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1.0

INTRODUCTION

The project team executing the Preliminary Design Investigation (PDI) activities at the Former
Philip Services Corporation (PSC) site in Rock Hill, South Carolina, consists of URS
Corporation (URS) staff along with subcontractors as described in the following section.

1.1 Distribution List

The following individuals will receive a copy of the approved Quality Assurance Project Plan
(QAPP) and all subsequent revisions.

Individual and Title

Organization

Telephone
Number

Fax Number

E-mail Address

J. Lucas Berresford

Project Manager SC DHEC (803) 896-0747 | (803) 896-0980 | berresjl@dhec.sc.gov
Nydia Burdick .

SOAMO Designee SC DHEC (803) 896-0862 | (803) 896-0980 | burdicnf@dhec.sc.gov
Brett Berra .

Project Manager URS Corporation (919) 461-1290 | (919) 461-1415 | brett.berra@urs.com
Martha Meyers- Lee . martha.meyers-

Project QA Officer URS Corporation (919) 461-1519 | (919) 461-1415 lee@urs.com

Amanda Taylor amanda.m.taylor@urs.co
Field Operations Manager / | URS Corporation (704) 716-0755 | (704) 522-0063 m m-iay '
Health & Safety Officer

Brad Weichert bradw@kbmobilelabs.co
Onsite Lab Director KB Labs, Inc. (352) 367-0073 | (352) 378-6491 m

Todd Romero .

Onsite Lab Project Manager KB Labs, Inc. (352) 367-0073 | (352) 378-6491 | toddr@kbmobilelabs.com
Bob George KB Labs, Inc. (352) 538-6507 | (352) 378-6491 | bobg@Kkbmobilelabs.com

Onsite Lab QA Officer

Amelia Kennedy
Offsite Lab Director

TestAmerica Nashville

(615) 726-0177

(615) 726-3404

amelia.kennedy@testamer
icainc.com

Ken Hayes
Offsite Lab Project Manager

TestAmerica Nashville

(615) 726-0177

(615) 726-3404

ken.hayes@testamericain
c.com

Steve Miller
Offsite Lab QA Officer

TestAmerica Nashville

(615) 726-0177

(615) 726-3404

steve.miller@testamericai
nc.com>

Kirstin Daigle
Offsite Lab Director

TestAmerica Burlington

(802) 660-1990

(802) 660-1919

kristin.daigle@testameric
ainc.com

Kathryn Kelly
Offsite Lab Project Manager

TestAmerica Burlington

(802) 660-1990

(802) 660-1919

kathryn.kelly@testameric
ainc.com

Sara Goff
Offsite Lab QA Officer

TestAmerica Burlington

(802) 660-1990

(802) 660-1919

sara.goff@testamericainc.
com

Pat Beaver
Offsite Lab Director

Beaver Engineering, Inc.

(615) 350-8124

(615) 350-8149

pat@beaverengineering.c
om
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Telephone
Individual and Title Organization Number Fax Number E-mail Address
Joanna Hearn Beaver Engineering, Inc. | (615) 350-8124 | (615) 350-8149 | J0@Peaverengineering.co
Lab Project Manager m
Chris Beaver Beaver Engineering, Inc. | (615) 350-8124 | (615) 350-8149 | Cis@beaverengineering.
Offsite Lab QA Officer T com

The QAPP will be read by all essential staff participating in the work effort. The QAPP will be
in the possession of the field teams and in all laboratories performing analytical services. All
contractors and subcontractors will be required to comply with the procedures documented in
the QAPP in order to maintain comparability and representativeness of the data produced.

1.2 Project/Task Organization

This QAPP addresses the PDI activities at the Former PSC site. The specific individuals
participating in the project are presented in Figure 1-1, and the various quality assurance (QA)
and management responsibilities of key project personnel are described below.

SC DHEC Project Manager

Mr. Lucas Berresford of South Carolina Department of Health and Environmental Control (SC
DHEC) is the Project Manager (PM) and has oversight responsibility for all phases of this work
effort.

