the site.

In situations where the field methods will be used to make risk-based decisions, a site specific
sampling plan must be developed prior to completing the field investigation to assure that the
appropriate risk-based criteria and field methods are applied to the site.

This procedure specifies methodologies for field screening to make risk-based decisions and
DEP notification determinations. This procedure also specifies methodologies for using field
screening to select laboratory samples where decisions are based on the laboratory results and
not the field results.

This procedure establishes certain documentation requirements for recording the soil sampling
method used to obtain samples.

The method or methods selected for field screening will depend on the scope of the
investigation and the contaminants of concern. In general the oleophilic dye test is for
determining the presence of petroleum saturated soil or for determining the relative
concentration of diesel, fuel oil, or kerosene contamination present. The PID bag headspace
test is appropriate to determine the relative concentration of gasoline contamination, and may
be useful in detecting the presence of fuel oil or kerosene contamination but it cannot be used to
determine the absence of fuel oil or kerosene.

2. Sampling Purpose

DEP staff and other environmental professionals using the field methods must understand the
purpose for collecting the samples prior to completing the Environmental Site Assessment
(ESA). The purpose for sample collection will determine how to apply the procedures at a
specific site. It is strongly recommended that historical research be performed and a sampling
plan be developed for all ESAs by a qualified environmental professional.

2.1 Field Screening for Laboratory Analyses

The field procedures may be used to select samples for appropriate laboratory analyses (VOC,
SVOC, VPH, EPH, lead, etc.). Under this approach, the procedures will be used to determine
the relative presence of VOCs detectable with the selected PID and/or the relative presence of
middle distillate SVOCs detectable with the oleophilic dye test. However, risk-based decisions
will not be based on the field screening methods. Instead risk-based decisions will be based on
the laboratory results. PID bag headspace samples collected for this purpose are not required
to be completed in triplicate.

Note: the sample volume used for screening should be based on the linear range of the PID
selected. Based on the Department’s experience the approximate limit of linearity is 10% higher
than the Table 1 Outdoor Commercial Worker/ Excavation-Construction Worker Scenario field
cleanup guidelines regardless of sample size.
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SOP TS004 Appendix B

2.2 Field Screening for DEP Notification

The field procedures may be used to determine if the DEP notification level at petroleum sites
has been exceeded. Appendix C discusses the application of the field procedures to the UST
Site Assessment process. Section 2.2 applies where the screening is not related to an UST site
assessment but the ESA is being completed to determine if DEP notification is warranted. For
this purpose, PID bag headspace samples will be collected in metalized bags in triplicate with all
three samples targeting the same depth (see sample methodology Section 3 for additional
discussion). Sample size will be 200 grams as specified on Table 1, page 8 of the SOP.

2.3 Field Screening for Risk-Based Decisions

The field screening procedures may be used as a basis for making risk-based decisions at
petroleum sites. DEP staff and other environmental professionals should determine the
appropriate exposure scenario (leaching, resident, park user, commercial, excavation) for the
project based on the CSM, the appropriate sample depth criteria (accessible, potentially
accessible, and isolated), and the applicability of institutional controls to limit future exposure.
Select the appropriate PID bag headspace soil sample size(s) for the project given the above
criteria. ESSs (as defined in Appendix A) can be used to determine the distribution of
contamination within each separate source area (may also be referred to as an area of concern
or recognized environmental condition). PID bag headspace CSSs, collected in triplicate,
targeting the appropriate depth (based on the CSM, ESS results and exposure scenario) can be
used to make risk-based decisions about gasoline contamination within potentially contaminated
areas at the site. LS will be based on the number of CSS (1 LS for every 10 CSS).

3. Sampling Methodology

Documentation of the sampling method used must be included with the data in the ESA report.
Excavators, backhoes, and hand tools all have the ability to expose relatively large volumes of
soil for direct examination and sample collection. However, subsurface soil borings rely on
small sample volumes to represent subsurface conditions. Therefore, different sample
methodologies are warranted as presented below.

3.1 Hand Tools, Excavator, Backhoe

Triplicate and co-located samples can be selected with more reliability using direct excavation
techniques such as test pits than from soil borings. Therefore, the sampling methodology is the
same as presented in Appendix A.

3.2 Subsurface Soil Borings

Due to the limitations in sample recovery and direct observation of the subsurface conditions
several soil borings may be required to reliably use the field screening procedures to
characterize subsurface conditions. The number of soil borings is site specific and depends on
the soils present, the size of the area being investigated and the ability of the equipment to
recover representative samples. Sample recoveries less than 60% will require alternative
methods to use the field screening techniques for making risk-based decisions. Alternative
sampling methods may include shortening the sample length to increase soil recovery in a
target interval. For example where a 4 foot core barrel is in use, it could be driven and
recovered twice to collect 2 two-foot samples over a four-foot interval. Depending on the soil
type, this may result in better sample retrieval than attempting to sample all four feet in one run.
Another alternative method may include completing multiple borings at a specific location to
adequately sample the subsurface when soil recoveries are below 60%. When risk-based
decisions or notification level determinations are being based on field methods and soil borings,
a minimum of one ESS should be collected for every two feet of boring depth. If significant
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SOP TS004 Appendix B

changes in contaminant concentrations or geologic characteristics are observed over a sampled
interval then they should be sampled (field screened) separately. In addition a minimum of one
CSS should be collected for each risk-based depth criteria (accessible, potentially accessible,
and isolated) in accordance with Appendix A. Lastly at least one boring must be sampled as a
CSS per each 500 square feet of potentially contaminated area (AOC, REC, or source area).

4. Documentation

The method of soil sample collection must be documented. Where subsurface soil samples are
described on a log (test pit log or boring log) the information must be recorded in a way that
documents the stratigraphy and the specific characteristics of the soil sample. For boring logs,
the depth interval sampled must be recorded. Additionally, the sample recovery details must be
documented, including either the percentage of the target interval actually recovered, or the
length of recovery compared to the target length. Collapsed soils recovered in the sample
interval must not be included in the percent recovered or in the length of sample recovered.
This is often referred to as “wash” from wash and drive drilling methods. Direct push tools that
do not utilize dual tube samplers may also experience collapse from coarse grained units.
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SOP TS004 Appendix C

Field Sampling Procedures for UST Site Assessments at
Facility Closure or Tank Abandonment

1.0 Introduction

This section applies to Appendix P of Chapter 691, the Department’s Rules for Underground Oil
Storage Facilities. Notification levels for the PID Bag Headspace test are given in Table 1 of the
SOP. Notification for the Oleophillic Dye Test is any coloration on the ESP bead or if dye is
observed in the soil matrix, in/on the water, or staining the side of the jar.

2.0 Underground Piping and Dispenser Island areas

For the purpose of this Appendix, a piping run and associated dispenser(s) island is treated as
one area. One ESS is required for each 5-foot section of underground piping, including the
associated piping dispenser island. One CSS is required at all ESS locations that exceed the
DEP Notification Level specified in this SOP. If no ESS exceeds the notification level, then the
three highest ESS readings shall be selected for CSS collection. One LS shall be required for
each 10 CSS collected within each underground piping and dispenser area.

3.0 Underground Storage Tank Area

More than one UST may be removed during a tank removal event. If the tanks are located
adjacent to one another and the resulting excavation is one continuous excavation, then it can
be considered one tank area. If the USTs are not adjacent to one another and the resulting tank
excavations have separate excavation side walls, then they shall be treated as separate tank
areas.

3.1 Excavation Screening Sampling (ESS)

The ESS are to be collected in accordance with Appendix A in a metalized bag and follow the
procedures outlined in this SOP.

3.2 Confirmation Screening Samples (CSS)

CSS are to be collected in accordance with Appendix A. For the tank facility where the tank is
to be replaced in the same location, and the surface will be paved, CSS in the top two feet of
the tank excavation is not required.

NOTE: The basis for this exclusion is that soil in the upper two feet of a tank excavation is
seldom contaminated. CSS are to be taken from the piping runs (including any piping run above
the tank footprint) and dispenser island in accordance with Section 2.0 of this Appendix, even
when the tank will be replaced and the surface paved.

3.3 Lab Samples (LS)
LS are to be collected in accordance with Appendix A.
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Bag Headspace Field EDD Sheet

Site Name:

Spill #

Town:

Sampler:

Air Temperature:

Date:

Sample Method

Calibration Gas Concentration:

Soil Heating Method:

Confirm high end measurement:

PID Instrument:

Calibration Documentation Bumptest Documentation Weather:
Time 1. Reading 1. Time 1. Reading 1
Time 2: Reading 2: Time 2: Reading 2
Time 3: Reading 3: Time 3: Reading 3
Calibration readings 1,2 and 3 readings are post-calibration checks.
Depth | Sample | Collection | Analysis Saoll CSS
Sample ID [FGS] Size Time Time Bag-1 | Bag-2 | Bag-3 | Average Type | Location Comments

FGS = Feet below ground surface




Oil Shake Test Field EDD Sheet

Site Name: | Town:
Date: Sample Method:
Spill # | sampler:
Ambient Temperature: Weather:
Depth CSS
Sample ID [FGS] Result | Soil Type | Location Comments

FGS = Feet below ground surface
SA = Saturated- obvious red/ blue dye is observed in the soil matrix, or in/on the water (may stain the side of the jar)

P = Positive- the EPS bead is dyed dark pink/ red or blue and there is no coloration in the soil or water
SP = Slightly Positive- the EPS bead is dyed light pink or blue and there is no coloration in the soil or water
U = Undetected - No observations of dye coloration on EPS bead, soil, or water



2024 LUST Program Equipment Inventory

Item | Quantity
Hand Tools
Pickaxes 3
Flat Shovels 7
Spade Shovel 7
Snow Shovels 5
Narrow Shovels 5
Paint Rollers 2
Hoes 5
Auger 6
Push Broom 4
Slam Hammer 3
Jacks 5
Wheelbarrow 1
Garden Cart 1
Field Kits 8
5 Gallon Buckets 20
Miscellaneous Buckets 29
Small Tool Kits 5
Large Tool Kit 2
Garden Hoses 7
Pocket Hoses 2
Air Scrubbers 6
Fire Extinguishers 2Lrg2Sm
Clam Rake 1
Sampling/Remediation Equipment

Monsoon Pump 1
XRF

Water Level Meters 15
Mini Water Level Meters 7
Deep Well Water Lebel Meter 2
Casing Depth Indicator 3
Oil Water Interface Probe 3
Peristaltic Pumps 15
GeoTech Whale Pumps 5
Grundfos Submers. Pumps 7
Pondorff Pumps 5
PID (ppm) 5
PID (ppb) 9
Multi-Gas Meter 3
Well Chlorinating Kit 1
Battery Chargers 4
Moving Carts 2
Deep Cycle Batteries 11




2024 LUST Program Equipment Inventory

Power Inverter 5
GPR 1
Pore Water Samplers 89
Assorted Size Bailers ~100
Lamotte Turbidity Meters 3
Hach Turbidity Meter 1
Hach DO Meters 4
YSI DO Meters 2
Hanna Pens 13
Conductivity Packets 1.5 Boxes
Buffer Packets 1.5 Boxes
Hanna Batteries 3 Boxes
Flow Cells 5
Dish Soap 2 Bottles
Liquinox 4 Bottles
Sampling Bowls 6
Digital Scale 3
Manometer 2
Trailer-able Direct Push Sampler 1
Hand Geoprobe 1
Surface Water Sampler 2
Level Trolls 13
Radon Fans 18
Spill Pads ~50
Spill Socks 33
Bucket Samplers 2
Soil Seives 3 sets
Electric Seive Shaker 1

10 ppm Isobutylene 13
100 ppm Isobutylene 5
Zero Grade Compressed Air 1
.170"ID x 1/4" OD LDPE 250"
1/4" 1D x 3/8" OD LDPE 1500'
3/8"IDx1/2" OD LDPE 400'
1/2" ID x 5/8" OD LDPE 500
.170"ID x 1/4" OD HDPE 850"
1/4" 1D x 3/8" OD HDPE 900"
3/8"IDx 1/2" OD HDPE 600"
1/2" ID x 5/8" OD HDPE 900"
250-Gallon Poly Water Tank 4
Mobile P&T Trailer 2
Groundwater Extraction Trailer 3
Electical Test Kit 1

Survey Tools




2024 LUST Program Equipment Inventory

Flagging

1 Box

Transit

25" Estwing Geo/Paleo Pick

3lb Estwing Sledge

4lb Estwing Sledge

Bolt Cutters

Machetes/Brush Cutters

Binoculars

Hand Saws

Survey Wheel

Survey Tripod

Survey Rod

Survey Level

Laser Level

NIN[ARIWIN|IW|IRL|INITOIN|R|FR]|-

100' Measuring Tapes

[any
o

Metal Detector

w

Power Tools

Milwaukee Inspection Scope

Milwaukee Hammer Drill

Milwaukee Rotary Hammer

Cordless Drill

Ryobi Circular Saw

Ryobi Sawsall

Ryobi Flashlight

Dremel Tool

Extention Cord Spools

Power Drill

Rigid Angle Grinder

Ryobi Angle Grinder

Shop Vacuum

12v Winch

Rrlolr]|lRr|Rr|lOR]Rr]|MIR|lO|R]~]-

Supplies/Gear

Flashlights

[any
o

InSitu Powerpack

Tablet (For InSitu)

Sample Coolers

32

Rite in the Rain Notebooks

Rite in the Rain Pens/Pencils

Sharpies

1 Box

Duct Tape

11

Packing Tape

Electrical Tape

Scotch Tape

12

Masterlocks

12




2024 LUST Program Equipment Inventory

Bug Spray Cans 4
Bug Spray Wipes 21
Permethrin Spray (24 fl. 0z) 3
Sunscreen (1fl. 0z) 6
Hard Hats 8
Safety Glasses 20
Hand Warmers 8
Ear Plugs 110
Collapsible Traffic Cones 9
Standard Traffic Cones 21
Traffic Signs 2
Traffic Sign Stands 2
Step Stools 4
Saw Horses 4
E-Z Up Canopy 3
Folding Table 4
Folding Chairs 6
Aluminized Bags >250
Oil N Soil Kits >250
Assorted Sizes Nitrile Gloves >500
Polyurathane Bags 3rolls
PFD 8
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Important Notice!

The purpose of this method is to provide data to help characterize the risks posed by petroleum-contaminated media.
Innovative provisions and data adjustment steps are incorporated into the method to ensure that, in most cases, the resultant
data will be moderately (but not overly) conservative (i.e., health protective). It is essential that all of the provisions and
unique procedures in this method are understood and carefully implemented as written. Of particular note are the
following:

Peak Integration Techniques:

e For individual Target PAH Analytes, the peaks from the FID or GC/MS are individually integrated (valley to
valley). This applies to samples and standards.

e For the collective ranges of aliphatic hydrocarbons (i.e., Cg-C1g and C;9-C3), the chromatogram from the FID or
GC/MS is continuously integrated (to baseline) between specified range “marker” compounds (e.g., n-nonane to n-
nonadecane for Cy-Cyg aliphatic hydrocarbons). This applies to samples only; see Calibration Approach for peak
integration techniques associated with calibration standards.

o For the collective range of Cy;-C» Aromatic Hydrocarbons, the chromatogram from the FID or GC/MS is
continuously integrated (to baseline) between specified range “marker” compounds (i.e., naphthalene to
benzo[g,h,i]perylene). This applies to samples only; see Calibration Approach for peak integration techniques
associated with calibration standards.

e For the surrogate standard, the peak is individually integrated (valley-to-valley), so that the area can be subtracted
from the collective areas of the hydrocarbon ranges discussed above.

NOTE: GC/MS analysis is only allowed on fractionated extracts and may not be used as a substitute for
fractionation.

Calibration Approach:

e The calibration factors (CFs) for the aliphatic and aromatic hydrocarbon ranges are based on the correlation of
collective FID or GC/MS area counts to the collective concentration values of a specified mixture of aliphatic and
aromatic hydrocarbon standards, in which the collective FID or GC/MS area count is determined via the
summation of individual valley-to-valley peaks for the individual standards.

As such, the integration procedure for calibration (i.e., valley-to-valley of individual calibration standards) is
different from the integration procedure for samples (i.e., integration to baseline across a specified range of the
FID or GC/MS chromatogram). This is necessary to ensure a conservative bias (i.e., an integration-to-baseline
approach for the calibration standards would incorporate baseline “noise” which could lead to inappropriately
elevated CF values resulting in inappropriately lower sample concentration levels which would not be health-
protective).

Data Adjustments:

A series of steps are specified to calculate the final sample data results, to ensure that these values are not overly
conservative, due to the addition of surrogate standards, and/or the “double counting” of analytes. This involves the
subtraction of area counts and/or the subtraction of media concentration values (i.e., pg/L for aqueous samples or pg/kg for
soil/sediment samples):

e When determining the collective area count for a specified hydrocarbon range (i.e., Co-Cyg Or C19-C3g Aliphatic
Hydrocarbons or C,;-C,, Aromatic Hydrocarbons), it is necessary to subtract the individual (valley-to-valley) peak
area of any surrogate standards that elute within that range, if applicable.

e The individual concentrations of the Target PAH Analytes must be subtracted from the Cy;-C,, Aromatic
Hydrocarbon concentration.



Updates/Changes in Method Revision 2.1

This method revision (2.1) replaces revision 1.1 of the MassDEP EPH test method, which was issued in May 2004. These
updates and changes are relatively minor in nature, and are summarized below

Technical Revisions:

Section 7.5: More flexibility was added for the volume of surrogate to be added to aqueous and solid samples.
Section 8.2: The timeframe for freezing soil/sediment samples was changed from 48 hours to 24 hours from the
time of sampling.
Section 9.7.2.14: A requirement from the existing EPH CAM Protocol was added regarding the evaluation of the
low standard when linear regression is used. This is a new requirement to the method but existed in the CAM
Protocol.
Sections 9.7.2.16 and 10.2.2:

o Arequirement from the existing EPH CAM Protocol was added regarding the analysis of an ICV. This is

a new requirement to the method but existed in the CAM Protocol.
o The ICV acceptance criterion of 70-130% for each Target PAH Analyte and hydrocarbon range from the
existing EPH CAM Protocol was added.

Section 9.10.3 and Table 7: Details were added regarding how to evaluate naphthalene and 2-methylnaphthalene in
aliphatic extracts analyzed by GC/MS with the associated corrective actions.
Section 10.2.7: Details were added regarding appropriate corrective actions when the LCS recoveries are outside
of the acceptance criteria.
Section 10.3.1; Details were added regarding appropriate corrective actions when the matrix duplicate RPDs are
outside of the acceptance criteria.
Section 11.3.1.1.6: A new significant modification was added regarding the use of non-linear regression during
calibration.
Table 4: For soil/sediment samples which are frozen, the holding time was changed to require extraction within 14
days of thawing. The footnote in this table was also revised to indicate samples must be frozen within 24 hours
from the time of sampling.

Clarifications:

“Important Notice” added at the beginning of the method to clarify proper peak integration during calibration and
sample quantitation and data adjustment steps during sample quantitation.

Sections 9.7.2.8 — 9.7.2.10: clarified that individual peak areas should be utilized for integration during calibration
of the hydrocarbon ranges.

Section 9.9.2: More details were added regarding the quantitation of the hydrocarbon ranges in samples.

Section 9.10: Clarification was provided to note that Target PAH Analytes may be quantified from a fractionated
or unfractionated extract using GC/MS but aliphatic and aromatic hydrocarbon ranges can only be quantified from
a fractionated extract if GC/MS is used.

Section 10.2.7: Clarification was provided to note that the recoveries of hydrocarbon ranges (not individual
aliphatic hydrocarbons) need to be evaluated in the LCS.

Section 10.3.2: Clarification was provided to note that the recoveries of hydrocarbon ranges (not individual
aliphatic hydrocarbons) need to be evaluated in the MS/MSD.

Section 11.3.2: Clarification on reporting of re-analyses and dilutions was added.

Appendix 3: MassDEP Analytical Protocol Certification Form was updated to most current version.



LIST OF ACRONYMS

ASTM American Society for Testing and Materials
CAM Compendium of Analytical Methods

ccv Continuing Calibration Verification

CF Calibration Factor

COoD 1-Chlorooctadecane

%D Percent Difference

DF Dilution Factor

EPH Extractable Petroleum Hydrocarbons

FID Flame lonization Detector

GC Gas Chromatography

GC/MS Gas Chromatography/Mass Spectrometry
HCI Hydrochloric Acid

HPLC High Performance Liquid Chromatography
ICV Initial Calibration Verification

I.D. Internal Diameter

IDLC Initial Demonstration of Laboratory Capability
IS Internal Standard

K-D Kuderna-Danish

LCS Laboratory Control Sample

LCSD Laboratory Control Sample Duplicate

LMB Laboratory Method Blank

MassDEP Massachusetts Department of Environmental Protection
MCP Massachusetts Contingency Plan

MDL Method Detection Limit

NAPL Non-aqueous Phase Liquids

OSHA Occupational Safety & Health Administration
OTP ortho-Terphenyl

PAH Polynuclear Aromatic Hydrocarbons

QC Quality Control

%R Percent Recovery

r Correlation Coefficient

RL Reporting Limit

RPD Relative Percent Difference

%RSD Percent Relative Standard Deviation

Rt Retention Time

SIM Selective lon Monitoring

SOP Standard Operating Procedure

SPE Solid-Phase Extraction

SSB System Solvent Blank

TPH Total Petroleum Hydrocarbons

NOTE: Abbreviations of units (e.g., mL, mm, min, °C, g, uL, ng/uL, cm/sec, psig, ug/Kg, m, um, ug/L, mg/Kg, oz., L, etc.)
are not included.
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METHOD FOR THE DETERMINATION OF
EXTRACTABLE PETROLEUM HYDROCARBONS (EPH)

MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION (MassDEP)

1.0 SCOPE AND APPLICATION

11

1.2

1.3

1.4

15

1.6

1.7

This method is designed to measure the collective concentrations of extractable aliphatic and aromatic
petroleum hydrocarbons in aqueous and soil/sediment matrices. Extractable aliphatic hydrocarbons are
collectively quantitated within two carbon number ranges: Cq through Cig and Cyg through Csz.  Extractable
aromatic hydrocarbons are collectively quantitated within the Cy; through C,, range. These aliphatic and
aromatic hydrocarbon ranges correspond to a boiling point range between approximately 150 °C (n-nonane)
and 500 °C (benzo[g,h,i]perylene).

This method is based on a solvent extraction, silica gel solid-phase extraction (SPE)/fractionation process, and
gas chromatography (GC) analysis using a flame ionization detector (FID). Note that gas
chromatography/mass spectrometry (GC/MS) analysis is only allowed on fractionated extracts and may not be
used as a substitute for fractionation. This procedure should be used by, or under the direct supervision of,
analysts experienced in extractable organics analysis. The analysts should be skilled in the interpretation of gas
chromatograms and their use as a quantitative tool.

This method is designed to complement and support the toxicological approach developed by the
Massachusetts Department of Environmental Protection (MassDEP) to evaluate human health hazards that may
result from exposure to petroleum hydrocarbons (MassDEP, 1994 and MassDEP, 2003). It is intended to
produce data in a format suitable for the characterization of risk at sites undergoing evaluation under the
Massachusetts Contingency Plan (MCP, 310 CMR 40.0000) using the aforementioned toxicological approach.

In addition to the quantification of aliphatic and aromatic hydrocarbon ranges, the MassDEP EPH method is
also designed to quantify the individual concentrations of Target Polynuclear Aromatic Hydrocarbon (PAH)
Analytes, including Diesel PAH Analytes, in agueous and soil/sediment matrices. Use of this method to
identify and quantify these Target PAH analytes is optional. The Reporting Limits (RLs) for some of these
PAHSs in aqueous samples are greater than the notification and/or cleanup standards specified in the MCP for
sites located in groundwater resource areas categorized as RCGW-1 in 310 CMR 40.0362(1)(a). In cases
where it is necessary to demonstrate compliance with these criteria, the use of a GC/MS method in the selective
ion monitoring (SIM) mode and/or a high performance liquid chromatography (HPLC) method may be
necessary.

The fractionation step described in this method can be eliminated to allow for a determination of Total
Petroleum Hydrocarbons (TPH), and/or to obtain qualitative “fingerprinting” information. While TPH
provides little information on the chemical constituents, toxicity, or environmental fate of petroleum mixtures,
it may be a cost-effective screening tool in cases where relatively low concentrations of contamination are
suspected.