SC DHEC SQAMO Designee

Ms. Nydia Burdick, the SC DHEC State Quality Assurance Management Office (SQAMO)
Designee, has the responsibility to review and approval all QAPPs.

URS Project Manager

Mr. Brett Berra, P.E., URS PM, will be responsible for implementing the project and has the
authority to commit the resources necessary to meet project objectives and requirements. The
primary function of the URS PM is to ensure that technical, financial, and scheduling objectives
are achieved successfully. The PM will:

¢ Identify appropriate personnel and subcontractors to accomplish objectives efficiently

e Delegate applicable authority to various team members to complete certain tasks

e Monitor conformance to project scope and, within his authority, adapt the scope to fit
site conditions as permitted by the Work Plan (WP), budget, and schedule

URS Corporation May 2014
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Figure 1-1. Project Organization Chart
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Provide senior-level technical review

Coordinate preparation of project plans and approve deliverables before submittal to
SC DHEC

Maintain the official, approved QAPP for the project
Ensure that the project is completed on schedule and within budget

Ensure adequate communications between all project stakeholders is maintained,
corresponding with SC DHEC on technical issues at critical points during each task

URS Field Operations Manager/Health and Safety Officer

Ms. Amanda Taylor will serve as the Field Operations Manager during field activities. Ms.
Taylor will be responsible for leading and coordinating the day-to-day activities of the various
resource specialists.

Additionally, Ms. Taylor also serves as the Health and Safety Officer (HSO) and is responsible
for the health and safety of URS personnel on site. Specific responsibilities include:

Provide day-to-day coordination with the URS PM on technical issues

Develop and implement field-related WPs, adhere to schedule and management-
developed study requirements

Coordinate and manage field staff including URS and subcontractor personnel during
sampling, drilling, and in-field analysis activities

Implement quality control (QC) procedures for technical data provided by the field
staff, including field measurement data

Identify problems at the field team level, discuss possible resolution actions with the
URS PM, and provide communication between the field team and management

Participate in preparation of reports

URS Senior Technical Advisors

Mr. Rob MacWilliams, Senior Hydrogeologist, and Mr. Bob Lunardini, Lead Engineer, will
serve as senior technical advisors. They will be responsible for the technical direction of the
project, developing scientifically based assumptions and providing support for the ultimate
design of the site remediation.

URS Corporation May 2014
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URS Project QA Officer and Senior Chemist

Ms. Martha Meyers-Lee is a Senior Chemist that will serve as the Project QA Officer. She has
overall responsibility to independently assure that the planning, implementation, and reporting
of PDI activities fulfill the objectives for data use. This includes data evaluation/validation
implementation, database information flow, and identification and communication of problems
that affect data quality and schedule. The Project QA Officer will have reporting responsibility
outside of the project organization to assure independence in decision-making and in
recommending corrective actions. The Project QA Officer is responsible for assuring that
needed corrective actions are implemented.

URS Technical Team

URS technical staff will be used to collect samples, gather and analyze data, and prepare various
task reports and support materials. All of the designated technical team members are
experienced professionals who possess the degree of specialization and technical competence
required to effectively and efficiently perform the required work.

URS staff will collect groundwater field measurements, including pH, temperature, specific
conductance, dissolved oxygen, and oxidation reduction potential (ORP). However, URS is not
certified by SC DHEC for the analysis of these field parameters and the data collected will be
used for informational purposes only.

Each project deliverable will be reviewed by senior-level URS technical personnel. The intent
of the reviews will be to check for completeness, consistency, and overall quality of the data
interpretations. The senior technical staff to conduct the review will be selected by the URS PM.
These people will be selected based upon their experience in the specific disciplines applicable
to the document under review.

1.2.1 Subcontractors

Analytical Laboratories

KB Labs, Inc. of Gainesville, FL, will analyze soil samples that are collected for a volatile
organic analysis (VOA) by the onsite laboratory using United States Environmental Protection
Agency (USEPA) Methods 5035 and 8260B. Mr. Todd Romero will serve as the Laboratory
PM for the project. The laboratory is certified by SC DHEC under license number 96040001 for
those compounds that are drivers for PDI decision making purposes. KB Labs will also screen
soil for four volatile organic compounds (VOCs) (i.e., acetone, benzene, methylene chloride,
and 1,2,4-trichlorobenzene) that they are not certified for as April 2014, and the data will be
flagged accordingly. KB Labs is in the process of obtaining SC DHEC laboratory certification

URS Corporation May 2014
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for benzene, methylene chloride, and 1,2,4-trichlorobenzene by SW-846 Methods 5035 and
8260B.

TestAmerica of Nashville, TN, will analyze groundwater and surface water samples that are
collected as part of the PDI. Samples will be shipped to the laboratory via overnight courier for
analysis. The TestAmerica Nashville laboratory will analyze samples for VOCs by USEPA
5030B/8260B, nitrate by USEPA 9056A, and iron by USEPA 6010C. Mr. Ken Hayes will serve
as the Laboratory PM for the project, and is responsible for coordination, oversight, and
reporting of all geotechnical work that is being conducted by their sister and subcontract
laboratories. The laboratory is certified by SC DHEC to conduct the required analyses under
license number 84009001.

TestAmerica of Nashville, TN, will subcontract all soil geotechnical analyses, except percent
saturation, to TestAmerica of Burlington, VT. Percent saturation determinations will be
conducted by Beaver Engineering, Inc., of Nashville, TN. Ms. Kathryn Kelly of TestAmerica
Burlington and Ms. Joanna Hearn of Beaver Engineering will serve as the Laboratory PMs.

Specific responsibilities of laboratory personnel are as follows:

Laboratory Project Manager
e Ensure all resources of the laboratory are available on an as-required basis

e Perform initial review of a project’s analytical scope of work and manage the project
while samples are being analyzed in the laboratory

e Review the final report
Laboratory Departmental Managers
e Coordinate laboratory analyses within the department
e Schedule sample analyses
e Conduct detailed data review at the departmental level

e Prepare laboratory Standard Operating Procedures (SOPS)
Laboratory QA Officer

e Supervise laboratory quality assurance
e Supervise QA/QC documentation

e Review data for corrective actions, if required

URS Corporation May 2014
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Laboratory Sample Custodian
e Receive and inspect the incoming sample containers
e Record the condition of the incoming sample containers
e Sign appropriate documents
e Verify chain-of-custody (CoC) and its correctness
e Notify the PM and laboratory analysts of sample receipt and inspection

e Assign a unique identification number and customer number, and enters each number
into the Laboratory Information Management System (LIMS)

Driller

A SC DHEC certified drilling contractor will be contracted to perform rotosonic and DPT
drilling at the site. URS will provide SCDHEC with the drilling supervisor and SCDHEC
drilling license as an amendment to this QAPP.

Laser Induced Fluorescence Investigation Subcontractor

Columbia Technologies of Baltimore, MD, will be contracted to perform laser induced
fluorescence (LIF) investigation at the site.

1.3 Problem Definition/Background

This section presents a brief background and overview of remedial activities for the site.
Additional information may be found in Section 1 of the PDI WP (URS, 2012).

1.3.1 Site Description and Background

The PSC site in Rock Hill, South Carolina, is a former Resource Conservation and Recovery
Act (RCRA) hazardous waste treatment, storage, and disposal facility. Operations began at the
site in 1966 and continued until the bankruptcy of PSC in December 2003, at which time the SC
DHEC assumed the environmental management responsibilities of the site. Several previous
investigations at the site have identified chemical releases to soil and groundwater, and some
remediation has been performed. Current remediation consists of groundwater extraction
through three vertical and one horizontal extraction well, treatment using liquid phase carbon,
and discharge to the local sanitary sewer.