Petroleum products suitable for evaluation by this method include kerosene, fuel oil #2, fuel oil #4, fuel oil #6,
diesel fuel, jet fuels, and certain lubricating oils. This method, in and of itself, is not suitable for the evaluation
of gasoline, mineral spirits, petroleum naphthas, or other petroleum products which contain a significant
percentage of hydrocarbons lighter than Cq or with boiling points <150 °C. This method, in and of itself, is also
not suitable for the evaluation of petroleum products which contain a significant percentage of hydrocarbons
heavier than Czs or with boiling points >500 °C.

The RL of this method for each of the Target PAH Analytes is determined by the concentration of the lowest
applicable calibration standard. The nominal RL for the individual target analytes is compound-specific, and
ranges from approximately 0.2 to 1.0 mg/kg in soil/sediment matrices, and 2 to 5 pg/L in aqueous matrices.
The RLs for the collective hydrocarbon ranges are approximately 10 mg/kg in soil/sediment matrices, and
approximately 100 pg/L in aqueous matrices. The RL for TPH is approximately 10 mg/kg in soil/sediment
matrices and approximately 100 pg/L in aqueous matrices.
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This method includes a data adjustment step to subtract the concentration of Target PAH Analytes from the
concentration of C,; through C, aromatic hydrocarbons. This data adjustment step may be taken by the
laboratory or by the data user .

Data reports produced using this method must contain all of the information presented in Appendix 3. The
format of these reports is left to the discretion of the individual laboratories (but must include the same
certification statement presented in the aforementioned Appendix and must be provided in a clear, concise,
and succinct manner). However, the format of the MassDEP Analytical Protocol Laboratory Certification
Form must follow the format presented in Appendix 3.

Like all GC procedures, this method is subject to a "false positive™ bias in the reporting of Target PAH
Analytes, in that non-targeted hydrocarbon compounds eluting or co-eluting within a specified retention time
window may be falsely identified and/or quantified as a Target or Diesel PAH Analyte. In addition, this
method is subject to a “false negative” bias in the reporting of Target PAH Analytes, in that the ability to
identify Target PAH Analytes at low concentrations may be inhibited if a large unresolved complex mixture is
present. While cleanup procedures specified in this method to segregate aliphatic and aromatic ranges will
serve to mitigate these concerns, confirmatory analysis by dissimilar columns, GC/MS analysis, or other
suitable method is recommended in cases where a Target PAH Analyte reported by this method exceeds an
applicable reporting or cleanup standard, and/or where co-elution of a non-targeted hydrocarbon compound is
suspected.

The first draft of this method was evaluated by two inter-laboratory “Round Robin” testing programs. In the
final evaluation effort, participating laboratories were provided (single-blind) sand samples spiked with a #2
fuel oil, and a “real world” groundwater sample contaminated by a highly weathered fuel oil. Laboratory
proficiency was evaluated using a Z-score approach. Data received from 23 laboratories performing the
method without significant modifications are summarized below:

Data from Proficient Laboratories
Matrix # Labs % Labs Fraction %RSD | % Labs within +/-
Proficient | Proficient 40% mean value
C,o-Cyg Aliphatics 23 95
. C19-Cs6 Aliphatics 30 89
soil 19 83 C11-C,» Aromatics 19 100
Total All Fractions (TPH) 17 100
C,-Cy3 Aliphatics 84 22
C9-C3 Aliphatics 192 94
water 20 87 C11-C,» Aromatics 47 72
Total All Fractions (TPH) 35 83

Laboratory and method performance on the water sample were adversely impacted by the relatively low
concentrations of the aliphatic fractions (due to the low solubilities of these hydrocarbons in “real world”
samples), and by breakthrough of naphthalenes into the aliphatic extract during fractionation. Improvements
incorporated into this final method are expected to mitigate problems of this nature and significantly
improve overall method performance.

This method is one way to quantify collective concentrations of extractable aliphatic and aromatic petroleum
hydrocarbons within specified carbon number ranges. It has been designed in a manner that attempts to
strike a reasonable balance between analytical method performance and utility. In this manner, assumptions
and biases have been incorporated into the method to help ensure protective, though not overly conservative
data.

As an example, MassDEP recognizes that branched alkanes have lower boiling points than their n-alkane
counterpart, while many of the cycloalkane constituents of diesel range organics have higher boiling points
than their n-alkane counterpart. As a consequence:

(1) Depending upon the specific chromatographic column used, most branched Cq alkanes are expected to
elute before n-nonane, the beginning marker compound for the Cqy through Cg aliphatic hydrocarbon range,
and will therefore not be counted in the Cq through Cg aliphatic hydrocarbon range;
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(2) Depending upon the specific chromatographic column used, most branched C,q alkanes are expected to
elute before n-nonadecane, the beginning marker compound for the C,4 through Cs4 aliphatic hydrocarbon
range, and will be conservatively counted in the more toxic Cq through Cyg aliphatic hydrocarbon range; and

(3) Depending upon the specific chromatographic column used, most cycloalkanes within the Cq through
Cigand Cyg through Cgq aliphatic hydrocarbon ranges will be counted within their proper range.

Based on the nature of petroleum releases encountered in the environment, the collective concentrations of
the extractable aliphatic ranges as measured by the EPH Method are considered to be suitable for the
evaluation of the risks posed by these releases, consistent with the toxicological approach developed by
MassDEP to evaluate human health hazards that may result from exposure to petroleum hydrocarbons
(MassDEP, 1994 and MassDEP, 2003).

There may be better, more accurate, and/or less conservative ways to produce Target PAH Analyte and
hydrocarbon range data. MassDEP encourages methodological innovations that (a) better achieve method
and/or data quality objectives, (b) increase analytical precision and accuracy, (c) reduce analytical
uncertainties and expenses, and/or (d) reduce the use of toxic solvents and generation of hazardous wastes.

All significant modifications to this method, however, must be disclosed and described on the data report
form, as detailed in Section 11.3 and the MassDEP Analytical Protocol Certification Form (See Appendix 3,
Exhibit 2, Question E). Laboratories that make such modifications, and/or develop and utilize alternative
approaches and methods, are further required to demonstrate that:

e Such modifications or methodologies adequately quantify the petroleum hydrocarbon ranges, as
defined in Sections 3.4 through 3.6 of this document, ensuring that any methodological
uncertainties or biases are addressed in a manner that ensures protective (i.e., conservative) results
and data (e.g., over, not under-quantification of the more toxic ranges);

e  Such modifications and/or methodologies employ and document initial method demonstration and
ongoing quality control (QC) procedures consistent with approaches detailed in the MassDEP
Compendium of Analytical Methods (CAM); and

e Such methods and procedural modifications are fully documented in a detailed standard operating
procedure (SOP).

Additional information and details on the MassDEP EPH approach are available at
https://www.mass.gov/lists/policies-quidance-technical-support-for-site-cleanup .

This method should be used in conjunction with the current version of CAM IV B, “Quality Control
Requirements and Performance Standards for the Analysis of Extractable Petroleum Hydrocarbons (EPH)
in Support of Response Actions Under the Massachusetts Contingency Plan (MCP)”. WSC-CAM-1V B
was developed by MassDEP to complement this MassDEP EPH Method and to provide more detailed
guidance regarding compliance with the QC requirements and performance standards of the MassDEP
EPH Method.

SUMMARY OF METHOD AND DATA QUALITY OBJECTIVES

2.1

Samples submitted for EPH analysis are extracted with methylene chloride, dried over sodium sulfate,
solvent exchanged into hexane, and concentrated in a Kuderna-Danish (K-D) apparatus. Sample cleanup
and separation into aliphatic and aromatic fractions is accomplished using commercially available silica gel
cartridges or prepared silica gel columns. The resulting two individual fraction extracts are re-concentrated
to a final volume of 1 mL (i.e., an aliphatic extract and an aromatic extract). The concentrated extracts are
then separately analyzed by a capillary column GC equipped with an FID. The resultant chromatogram
from the analysis of the aliphatic extracts is used to determine the collective concentrations of aliphatic
hydrocarbons within the Cy through Cyg and C9 through Csg ranges. The resultant chromatogram from the
analysis of the aromatic extract is used to determine the collective concentration of aromatic hydrocarbons
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2.3
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within the Cy; through C,, range, and is (optionally) used to determine the individual concentrations of
Target PAH Analytes.

This method is suitable for the analysis of aqueous samples, soils, sediments, wastes, sludges, and non-
aqueous phase liquid (NAPL) samples. However, it should be noted that the method was validated only for
soil and aqueous matrices.

This method is based on (1) USEPA Methods 8000D, 8100, 8270E, 3510C, 3520C, 3540C, 3541, 3545A,
3546, 3580A and 3630C, SW-846, "Test Methods for Evaluating Solid Waste"; (2) Draft Method for
Determination of Diesel Range Organics, EPA UST Workgroup, November, 1990; and (3) Modified DRO
Method for Determining Diesel Range Organics, Wisconsin Department of Natural Resources, PUBL-SW-
141, 1992.

Data Quality Objectives should be developed and applied for sampling and analytical efforts involving the
use of this method. Key parameters of interest include: (a) the acceptability of RLs achievable by the
laboratory for the contaminants of interest and (b) the identification and reporting of target analytes.

3.0 DEFINITIONS

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Aliphatic Hydrocarbon Standard is defined as a 14 component mixture of the normal alkanes listed in
Table 1. The compounds comprising the Aliphatic Hydrocarbon Standard are used to (a) define and
establish retention time windows for the two aliphatic hydrocarbons ranges, and (b) determine average
calibration or response factors that can in turn be used to calculate the collective concentration of aliphatic
hydrocarbons in environmental samples within those hydrocarbon ranges.

Analytical Batch is defined as a group of field samples with similar matrices which are processed as a unit.
For QC purposes, if the number of samples in such a group is greater than 20, then each group of 20 samples
or less is defined as a separate analytical batch.

Aromatic Hydrocarbon Standard is defined as a 17 component mixture of the PAHSs listed in Table 2.
The compounds comprising the Aromatic Hydrocarbon Standard are used to (a) define the individual
retention times and determine the average calibration or response factors for each of the PAH analytes listed
in Table 2, (b) define and establish the retention time window for the C;; through C, Aromatic
Hydrocarbon range, and (c) determine an average calibration or response factor that can in turn be used to
calculate the collective concentration of aromatic hydrocarbons in environmental samples within the Cy;
through C,, hydrocarbon range.

C, through Cyg Aliphatic Hydrocarbons are defined as all aliphatic petroleum hydrocarbon compounds
which contain between nine and 18 carbon atoms. In the EPH method, Cy through Cig aliphatic
hydrocarbons are defined and quantitated as compounds which elute from n-nonane (Co) to just before n-
nonadecane (Cyg).

Cyo through Csq Aliphatic Hydrocarbons are defined as all aliphatic petroleum hydrocarbon compounds
which contain between 19 and 36 carbon atoms. In the EPH method, Ciy through Cs¢ aliphatic
hydrocarbons are defined and quantitated as compounds, which elute from n-nonadecane (Cyg) to just after
hexatriacontane (Csg).

Cy1 through C,, Aromatic Hydrocarbons are defined as all aromatic petroleum hydrocarbon compounds
which contain between 11 and 22 carbon atoms. In the EPH method, Cy; through C,, aromatic
hydrocarbons are defined and quantitated as compounds which elute from naphthalene to just after
benzo(g,h,i)perylene, excluding Target PAH Analytes.

Calibration Standards are defined as a series of standard solutions prepared from dilutions of a stock
standard solution, containing known concentrations of each analyte and surrogate compound of interest.

Continuing Calibration Standard is defined as a calibration standard used to periodically check the
calibration state of an instrument. The continuing calibration standard is prepared from the same stock
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standard solution as initial calibration standards, and is generally one of the mid-level range calibration
standard dilutions.

Diesel PAH Analytes are defined as naphthalene, 2-methylnaphthalene, phenanthrene, and
acenaphthene, and are a subset of Target PAH Analytes. For most sites known to be contaminated by a
release of diesel and/or #2 fuel oil only, Diesel PAH Analytes will be the only Target PAH Analytes of
interest.

Extractable Petroleum Hydrocarbons (EPH) are defined as collective fractions of hydrocarbon
compounds eluting from n-nonane to n-hexatriacontane, excluding Target PAH Analytes. EPH is
comprised of Cq through C;g Aliphatic Hydrocarbons, C,g through Cs¢ Aliphatic Hydrocarbons, and Cy,
through C,, Aromatic Hydrocarbons.

Field Duplicates are defined as two separate samples collected at the same time and place under identical
circumstances and managed the same throughout field and laboratory procedures. Analyses of field
duplicates give a measure of the precision associated with sample collection, preservation and storage, as
well as laboratory procedures.

Fractionation Surrogate Standards are compounds that are added to sample extracts immediately prior to
fractionation at known concentrations to evaluate fractionation efficiency.

Initial Calibration Verification (ICV) Standard is defined as a mid-range standard prepared from a
separate source than used for the initial and continuing calibration standards. This analysis must be
performed every time an initial calibration is performed.

Internal Standard (IS) is a compound added to every calibration standard, blank, laboratory control sample
(LCS), matrix spike, sample extract at a known concentration, prior to analysis. ISs are used as the basis for
quantitation of the method’s target analytes when GC/MS is utilized.

Laboratory Control Sample (LCS) is defined as a reagent water blank (when associated with aqueous
samples) or clean sand blank (when associated with soil/sediment samples) fortified with the matrix spiking
solution. The LCS is prepared and analyzed in the same manner as the samples and its purpose is to
determine the bias of the analytical method.

Laboratory Control Sample Duplicate (LCSD) is defined as a reagent water blank (when associated with
aqueous samples) or clean sand blank (when associated with soil/sediment samples) fortified with the matrix
spiking solution. The LCSD is prepared separately from the LCS but is prepared and analyzed in the same
manner as the LCS. The purpose of LCS duplicates is to determine the bias and precision of the analytical
method.

Laboratory Method Blank (LMB) is defined as an aliquot of reagent water (when associated with aqueous
samples) or clean sand (when associated with soil/sediment samples) spiked with a surrogate standard. The
laboratory method blank is prepared and analyzed in the same manner as the samples, exposed to all
glassware, solvents, reagents, and equipment. A laboratory method blank is prepared and analyzed with
every batch of samples, to determine if method analytes or other interferences are present in the laboratory
environment, reagents, or equipment.

Matrix Duplicates are defined as split samples prepared and analyzed separately with identical procedures.
For soil/sediment samples, matrix duplicate samples are taken from the same sampling container. For
aqueous samples, a separate container is used for the matrix duplicate sample. The analysis of matrix
duplicates gives a measure of the precision associated with laboratory procedures, but not with sample
collection, preservation, or storage procedures.

Matrix Spike Sample is defined as an environmental sample which has been spiked with a matrix spiking
solution containing known concentrations of method analytes. The purpose of the matrix spike sample is to
determine whether the sample matrix contributes bias to the analytical results. The background
concentrations of the analytes in the sample matrix must be determined through the separate analyses of an
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unspiked sample aliquot. The measured values in the matrix spike sample must be corrected for background
concentrations when calculating recoveries of spiked analytes.

Matrix Spiking Solution is defined as a solution prepared from a separate source than used for the
calibration standards, containing known concentrations of method analytes.

System Solvent Blank (SSB) is defined as an aliquot of a method solvent (e.g., hexane or methylene
chloride, pesticide-grade or better) that is directly injected into the GC system. The SSB provides one way
of determining the level of noise and baseline rise attributable solely to the analytical system, in the absence
of any other analytes or non-analytical related contaminants.

Surrogate Standards are compounds spiked into all samples, blanks, LCSs, and matrix spikes to monitor
the efficacy of sample extraction, chromatographic, and calibration systems.

Target PAH Analytes are defined as the 17 PAH compounds listed in Table 2.

Total Petroleum Hydrocarbons (TPH) are defined as the collective concentration of all hydrocarbon
compounds eluting from n-nonane to n-hexatriacontane, excluding Target PAH Analytes. TPH is
equivalent to the summation of Cy through Cyg Aliphatic Hydrocarbons, Ciy through Cs Aliphatic
Hydrocarbons, and C,; through C,, Aromatic Hydrocarbons.

Unadjusted Cy; through C, Aromatic Hydrocarbons are defined as all aromatic hydrocarbon
compounds eluting from naphthalene through benzo(g,h,i)perylene.

Unadjusted TPH is defined as the collective concentration of all hydrocarbon compounds eluting from n-
nonane to n-hexatriacontane, including the Target PAH Analytes.

All other terms are as defined in the most current version of SW-846, Test Methods for Evaluating Solid
Waste, USEPA.

4.0 INTERFERENCES AND METHOD LIMITATIONS

41

4.2

4.3

4.4

45

Method interferences are reduced by washing all glassware with hot soapy water and then rinsing with warm tap
water, acetone, and methylene chloride.

High purity reagents must be used to minimize interference problems.

Cross-contamination can occur whenever a low-concentration sample is analyzed immediately after a high-
concentration sample. To reduce carryover, the sample syringe must be rinsed between samples with solvent.
Whenever an unusually concentrated sample is encountered, it must be followed by the analysis of an SSB to
check for cross-contamination. However, due to the potential for samples to be analyzed using an
autosampler, the ability to perform this blank analysis may not always be possible. If the sample analyzed
immediately after the unusually concentrated sample is free from contamination, then the assumption can be
made that carryover or cross-contamination is not an issue. However, if this sample did detect analytes which
were present in the unusually concentrated sample, reanalysis is required for all samples analyzed after this
highly concentrated sample which detected similar analytes.

Matrix interferences may be caused by contaminants that are coextracted from the sample. The extent of matrix
interference will vary considerably from one source to another depending upon the nature and complexity of the
site being sampled. A silica gel SPE cleanup procedure is used to overcome many of these interferences, but
some samples may require additional and more rigorous cleanup procedures which are beyond the scope of this
method.

Other organic contaminants commingled with petroleum product releases, including chlorinated hydrocarbons,
phenols, and phthalate esters, will be quantitated as TPH and EPH. If necessary and/or desirable, additional
sample cleanup and/or analytical procedures may be employed to minimize or document the presence of such
compounds.

Extractable P
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4.6 The leaching of plasticizers and other compounds have been observed from commercially available silica gel
cartridges used to fractionate EPH sample extracts. Concerns of this nature must be continuously monitored and
documented by analysis of LMBs. Section 9.2 provides a procedure to eliminate or minimize this
contamination.

4.7 Because of their weakly polar nature, naphthalene and substituted naphthalenes readily mobilize into the
aliphatic extract if excessive amounts of hexane are used to elute the silica gel cartridge/column. Because these
compounds constitute a significant percentage of the water-soluble fraction of fuel oils, this occurrence is
especially problematic in the analysis of water samples. For this reason, the method requires the evaluation of
the aliphatic fraction for the presence of naphthalene and 2-methylnaphthalene in the LCS/LCSD pair on a batch
basis. The fractionation surrogate, 2-bromonaphthalene, is used to monitor sample-specific fractionation
efficiency.

5.0 HEALTH AND SAFETY ISSUES

The toxicity and carcinogenicity of each reagent used in this method have not been precisely defined. However, each
chemical compound should be treated as a potential health hazard. From this viewpoint, exposure to these chemicals
must be reduced to the lowest possible level by whatever means available. The laboratory is responsible for
maintaining a current file of Occupational Safety and Health Administration (OSHA) regulations regarding the safe
handling of the chemicals specified in this method. A reference file of safety data sheets should also be made
available to all personnel involved in the chemical analysis.

6.0 APPARATUS AND MATERIALS

6.1 Gas Chromatograph System

6.1.1  An analytical system complete with a temperature programmable GC for use with a capillary
column is required.

6.1.2  Detector: AnFID is required.

6.1.3  Chromatographic Column: The analytical column must adequately resolve the n-Cgy to n-Czg
aliphatic hydrocarbon standard compounds and the Target PAH Analytes listed in Tables 1 and
2, respectively. The recommended analytical column is an RTX-5 capillary column (30-m x
0.32-mm internal diameter (1.D.), 0.25-um film thickness [Restek Corp. or equivalent]).

6.1.4 Data Station: A data station is required that is capable of storing and reintegrating
chromatographic data and capable of determining peak areas using a forced baseline projection.

6.1.5  Autosampler: An autosampler capable of making 1 to 4 pL injections is recommended.
6.2 The following is a partial list of glassware used for this method:

6.2.1  1-L amber glass bottles.

6.2.2 4 0z. (120 mL) amber wide-mouth glass jars.

6.23  Vials:

e autosampler: 2-mL glass vials with Teflon-lined rubber crimp caps
e 10-mL vials with Teflon-lined caps

6.2.4  Glass funnels.
6.2.5  2-L Separatory funnels with Teflon stopcock (aqueous liquid-liquid extraction only).

6.2.6  K-D apparatus including 10-mL graduated concentrator tube, 500-mL Evaporative flask, & 3-ball
Snyder column.
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6.3

6.4

6.5

6.6
6.7
6.8
6.9
6.10

6.11

6.2.7  250-mL Erlenmeyer flasks.

6.2.8  25-mL graduated cylinder.

6.2.9  1-L graduated cylinder.

6.2.10 100-mL beakers.

6.2.11 Class “A” volumetric flasks: 10, 25, 50 and 100-mL.

6.2.12 Class “A” volumetric pipets: 1, 5 or 10-mL.

Analytical balance: An analytical balance capable of accurately weighing 0.0001 g must be used for weighing
standards, if required. A top-loading balance capable of weighing to the nearest 0.1 g must be used for
weighing soil/sediment samples.

An air or nitrogen blowdown apparatus, or equivalent sample concentration apparatus, is required to
concentrate extracts.

Water bath: heated with a concentric ring cover, capable of temperature control (+ 2°C). The bath should be
used in a hood.

Disposable pipets: Pasteur.

Microsyringes: 10-pL, 100-pL, 250-pL, 500-pL, 1000-pL.
Boiling chips.

Soxhlet, Soxtec or alternative extraction apparatus.

Drying oven.

Dessicator.

7.0 REAGENTS AND STANDARDS

7.1 Reagents

7.1.1  Reagent Water: organic free water (American Society for Testing and Materials [ASTM] Type |
reagent grade water).

7.1.2  Solvents: hexane, methylene chloride, and acetone; pesticide-grade or better. Store away from
other solvents.

7.1.3  Sodium sulfate: (ACS) granular, anhydrous. Purify by heating at 400°C for 4 hours in a shallow
tray.

7.1.4  Ottawa and/or masonry sand: free of extractable petroleum hydrocarbons.

7.1.5  Silica Gel (5 - 10 grams), either prepared and packed by the laboratory, or purchased in 5 g/15-mL
cartridges from a commercial vendor. Silica gel prepared and packed by the laboratory should be
activated at 130°C for at least 16 hours, and heated to 150-160°C for several hours before use.
Refer to Section 9.2.2 for guidance on the use of silica gel.

NOTE: Leaching of plasticizers and other compounds have been observed from commercially
prepared silica gel cartridges, and must be monitored and documented by analyses of LMBs. Refer
to Section 9.2 for a procedure to eliminate or minimize this contamination.

NOTE: Silica gel is hygroscopic. Unused cartridges readily absorb moisture from ambient air if
not properly sealed. To preclude moisture adsorption, which adversely effects cartridge
performance, unused cartridges must be stored in a properly-maintained desiccator prior to use.
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7.2 Stock Standard Solutions
Prepare stock standard solutions at approximately 1000 ng/uL, or purchase as certified solutions.

7.2.1  Aromatic Hydrocarbon Standard: The Aromatic Hydrocarbon Standard consists of the 17 PAH
compounds listed in Table 2, a surrogate compound (i.e., ortho-terphenyl [OTP]) and fractionation
surrogate compounds. Prepare stock standard solutions by accurately weighing approximately
0.0100 g of pure material. Dissolve the material in methylene chloride and dilute to volume in a
10-mL volumetric flask.

7.2.2  Aliphatic Hydrocarbon Standard: The Aliphatic Hydrocarbon Standard consists of the 14 normal
alkanes listed in Table 1, naphthalene, 2-methylnaphthalene, and a surrogate compound (i.e., 1-
chloro-octadecane [COD]).  Prepare stock standard solutions by accurately weighing
approximately 0.0100 g of pure material. Dissolve the material in hexane and dilute to volume in a
10-mL volumetric flask.

7.2.3  Transfer each stock standard into a PTFE-lined screw cap vial. Store the vials (protected from
light) at <6 °C or as recommended by the standard manufacturer. Stock standard solutions must
be replaced after 6 months, or sooner if comparison with check standards indicates a problem.

7.2.4  Calibration standards are prepared by serial dilution of the stock standard as described in Section
7.3.

7.3 EPH Calibration Standards: Prepare Aromatic and Aliphatic Hydrocarbon calibration standards from the
stock standard solutions. At a minimum, five different concentrations are required for a valid calibration
curve by adding volumes of the stock standard solutions to volumetric flasks and diluting to volume with
methylene chloride and hexane, respectively. The surrogate OTP and the fractionation surrogates are
included in the Aromatic Hydrocarbon calibration standard; the surrogate COD, naphthalene, and 2-
methylnaphthalene are included in the Aliphatic Hydrocarbon calibration standard. The calibration
concentrations must be evenly dispersed over the full working range of the detector with the lowest
calibration point corresponding to the RL for Target PAH Analytes. The highest concentration defines the
maximum upper working range of the calibration curve. Table 3 provides recommended concentrations for
each calibration standard for a 5-point initial calibration of hydrocarbon ranges and Target PAH Analytes

7.4 Petroleum Reference Spiking Solution: The Petroleum Reference Spiking Solution consists of an API or
commercial diesel fuel standard. Prepare stock standard solutions by accurately weighing approximately
0.02500 g of neat product. Dissolve neat product in acetone and dilute to volume in a 10-mL volumetric
flask. An appropriately diluted aliquot of the stock solution may be used to evaluate method performance

75 Surrogate Standards

7.5.1  Surrogate standards are used to monitor the efficiency of sample extraction, chromatographic, and
calibration systems.

7.5.2  The recommended surrogate standards are COD and OTP. Alternatively, 5-alpha-androstane may
also be used as an aliphatic fraction surrogate without qualification.

7.5.3  The surrogate standard COD is prepared by accurately weighing approximately 0.0100 g of pure
material in a 10-mL volumetric flask. Dissolve the material in hexane.

7.5.4  The surrogate standard OTP is prepared by accurately weighing approximately 0.0100 g of pure
material in a 10-mL volumetric flask. Dissolve the material in methylene chloride.

7.55  Surrogate Spiking Solution: The recommended surrogate spiking solution is comprised of a
mixture of the COD and OTP surrogate standards. Prepare a surrogate spiking solution which
contains the surrogate standards at a concentration of 40 ng/pL in acetone or methanol. Each
sample, LMB, LCS, and matrix spike is fortified with a specified volume of the surrogate spiking
solution in order to yield a final concentration of 40 ug/mL (on column, prior to correction for
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preparation factors). The use of higher concentrations is permissible and advisable when spiking
highly contaminated samples.

7.6 Fractionation Surrogate Standards

7.6.1  The fractionation surrogate standards are added to the sample (hexane) extract just prior to
fractionation. The purpose of the fractionation surrogate standards is to monitor the efficiency of
the fractionation process, and ensure that unacceptable quantities of naphthalene and substituted
naphthalenes are not being eluted into the aliphatic extract.

7.6.2  The recommended fractionation surrogate standard is 2-Bromonaphthalene. Other alternative
fractionation surrogate compounds, including 2-Fluorobiphenyl are permissible, provided that a
demonstration is made that such compounds exhibit polarities/fractionation properties similar to
naphthalene.

7.6.3  The fractionation surrogate standards are prepared by accurately weighing approximately 0.0100 g
of pure material in a 10-mL volumetric flask. Dissolve the material in methylene chloride.

7.6.4  Fractionation Surrogate Spiking Solution: is comprised of 2-Bromonaphthalene and 2-
Fluorobiphenyl (optional) prepared in hexane at concentrations of 40 ng/uL. An aliquot of 1 mL
of the fractionation surrogate spiking solution is added to the 1 mL EPH sample extract prepared in
accordance with the provisions of Sections 9.1.1 and 9.1.2. Alternative concentrations/volumes of
the fractionation surrogate spiking solution are permissible.

7.7 Internal Standards (1Ss)

7.7.1 ISs are compounds with similar physical and chemical properties, and chromatographic
compatibility with an analytical method’s target analytes. ISs are added to all samples, both for
analysis and quality control, at a known concentration and carried through the entire analytical
process. ISs are used as the basis for quantification of Target PAH Analytes (and hydrocarbon
ranges) for the applied analytical method. For the EPH method, ISs are only utilized when GC/MS
is utilized for quantification.

7.7.2  The recommended IS for the EPH Method is 5-alpha-androstane when a modified SW-846 8270E
is used to quantify the Target PAH Analytes and the fractionated aliphatic and/or aromatic
hydrocarbon range concentrations using GC/MS.

7.7.3  The IS is prepared by accurately weighing approximately 0.0500 grams of pure material in a 10-
mL volumetric flask. Dissolve the material in methylene chloride or hexane.

7.74  Analiquot of 10 puL of the IS stock standard is added to each 1 mL EPH sample extract prepared in
accordance with Section 9.3. Alternative concentrations/volumes of the IS spiking solution are
permissible.

7.8 Matrix Spiking Solution

7.8.1  The matrix spiking solution, consisting of all normal alkanes in Table 1 and all PAHSs in Table 2, is
prepared in methanol or acetone at concentrations between 50 - 150 ng/uL (The concentration
should be between the mid and upper level of calibration).

7.8.2  The samples selected as the matrix spike are fortified with a specified volume of the matrix spiking
solution in order to yield a final concentration of 50-150 ug/mL (on column, prior to correction for
preparation factors).

Analytical Note: The matrix spiking solution should always be brought to room temperature before
use to promote dissolution of the highest boiling (marginal solubility)
hydrocarbon standards.
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7.9 Fractionation Check Solution

7.9.1

7.9.2

The Fractionation Check Solution is used to monitor the fractionation efficiency of the silica gel
cartridge/column, and establish the optimum hexane volume required to efficiently elute
aliphatic hydrocarbons while not allowing significant aromatic hydrocarbon breakthrough.

Prepare a Fractionation Check Solution in hexane containing 200 ng/uL of the Aliphatic
Hydrocarbon standard (Cy-Csg alkanes) and 200 ng/uL of the Aromatic Hydrocarbon standard
(Target PAH Analytes). The final solution will contain 14 alkanes and 17 PAHs at
concentrations of 200 ng/uL each. Alternative concentrations are permissible.

8.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

8.1 Aqueous Samples

8.11

8.1.2

8.1.3

8.14

8.1.5

It is good practice to instruct field personnel to collect aqueous samples in duplicate. Samples must
be collected in 1-liter amber glass bottles with Teflon-lined screw caps.

Aqueous samples must be preserved at the time of sampling by the addition of a suitable acid to
reduce the pH of the sample to less than 2.0. This may be accomplished by the addition of 5 mL of
1:1 hydrochloric acid (HCI) to a 1 liter sample. The uses of alternative acids are permissible.
Following collection and addition of acid, the sample must be cooled to 0-6° C.

A chain-of-custody form must accompany all sample bottles and must document the date and time
of sample collection and preservation method used. The laboratory must determine the pH of all
water samples as soon as possible after sample receipt and prior to sample extraction. Any sample
found to contain a pH above 2 must be so noted on the laboratory/data report sheet and the pH
must be adjusted as soon as possible.

Any sample received by the laboratory that is not packed in ice or cooled to 0-6° C must be so
noted on the laboratory/data report sheet. The temperature of the cooler must be recorded by the
laboratory upon receipt.

Aqueous samples must be extracted within 14 days of collection, and analyzed within 40 days of
extraction.

8.2 Soil/Sediment Samples

8.2.1  Soil and sediment samples are collected in 4-0z. (120-mL) amber wide-mouth glass jars with
Teflon-lined screw caps.

8.2.2  Soil and sediment samples must be cooled to 0-6° C immediately after collection.

8.2.3 A chain-of-custody form must accompany all sample bottles and must document the date and time
of sample collection and preservation method used.

8.24  Any sample received by the laboratory that is not packed in ice or cooled to 0-6° C must be so
noted on the laboratory/data report sheet. The temperature of the cooler must be recorded by the
laboratory upon receipt.

8.2.5  Soil and sediment samples must be extracted within 14 days of collection, and analyzed within 40
days of extraction.

8.2.6  Alternatively, samples may be frozen (- 10°C) in the field or in the laboratory. Samples frozen in
the laboratory must be preserved at 0-6° C from the time of sampling and frozen within 24 hours
of the time of collection.

8.3 A summary of sample collection containers, preservation, and holding times is provided in Table 4.
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9.0 EXTRACTION AND ANALYTICAL PROCEDURES

9.1 Overview of Sample Extraction Procedures
Samples are extracted using methylene chloride and solvent-exchanged into hexane. EPH extraction may be
accomplished manually or by automated methods. In this section a detailed description of manual
separatory funnel liquid-liquid extraction for aqueous samples (SW-846 Method 3510) and the Soxhlet
extraction procedure (SW-846 Method 3540) for soils and/or sediments are presented to demonstrate
general extraction concepts for petroleum products. The applicable SW-846 Method should be consulted
for specific details for the other approved EPH extraction procedures.
NOTE: For optimum performance, the sample volumes/weights, solvent volumes, and final extract
volumes cited in Sections 9.1.1 and 9.1.2 are recommended. Alternate volumes can be used as long as
comparable RLs are achieved.
The complete list of approved EPH extraction procedures for aqueous and soil/sediment samples is
presented in Table 5. Alternative extraction procedures other than those listed are acceptable, provided that
the laboratory can document acceptable matrix- and petroleum product-specific performance. However, use
of an alternative extraction procedure is considered a “significant modification” of the EPH method pursuant
to Section 11.3.1.1 and as such would preclude obtaining “Presumptive Certainty” status for any analytical
data produced using an alternative EPH extraction procedure
9.1.1  Aqueous Extraction by Separatory Funnel Liquid-Liquid Extraction
9111 Mark the meniscus on the 1-liter sample bottle (for later volume determination) and transfer
the contents to a 2-liter separatory funnel. For LMBs, LCSs, and LCSDs, pour 1 liter of
reagent water into the separatory funnel. For all samples, LMBs, LCSs, LCSDs and matrix
spikes add the specified volume of the surrogate spiking solution (see Section 7.5) directly
to the separatory funnel. For samples selected for matrix spikes, also add the specified
volume of the matrix spiking solution (see Section 7.8).
9112 Check the pH of the sample with wide-range pH paper. Note the pH in the laboratory
notebook. The pH of the sample must be adjusted to pH <2.
9.1.1.3  Add 60 mL methylene chloride to the sample bottle to rinse the inner walls of the container,
then add this solvent to the separatory funnel.
9.1.14  Seal and shake the separatory funnel vigorously for at least three (3) minutes with periodic
venting to release excess pressure.

NOTE: Methylene chloride creates excessive pressure very rapidly; therefore,
venting should be done immediately after the separatory funnel has been
sealed and shaken once.

9.1.1.5  Allow the organic layer to separate from the water phase for a minimum of 5 minutes. If the
emulsion interface between layers is more than one-third the size of the solvent layer, the
analyst must employ mechanical techniques to complete the phase separation. The
optimum technique depends upon the sample and may include stirring, filtration of the
emulsion through glass wool, centrifugation, or other physical methods. Collect the solvent
extract in an Erlenmeyer flask.

9.1.16 Repeat the extraction two more times using additional 60 mL portions of solvent. Combine
the three solvent extracts in a 250-mL Erlenmeyer flask. (Steps 9.1.1.3t0 9.1.1.5)

9.1.1.7 For sample volume determination add water to the sample bottle to the level of the meniscus
previously marked and transfer this water to a graduated cylinder.
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9.1.1.8  Assemble a K-D concentrator by attaching a 10-mL concentrator tube to a 500-mL
evaporation flask.

9.1.19  Dry the extract by passing it through a glass powder funnel containing anhydrous sodium
sulfate or other suitable drying agent. Collect the dried extract in the K-D concentrator.
Rinse the Erlenmeyer flask, which contained the solvent extract, with 20 to 30 mL of
methylene chloride and add it to the funnel to complete the quantitative transfer.

9.1.1.10 Add one or two clean boiling chips to the K-D flask and attach a three-ball Snyder column.
Pre-wet the Snyder column by adding about 1 mL of methylene chloride to the top of the
column. Place the K-D apparatus on a hot water bath (80-90°C) so that the concentrator
tube is partially immersed in the hot water and the entire lower rounded surface of the flask
is bathed with hot vapor. Adjust the vertical position of the apparatus and the water
temperature, as required, to complete the concentration in 10 to 20 minutes. At the proper
rate of distillation, the balls of the column will actively chatter, but the chambers will not
flood. When the apparent volume of liquid reaches 1 mL, remove the K-D apparatus from
the water bath and allow it to drain and cool for at least 10 minutes.

9.1.1.11 Exchange the methylene chloride with hexane by adding 50 mL of hexane to the top of the
Snyder column. Concentrate the extract to less than 10 mL, as described in Section 9.1.1.10,
raising the temperature of the water bath, if necessary, to maintain proper distillation.

9.1.1.12 Remove the Snyder column and evaporation flask from the 10-mL concentrator tube. Place
the concentrator tube containing the hexane extract onto an air blowdown apparatus. Adjust
the extract volume to 1 mL under a gentle stream of nitrogen or air. If the extract is highly
colored, forms a precipitate, or stops evaporating, the final volume should be higher. If a
TPH analysis is to be conducted, without fractionation, proceed to Section 9.3.3.

Analytical Note: Due caution must be exercised during blowdown to avoid losses of the
more volatile (Cy through Cy,) EPH components. The fractionation
extract (or any extract) volume should never be reduced below 1 mL in
this or any other step to minimize volatilization losses.

9.1.1.13 Add 1 mL of the concentrated fractionation surrogate spiking solution (see Section 7.6) to
the 1 mL hexane extract. Alternatively, add 20-50 ng each of the fractionation surrogate
standards using a microliter syringe (up to 10 uL volume).

Analytical Note: If the latter alternative is exercised, only a single extract will be available
for fractionation unless the spiked extract is further diluted. Such
dilution may not be advisable for samples with Target PAH Analytes or
hydrocarbon ranges at or near the method’s RL.

9.1.1.14 Record the sample preparation information for the extraction and concentration steps. At a
minimum, record the date, sample laboratory number, sample volume, volume and
concentration of added surrogates and matrix spike solutions, the original pH, final extract
volume, and any deviations or problems associated with the extraction of the samples.

9.1.1.15 The 2 mL extract (1 mL extract + 1 mL fractionation surrogate) is now ready to be cleaned
and fractionated using silica gel SPE cartridges. If cleanup will not be performed
immediately, transfer the extract to a Teflon-lined screw-cap vial, label, and refrigerate.
9.1.1.16  For cleanup and fractionation, refer to Section 9.2.
9.1.2  Soil and/or Sediment Extraction using Soxhlet Extraction
9.121 Blend 10 g of the solid sample with 10 g anhydrous sodium sulfate and place in an

extraction thimble. The extraction thimble must drain freely for the duration of the
extraction period. Add the specified volume of the surrogate spiking solution (see Section
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9.1.2.2

9.1.2.3

9.1.24

9.1.25

9.1.2.6

9.1.2.7

9.1.28

9.1.29

9.1.2.10

7.5) to all samples, LMBs, LCSs, LCSDs and matrix spikes. Thoroughly mix the surrogate
spiking solution into the sample. For samples selected for matrix spikes, also add the
specified volume of the matrix spiking solution (see Section 7.8). Thoroughly mix the
matrix spiking solution(s) into the sample.

Place 300 mL of methylene chloride into a 500-mL round-bottom flask containing one or
two clean boiling chips. Attach the flask to the extractor and extract the sample for 16-24
hours. The volume of methylene chloride should be adjusted to accommodate the size of
the round-bottom flask utilized.

Allow the extract to cool after the extraction is completed.

Assemble a K-D concentrator by attaching a 10-mL concentrator tube to a 500-mL
evaporation flask.

Dry the extract by passing it through a glass powder funnel containing anhydrous sodium
sulfate or other suitable drying agent. Collect the dried extract in the K-D concentrator.
Rinse the extractor flask with 100 to 125 mL of methylene chloride and add it to the funnel
to complete the quantitative transfer.

Add one or two clean boiling chips to the K-D flask and attach a three-ball Snyder column.
Pre-wet the Snyder column by adding about 1 mL of methylene chloride to the top of the
column. Place the K-D apparatus on a hot water bath (80-90°C) so that the concentrator
tube is partially immersed in the hot water and the entire lower rounded surface of the flask
is bathed with hot vapor. Adjust the vertical position of the apparatus and the water
temperature, as required, to complete the concentration in 10 to 20 minutes. At the proper
rate of distillation, the balls of the column will actively chatter, but the chambers will not
flood. When the apparent volume of liquid reaches 1 mL, remove the K-D apparatus from
the water bath and allow it to drain and cool for at least 10 minutes.

Exchange the methylene chloride with hexane by adding 50 mL of hexane to the top of the
Snyder column. Concentrate the extract to less than 10 mL, as described in Section 9.1.2.6,
raising the temperature of the water bath, if necessary, to maintain proper distillation.

Remove the Snyder column and evaporation flask from the 10-mL concentrator tube.
Place the concentrator tube containing the hexane extract onto an air blowdown
apparatus. Adjust the extract volume to 1 mL under a gentle stream of nitrogen or air. If
the extract is highly colored, forms a precipitate, or stops evaporating, the final volume
should be higher. If a TPH analysis is to be conducted without fractionation, proceed to
Section 9.3.3.

Analytical Note: Due caution must be exercised during blowdown to avoid losses of the
more volatile (Cy through C;;) EPH components. The fractionation
extract (or any extract) volume should never be reduced below 1 mL in
this or any other step to minimize volatilization losses.

Add 1 mL of the concentrated fractionation surrogate spiking solution (see Section 7.6)
to the 1 mL hexane extract. Alternatively, add 20-50 ng each of the fractionation
surrogate standards using a microliter syringe (up to 10 uL volume).

Analytical Note: If the latter alternative is exercised, only a single extract will be
available for fractionation unless the spiked extract is further diluted.
Such dilution may not be advisable for samples with Target PAH
Analytes or hydrocarbon ranges at or near the method’s RL.

Record the sample preparation information for the extraction and concentration steps. At a
minimum, record the date, sample laboratory number, sample weight, volume and
concentration of added surrogates and matrix spike solutions, extraction start and stop times,
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final extract volume and any deviations or problems associated with the extraction of the
samples.

9.1.211 The 2 mL extract (1 mL extract + 1 mL fractionation surrogate) is now ready to be cleaned
and fractionated using silica gel SPE cartridges. If cleanup will not be performed
immediately, transfer the extract to a Teflon-lined screw-cap vial, label, and refrigerate.

9.1.2.12  For cleanup and fractionation, refer to Section 9.2.
9.2 Silica Gel Cleanup and Fractionation

NOTE: The Silica Gel Cleanup and Fractionation step is a critical and highly sensitive procedure.
Small changes in the volumes of eluting solvents, fractionation equipment, and/or fractionation
techniques can significantly impact the proportion of hydrocarbons segregated in either the
aliphatic or aromatic fractions. Considerable care and attention is required to ensure satisfactory
results.

9.21 Each sample fractionation requires 1 mL of sample extract. Because 2 mL of sample extract are
available, two fractionations may be undertaken for each sample. Refractionation would be necessary if
problems are experienced during the initial fractionation effort, if unacceptable breakthrough is noted for
naphthalene and 2-methylnaphthalene in the LCS and/or LCSD, and/or if unacceptable recoveries are
noted for the fractionation surrogate standard(s). The extra volume of sample extract is also provided to
facilitate initial (unfractionated) TPH screening of a sample, to obtain a GC/FID “fingerprint”, and/or to
determine whether sufficient total hydrocarbons are present to warrant fractionation and comparison to
risk-based cleanup standards.

9.2.2 Silica gel is a regenerative adsorbent of amorphous silica with weakly acidic properties. It is produced
from sodium silicate and sulfuric acid. Silica gel can be used for column chromatography and is used
for separating analytes from interfering compounds of a different chemical polarity. Silica gel is also
used to separate petroleum distillates into aliphatic and aromatic fractions.

A 5 g/15-mL SPE silica gel cartridge is commercially available. Alternatively, the use of self-packed
columns of activated silica gel may also be used. The use of activated silica gel for general column
chromatographic applications is described in detail in SW-846 Method 3630C.

To ensure satisfactory fractionation, silica gel/cartridges must not be overloaded. It is recommended that
loading be limited to no more than 5 mg total hydrocarbons/gram silica gel; for a 1 mL extract
fractionated on a 5 gram silica gel cartridge, this would equate to a hydrocarbon extract loading of no
greater than 25,000 pg/mL. It should be noted that overloading the column may result in a premature
breakthrough of the C,;-C,, aromatic hydrocarbon range. If overloading is encountered, the sample
must be re-fractionated at a dilution appropriate for the column’s maximum loading capacity.

Unsealed silica gel/cartridges must be stored in a properly-maintained desiccator to avoid inadvertent
adsorption of ambient moisture. Silica gel that has been exposed to moisture may perform erratically
resulting in poor performance manifested by naphthalene/2-methylnaphthalene and fractionation
surrogate breakthrough.

Analvtical Note: Air-drying of the (_:artrldges_ may adversely affect silica gel
Analytical Note performance and is not advised.

o -
ol

9.2.3  If concerns exist over the presence of contaminants in the silica gel/cartridge, pre-rinse the column
with 30 mL of methylene chloride.

9.231 Rinse the column with 30 mL of hexane, or 60 mL if pre-rinsed with methylene chloride per
Section 9.2.3. Let the hexane flow through the column until the head of the liquid in the
column is just above the column frit. Close the stopcock to stop solvent flow. Discard the
collected hexane.
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9.23.2

9.233

9.234

9.235

Load 1.0 mL of the combined sample extract and fractionation surrogate solution onto the
column. Open the stopcock, and start collecting elutant immediately in a 25-mL volumetric
flask labeled “aliphatics”.

Just prior to exposure of the column frit to the air, elute the column with an additional 19
mL of hexane, so that a total of approximately 20 mL of hexane is passed through the
column.

It is essential that “plug flow” of the sample extract be achieved through the silica gel
cartridge/column. Hexane should be added in 1-2 mL increments or dropwise using a
pipet, with additions occurring when the level of solvent drops to the point just prior to
exposing the column frit to air. The use of a stopcock is mandatory. Care must be
taken to ensure that the silica gel is uniformly packed in the column. The analyst must
be cognizant of any channeling, streaking, or changes in the silica gel matrix during
fractionation; if any of these occur, the procedure must be repeated with another 1 mL
volume of sample extract.

The amount of hexane used during fractionation is critical. Excessive hexane - as little
as 0.5 mL - can cause significant elution of lighter aromatics into the aliphatic fraction.
Insufficient hexane will cause low recoveries of the aliphatic fraction. The volume of
the hexane fractionation elutriate should not exceed 20 mL.

The Fractionation Check Solution described in Section 7.9 must be used to evaluate each
new lot of silica gel /cartridges to re-establish the optimum volume of hexane elutriate. See
Appendix 5, Section 5.0 for optimization specifications.

It is not uncommon to encounter inconsistent cartridge weights, mesh sizes and/or variable
fractionation performance within the same lot of silica gel cartridges. It may be advisable to
perform additional intra-lot fractionation performance checks particularly for larger lot sizes
(500) of silica gel cartridges.

Following recovery of the aliphatic fraction, elute the column with 20 mL of methylene
chloride and collect the eluant in a 25 mL volumetric flask. Label this fraction "aromatics".

9.3 Final Sample Extract Concentration

9.3.1  Transfer the contents of the 25.0 mL “aliphatics” (in hexane) and “aromatics” (in methylene
chloride) volumetric flasks into separate labeled graduated concentrator tubes. Concentrate each of
the extracts to a final volume of 1 mL under a gentle stream of air or nitrogen.

Analytical Note: Due caution must be exercised during blowdown to avoid losses of the more

volatile (Cy through Cy;) EPH components. The fractionation extract (or any
extract) volume should never be reduced below 1 mL in this or any other step to
minimize volatilization losses.

9.3.2  Transfer the final 1 mL extracts from each concentrator tube to labeled 2-mL glass autosampler
vials with Teflon-lined rubber crimp caps. If appropriate, add an IS at the appropriate
concentration.

9.3.3  Proceed with the analysis in accordance with Section 9.8. Analyze all QC samples under the same
conditions as that used for samples.

9.4 Determination of Percent Moisture

9.4.1  Soil and sediment results must be reported on a dry-weight basis.
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9.4.2  Transfer 5 to 10 g of sample into a tared ( = 0.1 g) crucible and determine “wet weight”. Dry this 5
to 10 g sample overnight at 105°C. Allow the crucible to cool in a desiccator and reweigh (+ 0.1
g). Re-desiccate and verify “dry weight”. Calculate the percent moisture of the sample using the
equation provided in Section 9.9.3 (Equation 10). Refer to ASTM Method D2216, Determination
of Moisture Content of Soils and Sediments, for more detailed analytical and equipment
specifications.