The PSC site is located at 2324 Vernsdale Road, approximately 4.5 miles southwest of the City
of Rock Hill in South Carolina (refer to Figure 1-2). Robertson Road borders the industrial
portion of the property to the northeast, and the Norfolk Southern Railroad forms the
northwestern boundary. Wildcat and Fishing Creeks border the industrial property on the

URS Corporation May 2014
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southeast and southwest, respectively. The site consists of approximately 44.5 acres of industrial
property on the west side of Wildcat Creek and approximately 108 acres of undeveloped
woodland on the east side of Wildcat Creek. Additional information pertaining to site location
may be found in Section 1.1 of the PDI WP.

1.3.2 Site History
Section 1.2 of the PDI WP presents the site history and potential source areas for contamination.

1.3.3 Site Constituents of Concern

Several media and constituents of concern (COCs) are associated with the site; however, the
primary COCs are VOCs. Additional information is provided in Section 1.2 and Table 6 of the
PDI WP.

1.3.4 Problem Definition

Several previous investigations at the site have identified chemical releases to soil and
groundwater, and some remediation has been performed. The feasibility study conducted in
March 2011 (CDM, 2011) for the site recommended a remedial action alternative for the source
area that involved a combined soil and groundwater remedy of thermal-enhanced multi-phase
extraction (MPE) and in-situ thermal treatment. Under the anticipated remedy, in-situ thermal
treatment of soil and regolith groundwater will be applied to the areas of higher VOC
concentrations to rapidly reduce the contaminant mass and significantly reduce the time
required to complete remediation. The location of the thermal treatment application will be
better defined following the PDI. The area of treatment will be refined during the remedial
design based on one or more of the following factors: PDI results, fate and transport modeling,
and pilot-scale test results.

The in-situ thermal treatment will not be applied at all locations where VOC concentrations
exceed the remediation goals (RGs) for soil and groundwater. However, this technology will
accomplish remediation beyond the treatment zone through enhanced degradation and
volatilization. As a result, post treatment monitored natural attenuation of groundwater, at a
minimum, will be necessary for both the regolith and bedrock zones.

Additional data collection is necessary to accurately define the thermal treatment footprint of
the source areas.
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1.4  Project/Task Description and Schedule

1.4.1 Summary of Work and Objectives

To effectively design a treatment area for the proposed thermal remedy, additional data is
needed. The primary objective of the PDI will be to generate additional data to identify
“hotspot” locations within the delineated source areas that will potentially require treatment.
The following data collection activities have been identified:

1. Source area soil sampling and analysis to refine source areas potentially requiring
treatment. Existing soil data will be supplemented to design the placement,
configuration, and duration of thermal treatment.

2. Burn Pit Area soil sampling and analysis to determine if Soil VVapor Extraction (SVE)
or another form of soil treatment is required to address any residual soil impacts
potentially acting as a continuing source of groundwater impact.

3. Aquifer testing to more accurately define the hydraulic characteristics of the
regolith/transition zone to support the design of thermal treatment. The information
will supplement existing aquifer performance data to calibrate anticipated future fate
and transport modeling.

4. Comprehensive baseline groundwater water levels to prepare accurate and updated
potentiometric maps for each hydraulic zone.

5. Comprehensive groundwater and surface water sampling and analysis to establish a
baseline of COCs prior to pilot-test and remedy implementation.

6. Surface water flow measurements and stream gauging for model calibration.

Additional details on the planned scope of work, including sampling collection activities, are
presented in the Section 3 of the PDI WP (URS, 2012) and Section 2.1 of this QAPP. Field
activities will be conducted using methods and procedures described in the PDI WP and
Appendices A and B in this plan. Analytical work will be conducted in accordance with each
laboratory’s Quality Manual and the SOPs that are presented in Appendix C. The laboratory
will have a quality program in place that is comparable to the USEPA Contract Laboratory
Program (CLP) or alternatively meets National Environmental Laboratory Accreditation
Program (NELAP)/National Environmental Laboratory Accreditation Conference Institute
(TNI) standards.
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1.4.2 Project/Task Schedule
The schedule for the PDI activities is presented in Section 4.3 of the PDI WP. A general outline

of the schedule is as follows:

Anticipated
Anticipated | Completion
Activity Duration (weeks) Start Date Date
gig\;gllaatory review and approval of the 4 weeks May 2014 June 2014
Preparation for field activities 3 weeks June 2014 June 2014
Implementation of field activities,
including on-site mobile laboratory 8 weeks July 2014 August 2014
analyses
Off-site commercial laboratory analyses fe\é\éeizlf after sample July 2014 August 2014
3 weeks after receipt
Data validation of final laboratory August 2014 | September 2014
deliverable
Report development, review, and September
submittal to SCOHEC 6 weeks 2014 November 2014

Implementation of the PDI will begin following approval of this QAPP and final PDI WP by SC
DHEC. A delay in schedule due to time and resource constraints is not anticipated; however, if
a delay occurs, SC DHEC will be notified.

1.5  Quality Objectives and Criteria for Measurement Data

This section provides internal means for control and review so that environmentally related
measurements and data collected by URS are of a known quality. Data collected on this project
will be used to further delineate impacted areas and establish pre-remediation baseline
conditions for groundwater and surface water.

When conducting the PDI, all measurements will be made so that results reflect the medium and
conditions being measured. Prior to all environmental measurement activities, site-specific Data
Quality Objectives (DQOs) and measurement performance criteria will be determined. DQOs
are qualitative and quantitative statements that specify the quality of the environmental
monitoring data required to support decisions. The subsections below describe the DQOs
(Section 1.5.1) and data measurement objectives (Section 1.5.2).
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1.5.1 Data Quality Objectives

EPA’s DQO process was used to develop the data collection design, which is discussed in detail
in the Sections 3 and 4 of the PDI WP. The seven steps of the DQO process (EPA 2006) have
been adapted to meet the requirements of this project and create the data collection design. The
steps are discussed below:

1.5.1.1 Step 1: State the Problem

The purpose of this step is to describe the problem to be studied so that the focus of the study
will be unambiguous. Based on the Feasibility Study (CDM, 2011) and review of historical
data, several data gaps have been identified:

e Source areas have been delineated, but the locations within them that potentially
require treatment are unknown

e Burn Pit Area residual soil impacts potentially acting as a continuing source of
groundwater impact are unknown

e Hydraulic characteristics of the regolith/transition zone are unknown

e A current potentiometric map for each hydraulic zone is not available as the last
gauging event occurred in 2007

e A baseline of COCs prior to pilot-test and remedy implementation is not available as
the last sampling event occurred in 2007

e Surface water flow and stream gauging data for model calibration are not current
1.5.1.2 Step 2: Identify the Decision

This step identifies the questions the study will attempt to resolve and the actions that may
result. The principal study components and related questions are:

Question1  What is the extent of soil, groundwater, and surface water contamination that
potentially requires treatment at the site?

Question 2 What is an appropriate design for a remediation program using thermal treatment
and possibly other technologies for specific purposes (e.g., SVE for the Burn Pit
Area)?

Based on the questions above, the following scenarios and possible actions have been identified:
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Scenario 1

Soil, groundwater, and surface water data collected during the investigation fully define the
nature and extent of contamination. Source areas potentially requiring treatment will be
identified.

e The model is calibrated and an accurate potentiometric map is developed based on
current site conditions

e Anticipated future fate and transport modeling can be performed

e A remediation program using thermal treatment and possibly other technologies is
designed

Scenario 2

The extent of contamination in the soil, groundwater, and surface water are not fully defined
during the investigation.

e With incomplete data, the remedial design for the thermal treatment footprint of the
individual source areas will be inaccurate

1.5.1.3 Step 3: Identify the Inputs to the Decision

The purpose of this step is to identify the information and data that need to be obtained and the
measurements that need to be taken to resolve the decision statement. Based on the problem
stated in Step 1, the following information is required:

e VOC concentrations in surface and subsurface soil to delineate the nature and extent
of contamination.

e LIF probing data from approximately 39 locations to identify potential zones of free
product in the subsurface.

e Single-well hydraulic test data for a subset of existing wells to obtain estimates of
hydraulic conductivity of the saprolite, transition zone, and the fractured bedrock as
well as to evaluate variations in site transmissivity and groundwater velocity. This
data will also be used to calibrate future predictive groundwater modeling if required
for the site.

e Groundwater elevations from existing monitoring wells to provide current data from
which predictive groundwater flow and transport modeling can be completed and
efficacy of future remedial actions can be measured.