9.5 Analytical Conditions

9.5.1 Recommended analytical conditions are presented below. A chromatographic column with
equivalent chromatographic properties, as described in Section 6.1.3, or alternative
chromatographic conditions may be substituted to improve resolution of extractable petroleum
hydrocarbons.

Chromatographic Column: 30 m x 0.32 mm I.D., 0.25 um film thickness Restek RTX-5

Oven Temperature Program Initial oven temperature 60°C, hold time 1 min;
to 290 °C @ 8°C/min, hold time 6.75 min
Total Run Time: 36.5 min

Sample/autosampler Injection  1-4 uL
Gas Flow Rates:  Carrier gas — Helium @ 2 to 3 mL/ min
Oxidizer — Air @ 400 mL/min
Fuel — Hydrogen @ 35 mL/min
Make up — Air @ 30.0 mL/min

Injection Port Temperature: 285°C
Column Inlet Pressure: 15 p.s.i.g.
Detector Temperature: 315°C (FID)

Linear Velocity 50 cm/sec

95.2 GC Maintenance

9521 Capillary columns: Clean and deactivate the glass injection port insert or replace with a
cleaned and deactivated insert.

9522 Break off the first few inches, up to one foot, of the injection port side of the column.
9.5.2.3 Remove the column and solvent backflush according to the manufacturer's instructions.

9524 Bake out the column at the maximum temperature of the temperature program. If these
procedures fail to eliminate a column degradation problem, it may be necessary to replace
the column.

9.6 Retention Time Windows

9.6.1  Before establishing retention time (Rt) windows, optimize the GC system’s operating conditions.
Make three injections of the Aromatic Hydrocarbon and Aliphatic Hydrocarbon Standard mixtures
over the course of a 72-hr period. Serial injections over less than a 72-hr period may result in Rt
windows that are too restrictive.

9.6.2  Calculate the standard deviation of the three absolute Rts for each individual compound in the
Aromatic Hydrocarbon Standard, the Aliphatic Hydrocarbon Standard, and all surrogates and
internal standards.

9.6.3  The Rt window is defined as plus or minus three times the standard deviation of the absolute Rt for
each compound in the Aliphatic and Aromatic Hydrocarbon Standards. However, the experience
of the analyst should weigh heavily in the interpretation of chromatograms.

9.6.4 In those cases where the standard deviation for a particular standard is close to zero, the default
value of 0.1 minutes should be used. Alternatively, the laboratory may substitute the standard
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deviation of a closely eluting structurally similar compound to develop a representative
statistically-derived Rt window.

9.6.5  The laboratory must calculate Rt windows for each compound in the Aliphatic and Aromatic
Hydrocarbon Standards on each GC column and whenever a new GC column is installed. These
data must be retained by the laboratory.

9.6.6 EPH Rt windows are defined as beginning 0.1 minutes before the Rt of the beginning marker
compound and ending 0.1 minutes after the Rt of the ending marker compound, except for n-C,
which is both a beginning and ending marker compound for two different ranges.

The Cq4 - C1g Aliphatic Hydrocarbon range ends immediately (0.1 min) before the elution of the n-
Cyg peak. The Cyg - C3¢ Aliphatic Hydrocarbon range begins 0.1 min before the elution of the n-Cyg
peak; therefore there is no overlap of the two ranges and the n-Cq peak is only included in the Cyg -
Css Aliphatic Hydrocarbon range.

EPH marker compounds and windows are summarized in Table 6.

9.6.7 If a TPH analysis is done without fractionation, TPH Rt windows are defined as beginning 0.1
minutes before the Rt of n-Nonane and ending 0.1 minutes after the Rt of n-Hexatriacontane.

9.7 Calibration

9.7.1  The EPH calibration standards are used to calibrate the GC/FID system. Two distinct calibration
operations are necessary.

9.7.1.1  Target PAH Analytes and Surrogates: Calibration Factors (CFs) are calculated for the
Target PAH Analytes and surrogate standards, based upon a correlation between the
concentration of analyte/surrogate and FID area counts for the analyte/surrogate peaks.
This allows for the individual identification and quantitation of these specific compounds.
It is not necessary to develop CFs for any other individual EPH Components.

9.7.1.2 Collective Aliphatic/Aromatic Hydrocarbon Ranges: CFs are calculated for Cg-Cig
aliphatic hydrocarbons and C,9-Cs¢ aliphatic hydrocarbons based upon a correlation
between the TOTAL concentration of aliphatic EPH Components eluting within the range
of interest and the total FID area count of the applicable EPH component peaks. A CF is
calculated for C,;-C,, aromatic hydrocarbons based upon a correlation between the
concentration of the Target PAH Analytes used to calibrate this range and the total FID
area count of the Target PAH Analytes. Specified EPH Components are designated
marker compounds to define the beginning and end of the hydrocarbon ranges (see Table
6). A listing of the hydrocarbon range compounds used to establish CFs for each
hydrocarbon range of interest and their individual component concentration (ug/L) is
provided in Tables 1 through 3.

9.7.2 Initial Calibration

9721 Initial calibration is performed at instrument set-up and at any time recalibration is
required or performed.

9.7.2.2  An internal standard calibration procedure is not recommended for this method except
when GC/MS is used to quantify Target PAH Analytes and hydrocarbon ranges (see
Section 9.10).

9.7.2.3  The use of CFs is the preferred approach to determine the relationship between the
detector response and the Target PAH Analyte and hydrocarbon range concentrations. It
is also permissible to utilize linear regression (see Sections 9.7.2.13 and 9.7.2.14). The
linear regression approach for Target PAH Analytes and hydrocarbon ranges is described
in Appendix 4. The use of non-linear regression is not allowed in this method and is
considered a significant modification as discussed in Section 11.3.1.1.
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9.7.2.4

9.7.25

9.7.2.6

An initial calibration is performed using a minimum of five different concentrations of
EPH calibration standards as per Section 7.3. Recommended Target PAH Analyte and
hydrocarbon range calibration standard concentrations are provided in Table 3. The
calibration concentrations must be evenly dispersed over the full working range of the
detector with the lowest calibration point corresponding to the target RL for the Target
PAH Analytes (see Section 12.0).

Introduce each calibration standard into the gas chromatograph using the injection volume
(e.g., 1 to 4 pL) that will be used to introduce the “actual” samples and according to the
procedures specified in Section 9.8.

Target PAH Analytes and Surrogates - Tabulate the FID area response against the
concentration for each Target PAH Analyte and surrogate, and calculate a CF for each
compound using Equation 1. Perform this calculation for each Target PAH Analyte and
surrogate.

Equation 1: Calibration Factor for Target PAH Analytes and Surrogates

Calibration Factor (CF)=

area of peak
concentration injected (ng/uL)

9.7.2.7

9.7.2.8

Hydrocarbon Ranges - Establish retention time windows for the hydrocarbon ranges using
the EPH component marker compounds shown in Table 6.

Calculate a CF for the Cy-C,g aliphatic hydrocarbon range using the following steps.

Sum the individual FID peak areas of the six EPH Components that are used to establish an
average range CF for Co-C,yg aliphatic hydrocarbons. It is important to note that these
integrations must be performed using a valley-to-valley approach for each of the individual
peaks that comprise this range. The sum of each of these areas is used in the subsequent
calculation. Note: Do not include the areas of any surrogate standard or naphthalene and 2-
methylnaphthalene in calculating a hydrocarbon range CF.

Using this total area, calculate the Cq-Cyg aliphatic hydrocarbon range CF using Equation 2.

Equation 2: Calibration Factor for Hydrocarbon Range

Range CF =

Area summation of range components

Total concentration injected (ng /ul)

9.7.29

Calculate a CF for the C19-C34 aliphatic hydrocarbon range using the following steps.

Sum the individual FID peak areas of the eight EPH Components that are used to establish
an average range CF for C9-C3q aliphatic hydrocarbons. It is important to note that these
integrations must be performed using a valley-to-valley approach for each of the individual
peaks that comprise this range. The sum of each of these areas is used in the subsequent
calculation. Note: Do not include the area of any surrogate standard in calculating a
hydrocarbon range CF.

Using this total area, calculate the C;9-Cs¢ hydrocarbon range CF using Equation 2.

9.7.2.10

Calculate a CF for the C;-C,, aromatic hydrocarbon range using the following steps.

Use the individual FID peak areas of the 17 Target PAH Analytes which are used to
establish an average range CF for Cy;-C,, aromatic hydrocarbons. It is important to note
that integration must be performed using a valley-to-valley approach for each of the
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9.7.2.11

9.7.2.12

individual peaks that comprise this range. The sum of each of these areas is used in the
subsequent calculation. Note: Do not include the area of any surrogate standard in
calculating a hydrocarbon range CF.

Using this area, calculate the Cy;-C,, aromatic range CF using Equation 2.

Calculate the average CF for each of the Target PAH Analytes, the surrogates, and each
hydrocarbon range.

Calculate the percent relative standard deviation (%RSD) of the CFs over the working range
of the curve for each of the Target PAH Analytes, the surrogates, and each hydrocarbon
range using Equation 3.

Equation 3: Percent Relative Standard Deviation

|%RSD = [(SDn -1) /(AVGx)]*100|

where:

%RSD = percent relative standard deviation
SD,q = standard deviation (n-1 degrees of freedom)
AVG, = average CF from the initial calibration curve

9.7.2.13

9.7.2.14

9.7.2.15

9.7.2.16

If the %RSD is <25 for Target PAH Analytes, the surrogates, and hydrocarbon ranges,
linearity can be assumed and the average CF can be used for quantitation in lieu of a
calibration curve.

If, under extenuating analytical circumstances (e.g., extending the RL beyond the expected
linear range of the detector), the %RSD criteria cannot be achieved, then a linear (least
squares) regression may be used to generate a calibration curve consistent with the guidance
provided in SW-846 Method 8000D, Section 11.5.2. For the linear regression calculations,
the origin (0,0) cannot be included as a calibration point.

NOTE: Use of non-linear calibration is not allowed and is considered a Significant
Modification as per Section 11.3.1.1.

In order for the linear regression model to be used for quantitative purposes, the correlation
coefficient (r) must be >0.99. In addition, the resulting calibration curve from the linear
regression must be verified by recalculating concentrations of the Target PAH Analytes and
hydrocarbon ranges in the lowest calibration standard using the final calibration curve.
Recoveries must be 70-130%.

If recalculated concentrations from the lowest calibration standard are outside the 70-130%
recovery range, raise the RL to the concentration of the next highest calibration standard that
exhibits acceptable recoveries when recalculated using the final calibration curve.

For any calibration model, the concentration of the lowest initial calibration standard used in
an acceptable initial calibration (i.e., %RSDs and r within method criteria), adjusted for
sample size, dilution, etc., establishes the method RL.

The initial calibration must be verified through the analysis of an ICV. This analysis must
be performed every time an initial calibration is performed. The ICV must be prepared from
a different stock standard than that used to prepare the calibration standards and must be
analyzed immediately following the initial calibration. The ICV should be prepared at a
mid-range calibration curve concentration.

Extractable Petroleum Hydrocarbons Revision 2.1

MassDEP-EPH-19-2.1

Page 20 December 2019



Calculate the percent recovery (%R) of each Target PAH Analyte and hydrocarbon range
using Equation 4. Percent recoveries must be between 70-130%. Recalibrate if >10% of all
analytes are outside of criteria.

Equation 4: Percent Recovery

|%6R = [(Cround) /(Ctrue)] *100|

where:

%R = Percent Recovery

Cround = Concentration of the Target PAH Analyte or hydrocarbon range detected in the ICV (ug/L)
Cirwe = True concentration of the Target PAH Analyte or hydrocarbon range in the ICV (ug/L)

9.7.3  Continuing Calibration

9.7.3.1 A Continuing Calibration Standard must be analyzed daily prior to sample analysis, after
every 20 samples or every 24 hours (whichever is more frequent), and at the end of the
analytical sequence. It should be noted that the Percent Differences (%Ds) are calculated
(Equation 5) when CFs are used for the initial calibration and Percent Drifts (Equation 4-
5, Appendix 4) are calculated when calibration curves using linear regression are used for
the initial calibration.

9.7.3.2  The concentration of the EPH Continuing Calibration Standard must be near the midpoint
of the calibration curve.

9.7.3.3  Calculate the CF for each Target PAH Analyte, surrogate, and hydrocarbon range from
the Continuing Calibration Standard using Equations 1 and 2.

9.7.3.4  Calculate the %D of the Continuing Calibration Standard CF from the initial calibration
average CF using Equation 5.

Equation 5: Percent Difference

| %D = [(CFc) — (CED]/[(CFN] |

where:

%D = Percent Difference
CFc= CF from the EPH Continuing Calibration Standard
CF, = average CF from the initial calibration curve

9.7.3.5  The %D or Percent Drift for each Target PAH Analyte, surrogate, and hydrocarbon range
must be <25. If more than one Target PAH Analyte or hydrocarbon range fails to meet the
applicable criterion, the instrument must be recalibrated. Otherwise, sample analysis may
proceed. For the closing continuing calibration standard (analyzed after every 20 samples,
every 24 hours, or at end of analytical sequence), four compounds may exhibit %Ds or
Percent Drifts greater than 25% but less than 40%.

9.7.4  For TPH analysis without fractionation, CFs are developed based upon the response of all 14
aliphatic components using Equation 2.

9.7.5 Daily Rt Windows: The range Rt windows must be established daily based upon the Rt of the
marker compounds in the EPH Continuing Calibration Standard. Use the absolute Rt for each
analyte in the Continuing Calibration Standard as the midpoint of the window for that day. The
daily Rt window equals the midpoint + 3 times the standard deviation determined in Section 9.6.
Alternatively, the default value of 0.1 minutes may be used for the daily Rt window. The marker
compounds used for each hydrocarbon range are defined in Table 6.
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9.8 GC Analysis

9.8.1

9.8.2

9.8.3

9.84

9.8.5

9.8.6

9.8.7

9.8.8

9.8.9

9.8.10

Samples are analyzed in a group referred to as an analytical batch. For methods that require
extraction prior to analysis, such as EPH, the number of samples that comprise an analytical batch
is generally limited to 20 samples plus the requisite QC samples processed concurrently with the
extraction batch. The analytical sequence begins with instrument calibration (initial or continuing)
followed by up to 20 samples interspersed with blanks and other QC samples and closed with a
mid-range Continuing Calibration Standard. The analytical sequence ends when one or more
analytical batches have been processed or when any required qualitative and/or quantitative QC
criteria are exceeded, whichever comes first.

Aliphatic and aromatic extracts are introduced into the gas chromatograph by direct injection.

Inject 1 to 4 pL of the sample extract using the solvent flush technique. Smaller volumes may be
injected if automatic devices are employed. Record the volume injected to the nearest 0.05 pL and
the resulting peak size in area units. It is required that the sample and calibration standard injection
volume be consistent.

Identification of Target PAH Analytes

e Tentative identification of a Target PAH Analyte occurs when a peak from a sample
chromatogram falls within the daily Rt window. Confirmation on a second GC column or by
GC/MS analysis may be necessary, if warranted by the project’s data quality objectives.

e Validation of GC system qualitative performance must be accomplished by the analysis of
mid-level standards within the analysis sequence. If the Rts of the Target PAH Analytes fall
outside their daily Rt window in the standards, the system is out of control. In such cases, the
cause of the non-conformance must be identified and corrected.

Aliphatic and aromatic hydrocarbon ranges of interest in samples are determined by the collective
integration of all peaks that elute between specified range “marker” compounds. Due to the
variability in software approaches and applications to collective peak area integration, it is
recommended that a manual verification be initially performed to document accurate integration.

In samples, collective peak area integration for the hydrocarbon ranges, or TPH, must be
from baseline (i.e., must include the unresolved complex mixture ""hump' areas). For the
integration of individual Target PAH Analytes, surrogate compounds, and internal standards, a
valley-to-valley approach should typically be used, though this approach may be modified on a
case-by-case basis by an experienced analyst. In any case, the unresolved complex mixture
“hump” areas must not be included in the integration of individual Target PAH Analytes, surrogate
compounds, and internal standards.

Baseline correction using a SSB is only permissible for the calculation of aliphatic and aromatic
hydrocarbon range concentrations when conducted in accordance with the procedures and
requirements specified in Section 11.2.5.

If the Target or Diesel PAH Analytes are to be quantitated using this method, and the response for
an individual Target PAH analyte exceeds the linear range of the system, dilute the extract and
reanalyze. The samples/extracts must be diluted so that all peaks fall within the linear range of the
detector.

For non-target analytes eluting in the aliphatic, aromatic or TPH ranges, the upper linear range of
the system should be defined by peak height measurement, based upon the maximum peak height
documented for an aliphatic or aromatic component within the hydrocarbon range that is shown to
be within the linear range of the detector.

Under circumstances that sample dilution is required because the concentration of one or more of
the Target PAH Analytes exceeds the concentration of their respective highest calibration standard,
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any non-target peak eluting within any aliphatic or aromatic hydrocarbon range exceeds the peak
height documented for the highest range-specific calibration standard, or anytime a saturated
chromatographic peak (flat-topped peak) is encountered, the RL for each Target PAH Analyte
and/or hydrocarbon range must be adjusted (increased) in direct proportion to the Dilution Factor

(D).
Where:

Sample Aliquot Volume (mL) + Diluent Volume (mL)

Sample Aliquot Volume (mL)

And the revised RL for the diluted sample, RLy:
RL4 = D * Lowest Calibration Standard for Target PAH Analyte

It should be understood that samples with elevated RLs as a result of a dilution may not be able to satisfy
“MCP program” RLs in some cases if the RLis greater than the applicable MCP standard or criterion to which
the concentration is being compared. Such increases in RLs are the unavoidable but acceptable consequence of
sample dilution that enable quantification of target analytes which exceed the calibration range. All dilutions
must be fully documented in the laboratory narrative.

Analytical Note: Over dilution is an unacceptable laboratory practice. The post-dilution concentration of the
highest concentration target analyte must be at least 60 - 80% of its highest calibration standard. This will
avoid unnecessarily high RLs for other target analytes, which did not require dilution.

9.9 Calculations

The concentrations of Target PAH Analytes and hydrocarbon ranges in a sample may be determined from the peak
area response, using the CFs determined in Section 9.7.2. If linear regression was used for calibration, refer to
Appendix 4 for sample concentration calculations.

99.1 Individual Target PAH Analytes and Surrogate: The average CF from the initial calibration is used to
calculate the concentration of an analyte or surrogate detected in the sample. Equations 6 and 7 are
used to calculate the concentrations of Target PAH Analytes and the surrogate in agueous and non-
aqueous samples, respectively.

Equation 6: Aqueous Samples (Target PAH Analytes and Surrogates)

(AXDXV,)

C Anal /L)=
onc Analyte ( zg/L) CPHV.)

where:

Ax = Areacount for the Target PAH Analyte or surrogate

D= Dilution factor (see Section 9.8.10)

CF = Average CF for Target PAH Analyte or surrogate

V= Volume of total extract, uL (including fractionation surrogate volume)
V= Volume of sample extracted, mL.

Equation 7: Non-Aqueous Samples (Target PAH Analytes and Surrogates)

_ (AJ(v)(D)
Conc Analyte (ug/kg)=-—"——"—~—"-~
(wW4)(CF)
where:
Extractable Petroleum Hydrocarbons Revision 2.1

MassDEP-EPH-19-2.1 Page 23 December 2019



W, = Dry weight of sample, g (see Equations 10 through 12)
A, V,, D, and CF have the same definition as described above for Equation 6.

The integration of Target PAH Analytes and surrogates must be performed from valley-to-valley.
9.9.2  Hydrocarbon Ranges

When calculating the aliphatic and aromatic hydrocarbon range concentrations, the laboratory

must include the area of all peaks eluting within the Rt windows specified for these ranges,

excluding surrogates, as described below in Sections 9.9.2.1 and 9.9.2.2.

The average hydrocarbon range CF from the initial calibration is used to calculate the

concentration of hydrocarbon ranges in samples. Collective peak area integration for the

hydrocarbon ranges must be from baseline (i.e., must include the unresolved complex

mixture).

9.9.2.1 Cy-Cyg Aliphatic Hydrocarbons and C,9-Cs¢ Aliphatic Hydrocarbons

e Sum all peaks in the appropriate Rt window, as specified in Section 9.6 and Table
6 (using baseline integration).

e  From this sum, subtract the area counts of any surrogates which elute in this range
(using valley-to-valley integration).

e Equations 8 and 9 are used to calculate the concentrations of Cy-Cyg aliphatic
hydrocarbons and Ci4-Cs¢ aliphatic hydrocarbons in aqueous and non-aqueous
samples, respectively.

Equation 8: Aqueous Samples (Hydrocarbon Ranges and TPH)

Conc HC Range or TPH (ug/L)= (A )DXVL)
(Range CF)(V,)

where:
AX = Area count for hydrocarbon range of interest

D= Dilution factor (see Section 9.8.10)

Range CF = Average CF for hydrocarbon range
V= Volume of total extract, pL (including fractionation surrogate volume)
V= Volume of sample extracted, mL.

Equation 9: Non-Aqueous Samples (Hydrocarbon Ranges and TPH)

_ (AN(V D)
Conc HC Range or TPH (ug/kg)= (W )(Range CF)

where:

W, = Dry weight of sample, g (see Equations 10 through 12)
A, V,, D, and Range CF have the same definition as described above for Equations 8 and 9.

9.9.22 Cy;-Cy Aromatic Hydrocarbons

e Sum all peaks in the appropriate Rt window, as specified in Section 9.6 and Table
6 (using baseline integration).
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e From this sum, subtract the area counts of any surrogates which elute in this range
(using valley-to-valley integration).

e Calculate the concentrations in agueous and non-aqueous samples using Equations
8 and 9, respectively.

NOTE: These values are reported as the “Unadjusted Cy;-C,, aromatics” as shown
in Appendix 3, Exhibit 1.

e From the Unadjusted concentration (ug/L or pg/kg), calculate the concentration of
C1;1-C,, aromatic hydrocarbons by subtracting the concentrations of the Target
PAH Analytes (which are quantified using the FID or GC/MS). This is the final
concentration reported as the “C,;-C,, Aromatic Hydrocarbons” on the data report
form in Appendix 3, Exhibit 1.

9.9.3  Calculation of Dry Weight of Sample
In order to calculate the dry weight of sample extracted (W), it is necessary to determine the moisture
content of the soil/sediment sample, using the procedure outlined in Section 9.4. Using the data obtained

from Section 9.4, Wy is calculated using Equations 10 through 12.

Equation 10: Percent Moisture

g wet sample - g dry sample
g wet sample

% Moisture= X 100

Equation 11: Percent Solids

% Dry Solids = (100) - (% Moisture)|

Equation 12: Dry Weight of Sample

|Wd (9) = (% Dry Solids/100)(g of extracted sample)|

9.10 Determination of Target PAH Analytes and EPH Aliphatic and Aromatic Hydrocarbon Range Concentrations by
Gas Chromatography/Mass Spectrometry (GC/MS)

Target PAH Analytes may be quantified from a fractionated or unfractionated extract using GC/MS and
must satisfy the requirements listed below. Aliphatic and aromatic hydrocarbon ranges may only be
quantified after fractionation using GC/MS under the MassDEP EPH Method and not be considered a
“Significant Modification”, as described in Section 11.3.1.1, by satisfying the following requirements:

9.10.1 Target PAH Analytes in the aromatic hydrocarbon range must be identified, quantified and satisfy
the QC requirements and performance standards of SW-846 Method 8270E as described in WSC-
CAM-II B with the modifications listed below. For quantification of the EPH aliphatic and
aromatic ranges, the MS detector must be operated in the Total lon Current mode.

9.10.2 Modified SW-846 Method 8270E QC Requirements for EPH Analysis*
* All referenced Section numbers refer to SW-846 Method 8270E.

9.10.2.1 DFTPP must be used as a tuning standard (Section 7.6).

9.10.2.2 5-alpha-androstane (using m/z 245 as primary quantitation ion) is the recommended
internal standard; other internal standards may be used, as appropriate.
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9.10.2.3 OTP is the recommended analytical surrogate to evaluate %R of the Target PAH analytes

contained in the aromatic fraction; other surrogates (i.e., dg-Naphthalene) may be used, as
appropriate.

9.10.2.4 Evaluation of DDT breakdown, and pentachlorophenol and benzidine tailing is not

required (Section 11.3.1.3).

9.10.2.5 All Target PAH Analytes described in Table 2 must meet the initial and continuing

calibration requirements for the SW-846 Method 8270E described in WSC-CAM-II B
unless specifically excepted in this section.

9.10.2.6 Hydrocarbon range response factors must be based on all individual aliphatic or aromatic

calibration standards described in Tables 1 and 2, that are included within the specified
range as defined by the EPH marker compounds described in Table 6. Hydrocarbon
range response factors are determined using the summation of the peak areas (Total lon
Current) for all individual calibration standard components that elute within a specified
range (i.e., Co—Cg Aliphatic Hydrocarbons, 6 components) and the total concentration
injected.

9.10.2.7 All Target PAH Analytes and hydrocarbon ranges must be evaluated in the initial

calibration and continuing calibration verifications (CCVs) and meet the performance
standards described in Table 7.

9.10.2.8 Evaluation of Continuing Calibration Standards (equivalent to the CCV described in

SW-846 Method 8270E) is required at the beginning and end of each analytical
sequence.

9.10.2.9 The analytical batch for EPH analyses may include the analysis of up to 20 samples

completed within 12 hours of the batch’s tune.

9.10.2.10  The performance standards for the EPH aliphatic and aromatic hydrocarbon ranges and

9.10.3

9.10.4

9.10.5

9.10.6

9.10.7

comparable performance standards for the Target PAH Analytes are presented in Table
7. In addition to these performance standards, the performance standards for the Target
PAH Analytes must also meet the requirements of SW-846 Method 8270E as described
in WSC-CAM-II B, Table Il B-1.

If the aliphatic hydrocarbon range concentrations are quantified by GC/MS, naphthalene and 2-
methylnaphthalene must be identified and quantified in the aliphatic hydrocarbon fraction of each
sample using SW-846 Method 8270E, using an internal standard. If either the concentration of
naphthalene or 2-methylnaphthalene in the aliphatic fraction exceeds 5% of the total
concentration for naphthalene or 2-methylnaphthalene in the sample, fractionation must be
repeated on the archived sample extract. NOTE: The total concentration of naphthalene or
2-methylnaphthalene in the sample includes the summation of the concentration detected in
the aliphatic fraction and the concentration detected in the aromatic fraction.

The QC requirements and performance standards for SW-846 Method 8270E described in WSC-
CAM-II B must also be satisfied.

The sample must be extracted using the procedures described in Section 9.1 and the resultant
concentrated extract fractionated as described in Section 9.2.

WSC-CAM-II B must be identified as the “Method for Target Analytes” and ‘“Method for

Ranges”, as applicable, on the Required EPH Data Report Information form described in Appendix

Any other modifications to the WSC-CAM-II B Method must be described in detail in the
laboratory narrative.
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10.0 QUALITY CONTROL

10.1 General Requirements and Recommendations

10.1.1 Each laboratory that uses this method is required to operate a formal quality control program. The
minimum requirements of this program consist of an Initial Demonstration of Laboratory
Capability (IDLC) and an ongoing analysis of prepared QC samples to evaluate and document the
quality of data. The laboratory must maintain records to document the quality of the data
produced. Ongoing data quality checks are compared with established performance criteria to
determine if the results of analyses meet the performance standards for the method.

10.1.2 An SSB must be run after all highly contaminated samples to minimize the potential for sample
carryover.

10.1.3 Batch Analytical QC Samples

10.1.31

10.1.3.2

At a minimum, for each analytical batch (up to 20 samples) or every 24 hours, whichever
comes first, a beginning and ending Continuing Calibration Standard must be analyzed. For
analytical batches with more than 10 samples, the analysis of an additional mid-range
Continuing Calibration Standard should also be considered. However, it should be noted
that the analysis of the Continuing Calibration Standard is required prior to sample analysis,
after every 20 samples or every 24 hours, whichever comes first, and at the end of an
analytical sequence, at a minimum.

At a minimum, for each extraction batch (up to 20 samples of similar matrix), an LMB,
LCS, and an LCS Duplicate must also be prepared and results analyzed as part of the
laboratory’s continuing QC program. The blank and QC samples fortified with known
concentrations and volumes of analytical standards should be carried through the complete
sample preparation and measurement processes.

10.1.4 The recommended sequence of analysis is as follows:

@)

)
(3)
(4)
()
(6)
(7
(8)
9)
(10)

Analytical batch Calibration Standards (initial) or mid-range Continuing Calibration
Standard (daily check of initial calibration). [REQUIRED]

Initial Calibration Verification. [REQUIRED only after initial calibration]

Extraction batch LCS. [REQUIRED]

Extraction batch LCS Duplicate. [REQUIRED)]

Extraction batch LMB. [REQUIRED]

Batch samples. (up to 20 samples or 24 hours, whichever comes first)

Matrix duplicate. [As requested by data user]

Matrix Spike/Matrix Spike Duplicate. [As requested by data user]

Optional mid-range Continuing Calibration Standard. (consider after 10 samples)

Closing mid-range Continuing Calibration Standard® after 20 samples or 24 hours,
whichever comes first, and at end of analytical batch. [REQUIRED]

® May be used as analytical batch opening Continuing Calibration Standard for the next
analytical batch if batches are processed continuously.

All analytical sequences and data must be recorded in a daily run log.

10.2 Minimum Instrument QC

10.2.1 The instrument must be able to achieve adequate separation and resolution of peaks and analytes of
interest.

10.2.1.1

The n-nonane (n-Cy) peak must be adequately resolved from the solvent front of the
chromatographic run.
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10.2.1.2  The surrogates COD and OTP must be adequately resolved from any individual components
in the Aliphatic Hydrocarbon and Aromatic Hydrocarbon standards.

10.2.1.3  All peaks of interest in the Aliphatic Hydrocarbon standard must be adeqguately resolved to
baseline. In the Aromatic Hydrocarbon standard, baseline separation is expected for
phenanthrene and anthracene. Benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
benzo(k)fluoranthene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene are not expected
to be chromatographically separated to baseline and may be reported as an un-resolved
mixture, unless adequate resolution is obtained.

10.2.1.4 Due care must be exercised to assure that the peaks for naphthalene and n-dodecane in the
aliphatic hydrocarbon fraction are adequately resolved to allow for an accurate
determination of the naphthalene concentration in the LCS/LCSD pair.

Note: For the purposes of this method, adequate resolution is assumed to be achieved if
the height of the valley between two peaks is less than 25% of the average height of the
two peaks.

10.2.2 Initial Calibration Verification: An ICV standard, prepared from a separate source standard than
used for initial and continuing calibrations must be analyzed immediately following the initial
calibration. The recoveries of all Target PAH Analytes and hydrocarbon ranges must be between
70-130%. A new five-point calibration must be performed if >10% of all analytes are outside of
criteria.

10.2.3 System Solvent Blank: If baseline correction will be employed, as specified in Section 11.2.5, a
SSB, air blank, and/or system run must be undertaken with every batch, and after the analysis of a
sample that is suspected to be highly contaminated. Baseline correction for EPH aliphatic and
aromatic hydrocarbon area data may not be used for any sample for which the area count
associated with the baseline correction is greater than 10% of the uncorrected area count for the
sample’s corresponding collective range. For purposes of this analytical requirement, any sample
with an on-column concentration greater than the highest calibration standard is considered “highly
contaminated” (see Section 4.3).

10.2.4 Laboratory Method Blank: A water or soil LMB is prepared by fortifying a reagent water blank
(for aqueous samples) or clean sand blank (for soil/sediment samples) with the surrogate spiking
solution (using the same volume of surrogate as samples). Peaks must not be detected above the
RL within the Rt window of any analyte of interest. The hydrocarbon ranges must not be detected
at a concentration greater than 10% of the most stringent applicable MCP cleanup standard for
soil/sediment samples and 50% of the most stringent applicable MCP cleanup standards for
aqueous samples. Peaks detected within the Rt window of any analyte or range of interest above
the RL must be noted on the data report form. Re-extraction of all associated samples may be
warranted

10.2.5 Retention Times Windows: must be established for each Target PAH Analyte and hydrocarbon
range of interest each time a new GC column is installed and must be verified and/or adjusted on a
daily basis. (See Sections 9.6 and 9.7.5).

10.2.6 Calibration

10.2.6.1 Initial Calibration: CFs must be calculated for each Target PAH Analyte, surrogate, and
hydrocarbon range based upon the analysis of a minimum of 5 calibration standards. The
linearity of CFs may be assumed if the %RSD over the working range of the calibration
curve is <25. (See Section 9.7.2). For linear regression, r must be >0.99.

10.2.6.2 Continuing Calibration Standard: The Continuing Calibration Standard must be
analyzed daily prior to sample analysis, every 20 samples or every 24 hours (whichever
comes first), and at the end of an analytical sequence to verify the accuracy of the
calibration of the instrument. For Target PAH Analytes, surrogates, and hydrocarbon
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10.2.7

10.2.8

10.2.9

ranges, the %D or Percent Drift must be <25. If more than one Target PAH Analyte or
hydrocarbon range fails to meet this criterion, the instrument must be recalibrated.
Otherwise, sample analysis may proceed. For the closing continuing calibration standard
(analyzed after every 20 samples, every 24 hours, or at end of analytical sequence), four
compounds may exhibit %Ds or Percent Drifts greater than 25% but less than 40%.

Laboratory Control Sample: An LCS is prepared by fortifying a reagent water blank (for
aqueous samples) or clean sand blank (for soil/sediment samples) with the matrix spiking solution.
The spike recoveries for the Target PAH Analytes and the hydrocarbon ranges must be between
40% and 140%.

e If the recoveries are low and outside of the acceptance limits, re-extract and reanalyze the
LCS and associated samples. If still outside of the acceptance limits, recalibrate.

e If the recoveries are high and outside of the acceptance limits and the affected compound
was detected in the associated samples, re-extract and reanalyze the LCS and the
associated samples. If recoveries are still outside of the acceptance limits, recalibrate.

o If the recoveries are high and sample results were nondetect, data can be reported without
qualification; however, the high recoveries should be noted in the laboratory narrative.

LCS Duplicate: The LCSD is prepared separately from the LCS but prepared and analyzed in
the same manner as the LCS and is used as the data quality indicator of precision. The analytical
batch precision is determined from the relative percent difference (RPD) of the concentrations
(not recoveries) of the LCS/LCSD pair. The RPD for Target PAH Analytes and aliphatic and
aromatic hydrocarbon range concentrations must be <25. See Section 10.2.7 for corrective
actions associated with recoveries outside of acceptance limits.

Surrogate Spike Recoveries

Each sample, LMB, LCS, LCSD, matrix spike, and matrix duplicate must be fortified with the
surrogate spiking solution. Required surrogate recovery is 40% to 140%. At a minimum, when
surrogate recovery from a sample, blank, or QC sample is less than 40% or more than 140%, check
calculations to locate possible errors, check the fortifying solution for degradation, and check for
changes in instrument performance. If the cause cannot be determined, reextract and reanalyze the
sample if the recovery of one surrogate is less than 40% or the recoveries of both surrogates are
outside the acceptance limits. The laboratory may first reanalyze the archived portion (prior to
fractionation) to see if the surrogate recoveries were possibly affected by fractionation. If
surrogate recoveries are acceptable in the archived portion, refractionation and reanalysis of the
archived extract must be performed. Reextraction and reanalysis are not required if one of the
following exceptions applies:

(1) Obvious interference is present on the chromatogram (e.g., unresolved complex mixture); and
(2) The surrogate exhibits high recovery and associated target analytes or hydrocarbon ranges are
not detected in the sample.

If a sample with a surrogate recovery outside of the acceptable range is not reextracted or
reanalyzed based on any of these aforementioned exceptions, this information must be noted on the
data report form and discussed in the laboratory narrative.

Analysis of the sample on dilution may diminish matrix-related surrogate recovery problems. This
approach can be used as long as the RL for the applicable MCP standards will still be achieved
with the dilution. If not, reanalysis without dilution must be performed unless the concentrations
of target analytes do not allow an undiluted run. Recoveries of surrogates outside of the acceptable
range after reanalysis must also be noted on the data report form and discussed in the laboratory
narrative.
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10.2.10 In order to demonstrate the absence of aliphatic mass discrimination, the response ratio of Cyg to
C,, must be at least 0.85. If <0.85, this nonconformance must be noted in the laboratory
narrative. The chromatograms of Continuing Calibration Standards for aromatics must be
reviewed to ensure that there are no obvious signs of mass discrimination.

10.2.11 Each sample (field and QC sample) must be evaluated for potential breakthrough on a sample-
specific basis by evaluating the %R of the fractionation surrogate (2-bromonaphthalene) and on a
batch basis by quantifying naphthalene and 2-methylnaphthalene in both the aliphatic and aromatic
fractions of the LCS and LCSD. If either the concentration of naphthalene or 2-
methylnaphthalene in the aliphatic fraction exceeds 5% of the total concentration for
naphthalene or 2-methylnaphthalene in the LCS or LCSD, fractionation must be repeated on
all archived batch extracts. If the fractionation surrogate recovery is outside the 40 — 140%
limits, then fractionation must be repeated on the archived extract of the affected sample. NOTE:
The total concentration of naphthalene or 2-methylnaphthalene in the LCS/LCSD pair
includes the summation of the concentration detected in the aliphatic fraction and the
concentration detected in the aromatic fraction.

Analytical Note: Due care must be exercised to assure that the peaks for naphthalene and n-
dodecane in the aliphatic hydrocarbon fraction are adequately resolved to allow
for an accurate determination of the naphthalene concentration in the
LCS/LCSD pair.

Example Naphthalene* % Breakthrough Calculation

Naphthalene in Aromatic Fraction (Ng): 48 ng/L
Naphthalene in Aliphatic Fraction (Ngj): 1.5 ng/L
Total Naphthalene Concentration (NT;):  49.5 pg/L

% Naphthalene Breakthrough = l\':l_la_l X100
r
% Naphthalene Breakthrough = 41955 X100

% Naphthalene Breakthrough= 3.0

* may be applied to 2-methylnaphthalene breakthrough calculation also

10.2.12 Fractionation Check Solution: A fractionation check solution is prepared containing 14 alkanes
and 17 PAHs at a nominal concentration of 200 ng/ul of each constituent. The Fractionation
Check Solution must be used to evaluate the fractionation efficiency of each new lot of silica gel
[ cartridges as described in Appendix 5, Section 5.0, and establish the optimum hexane volume
required to efficiently elute aliphatic hydrocarbons while not allowing significant aromatic
hydrocarbon breakthrough. For each analyte contained in the fractionation check solution,
excluding n-nonane, the %R (see Appendix 5, Equation 5-4) must be between 40 and 140%. A
recovery of 30% is acceptable for n-nonane.

10.3 At the request of the data user, and in consideration of sample matrices and data quality objectives, matrix
spikes and matrix duplicates may be analyzed with every batch of 20 samples or less per matrix.

10.3.1 Matrix Duplicate: Matrix duplicates are prepared by extracting and analyzing one sample in
duplicate. The purpose of the matrix duplicates is to determine the homogeneity of the sample
matrix as well as analytical precision. The RPD of detected results in the matrix duplicate
samples must not exceed 50 when the results are greater than 5x the RL. Refer to Equation 13
for the RPD calculation. If the RPD exceeds 50 and both results are > 5x the RL, the sample
analysis must be repeated.
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10.4

10.5

e If an analyte is detected in one analysis at > 5x the RL and not detected in the duplicate
analysis, the analysis must be repeated.

e If an analyte is detected in one analysis at < 5x the RL and not detected in the duplicate
analysis, the RPD is not calculable and the analysis does not have to be repeated.

e If an analyte is not detected in both the original and duplicate analyses, the RPD is not
calculable. No further action is required.

Equation 13. Relative Percent Difference Calculation

RPD =[(Cs — Ca) /[(Cs + Ca) / 2]]*100

where:

C, = concentration in original sample analysis
Cq4 = concentration in duplicate sample analysis

10.3.2 Matrix Spike/Matrix Spike Duplicate - The aqueous or soil/sediment matrix spike is prepared by
fortifying an actual aqueous or soil/sediment sample with a specified volume of the matrix spiking
solution (See Section 7.8). The desired spiking level is 50% of the highest calibration standard.
However, the total concentration in the matrix spike (including the matrix spike and native
concentration in the unspiked sample) should not exceed 75% of the highest calibration standard in
order for a proper evaluation to be performed. The purpose of the matrix spike is to determine
whether the sample matrix contributes bias to the analytical results. The background
concentrations of the analytes in the sample matrix must be determined in a separate unspiked
aliquot and the measured values in the matrix spike corrected for the background concentrations.
The corrected concentrations of the Target PAH Analytes and the hydrocarbon ranges within the
matrix spiking sample must be within 40 - 140% of the true value. RPDs between MS and MSD
results must be <50.

If any of the performance standards specified in Section 10.2 are not met, the cause of the non-
conformance must be identified and corrected before any additional samples may be analyzed. Any
samples run between the last QC samples that met the criteria and those that are fallen out must be re-
extracted and/or re-analyzed, as noted in Section 10.2. These QC samples include the opening and
closing Continuing Calibration Standards, LMB, LCS, and LCSD. If this is not possible, that data must
be reported as suspect.

Initial and Periodic Method Demonstrations of Laboratory Capability (IDLC)

The QC procedures described in Appendix 5 and described in SW-846 Method 8000D, Section 9.3 must be
conducted, successfully completed and documented as an IDLC, prior to the analysis of any samples by the
EPH Method. Subsequent to this initial demonstration, additional evaluations of this nature should be
conducted on a periodic basis, in response to changes in instrumentation or operations, training new analysts
and/or in response to confirmed or suspected systems, method, or operational problems. Elements of the
IDLC include:

Demonstration of Acceptable System Background, see Appendix 5, Section 2.0 (Optional);
Initial Demonstration of Accuracy, see Appendix 5, Section 3.0;

Initial Demonstration of Precision, see Appendix 5, Section 4.0;

Initial Demonstration of Fractionation Efficiency, see Appendix 5, Section 5.0; and
Method Detection Limit (MDL) Determination, see Appendix 5, Section 6.0 (Optional).

11.0 DATA PRODUCTION AND REPORTING
111 Calibration
Using the external standard calibration procedure (9.7.2) calibrate the GC as follows:
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11.11

11.1.2

11.1.3

11.1.4

1115

11.1.6

1117

11.2 Sample Analysis

11.21

Calculate an average CF or linear regression calibration curve for each Target PAH Analyte that
comprises the Aromatic Hydrocarbon standard. This step is not necessary if the Target or Diesel
PAH Analytes will not be individually identified and quantitated by the EPH method (i.e., if
unadjusted values only will be reported for the C;;- C,, aromatic hydrocarbon range or TPH or if
reporting concentrations of Target PAH Analytes via another method).

Calculate an average CF or linear regression calibration curve for the surrogates OTP, COD, and
the fractionation surrogates.

Calculate an average collective CF or linear regression calibration curve for the total concentration
of the Cy-Cyg Aliphatic Hydrocarbons. Tabulate the collective peak area response of the 6
components against the collective concentration injected. Do not include the area responses of the
internal standard, naphthalene, and 2-methylnaphthalene.

Calculate an average CF or linear regression calibration curve for naphthalene and 2-
methylnaphthalene from the Aliphatic Hydrocarbon standard. This is not required if the same
instrument is calibrated, separately, for all aliphatic and aromatic compounds using the same
internal standard and resolution of naphthalene from n-C,, is demonstrated.

Calculate an average collective CF or linear regression calibration curve for the total concentration
of the C.o-Css Aliphatic Hydrocarbons. Tabulate the collective peak area response of the 8
components against the collective concentration injected. Do not include the area response of the
surrogate COD.

Calculate an average collective CF or linear regression calibration curve for the total concentration
of the Cy;-C,, Aromatic Hydrocarbons. Tabulate the collective peak area response of the 17
components against the collective concentration injected. Do not include the area responses of the
surrogates OTP, 2-bromonaphthalene, or 2-fluorobiphenyl.

For TPH analyses without fractionation, calculate an average collective CF or linear regression
calibration curve. Tabulate the collective peak area response of the 14 aliphatic components
against the collective concentration injected. Do not include the area responses of surrogates or
naphthalene and 2-methylnaphthalene in the Aliphatic Hydrocarbon standard.

Aliphatic Fraction

11.2.1.1  Determine the total area count for all peaks eluting 0.1 minutes before the Rt for n-Cy and

0.1 minutes before the Rt for n-Cyg. It is not necessary to identify or quantitate individual
aliphatic compounds within this range.

11.2.1.2 Determine the total area count for all peaks eluting 0.1 minutes before the Rt for n-Cyg

and 0.1 minutes after the Rt for n-Cs. It is not necessary to identify or quantitate
individual aliphatic compounds within this range.

11.2.1.3 Determine the peak area count for the extraction surrogate COD. Subtract this value from

the collective area count value within the Cy4 through Czs aliphatic hydrocarbon range.

11.2.1.4  Using the equations contained in Section 9.9, calculate the concentrations of Cq through Cyg

11.2.2

Aliphatic Hydrocarbons, C,q through Cs¢ Aliphatic Hydrocarbons, and the surrogate COD.

Aromatic Fraction

11.2.2.1 Determine the total area count for all peaks eluting 0.1 minutes before the Rt for

naphthalene and 0.1 minutes after the Rt for benzo(g,h,i)perylene.
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11.2.2.2 Determine the peak area count for the extraction surrogate OTP and fractionation
surrogate(s). Subtract these values from the collective area count value.

11.2.2.3  Optionally, determine the peak area count for the individual Target or Diesel PAH Analytes.

11.2.2.4  Using the equations contained in Section 9.9, calculate the concentrations of Unadjusted Cy;
through C,, Aromatic Hydrocarbons, the surrogate standard OTP, fractionation surrogate
standard(s) and optionally, the Target or Diesel PAH Analytes.

11.2.3 Total Petroleum Hydrocarbons

11.2.3.1 Determine the total area count for all peaks eluting 0.1 minutes before the Rt for n-Cy and
0.1 minutes after the Rt for n-Cs. It is not necessary to identify or quantitate individual
aliphatic compounds within this range.

11.2.3.2  Determine the peak area count for any surrogate and internal standards used. Subtract these
values from the collective area count value.

11.2.3.3  Using the equations contained in Section 9.9, calculate the concentration of Unadjusted
TPH.

11.2.4 Data Adjustments

11.2.4.1 By definition, the collective concentration of the aromatic fraction (and/or TPH) excludes
the individual concentrations of the Target PAH Analytes. Accordingly, a data adjustment
step is necessary to adjust the collective hydrocarbon range concentration calculated in
Sections 11.2.2.4 and 11.2.3.3 to eliminate “‘double counting” of analytes.

11.2.42 The necessary data adjustment step may be taken by the laboratory reporting the
hydrocarbon range/TPH concentration data, or by the data user. The extent of data
adjustments taken by the laboratory must be noted on the data report form.

11.2.4.3 Subtract the individual concentrations of the Target or Diesel PAH Analytes from the
collective concentration of Unadjusted C,; through C,, Aromatic Hydrocarbons. Do not
subtract any Target or Diesel PAH Analyte concentration if this concentration is less than
the RL. If the individual concentrations of Target PAH Analytes have been quantified using
another method (e.g., by using an MS detector), note this on the data report form. It should
be noted that the reported Target PAH Analyte results must be the results used to adjust the
C11-Cy, Aromatic Hydrocarbon results. If the individual concentrations of Target PAH
Analytes have not been quantitated, report the value as Unadjusted C;; through Co,
Aromatic Hydrocarbons, and indicate “Not Determined” for Cy; through C,, Aromatic
Hydrocarbons.

11.2.4.4  Subtract the individual concentrations of the Target or Diesel PAH Analytes from the
collective concentration of Unadjusted TPH only if the concentrations of the Target or
Diesel PAH Analytes were determined using a GC/MS method. If the concentration of
Target or Diesel PAH Analytes were not determined using a GC/MS method, report a value
for Unadjusted TPH, and indicate “Not Determined” for TPH.

11.2.45 For purposes of compliance with the reporting and cleanup standards specified in the MCP,
the concentration of Unadjusted C,; through C», Aromatic Hydrocarbons and/or Unadjusted
TPH may be conservatively deemed to be equivalent to the concentration of C,; through C,,
Aromatic Hydrocarbons and/or TPH.

11.25 Baseline Correction for Instrument Noise Level
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11.25.1 EPH aliphatic and aromatic hydrocarbon range area data determined by the collective
integration of all eluting peaks between the specified EPH range marker compounds (see
Table 6) may be corrected by the manual or automatic subtraction of the baseline
established by the injection of a SSB. Correction in this manner is not recommended or
preferred, but is permissible in cases where all reasonable steps have been taken to eliminate
or minimize excessive baseline bias associated with analytical system noise.