URS Corporation May 2014
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e Chemical analysis of groundwater samples for site-specific COCs (i.e., VOCs) and
monitored natural attenuation (MNA) parameters to establish pre-remediation
baseline conditions.

e Chemical analysis of surface water from seven (7) locations at Fishing and Wildcat
Creeks to provide a baseline of possible COCs and flow measurements of the creeks
prior to implementation of a remedy. In addition, surface water measurements are
needed to calibrate the groundwater fate and transport model discussed previously.

Source area data will be used to identify “hotspot” locations within the delineated source areas
that will potentially require treatment. Soil sample VOC results will be compared to Industrial
Soil Screening Levels, Regional Screening Levels for Chemical Contaminants at Superfund
Sites (USEPA, May 2013). SC DHEC risk-based screening levels (RBSLs), which are the same
as EPA Maximum Contaminant Levels/Maximum Contaminant Level Goals (MCLs/MCLGS)
are the RGs for groundwater. Surface water screening values (chronic) presented in the USEPA
Region 4 Ecological Risk Assessment Bulletin (USEPA, 2001) are the RGs for surface water.

1.5.1.4 Step 4: Define the boundaries of the Study

This step defines the spatial and temporal boundaries of the study.

The horizontal spatial boundaries of the study area include the approximately 45 acres of
industrial property on the west side of Wildcat Creek and the approximately 108 acres of
undeveloped woodland on the east side of Wildcat Creek. The industrial portion of the property
is bounded by Robertson Road to the northeast and Vernsdale Road to the northwest. Wildcat
and Fishing Creeks border the industrial property on the southeast and southwest, respectively.
The vertical spatial boundaries are from ground surface to the depth of the deepest onsite
monitoring well (bedrock zone). This study focuses on current conditions and, therefore,
temporal boundaries include the period for the Remedial Investigation/Feasibility Study (RI/FS)
(2006 to 2007) (CDM, 2008) as well as the FS (CDM, 2011). The main data used for decision-
making will be collected from current conditions although the contamination may have
originated at any time over the past 40 years (approximately).

The data needed to support decision making for this investigation include the chemical
concentrations (including both detected and non-detected values) for all media sampled and
analyzed. Constraints that could potentially interfere with data collection are physically
inaccessible sampling locations and a limited number of sampling events.
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1.5.1.5 Step 5: Develop a Decision Rule

The purpose of this step is to define the parameter of interest, specify the action level, and
integrate previous DQO outputs into a single statement that describes a logical basis for
choosing among alternative actions. The parameters of interest are the concentrations of
constituents identified in each media. These concentrations should estimate the true values of
the constituents and may be used on an individual (e.g., trichloroethylene) basis or cumulatively
(e.g., total VOCs).

The development of decision rules for the site involves using lithological, hydrological, and
analytical data collected during the investigation to effectively design a treatment area for the
proposed thermal remedy. The decision rule is:

o If data from the PDI allows for an accurate design of the thermal treatment footprint and
probable treatment duration, then it will be possible to proceed with fate and transport
modeling and subsequent selection of locations for thermal treatment at the site.

1.5.1.6 Step 6: Specify Tolerable Limits on Decision Errors

In general, decision errors for projects involving environmental sampling fall into two
categories: false positive (Type I) and false negative (Type Il). For this project, a Type |
decision error would result in deciding that contaminant concentrations in various media present
an unacceptable risk when they do not. A Type Il decision error would result in deciding that
contaminant levels do not present an unacceptable risk to human health and the environment
when they actually do.