11.2.5.2  The instrument baseline must be established by the direct injection of a SSB. The injection
of an air blank or activation of a temperature programmed chromatographic run without the
injection of any material should be used to verify that the system noise is not attributable to
solvent contamination. All system operational elements and parameters must be identical to
those of a typical sample run.

If baseline correction is used, the baseline must be re-established for every analytical batch
by the analysis of a SSB. Baseline correction for EPH aliphatic and aromatic hydrocarbon
area data may not be used for any sample for which the area count associated with the
baseline correction is greater than 10% of the uncorrected area count for the sample’s
corresponding collective range.

11.2.6 Contamination of SPE Cartridges

11.2.6.1 Hydrocarbon range integration areas may be affected by peaks identified during the
injection of a LMB, and determined to be attributable to the leaching of plasticizers or other
contaminants from silica gel SPE cartridges. In general, this contamination affects the Cy;-
C,, Aromatic Hydrocarbons. Blank correction is not permissible.

11.2.6.2 The laboratory must report the presence of this contamination in the associated range.
Optionally, the laboratory may perform GC/MS analysis of the LMB extract to demonstrate
that the contaminant in question is not a C4;-C,, aromatic hydrocarbon compound. Analysis
of only the LMB is acceptable as long as the associated samples exhibit the same
contaminant peak at the same Rt. If demonstrated not to be a C,;-C», aromatic hydrocarbon
compound, the contaminant does not need to be included in the calculation of the Cy;-Cy
aromatic hydrocarbon range concentration. The laboratory must provide a discussion in the
laboratory narrative if this approach is used.

11.3 Data Reporting Content

11.3.1 The required content for EPH Method data is presented in Appendix 3. This information provides
data users with a succinct and complete summary of pertinent information and data, as well as a
clear affirmation that the QC procedures and standards specified in this method were evaluated and
achieved. Any significant modification to the MassDEP EPH Method, as described in Section
11.3.1.1, and indicated by a negative response to Question E on the MassDEP Analytical
Protocol Certification Form (also included in Appendix 3) precludes the affected data from
achieving “Presumptive Certainty” status. If a significant modification to the EPH Method is
utilized, an attachment to the analytical report must be included to demonstrate compliance with
the method performance requirements of Section 1.13 on a matrix- and petroleum product-
specific basis.

While it is permissible to modify the reporting format, all of the data and information specified in
Appendix 3 for these reports must be provided in a clear, concise, and succinct manner.

11.3.1.1 “Significant Modifications” to this method are defined as any deviations from
“required,” “shall,” or “must” provisions of this document, or any change or
modification that will or could substantively change the accuracy or precision of
analytical results. Such modifications include, but are not limited to, any of the
following:

11.3.1.1.1  The use of other than a silica-gel fractionation technique;

11.3.1.1.2  The use of an extraction procedure other than those presented in Table 5;
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11.3.1.1.3  The use of solvents other than those recommended in this method or
approved extraction methods listed in Table 5;

11.3.1.1.4 The use of a detector other than an FID to quantitate range/TPH
concentrations (See Notes 1 and 2 below);

11.3.1.1.5  The use of aliphatic or aromatic surrogate compounds with Rts not within +
2 minutes of the Rts of the recommended compounds or the use of
inappropriate surrogates to represent the aliphatic and aromatic ranges;

11.3.1.1.6 The use of non-linear regression (i.e., quadratic equations) for the
calibration of Target PAH Analytes, hydrocarbon ranges, and/or TPH; or

11.3.1.1.7  Failure to provide all of the data and information presented in Appendix 3
as well as the required method deliverables discussed in Section 11.3.2.

NOTE 1: Use of a GC/MS detector operated in the Total lon Current mode to quantify the
EPH Method’s aliphatic and aromatic hydrocarbon ranges is not considered a
significant modification provided that (1) the sample extract has been
fractionated; (2) the GC/MS system was also used to identify and quantify the
Target PAH Analytes in the sample’s aromatic fraction; and (3) the QC
requirements and performance standards specified in Section 9.10 are satisfied.

NOTE 2: If alternate detectors are used with or without fractionation, other than noted
above, the laboratory must demonstrate that the performance standards listed in
Section 1.13 were achieved. Use of an alternate detector, other than noted above,
is considered a “significant modification”. Any EPH data produced using a
“significant modification” cannot achieve Presumptive Certainty status.

11.3.1.2 Positive affirmation that all required QC procedures and performance standards were
followed and achieved means that all of the required steps and procedures detailed in
Sections 9.0 and 10.0 have been followed, and that all data obtained from these steps and
procedures were within the acceptance limits specified for these steps and procedures.

11.3.2 Inaddition to sample results, the EPH data report must contain the following items:

LMB results

LCS results

LCSD results

Matrix spike and/or matrix spike duplicate results (only if requested by data user)

Matrix duplicate results (only if requested by data user)

Fractionation check standard results

Surrogate spike recoveries (for all field samples and QC samples), including fractionation and

extraction surrogates

e Percentage of total naphthalene and 2-methylnaphthalene concentrations detected in the aliphatic
fractions of the LCS and LCS Duplicate (see Section 10.2.11)

e Percentage of total naphthalene and 2-methylnaphthalene concentrations detected in the aliphatic
fractions of samples when GC/MS is utilized (see Section 9.10.3)

¢ Results of reanalyses or dilutions, reported as follows:

o If reextraction or reanalysis due to surrogate issues yields similar non-conformances, the
laboratory must report results of both analyses.

o If rextraction or reanalysis due to surrogate issues is performed outside of holding time
and yields acceptable surrogate recoveries, the laboratory must report results of both
analyses.

o If sample is not reanalyzed or reextracted for surrogate issues due to obvious interference,
the laboratory must provide the chromatogram in the data report.

o If diluted and undiluted analyses are performed, the laboratory must report results for the
lowest dilution within the valid calibration range for each analyte. The associated QC
(e.g., LMBs, LCS, etc.) for each analysis must be reported. This may result in more than
one analysis per sample being reported.
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12.0

13.0

14.0

e Demonstration of compliance with analytical performance standards specified in Section 1.13 on a
matrix- and petroleum product-specific basis (only if a “significant modification” is utilized)

11.3.3  General laboratory reporting requirements are outlined in WSC-CAM-VII A, Quality Assurance
and Quality Control Guidelines for the Acquisition and Reporting of Analytical Data. A copy of
the required MassDEP Analytical Protocol Certification Form is included in Appendix 3 of this
method.

REPORTING LIMITS

The RLs for Target PAH Analytes shall be based upon the concentration of the lowest calibration standard for the
analyte of interest. The RL must be greater than or equal to the concentration of the lowest calibration standard.
Target PAH Analytes with calculated concentrations below the RL should be reported as < the specific Target
Analyte’s RL (i.e., < 2.0 ug/L.). For GC/MS analysis only, calculated concentrations of Target PAH Analytes
below the RL (lowest calibration standard) may be reported as a “J Value”, or equivalent.

The RLs for hydrocarbon ranges shall be based upon the concentration of the lowest calibration standard for an
individual analyte within the range of interest. The range RL will be set at 50x the concentration of the lowest
calibration standard for the associated analyte. Calculated collective concentrations for EPH aliphatic and aromatic
hydrocarbon ranges below the RL should be reported as < Range RL (i.e., < 100 ug/L).

Based on the on-column concentration of 1 ng/pL for the lowest calibration standard for all analytes, the following
RLs would be generated for the hydrocarbon ranges:

Aqueous Samples: Hydrocarbon range RLs would be equivalent to 100 pg/L based on the
extraction of 1 liter of sample, a final fractionation extract volume of 2 mL, and
a sample injection volume of 1 pL.

Soil/Sediment Samples:  Hydrocarbon range RLs would be equivalent to 10 mg/kg (dry weight basis)
based on the extraction of 10 grams of soil, a final fractionation extract volume
of 2 mL, and a sample injection volume of 1 pL.

METHOD PERFORMANCE

Single laboratory accuracy, precision and MDL data for method analytes are provided in Tables 1-1 through 1-4 in
Appendix 1. Chromatograms are provided in Appendix 2.
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Table 1. Aliphatic Hydrocarbon Standard

Carbon Number Compound Retention Time (min.)!
9 n-Nonane 3.14
10 n-Decane 4.55
12 n-Dodecane 7.86
14 n-Tetradecane 11.10
16 n-Hexadecane 14.05
18 n-Octadecane 16.71
19 n-Nonadecane 17.95
20 n-Eicosane 19.14
v et
22 n-Docosane 21.35
24 n-Tetracosane 23.40
26 n-Hexacosane 25.29
28 n-Octacosane 27.04
30 n-Triacontane 28.69
36 n-Hexatriacontane 34.82

'Results obtained using the column and chromatographic conditions described in Sections 6.1 and 9.5,

respectively.
NA = Not applicable
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Table 2. Aromatic Hydrocarbon Standard/Target PAH Analytes

Compound Retention Time (min.)*
Naphthalene 7.66
2-Methylnaphthalene 9.49
Acenaphthylene 11.93
Acenaphthene 12.46
Fluorene 13.89
Phenanthrene 16.54
Anthracene 16.66
Ortho-Terphenyl (surrogate) 17.95
Fluoranthene 19.92
Pyrene 20.51
Benzo(a)anthracene 24.08
Chrysene 24.21
Benzo(b)fluoranthene 26.94
Benzo(Kk)fluoranthene 27.02
Benzo(a)pyrene 27.66
Indeno(1,2,3-cd)pyrene? 30.25
Dibenz(a,h)anthracene? 30.36
Benzo(g,h,i)perylene 30.76

'Results obtained using the column and chromatographic conditions described in

Sections 6.1 and 9.5, respectively.

2 Indeno(1,2,3-cd)pyrene and Dibenz(a,h)anthracene may co-elute under the column
and chromatographic conditions described in Sections 6.1 and 9.5, respectively.
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Table 3. Recommended Calibration Standard Concentrations (1 puL Injection)

Conc. of standard analytes (ng/pL)

Concentration of Individual Target PAH Analytes 1 10 50 100 200

Total Concentration Cy - C1g Aliphatic Hydrocarbons (6 components)* 6 60 300 600 1200
Total Concentration Cyg - C35 Aliphatic Hydrocarbons (8 components)* 8 80 400 800 1600
Total Concentration Cy; - C», Aromatic Hydrocarbons (17 components) 17 170 850 1700 | 3400

*Assumes concentration of individual aliphatic components equivalent to concentration of individual Target PAH

Analytes.
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Table 4. Holding Times and Preservatives for EPH Samples

Soil/Sediment Samples

glass jar with Teflon-lined screw cap

Matrix Container Preservation Holding Time
1-Liter amber glass bottle with Add 5 mL of Samples must be extracted within 14
Aqueous Samples Teflon-lined screw cap 1:1 HCl to pH days and extracts must be analyzed
g P <2; cool to 0-6° | within 40 days of extraction.
C
4-0z. (120-mL) wide-mouth amber Cool to 0-6° C Samples must be extracted within 14

days and extracts must be analyzed
within 40 days of extraction.

4-0z. (120-mL) wide-mouth amber
glass jar with Teflon-lined screw
cap.

Jar should be filled to only 2/3
capacity to avoid breakage if
expansion occurs during freezing.

Samples must be extracted within 14
days of thawing and extracts must be
analyzed within 40 days of
extraction.?

Freeze at - 10°C
in the field or in
the laboratory*

'Samples processed in the laboratory must be preserved at 0-6° C and frozen within 24 hours of the time of collection.
Frozen samples may be held for up to one year prior to analysis and must be extracted within 14 days of thawing.
“Once the thawing process begins, samples must be kept at 0-6° C until extraction.

Table 5. Approved EPH Extraction Methods

SW-846 Method Matrix Description
3510C Aqueous Separatory Funnel Ligquid-Liquid Extraction
3520C Aqueous Continuous Liquid-Liquid Extraction
3511 Aqueous Organic Compounds in Water by Microextraction
3535A Aqueous Solid Phase Extraction (SPE)
3540C Soil/Sediment Soxhlet Extraction
3541 Soil/Sediment Automated Soxhlet Extraction
3545A Soil/Sediment Pressurized Fluid Extraction (PFE)
3546 Soil/Sediment Microwave Extraction
3570 Soil/Sediment Microscale Solvent Extraction (MSE)
3550C Contaminated Solids’ Ultrasonic Extraction
3580A NAPL Waste Dilution
Ultrasonic extraction may only be used for the extraction of highly contaminated (free product) non-
soil/sediments (debris). Any other use of ultrasonic extraction is considered a “significant modification” of the
EPH Method.
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Table 6. EPH Marker Compounds

Hydrocarbon Range

Beginning Marker

Ending Marker

Co-Cyg Aliphatic Hydrocarbons

0.1 min before n-Nonane

0.1 min before n-Nonadecane

C19-C36 Aliphatic Hydrocarbons

0.1 min before n-Nonadecane

0.1 min after n-Hexatriacontane

C1:-C,, Aromatic Hydrocarbons

0.1 min before Naphthalene

0.1 min after Benzo(g,h,i)perylene

Table 7. Modified SW-846 Method 8270E Analytical QC Requirements and Performance Standards for
Target PAH Analyte and EPH Aliphatic and Aromatic Hydrocarbon Range Analyses

QC ELEMENT

PERFORMANCE STANDARD

Target PAH Data

| EPH Range Data

Initial Calibration (% RSD) <20 <25
Opening CCV (% drift) <20 <25
Closing CCV (% drift) <20 <25
Method Blanks <RL <RL

Internal Standard (1S)

Area Count of IS must be within 50
and 200% of associated Opening

Area Count of IS must be within
50 and 200% of associated

CCV Opening CCV
Surrogate Recovery 40 — 140% 40 — 140%
Fractionation Surrogate Recovery Not Required 40 — 140%
Laboratory Control Sample (LCS) 40 -140% 40 -140%
LCS Duplicate (RPD) <20 for water, <30 for soil/sediment <25

Matrix Spike (MS)/MS Duplicate’

40 —140%; RPD <50

40 —140%; RPD <50

LCS/LCSD and Sample Naphthalene
or 2-Methylnaphthalene
Breakthrough

< 5% of total for either constituent in
EPH aliphatic fraction?

< 5% of total for either constituent
in EPH aliphatic fraction?

1. Atdiscretion of data user

2. Naphthalene and 2-Methylnaphthalene must be measured in EPH aliphatic fraction of each sample for GC/MS
analysis. Sample must be re-fractionated if concentration of either compound in the aliphatic fraction is >5% of

the total measured in the aliphatic and aromatic extracts.
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APPENDIX 1

SINGLE LABORATORY ACCURACY, PRECISION, AND

METHOD DETECTION LIMIT (MDL) DATA

Table 1-1. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Alkanes Spiked
Into Reagent Water and Analyzed by the EPH Method

Table 1-2. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Polynuclear
Aromatic Hydrocarbons (PAHSs) Spiked Into Reagent Water and Analyzed by the EPH Method

Table 1-3. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Alkanes Spiked
Into EPH-Free Sand and Analyzed by the EPH Method

Table 1-4. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Polynuclear
Aromatic Hydrocarbons (PAHSs) Spiked Into EPH-Free Sand and Analyzed by the EPH Method

Extractable Petroleum Hydrocarbons Revision 2.1

MassDEP-EPH-19-2.1 Page 1-1 December 2019



Table 1-1. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Alkanes Spiked Into Reagent Water and Analyzed by the

EPH Method
Compound Conc.
Compound?® Measured (ug/L) Mean Accuracy Method Precision MDL
(Mean % Recovery®) (RSD°® - %) (Hg/L)
Mean Std. Dev.
Cy 1.79 0.13 72 7.3 0.41
Cuwo 2.65 0.02 106 0.7 0.06
Ci 2.46 0.03 98 1.2 0.09
Cu 251 0.05 100 1.9 0.15
Cu 2.54 0.05 102 1.8 0.14
Cis 2.53 0.05 101 21 0.17
Cuo 2.52 0.05 101 2.0 0.16
Cyo 2.50 0.06 100 24 0.19
CoD 2.39 0.06 96 23 0.18

Cx 2.45 0.08 98 3.2 0.25
Cu 2.41 0.10 96 4.0 0.30
Cy 2.40 0.13 96 5.4 0.41
Cog 2.43 0.16 97 6.6 0.50
Cso 2.46 0.16 98 6.5 0.50
Css 2.63 0.46 105 17.5 144

 Compounds were spiked into 7 samples at a concentration of 2.5 pg/L.

® Recovery (%) of spiked concentration.

¢ RSD = relative standard deviation (%) of mean concentration measured.
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Table 1-2. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Polynuclear Aromatic Hydrocarbons (PAHSs) Spiked Into
Reagent Water and Analyzed by the EPH Method

Compound Conc. Mean Accuracy
Compound? Measured (ug/L) (Mean ‘Vg Method Precision MDL
Recovery”) (RSD® - %) (ug/L)
Mean Std. Dev.
Naphthalene 2.36 0.04 94 1.9 0.14
2-Methylnaphthalene 2.36 0.06 94 2.4 0.18
Acenaphthylene 2.37 0.04 95 1.9 0.14
Acenaphthene 2.39 0.05 96 2.2 0.16
Fluorene 2.35 0.08 94 3.4 0.25
Phenanthrene 2.29 0.10 91 4.3 0.31
Anthracene 2.02 0.10 81 4.8 0.30
OTP 2.36 0.10 94 4.2 0.31
Fluoranthene 2.26 0.15 90 6.6 0.47
Pyrene 2.27 0.15 91 6.6 0.47
Benzo(a)Anthracene 2.27 0.19 91 8.3 0.60
Chrysene 2.30 0.19 92 8.3 0.60
Benzo(b)Fluoranthene 2.47 0.19 99 7.7 0.60
Benzo(k)Fluoranthene 2.49 0.21 99 8.4 0.66
Benzo(a)Pyrene 2.29 0.15 92 6.6 0.50
Indeno(123 cd)Pyrene 2.00 0.13 80 6.5 0.41
Dibenz(ah)Anthracene 1.99 0.14 80 7.0 0.44
Benzo(ghi)Perylene 211 0.18 84 8.5 0.57
& Compounds were spiked into 7 samples at a concentration of 2.5 pg/L.
> Recovery (%) of spiked concentration.
¢ RSD = relative standard deviation (%) of mean concentration measured.
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Table 1-3. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLs) for Alkanes Spiked Into EPH-Free Sand and Analyzed by the

EPH Method
Compound Conc.
Compound?® Measured (mg/Kg) Mean Accuracy Method Precision MDL
(Mean % Recovery®) (RSD°® - %) (mg/Kg)
Mean Std. Dev.

Cy 0.49 0.02 98 3.7 0.06
Cuwo 0.46 0.02 92 3.9 0.06
Ci 0.44 0.02 88 45 0.06
Cu 0.46 0.03 92 6.5 0.09
Cis 0.48 0.03 96 6.2 0.09
Cis 0.51 0.03 102 5.8 0.09
Cuo 0.52 0.03 104 5.8 0.09
Cyo 0.53 0.03 106 5.7 0.09
COD 0.53 0.03 106 5.7 0.09
Cx 0.55 0.03 110 55 0.09
Cu 0.56 0.04 112 7.1 0.13
Cy 0.57 0.05 114 8.8 0.16
Cog 0.57 0.06 114 10.5 0.19
Cso 0.58 0.07 116 121 0.22
Css 0.62 0.02 124 3.2 0.06

® Recovery (%) of spiked concentration.

 Compounds were spiked into 7 samples at a concentration of 0.5 mg/Kg.

¢ RSD = relative standard deviation (%) of mean concentration measured.
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Table 1-4. Single Laboratory Accuracy, Precision, and Method Detection Limits (MDLSs) for Polynuclear Aromatic Hydrocarbons (PAHSs) Spiked Into
EPH-Free Sand and Analyzed by the EPH Method

Compound Conc.
Compound? Measured (mg/Kg) Mean Accuracy Method Precision MDL
(Mean % Recovery®) (RSD°® - %) (mg/Kg)
Mean Std. Dev.

Naphthalene 0.48 0.03 96 6.3 0.09
2-Methylnaphthalene 0.48 0.03 96 6.3 0.09
Acenaphthylene 0.50 0.03 100 6.0 0.09
Acenaphthene 0.51 0.03 102 5.9 0.09
Fluorene 0.51 0.03 102 5.9 0.09
Phenanthrene 0.53 0.05 106 9.4 0.16
Anthracene 0.52 0/05 104 9.6 0.16
OTP 0.54 0.04 108 7.4 0.13
Fluoranthene 0.55 0.05 110 9.1 0.16
Pyrene 0.55 0.05 110 9.1 0.16
Benzo(a)Anthracene 0.59 0.06 118 10.2 0.19
Chrysene 0.59 0.06 118 10.2 0.19
Benzo(b)Fluoranthene 0.64 0.06 128 9.3 0.19
Benzo(k)Fluoranthene 0.63 0.05 126 7.9 0.16
Benzo(a)Pyrene 0.62 0.05 124 8.0 0.16
Indeno(123 cd)Pyrene 0.59 0.04 118 6.7 0.13
Dibenz(ah)Anthracene 0.55 0.04 110 7.3 0.13
Benzo(ghi)Perylene 0.58 0.04 116 6.9 0.13
& Compounds were spiked into 7 samples at a concentration of 0.5 mg/Kg.
> Recovery (%) of spiked concentration.
¢ RSD = relative standard deviation (%) of mean concentration measured.
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APPENDIX 2

CHROMATOGRAMS

Figure 1 Gas Chromatogram (FID) of the EPH Alkane Component Standard (20 jg/L)
Figure 2 Gas Chromatogram (FID) of the EPH PAH Component Standard (20 ug/L)
Figure 3 Gas Chromatogram (FID) of a Diesel Standard (Aliphatic Fractions)

Figure 4 Gas Chromatogram (FID) of a Diesel Standard (Aromatic Fraction)
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Figure 4 Gas Chromatogram (FID) of a Diesel Standard (Aromatic Fraction)

All operating conditions same as specified on Figure 3
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APPENDIX 3

REQUIRED EPH and TPH DATA REPORT INFORMATION

Exhibit 1. Required EPH and TPH Data Report Information

Exhibit 2. MassDEP Analytical Protocol Certification Form
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APPENDIX 3

Exhibit 1: Required EPH Data Report Information

SAMPLE INFORMATION

Matrix O Aqueous O Soil O Sediment O Other:
Containers O Satisfactory O Broken DO Leaking:
Aqueous Preservatives | O N/A  OpH<2 OpH>2 Comment:
Temperature O Receivedon Ice O Receivedat4+£2°C 0O Other: °C
Extraction Method Water: Soil/Sediment:
EPH ANALYTICAL RESULTS
Method for Ranges: Client ID
Method for Target Analytes: Lab ID
EPH Surrogate Standards: Date Collected
Aliphatic: Date Received
Aromatic: Date Thawed

Date Extracted
EPH Fractionation Surrogates: Date Analyzed
Q) Time Analyzed
2 Dilution Factor

% Moisture

(soil/sediment)
RANGE/TARGET ANALYTE RL | Units
Unadjusted C11-C22 Aromatics*

Naphthalene
Diesel PAH | 2-Methylnaphthalene
Analytes Phenanthrene
Acenaphthene

Other
Target PAH
Analytes
C9-C18 Aliphatic Hydrocarbons®
C19-C36 Aliphatic Hydrocarbons®
C11-C22 Aromatic Hydrocarbons™?
Aliphatic Surrogate % Recovery
Aromatic Surrogate % Recovery
Sample Surrogate Acceptance Range 40-140% | 40-140% | 40-140% | 40-140% | 40-140%
Fractionation Surrogate (1) % Recovery
Fractionation Surrogate (2) % Recovery
Fractionation Surrogate Acceptance Range 40-140% | 40-140% | 40-140% | 40-140% | 40-140%
"Hydrocarbon Range data exclude area counts of any surrogate(s) and/or internal standards eluting in that range
2C,;-Cy, Aromatic Hydrocarbons exclude the concentrations of Target PAH Analytes
MassDEP-EPH-19-2.1 December 2019
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APPENDIX 3
Exhibit 1: Required TPH Data Report Information

SAMPLE INFORMATION

Matrix O Aqueous O Soil O Sediment O Other:

Containers O Satisfactory O Broken DO Leaking:

Aqueous Preservatives | O N/A OpH<2 OpH>2 Comment:

Temperature O Receivedon Ice O Receivedat4 =2 °C O Other: °C
Extraction Method Water: Soil/Sediment:

TPH ANALYTICAL RESULTS

Method for Ranges: Client ID

Method for Target Analytes: Lab ID

TPH Surrogate Standards: Date Collected

Date Received

Date Thawed

Date Extracted

Date Analyzed

Time Analyzed

Dilution Factor

% Moisture
(soil/sediment)

Range/Target Analyte RL Units

Unadjusted Total Petroleum Hydrocarbons®

Naphthalene

Diesel PAH | 2-Methylnaphthalene

Analytes Phenanthrene

Acenaphthene

Other PAH

Target

Analytes

Total Petroleum Hydrocarbons®

Sample Surrogate % Recovery

Sample Surrogate % Recovery

Sample Surrogate Acceptance Range 40-140% | 40-140% | 40-140% | 40-140% | 40-140%

"Hydrocarbon Range data exclude area counts of any surrogate(s) and/or internal standards eluting in that range
*Total Petroleum Hydrocarbons exclude the concentration of PAH Target Analytes only if determined by GC/MS

MassDEP-EPH-19-2.1 December 2019
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APPENDIX 3
Exhibit 2: MassDEP Analytical Protocol Certification Form

MassDEP Analytical Protocol Certification Form

Laboratory Name:

Project #:

Project Location:

RTN:

This Form provides certifications for the following data set: list Laboratory Sample ID Number(s):

Matrices: [0 Groundwater/Surface Water [ Soil/Sediment [ Drinking Water [ Air [ Other:

CAM Protocol (check all that apply below):

8260VOC | 74707471 Hg | MESSDERVEH | 8082 B S mhidaBac 6860 Perchlorate

CAMIIAD |[CAMIIB O |camiva 1 |CAMVA O  |GAMVIA O |CAMVIIB O

8270 SVOC | 7010 Metals | MESSREP VPH | 3081 Pesticides | 7196 Hex Cr MassDEP APH

CAMIIBO |CAMIIC O CAMVB O |[CAMVIB O |[CAMIXA O
CAMIVC O

6010 Metals 6020 Metals MassDEP EPH 8151 Herbicides | 8330 Explosives TO-15 VOC

CAMIIA DO |CAMIID O |CAMIVB O CAMVC O |[CAMVIIA O |[CAMIXB O

Affirmative Responses to Questions A through F are required for “Presumptive Certainty” status

Were all samples received in a condition consistent with those described on the Chain-of-

A Custody, properly preserved (including temperature) in the field or laboratory, and O Yes ONo
prepared/analyzed within method holding times?
Were the analytical method(s) and all associated QC requirements specified in the selected

B O Yes ONo
CAM protocol(s) followed?

c Were all required corrective actions and analytical response actions specified in the selected O Yes ONo
CAM protocol(s) implemented for all identified performance standard non-conformances?
Does the laboratory report comply with all the reporting requirements specified in CAM VII A,

D “Quality Assurance and Quality Control Guidelines for the Acquisition and Reporting of O Yes ONo
Analytical Data™?
VPH, EPH, APH, and TO-15 only OYes ONo

E a. VPH, EPH, and APH Methods only. Was each method conducted without significant
modification(s)? (Refer to the individual method(s) for a list of significant modifications). O Yes O No
b. APH and TO-15 Methods only: Was the complete analyte list reported for each method?