Type Il decision errors are more serious than Type | errors because they could possibly mask
contaminant levels that may pose a risk. In order to manage the possibility of Type Il errors,
quality assurance procedures (field and laboratory) and data validation will be performed as
outlined in this QAPP,

1.5.1.7 Step 7: Optimize the Design for Obtaining Data

This step identifies a resource effective data collection design for generating data that are
expected to satisfy the DQOs.

The data collection design (sampling program) is described in detail in the Section 3 and 4 of
the PDI WP.
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1.5.2 Data Measurement Objectives

The precision, accuracy, representativeness, comparability, completeness, and sensitivity
(PARCCYS) of the sampling and analytical procedures must be adequate to allow the data to be
used to effectively design a treatment area for the proposed thermal remedy. Every reasonable
attempt will be made to obtain a complete set of usable field measurements and analytical data.
If a measurement cannot be obtained or is unusable for any reason, the URS PM and URS
Project QA Officer will evaluate the effect of the missing data. This evaluation will be reported
to SC DHEC with a proposed corrective action.

The measurement performance criteria (MPC) define the quality elements monitored and the
acceptable performance for these elements. Tables 1-1 through 1-7 describe the MPC for
precision, accuracy, and sensitivity for the VOAs. MPC for all other parameters will be per the
analytical methods and laboratory SOPs. For sensitivity, achievement of limits listed in
Tables 1-5 through 1-7 is sufficient to achieve the project objectives for soil, groundwater, and
surface water, respectively.

1.5.2.1 Precision

Precision is the agreement between a set of replicate measurements without assumption and
knowledge of the true value. Both field and analytical precision is assessed based on the results
of field duplicate sample analyses. Analytical precision is the measurement of the variability
associated with duplicate (two) or replicate (more than two) analyses. This is accomplished in
the laboratory by calculating the relative percent difference (RPD) between laboratory duplicate
sample results, or the RPD between a spike and spike duplicate results (i.e., matrix spike (MS)
and matrix spike duplicate (MSD), or laboratory control sample (LCS) and laboratory control
sample duplicate (LCSD)). RPD is calculated using one of the following methods:

(R1-R2)x100 (S1—-5,)x 100
or

RPD = R Bar RPD=  SBar

where:
R; and R; are the first and duplicate results, respectively
R Bar is the average of the two duplicate results
S; and S, are the spike and duplicate spike results, respectively

S gar IS the average of the two duplicate spike results.
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Historical laboratory limits for RPD are determined from pairs of either replicates or spikes. The
RPDs will be greater than zero to determine upper warning and control limits.

Field duplicate samples will be collected at the frequency indicated in Tables 1-8 through 1-10.
Laboratory duplicate analyses will be performed as recommended by USEPA methods. The
required level of precision for each matrix is designated in Table 1-1.

1.5.2.2 Accuracy

Accuracy is the nearness of a measurement or the mean of a set of measurements to the true
value. Accuracy is assessed by the analysis of reference samples and recovery of spiked
samples. Sample matrix accuracy is determined by comparing the recovery of target analytes
that are spiked into a sample as a MS or MSD to laboratory control limits. Analytical method
accuracy is measured by comparing the recovery of target analytes that are spiked in the LCS of
the same matrix as the samples, to a control limit. The percent recovery will be calculated using
the following equation:

P=100x (A-B)/T
where:
P is the percent spike recovery
A is the concentration determined on spiked sample
B is the concentration determined on original unspiked sample

T is the true value of spike added.

Accuracy requirements are listed for each method in Table 1-1.

1.5.2.3 Representativeness

Representativeness is defined for each sampling and analysis task and is a function of the
investigative objectives. Representativeness is achieved through use of the standard field,
sampling, and analytical procedures. Representativeness is determined by appropriate program
design, with consideration of elements such as proper sampling locations, procedures, and target
species.