E Were all applicable CAM protocol QC and performance standard non-conformances identified O Yes O No
and evaluated in a laboratory narrative (including all “No” responses to Questions A through E)?

Responses to Questions G, H and | below are required for “Presumptive Certainty” status

G Were the reporting limits at or below all CAM reporting limits specified in the selected CAM O Yes O No'
protocol(s)?

Data User Note: Data that achieve “Presumptive Certainty” status may not necessarily meet the data usability and
representativeness requirements described in 310 CMR 40. 1056 (2)(k) and WSC-07-350.
H Were all QC performance standards specified in the CAM protocol(s) achieved? O Yes O No'
| Were results reported for the complete analyte list specified in the selected CAM protocol(s)? O Yes O No'

All negative responses must be addressed in an attached laboratory narrative.

I, the undersigned, attest under the pains and penalties of perjury that, based upon my personal inquiry of those
responsible for obtaining the information, the material contained in this analytical report is, to the best of my knowledge
and belief, is accurate and complete.

Signature:

Printed Name:

Position:

Date:
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APPENDIX 4
EPH Method Calibration and Analysis Using Linear Regression

Use of linear regression is permissible to calculate the slope and y-intercept that best describes the linear relationship between
Target PAH Analyte and hydrocarbon range concentrations and instrument responses.

1.0 Prepare EPH Calibration Standards as described in Table 3 in the method at a minimum of five concentration levels
in accordance with the procedures and specifications contained in Section 7.0. The EPH marker compounds for the
Cy-Cyg aliphatic, Cy9-C4q aliphatic and Cy;-C,, aromatic hydrocarbon ranges are presented in Table 6 in the method.

Analyze each EPH Calibration Standard following the procedures outlined in Section 9.7. Tabulate area responses
against the injected concentration. These data are used to calculate a calibration curve for each Target PAH Analyte
(Equation 4-1). The correlation coefficient (r) of the resultant calibration curve must be >0.99.

Equation 4-1: Linear Regression: Target PAH Analytes

|Area of peak = a X concentration injected (ug/L) + b|

where:
a = the calculated slope of the line
b = the calculated y intercept of the “’best fit” line

A calibration curve may also be established for each aliphatic and aromatic hydrocarbon range of interest. Calculate
the calibration curve for Co-Cyg and Cy9-Cs¢ Aliphatic Hydrocarbons and C,,-C,, Aromatic Hydrocarbons using the
FID chromatogram of the appropriate fraction. Tabulate the summation of the peak areas of all components in that
hydrocarbon range (i.e., Co-C1g Aliphatic Hydrocarbons, 6 components) against the total concentration injected.
These data are used to calculate a calibration curve for each EPH hydrocarbon range (Equation 4-2).  The
correlation coefficient (r) of the resultant calibration curve must be >0.99.

Note: Do not include the area of any surrogates or internal standard when determining the calibration curve
for the hydrocarbon ranges. Do not include the area of naphthalene or 2-methylnaphthalene when
determining the calibration curve for Cy — Cyg Aliphatic Hydrocarbons.

Equation 4-2: Linear Regression: EPH Aliphatic and Aromatic Hydrocarbon Ranges

|Area summation of range components = a X total concentration injected (ug/L ) + b|

where:
a = the calculated slope of the line
b = the calculated y intercept of the "best fit” line
2.0 The concentration of a specific Target PAH Analyte or hydrocarbon range in aqueous samples may be calculated

using linear regression analysis by applying Equation 4-3.

Equation 4-3: Determination of Target PAH Analytes and Hydrocarbon Range Concentrations in Aqueous Samples
using Linear Regression

Ax — b vVt
Conc Analyte or HC Range(ug/L) = ( )xD X s
where:

A= Response for the Target PAH Analyte or hydrocarbon range in the sample. Units are in area
counts for Target PAH Analytes and the hydrocarbon ranges.

D = Dilution factor; if no dilution was made, D = 1, dimensionless.

a= Slope of the line for Target PAH Analyte or hydrocarbon range.

b = Intercept of the line for Target PAH Analyte or hydrocarbon range.

V; = Volume of total extract, uL (including fractionation surrogate volume)

V = Volume of sample extracted, mL.
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Note: Do not include the area of any surrogates or internal standard in Ax when calculating a hydrocarbon
range concentration.

3.0 The concentration of a specific Target PAH Analyte or hydrocarbon range in a soil/sediment sample may be
calculated using linear regression analysis by applying Equation 4-4.

Equation 4-4:  Determination of Target PAH Analytes and Hydrocarbon Range Concentrations in
Soil/Sediment Samples using Linear Regression

Ax — b Vt)(D)
a )xDx W,

Conc Analyte or HC Range (ug/kg) = (

where: Ay, a, b, V,, and D have the same definition as for aqueous samples in Equation 4-3, and
W, = Dry weight of sample, g (see Section 9.9.3)

Note: Do not include the area of any surrogates or internal standard in Ax when
calculating a hydrocarbon range concentration.

4.0 At a minimum, the working calibration factor must be verified on each working day, after every 20 samples or every
24 hours (whichever comes first), and at the end of the analytical sequence to verify instrument performance and
linearity. The Percent Drift is determined using Equation 4-5. The Percent Drift for each Target PAH Analyte,
surrogate, and hydrocarbon range must be <25. A greater Percent Drift is permissible for n-nonane. If the Percent
Drift for n-nonane is >30, note the nonconformance in the laboratory narrative. If more than one Target PAH
Analyte or hydrocarbon range fails to meet the criteria, the instrument must be recalibrated. Otherwise, sample
analysis may proceed.

For the closing continuing calibration standard (analyzed after every 20 samples, every 24 hours, or at end of
analytical sequence), four compounds may exhibit Percent Drifts >25 but <40.

Equation 4-5: Percent Drift

Calculated concentration — Theoretical concentration

% Drift = x 100
0 f Theoretical concentration
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APPENDIX 5

INITIAL DEMONSTRATION OF LABORATORY CAPABILITY (IDLC)

FOR THE MassDEP EPH METHOD

1.0 Overview of the Initial Demonstration of Laboratory Capability (IDLC) Approach
2.0 Demonstration of Acceptable System Background
3.0 Initial Demonstration of Accuracy (IDA)
4.0 Initial Demonstration of Precision (IDP)
5.0 Initial Demonstration of Fractionation Efficiency

6.0 Method Detection Limit (MDL) Determination
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Appendix 5
INITIAL DEMONSTRATION OF LABORATORY CAPABILITY (IDLC) for MassDEP EPH Method

For purposes of the IDLC accuracy and precision determinations (and only this application) the calibration mixture
presented in Tables 1 and 2 of the method is considered to be representative of Extractable Petroleum Hydrocarbon (EPH)
Target PAH Analytes and hydrocarbon ranges (cumulative sum of the concentrations of the range calibration standards).
Other reference materials or combinations of reference materials with an individual assay for individual Target PAH
Analytes and the Cq through Cyg aliphatic, Cyg through Csg aliphatic and C,; through C,, aromatic hydrocarbon ranges are
also suitable for this determination.

1.0 Overview of the Initial Demonstration of Laboratory Capability (IDLC) Approach

An IDLC must be conducted to characterize instrument and laboratory performance prior to performing analyses using the
EPH Method. A laboratory may not report data to be used in support of MCP decisions unless the IDLC QC requirements
and performance standards described below and compiled in Table 5-1 of this Appendix are satisfied.

2.0 Demonstration of Acceptable System Background

Demonstration of acceptable system background is optional. To determine system background, a Laboratory Method
Blank (LMB) must be prepared and treated exactly as a typical field sample submitted for analysis, including fractionation
and exposure to all glassware, equipment, solvents and reagents. An LMB for aqueous sample analyses is prepared by
adding a specified volume of surrogate spiking solution to 1-liter of organic-free water (ASTM Type | reagent grade). An
LMB for soil/sediment sample analyses is prepared by adding a specified volume of surrogate spiking solution to 10 g of
certified organic contaminant-free soil. The volume of surrogate added should be the same as used for samples.

At least seven (7) replicate matrix-specific LMBs should be extracted, fractionated and analyzed, and the mean
concentration of Target PAH Analytes and hydrocarbon ranges determined, as appropriate. Data produced (mean Target
PAH Analyte and hydrocarbon range concentrations detected related to background noise) are used to assess instrument
performance of a blank sample and evaluate potential contamination from the laboratory environment, in the absence of any
other analytes or system contaminants. Calculate the measured concentration of Ce,, Of the replicate values as follows.

Equation 5-1: Calculation of Cyesn LMB

(Ci+Cp+Cy+...Cy)

n

Cmean -

where,

Chean = Mean recovered concentration of the replicate LMB analysis.
Cy, C,, ...C,, = Recovered concentrations of the replicate 1,2...n.
n=at least 7

Any concentration of C,.,, that exceeds one half of the RL (lowest Target PAH Analyte calibration or collective
hydrocarbon range calibration standard) for either a Target PAH Analyte or hydrocarbon range is considered unacceptable,
and indicates that laboratory and/or LMB contamination is present. The source of the non-conformance must be identified
and corrected prior to conducting any sample analysis. For purposes of acceptable system background demonstration,
concentrations are determined using Equations 6 through 9 in Section 9.9 of the method for Target PAH Analytes and
collective hydrocarbon ranges. Calculated concentrations below the lowest calibration standard, including zero (zero area),
may be used in these calculations.
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Appendix 5
INITIAL DEMONSTRATION OF LABORATORY CAPABILITY (IDLC) for MassDEP EPH Method

3.0 Initial Demonstration of Accuracy (IDA)

Prepare and analyze seven (7) replicate Laboratory Control Samples (LCSs) fortified at a concentration of 50% of the
highest calibration curve standard concentrations. An LCS must be prepared and treated exactly as a typical field sample
submitted for analysis, including fractionation and exposure to all glassware, equipment, solvents and reagents. See
Section 10.2.7 of the method for how to prepare the LCS.

Calculate the mean measured concentration (Cpcan) Of the replicate LCSs for Target PAH Analytes and hydrocarbon ranges
as follows.

Equation 5-2: Calculation of Cpean

(C,+Cy+C3+...C,)
n

Crnean =

where,
Cmean = Mean recovered concentration of the replicate LCS analysis.
Cy, C,, ...C,, = Recovered concentrations of the replicate 1,2...n.
n=7
The value derived for Cy,ean must be within 40-140% of the true value.
4.0 Initial Demonstration of Precision (IDP)
Using the results calculated from Section 3.0 above, calculate the percent relative standard deviation (%RSD) of the seven

(7) replicate LCS analyses for Target PAH Analytes and hydrocarbon ranges, as indicated below. The %RSD must be <25
for both aqueous and soil/sediment samples.

Equation 5-3: Calculation of % RSD

Sn-l

% RSD = X100

Cmean

where,

Sh.1= sample standard deviation (n-1) of the replicate analyses.
Cmean = Mmean recovered concentration of the replicate analyses.
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Appendix 5
INITIAL DEMONSTRATION OF LABORATORY CAPABILITY (IDLC) for MassDEP EPH Method

5.0 Initial Demonstration of Fractionation Efficiency

A mixed aliphatic and aromatic hydrocarbon fractionation check solution (FCS) is used to evaluate the separation efficiency of
the silica gel cartridge/column and to establish the optimum hexane volume to efficiently elute aliphatic hydrocarbons while
not allowing significant aromatic hydrocarbon breakthrough. The FCS is prepared as per Section 7.9 of the method.

5.1 To demonstrate the capability of properly fractionating aliphatic and aromatic hydrocarbons, at least four (4)
replicate FCSs (see Section 7.9) should be fractionated (using the fractionation procedures detailed in Section 9.2)
and analyzed, and the mean measured concentration (Cy mean) Of the individual fractionation check compounds
determined (see below).

5.2  For each analyte included in the FCS, excluding n-nonane, the mean percent recovery for four (4) replicate
samples, expressed as a percentage of the true value, must be between 40% and 140%. Lower recoveries are
permissible for n-nonane. If recovery of n-nonane is <30%, the source of the problem should be found and the
fractionation check repeated.

Equation 5-4: Calculation of Mean Percent Recovery

Mean Percent Recovery = Cox mean * _ X 100
True Concentration

5.3 Subsequent to the IDLC, it is recommended that a FCS be analyzed for each new lot of silica gel/cartridges, to re-
establish the optimum volume of hexane elution. NOTE: Within the same lot of cartridges, different mesh
sizes and cartridge weights could exist. It is advisable to evaluate fractionation efficiency on a more
frequent basis for large lots (> 500 units) to ensure consistent performance.

6.0 Method Detection Limit (MDL) Determination

The determination of MDL for the MassDEP EPH Method is optional. The RL for the method is defined as the lowest
calibration standard. Determination of the lowest detectable concentration of Target PAH Analytes and hydrocarbon
ranges is verified on a continuing basis by analysis of the lowest concentration calibration standard and recovery of
method surrogates. The recommended RL concentrations for the EPH Method do not approach (are considerably
higher than) the sensitivity limits of the EPH Method for either Target PAH Analytes or hydrocarbon ranges and are
generally more than adequate to meet the most stringent regulatory requirements of the MCP (exception may be for
select PAHs compared to GW-1 standards).

An MDL may be established for Target PAH Analytes and hydrocarbon ranges either analytically using the 40 CFR
136 approach or by the statistical evaluation of analytical system noise as a good laboratory practice component of an
overall quality control program for the EPH Method.

6.1 Determination of MDL, 40 CFR 136, Appendix B Approach

To determine MDL values, take seven (7) replicate aliquots of reagent water fortified at the estimated or “calculated”
MDL concentration or the concentration of the lowest calibration standard, and process through the entire analytical
method over a three day period. These seven MDL replicate analyses may be performed gradually over a three day
period or may represent data that have been collected, at a consistent MDL “calculated” concentration, over a series of
more than three days. Perform all calculations defined in the method and report the concentration values in the
appropriate units. Calculate the MDL as follows:
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Equation 5-5: Calculation of MDL based on Laboratory Analysis

MDL = (tp.1) X (Sh-1)

where,

t .1 = Student's t value for a 99% confidence level and a standard deviation estimate with n-1 degrees of freedom
[t..1 = 3.14 for seven replicates]
S.1 = Sample standard deviation (n-1) of 7 replicate MDL analyses
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Appendix 5

INITIAL DEMONSTRATION OF LABORATORY CAPABILITY (IDLC) for MassDEP EPH Method

Table 5-1 Initial Demonstration of Laboratory Capability QC Requirements for EPH Analyses

Rsegi:?:rfe Requirement Specification & Frequency Acceptance Criteria
. . Analyze at least 4 replicate Laboratory Method Blanks (LMB) The mean LMB concentrations
Initial Demonstration of Lo . - . .
fortified with surrogate spiking solution. Calculate the mean must be <% of the RL (lowest point on
2.0 Acceptable System Background q ion f h | q librati | lati
(Optional) recovered concentration for eac Targgt PAH_ana yte an cali ratlo_n curve or owest cumulative
hydrocarbon range. See Equation 5-1 in Section 2.0. range calibration standard).
- 0
Analyze seven (7) replicate LCSs fortified with The Crrean must be ‘.‘O 140% of th_e true
T . I value of the aliphatic and aromatic
. . EPH calibration standards at 50% of the highest calibration
Initial Demonstration of - hydrocarbon ranges and Target PAH
3.0 standard concentration. Calculate the mean recovered
Accuracy (IDA) : Analytes for both aqueous and
concentration Cqn, for each Target PAH analyte and hydrocarbon . A
" . . soil/sediment samples.
range. See Equation 5-2 in Section 3.0.
o . . Calculate the percent relative standard deviation (%RSD) of LCS The %RSD must be <25 for both aqueous
Initial Demonstration of Precision . . .
4.0 replicates for each Target PAH analyte and hydrocarbon range. See | and soil/sediment samples.
(IDP) ; . ¢
Equation 5-3 in Section 4.0.
The mean percent recovery for four (4)
Fractionate and analyze four (4) replicate FCSs at a concentration replicate samples, expressed as a
50 Initial Demonstration of of 200 pg/L. A mixed aliphatic and aromatic hydrocarbon FCS is percentage of the true value, must be
' Fractionation Efficiency used to evaluate the separation efficiency of the silica gel between 40% and 140%. Lower
cartridge/column. recoveries (30%) are permissible for n-
nonane.
See 40 CFR 136, Appendix B
Select a fortifying level at the estimated or “calculated” MDL or RL
6.0 Method Detection Limit (MDL) for the LCS. Analyze these 7 replicate low-level LCSs over The MDL must be < % of the RL for
' Determination (Optional) multiple days and calculate the MDL using Equation 5-5 in Section | individual Target PAH Analytes and < %
6.1. Do not subtract any blank contribution to this value. of the RL for collective EPH
hydrocarbon ranges.
Continuing QC for each Analytical Batch (up to 20 samples of a similar matrix analyzed contemporaneously)
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Important Notice!

The purpose of this method is to provide data to help characterize the risks posed by petroleum-contaminated media.
Innovative provisions and data adjustment steps are incorporated into the method to ensure that, in most cases, the resultant
data will be moderately (but not overly) conservative (i.e., health protective). It is essential that all of the provisions and
unique procedures in this method are understood and carefully implemented as written. Of particular note are the
following:

Peak Integration Techniques:

e For individual Target VPH Analytes, the peaks from the PID are individually integrated (valley to valley). This
applies to samples and standards.

e For the collective ranges of aliphatic hydrocarbons (i.e., Cs-Cg and Cgy-Cyy), the chromatogram from the FID is
continuously integrated (to baseline) between specified range “marker” compounds (e.g., n-pentane to n-nonane for
Cs-Cg aliphatic hydrocarbons). This applies to samples only; see Calibration Approach for peak integration
techniques associated with calibration standards.

e For the collective range of Cy-C,y Aromatic Hydrocarbons, the chromatogram from the PID is continuously
integrated (to baseline) between specified range “marker” compounds (i.e., o-Xylene to naphthalene). This
applies to samples only; see Calibration Approach for peak integration techniques associated with calibration
standards.

e For the surrogate standard, the peak is individually integrated (valley to valley), so that the area can be subtracted
from the collective areas of the hydrocarbon ranges discussed above. NOTE: if the method recommended
surrogate (2,5-dibromotoluene) is utilized, this subtraction will not be required since this surrogate elutes after all
aliphatic and aromatic compounds of interest.

Calibration Approach:

e The calibration factors (CFs) for the aliphatic hydrocarbon ranges are based on the correlation of collective FID
area counts to the collective concentration values of a specified mixture of aliphatic hydrocarbon standards, in
which the collective FID area count is determined via the summation of individual valley-to-valley peaks for the
individual standards.

e For the aromatic range (i.e., Co-C19 Aromatic Hydrocarbons), the CF is based on the correlation of the PID area
count of one compound (1,2,4-trimethylbenzene) to the concentration value of this compound, in which the area
count is determined via the individual valley-to-valley peak for this one compound.

As such, the integration procedure for calibration (i.e., valley-to-valley of individual calibration standards) is
different from the integration procedure for samples (i.e., integration to baseline across a specified range of the
FID or PID chromatogram). This is necessary to ensure a conservative bias (i.e., an integration-to-baseline
approach for the calibration standards would incorporate baseline “noise” which could lead to inappropriately
elevated CF values resulting in inappropriately lower sample concentration levels which would not be health-
protective).

Data Adjustments:

A series of steps are specified to calculate the final sample data results, to ensure that these values are not overly
conservative, due to the addition of surrogate standards, and/or the “double counting” of analytes. This involves the
subtraction of area counts and/or the subtraction of media concentration values (i.e., pg/L for aqueous samples or pg/kg for
soil/sediment samples):

e When determining the collective area count for a specified hydrocarbon range (i.e., Cs-Cg or Cy-Cy, Aliphatic
Hydrocarbons or C4-C,;y Aromatic Hydrocarbons), it is necessary to subtract the individual (valley-to-valley) peak
area of any surrogate standards that elute within that range, if applicable.



The individual PID concentrations of the Target VPH Analytes must be subtracted from the Cs to Cg and Cq to Cy5
Aliphatic Hydrocarbon FID concentrations, and the PID concentration of Cy-Cyq Aromatic Hydrocarbons must be
subtracted from the FID concentration of Co-Cy, Aliphatic Hydrocarbons.

Significant Updates/Changes in Method Revision 2.1

This method revision (2.1) replaces revision 1.1 of the MassDEP VPH by GC/PID/FID test method, which was issued in
May 2004. These updates and changes are relatively minor in nature, and are summarized below

Technical Revisions:

Section 6.1.1.2: Recommended traps are provided and a requirement has been added to specify the trap used in the
data package. If a different trap is used, the laboratory must perform a trap desorption efficiency study using a neat
gasoline standard and the RPDs of each hydrocarbon range and Target VPH Analyte between the recommended
trap and the trap utilized must be <25.

Section 7.5.1: More flexibility was added for the volume of surrogate to be added to aqueous and solid samples.
Section 9.1.2: MassDEP has added in a preference for the use of purge-and-trap autosamplers over manual load
purge-and trap systems.

Section 9.1.2.2: Details regarding the procedures for spiking of surrogates and matrix spike solutions in aqueous
and solid samples prior to purge-and-trap have been added to the method.

Section 9.1.3.7: A caution from the VPH PID/FID CAM Protocol (2010, et seq.) was added to the method
regarding the amount of methanol extract to be added to reagent water. Section 9.3.6 and Table 5: The retention
time windows were updated slightly to be consistent with the new VPH by GC/MS method and the APH method.

o The ending marker for Cs-Cg aliphatics is 0.01 minutes before nonane instead of 0.1 minutes.

o The beginning marker for Cq-Cy, aliphatics is 0.01 minutes before nonane instead of 0.1 minutes.
Section 9.4.2.12: The %RSD for Target VPH Analytes and the surrogate in the initial calibration must be <20
(previously was <25).

Section 9.4.2.13: A requirement from the VPH PID/FID CAM Protocol (2010, et seq.) was added to the method
regarding the evaluation of the low standard when linear regression is used.
Sections 9.4.2.15 and 10.2.2:

o Arequirement from the VPH PID/FID CAM Protocol (2010, et seq.) was added to the method regarding

the analysis of an ICV.

o The ICV acceptance criteria are 70-130% for each Target VPH Analyte and hydrocarbon range (was 80-

120% in the 2010 CAM protocol).
Section 9.4.3.5: The %D for Target VPH Analytes and the surrogate in the continuing calibration must be <20
(previously was <25).
Section 10.2.6: Details were added regarding appropriate corrective actions when the LCS recoveries are outside
of the acceptance criteria.
Section 10.3.1: Details were added regarding appropriate corrective actions when the matrix duplicate RPDs are
outside of the acceptance criteria.
Section 11.3.1.4: A new significant modification was added regarding the use of non-linear regression during
calibration.
Section 11.3.3: The laboratory is required to include information on the column and trap used in the CAM
deliverable.

Clarifications:

“Important Notice” added at the beginning of the method to clarify proper peak integration during calibration and
sample quantitation and data adjustment steps during sample quantitation.

Sections 9.4.2.7 — 9.4.2.9: clarified that individual peak areas should be utilized for integration during calibration
of the hydrocarbon ranges.

Section 9.6.2: More details were added regarding the quantitation of the hydrocarbon ranges in samples.

Section 11.3.3: Clarification on reporting of re-analyses and dilutions was added.



e Appendix 2: Updated chromatograms were added.
e Appendix 3:
o Required VPH Data Report form updated to include prompts for the column and trap information.
o MassDEP Analytical Protocol Certification Form updated to include both VPH method options (GC/MS
and PID/FID).

MassDEP VPH by GC/MS

MassDEP has developed and published two analytical testing methods to quantify the concentrations of Volatile Petroleum
Hydrocarbons (VPH) in aqueous and solid matrices. The first VPH method was issued in 1998 and involves the use of in-
series photoionization and flame ionization detectors (PID and FID). This document constitutes the second revision of that
method, which is now referred to as the “VPH by GC/PID/FID”” method.

In January 2017, MassDEP issued a second VPH method that involves the use of a mass spectrometer, which s referred to
as the “VPH by GC/MS” method. It is available at https://www.mass.gov/guides/compendium-of-analytical-methods-cam-

massdep-bwsc

For additional information and insights on the origin and implications of the various requirements and biases within these
methods, see “Evaluation of MassDEP Volatile Petroleum Hydrocarbon (VPH) Methods” at http://mww.mass.gov/
eea/docs/dep/cleanup/evaluation-of-vph-methods-june-2016.pdf.



https://www.mass.gov/guides/compendium-of-analytical-methods-cam-massdep-bwsc
https://www.mass.gov/guides/compendium-of-analytical-methods-cam-massdep-bwsc
http://www.mass.gov/%20eea/docs/dep/cleanup/evaluation-of-vph-methods-june-2016.pdf
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LIST OF ACRONYMS

APH Air-Phase Petroleum Hydrocarbons

ASTM American Society for Testing and Materials
BTEX Benzene, Toluene, Ethylbenzene, Xylenes
CAM Compendium of Analytical Methods

CF Calibration Factor

%D Percent Difference

DF Dilution Factor

FID Flame lonization Detector

GC Gas Chromatography

GC/IMS Gas Chromatography / Mass Spectrometry
HCI Hydrochloric Acid

ICV Initial Calibration Verification

I.D. Internal Diameter

IDLC Initial Demonstration of Laboratory Capability
LCS Laboratory Control Sample

LCSD Laboratory Control Sample Duplicate

LMB Laboratory Method Blank

MassDEP Massachusetts Department of Environmental Protection
MCP Massachusetts Contingency Plan

MDL Method Detection Limit

MTBE Methyl tertiary butyl ether

NAPL Non-aqueous Phase Liquid

OSHA Occupational Safety & Health Administration
PID Photoionization Detector

QC Quality Control

%R Percent Recovery

r Correlation Coefficient

RL Reporting Limit

RPD Relative Percent Difference

%RSD Percent Relative Standard Deviation

Rt Retention Time

SOP Standard Operating Procedure

SSB System Solvent Blank

TSP Trisodium Phosphate Dodecahydrate

VOC Volatile Organic Compound

VPH Volatile Petroleum Hydrocarbons

NOTE: Abbreviations of units (e.g., mL, mm, min, °C, g, pL, pg/mL, pg/Kg, m, um, pg/L, mg/Kg, ng, etc.) are not
included.
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Mention of trade names or commercial products does not constitute endorsement by the Massachusetts Department of
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their use in validation studies conducted by MassDEP. Equipment and materials cited in this method may be replaced by
similar products, as long as adequate data exist or have been produced documenting equivalent or superior performance.




METHOD FOR THE DETERMINATION OF
VOLATILE PETROLEUM HYDROCARBONS (VPH)

BY GAS CHROMATOGRAPHY/PHOTOIONIZATION DETECTOR/FLAME IONIZATION

DETECTOR

MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION (MassDEP)

1.0 SCOPE AND APPLICATION
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1.6

1.7

This method is designed to measure the collective concentrations of volatile aliphatic and aromatic petroleum
hydrocarbons in water and soil/sediment matrices. Volatile aliphatic hydrocarbons are collectively
quantitated within two carbon number ranges: Cs through Cg and Cg through C;,. Volatile aromatic
hydrocarbons are collectively quantitated within the Cq to C,y range. These aliphatic and aromatic
hydrocarbon ranges correspond to a boiling point range between approximately 36°C (n-pentane) and 220°C
(naphthalene).

This method is based on a purge-and-trap, gas chromatography (GC) procedure using a photoionization and
flame ionization detector (PID/FID) in-series. This method should be used by, or under the direct
supervision of, analysts experienced in the use of purge-and-trap systems and gas chromatographs. The
analysts should be skilled in the interpretation of gas chromatograms and their use as a quantitative tool.

This method is designed to complement and support the toxicological approach developed by the
Massachusetts Department of Environmental Protection (MassDEP) to evaluate human health hazards that
may result from exposure to petroleum hydrocarbons (MassDEP, 1994 and MassDEP, 2003). It is intended
to produce data in a format suitable for the characterization of risk at sites undergoing evaluation under the
Massachusetts Contingency Plan (MCP, 310 CMR 40.0000) using the aforementioned toxicological
approach.

This method is one of two analytical options provided by MassDEP to collectively quantitate ranges of
volatile aliphatic and aromatic hydrocarbons in aqueous and soil/sediment matrices. The other option was
issued by the agency in January 2017, and involves the use of a mass spectrometer. The method detailed in
this document is identified as “MassDEP VPH by GC/PID/FID.” The other option is identified as
“MassDEP VPH by GC/MS.” MassDEP has also issued the “Method for the Determination of Air-Phase
Petroleum Hydrocarbons (APH)” which enables the quantification of aliphatic and aromatic ranges of
petroleum hydrocarbons and target analytes in air and vapor samples by gas chromatography/mass
spectrometry (GC/MS).

In addition to the quantification of aliphatic and aromatic hydrocarbon ranges, the MassDEP VPH by
PID/FID method is also designed to quantify the individual concentrations of the Target VPH Analytes
benzene, toluene, ethylbenzene, xylenes (BTEX), naphthalene, and methyl tertiary butyl ether (MTBE) in
aqueous and soil/sediment matrices. Use of this method to identify and quantify these Target VPH Analytes
is optional.

Petroleum products suitable for evaluation by this method include gasoline, as well as the volatile fractions of
mineral spirits, kerosene, #2 diesel fuel oil, jet fuels, and certain petroleum naphthas. This method, in and of
itself, is not suitable for the evaluation of kerosene, jet fuel, heating oils, lubricating oils, and/or other
petroleum products which contain a significant percentage of hydrocarbons heavier than Cy, or with boiling
points > 220°C.

The Reporting Limit (RL) of this method for each of the Target VPH Analytes is determined by the
concentration of the lowest applicable calibration standard. The nominal RL for the individual target
analytes is compound-specific, and ranges from approximately 0.050 to 0.25 mg/kg in soil/sediment matrices
and 1 to 5 pg/L in aqueous matrices. The RLs for the collective hydrocarbon ranges are approximately 5-
10 mg/kg in soil/sediment matrices and approximately 100-150 pg/L in aqueous matrices.
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1.8 This method includes a series of data adjustment steps to determine the concentrations of the collective
aliphatic and aromatic hydrocarbon ranges of interest. These steps may be taken by the laboratory or by
the data user.

1.9 Data reports produced using this method must contain all of the information presented in Appendix 3.
The format of these reports is left to the discretion of the individual laboratories (but must include the
same certification statement presented in the aforementioned Appendix and must be provided in a clear,
concise, and succinct manner). However, the format of the Laboratory Certification must follow the
format presented in Appendix 3.

1.10 Like all GC procedures, this method is subject to a "false positive" bias in the reporting of Target VPH
Analytes, in that non-targeted hydrocarbon compounds eluting or co-eluting within a specified retention
time window may be falsely identified and/or quantified as a Target VPH Analyte. Confirmatory analysis
by a GC/MS procedure or other suitable method is recommended in cases where a Target VPH Analyte
reported by this method exceeds an applicable reporting or cleanup standard, and/or where co-elution of a
non-targeted hydrocarbon compound is suspected.

1.11 The first draft of this method was evaluated by two inter-laboratory “Round Robin” testing programs. In the
final evaluation effort, participating laboratories were provided (single-blind) sand samples spiked with
gasoline, and a “real world” groundwater sample contaminated by gasoline. Laboratory proficiency was
evaluated using a Z-score approach. Data received from 21 laboratories performing this method without
significant modifications are summarized below:

Data from Proficient Laboratories
Matrix # Labs % Labs Fraction %RSD | % labs within +/-
Proficient | Proficient 30% mean value
Cs-Cg Aliphatics 28 80
. Co-Cy, Aliphatics 52 50
soil 20 % Total GC/FID 31 70
Cy-C;9 Aromatics 24 80
Cs-Cg Aliphatics 31 71
Co-Cy, Aliphatics 44 47
water 17 81 Total GC/FID 24 76
Cy-C;9 Aromatics 20 82

Laboratory and method performance were believed to have been adversely impacted by the use of multiple
chromatographic columns, which may have significantly altered the placement of aliphatic hydrocarbons into
either the Cs-Cg or Cy-Cy, Aliphatic Hydrocarbon ranges. Better performance was noted for the aromatic
fraction and total GC/FID data. Improvements incorporated into this final method are expected to
significantly improve overall method performance.

1.12 The VPH by GC/PID/FID and VVPH by GC/MS methods are two ways to quantify collective concentrations
of volatile aliphatic and aromatic petroleum hydrocarbons within specified carbon number ranges. Both have
been designed in a manner that attempts to strike a reasonable balance between analytical method
performance and utility. In this manner, assumptions and biases have been structured into the methods to
help ensure protective, though not overly conservative data.

As an example, MassDEP recognizes that branched alkanes have lower boiling points than their n-alkane
counterpart, while many of the cycloalkane constituents of gasoline range volatile organics have higher
boiling points than their n-alkane counterpart. As a consequence:

(1) Depending upon the specific chromatographic column used, most branched Cq alkanes are expected to
elute before n-nonane, the beginning marker compound for the Cq through C,, aliphatic hydrocarbon range,
and will be conservatively counted in the more toxic Cs through Cg aliphatic hydrocarbon range;
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(2) Depending upon the specific chromatographic column used, most branched Cs alkanes will elute before
n-pentane, the beginning marker compound for the Cs through Cg aliphatic hydrocarbon range, and will
therefore not be counted in the Cs through Cg aliphatic hydrocarbon range; and

(3) Depending upon the specific chromatographic column used, most cycloalkanes within the Cs through Cg
and C, through C; aliphatic hydrocarbon ranges will be counted within their proper range with the exception
of some C,, cycloalkanes which will elute after naphthalene, the end marker compound for the C4 through
Cy, aliphatic hydrocarbon range.

Based on the nature of petroleum releases encountered in the environment, the collective concentrations of
the volatile aliphatic ranges as measured by the VPH Methods are considered to be suitable for the evaluation
of the risks posed by these releases, consistent with the toxicological approach developed by MassDEP to
evaluate human health hazards that may result from exposure to petroleum hydrocarbons (MassDEP, 1994
and MassDEP, 2003).

1.13 There may be better, more accurate, and/or less conservative ways to produce Target VPH Analyte and
hydrocarbon range data. MassDEP encourages methodological innovations that (a) better achieve method
and/or data quality objectives, (b) increase analytical precision and accuracy, (c) reduce analytical
uncertainties and expenses, and/or (d) reduce the use of toxic solvents and generation of hazardous wastes.

All significant modifications to this method, however, must be disclosed and described on the data report
form, as detailed in Section 11.3 and the MassDEP Analytical Protocol Certification Form (See Appendix 3,
Exhibit 2, Question E). Laboratories that make such modifications, and/or develop and utilize alternative
approaches and methods, are further required to demonstrate that:

e Such modifications or methodologies adequately quantify the petroleum hydrocarbon ranges, as defined
in Sections 3.6 through 3.8 of this document, ensuring that any methodological uncertainties or biases
are addressed in a manner that ensures protective (i.e., conservative) results and data (e.g., over, not
under-quantification of the more toxic ranges);

e Such modifications and/or methodologies employ and document initial method demonstration and
ongoing quality control (QC) procedures consistent with approaches detailed in the MassDEP
Compendium of Analytical Methods (CAM); and

e Such methods and procedural modifications are fully documented in a detailed standard operating
procedure (SOP).

1.14 Additional information and details on the MassDEP VPH approach are available at
http://www.mass.gov/dep/cleanup/laws/policies.htm#vph.

1.15 This method should be used in conjunction with the current version of CAM IV A, “Quality Control
Requirements and Performance Standards for the Analysis of Volatile Petroleum Hydrocarbons (VPH) by
Gas Chromatography/Photoionization Detector/Flame lonization Detector in Support of Response Actions
Under the Massachusetts Contingency Plan (MCP)”. WSC-CAM-IV A was developed by MassDEP to
complement this MassDEP VPH by GC/PID/FID Method and to provide more detailed guidance
regarding compliance with the QC requirements and performance standards of the MassDEP VPH by
GC/PID/FID Method.
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20 SUMMARY OF METHOD AND DATA QUALITY OBJECTIVES

2.1

2.2

2.3

2.4

Samples are analyzed using purge-and-trap sample concentration. The GC is temperature programmed to
facilitate separation of the individual compounds and hydrocarbon ranges of interest on a capillary column.
All compounds are detected using a PID and FID in series. Quantitation is based on comparing the PID and
FID response of a sample to a standard comprised of aromatic and aliphatic hydrocarbons. The PID
chromatogram is used to determine the individual concentrations of Target VPH Analytes
(BTEX/MTBE/naphthalene) and collective concentration of aromatic hydrocarbons within the Cq through
Cyp range. The FID chromatogram is used to determine the collective concentration of aliphatic
hydrocarbons within the Cs through Cg and Cq through Cy, ranges.

This method is suitable for the analysis of aqueous samples, soils, sediments, wastes, sludges, and non-
aqueous phase liquid (NAPL) samples. However, it should be noted that the method was validated only for
soil and aqueous matrices. Aqueous samples may be analyzed directly for VPH by purge-and-trap
concentration and GC/PID/FID. Soil/sediment samples are dispersed in methanol to dissolve the volatile
organic constituents. An aliquot of the methanol extract is then analyzed by purge-and-trap concentration
and GC/PID/FID.

This method is based on (1) USEPA Methods 5030B, 5035A, 8000D, 8015C, and 8021B, SW-846, "Test
Methods for Evaluating Solid Wastes," (2) Draft "Method for Determination of Gasoline Range Organics,"
EPA UST Workgroup, November, 1990; and (3) "Modified GRO Method for Determining Gasoline Range
Organics," Wisconsin Department of Natural Resources, PUBL-SW-140, 1992.

Data Quality Objectives should be developed and applied for sampling and analytical efforts involving the
use of this method. Key parameters of interest include: (a) the acceptability of RLs achievable by the
laboratory for the contaminants of interest and (b) the identification and reporting of target analytes.

3.0 DEFINITIONS

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Aliphatic Hydrocarbons are defined as acyclic or cyclic, saturated or unsaturated compounds that
contain only carbon and hydrogen atoms, excluding aromatic compounds.

Aromatic Hydrocarbons are defined as compounds whose structures include a cyclic structure and a
closed conjugated system of double bonds containing only carbon and hydrogen atoms.

Analytical Batch is defined as a group of field samples with similar matrices which are processed as a unit.
For QC purposes, if the number of samples in such a group is greater than 20, then each group of 20 samples
or less is defined as a separate analytical batch.

Calibration Standards are defined as a series of standard solutions prepared from dilutions of a stock
standard solution, containing known concentrations of each analyte and surrogate compound of interest.

Continuing Calibration Standard is defined as a calibration standard used to periodically check the
calibration state of an instrument. The continuing calibration standard is prepared from the same stock
solution as calibration standards, and is generally one of the mid-level range calibration standard dilutions.

Cs through Cg Aliphatic Hydrocarbons are defined as all aliphatic petroleum hydrocarbon compounds that
elute from just before n-pentane (Cs) to just before n-nonane (Cq). Cs through Cgaliphatic hydrocarbons are
determined using the FID.

C, through Cy, Aliphatic Hydrocarbons are defined as all aliphatic petroleum hydrocarbon compounds
that elute from just before n-nonane (Cy) to just before naphthalene. Cq through C,, aliphatic hydrocarbons
are determined using the FID.

C, through Cyy Aromatic Hydrocarbons are defined as all aromatic petroleum hydrocarbon compounds
that elute from just after o-xylene to just before naphthalene; therefore this range will include any unsaturated
hydrocarbons (e.g., alkenes, alkynes, carbonyls, ethers, etc.). Although naphthalene is an aromatic compound
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3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

with 10 carbon atoms, it is excluded from this range because it is evaluated as a separate Target VPH
Analyte. Cq4through Cyoaromatic hydrocarbons are determined using the PID.

Field Duplicates are defined as two separate samples collected at the same time and place under identical
circumstances and managed the same throughout field and laboratory procedures. Analyses of field
duplicates give a measure of the precision associated with sample collection, preservation, and storage, as
well as laboratory procedures.

Laboratory Control Sample (LCS) is defined as a reagent water blank (when associated with aqueous
samples) or clean methanol blank (when associated with soil/sediment samples) fortified with the matrix
spiking solution. The LCS is prepared and analyzed in the same manner as a sample and its purpose is to
determine the bias of the analytical method.

Laboratory Control Sample Duplicate (LCSD) is defined as a reagent water blank (when associated with
aqueous samples) or clean methanol blank (when associated with soil/sediment samples) fortified with the
matrix spiking solution. The LCSD is prepared separately from the LCS but is prepared and analyzed in the
same manner as the LCS. The purpose of LCS duplicates is to determine the bias and precision of the
analytical method.

Laboratory Method Blank (LMB) is defined as an aliquot of reagent water (when associated with aqueous
samples) or clean methanol (when associated with soil/sediment samples) spiked with a surrogate standard.
The laboratory method blank is prepared and analyzed in the same manner as a sample, exposed to all
glassware, solvents, reagents, and equipment. A laboratory method blank is analyzed with every batch of
samples, to determine if method analytes or other interferences are present in the laboratory environment,
reagents, or equipment.

Matrix Duplicates are defined as split samples prepared and analyzed separately with identical procedures.
For soil/sediment samples, matrix duplicate samples are taken from the same sampling container. For
aqueous samples, a separate container is used for the matrix duplicate sample. The analysis of matrix
duplicates gives a measure of the precision associated with laboratory procedures, but not with sample
collection, preservation, or storage procedures.

Matrix Spike Sample is defined as an environmental sample which has been spiked with a matrix spiking
solution containing known concentrations of method analytes. The purpose of the matrix spike sample is to
determine whether the sample matrix contributes bias to the analytical results. The background
concentrations of the analytes in the sample matrix must be determined through the separate analysis of an
unspiked sample aliquot. The measured values in the matrix spike sample must be corrected for background
concentrations when calculating recoveries of spiked analytes.

Matrix Spiking Solution is defined as a solution prepared from a separate source than used for the
calibration standards, containing known concentrations of method analytes.

System Solvent Blank (SSB) is defined as an aliquot of organic-free water (American Society for Testing
and Materials [ASTM] Type | reagent grade) and purge-and-trap grade, or equivalent, methanol. For
aqueous samples 4.0 uL of methanol is mixed with 5.0 mL of water and for soil/sediment samples 100 uL
of methanol is mixed with 4.9 mL of water. The SSB is analyzed in the same manner as a sample, exposed
to all glassware, solvents, reagents, and equipment. Surrogates must not be spiked into SSBs. An SSB
provides one way of determining the level of noise and baseline rise attributable solely to the analytical
system, in the absence of any other analytes or non-analytical related contaminants.

Target VPH Analytes are defined as benzene, toluene, ethylbenzene, m-xylene, p-xylene, o-xylene,
naphthalene, and MTBE.

Unadjusted Cs through Cg Aliphatic Hydrocarbons are defined as all petroleum hydrocarbon compounds
which elute on the FID chromatogram from n-pentane (Cs) to just before n-nonane (C).
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4.0

3.19

3.20

3.21

3.22

Unadjusted Cy through C,, Aliphatic Hydrocarbons are defined as all petroleum hydrocarbon compounds
which elute on the FID chromatogram from just before n-nonane (Cy) to just before naphthalene.

Volatile Petroleum Hydrocarbons (VPH) are defined as collective fractions of hydrocarbon compounds
eluting from n-pentane to just before naphthalene, excluding Target VPH Analytes. VVPH is comprised of Cs
through Cg Aliphatic Hydrocarbons, Cy through C;, Aliphatic Hydrocarbons, and Cq through C,y, Aromatic
Hydrocarbons.

Volatile Petroleum Hydrocarbon (VPH) Component Standard is defined as a 15 component mixture of
the aliphatic and aromatic compounds and one surrogate listed in Table 1. The compounds comprising the
VPH Component Standard are used to (a) define the individual retention times and calibration factors for
each of the Target VPH Analytes, (b) define and establish the retention time windows for the collective
aliphatic and aromatic hydrocarbon ranges of interest, and (c) determine average calibration factors or
generate calibration curves that can in turn be used to calculate the collective concentrations of hydrocarbons
within these ranges.

All other terms are as defined in the most current version of SW-846, "Test Method for Evaluating Solid
Waste," USEPA.

INTERFERENCES AND METHOD LIMITATIONS

41

4.2

4.3

4.4

Samples can become contaminated by diffusion of volatile organics through the sample container septum
during shipment and storage or by dissolution of volatiles into the methanol used for preservation. Trip
blanks prepared from both reagent water (when associated with aqueous samples) and methanol (when
associated with soil/sediment samples) should be carried through sampling and subsequent storage and
handling to serve as a check on such contamination.

Cross-contamination can occur whenever a low-concentration sample is analyzed immediately after a high-
concentration sample. To reduce carryover, the sample syringe and/or purging device must be rinsed
between samples with reagent water or solvent. For volatile samples containing high concentrations of water-
soluble materials, suspended solids, high boiling-point compounds or organohalides, it may be necessary to
wash the syringe or purging device with a detergent solution, rinse with distilled water, and then dry in an
oven at 105°C between analyses. The trap and other parts of the system are also subject to contamination;
therefore, frequent bake-out and purging of the entire system may be required. A screening step is
recommended to protect analytical instrumentation. Whenever an unusually concentrated sample is
encountered, it must be followed by the analysis of an SSB or LMB to check for cross-contamination.
However, due to the potential for samples to be analyzed using an autosampler, the ability to perform this
blank analysis may not always be possible. If the sample analyzed immediately after the unusually
concentrated sample is free from contamination, then the assumption can be made that carryover or cross-
contamination is not an issue. However, if this sample did detect analytes which were present in the
unusually concentrated sample, reanalysis is required for all samples analyzed after this highly concentrated
sample which detected similar analytes.

The response selectivity of a PID is used in this method to differentiate aromatic hydrocarbons from aliphatic
hydrocarbons. All compounds eluting on the PID chromatogram after o-xylene are identified by the method
as aromatic hydrocarbons. This will le