1.5.2.4 Comparability

Comparability is the confidence with which one data set can be compared to another data set.
The objective for this QA/QC program is to produce data with the greatest possible degree of
comparability. Comparability is achieved by using standard methods for sampling and analysis,
reporting data in standard units, normalizing results to standard conditions, and using standard
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and comprehensive reporting formats. Complete field documentation using standardized data
collection forms will support the assessment of comparability. Historical comparability will be
achieved through consistent use of methods and documentation procedures throughout the
project.

1.5.2.5 Completeness

Completeness is calculated for the aggregation of data for each analytical group measured for
any particular sampling event or other defined set of samples. Completeness is calculated and
reported for each analytical method and sample matrix. The number of valid results divided by
the number of possible individual analyte results, expressed as a percentage, determines the
completeness of the data set. For completeness requirements, valid results are all results not
qualified with an “R” flag (refer to Section 4.2 for an explanation of validation flagging
criteria). For any instances where samples could not be analyzed for any reason (holding time
violations in which resampling and analysis were not possible, spoiled samples, etc.), the
numerator of this calculation becomes the number of possible results minus the number of
possible results not reported. The formula for calculation of completeness is presented below:

% Completeness = Number of valid results (i.e., non-R-flagged data) x 100
Number of possible results

The completeness goal for this project will be 90% based on the planned samples for each
sample matrix, and will be determined separately for each analytical method. If the goal is not
met, the effect of not meeting the goal will be discussed with the URS PM.

1.5.2.6 Field Measurement Data QA Objectives

DQOs for field measurements are discussed in Section 4.1 of the PDI WP.

Horizontal and vertical accuracy requirements for survey data are presented in Section 3.4.1 of
the PDI WP.

Accuracy and precision requirements for all field measurements (i.e., temperature, pH, turbidity,
dissolved oxygen, specific conductivity, and oxidation-reduction potential) obtained during low-
flow groundwater sampling are presented in Section 3.4.2.2 of the PDI WP. Accuracy
specifications for the parameters analyzed by the Color Tec® methods are presented in
Appendix B. The accuracy and precision of field measurements involves operating equipment in
accordance with operating manuals, conducting daily calibrations, and checking the
reproducibility of the measurement by obtaining multiple readings on a single sample or
standard. A copy of the field equipment operating manuals is provided in Appendix B.
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1.5.2.7 Laboratory Analytical QA Objectives

The DQOs developed for data collection during the PDI are intended to ensure that the
analytical data generated during the design project are of sufficient quality to support their
respective intended uses. DQOs for analytical data generated by the onsite and offsite
laboratories are discussed in Section 4.1 of the PDI WP and Table 1-4. MPC are presented in
Tables 1-1 through 1-3. Tables 1-5, 1-6, and 1-7 define the DQO level required for each type of
sample to be collected during the PDI. These DQO levels are consistent with those presented in
the PDI WP.

To achieve DQO Level 1V, all laboratory data packages associated with groundwater and
surface water sampling events will be provided in a “CLP-like” format that contains all
supportive data necessary to reconstruct analytical work (e.g., raw data). The onsite mobile and
geotechnical laboratories will provide a data package that presents a summary of sample and
associated laboratory QC results with control limits.

1.5.3 Special Training Requirements and Certifications

Qualified personnel will perform all investigations, characterizations, and sampling. Staff
assigned to perform sampling, field data collection, and provide scientific or engineering
opinions will have the requisite education and certification (as necessary) to perform these
tasks.

The Site-specific Health and Safety Plan (HASP) requires that personnel working on project-
related field tasks be trained in accordance with the Occupational Safety and Health
Administration (OSHA) regulations. This takes the form of URS supplied training (e.g.,
cardiopulmonary resuscitation [CPR], First Aid, OSHA Hazardous Waste Operations and
Emergency Response [HAZWOPER]), work area specific training (e.g., work zone safety
around roads and highways), and client-/site-specific training. This training is documented both
on cards given to individual employees and on training record forms, and is tracked in a
database.

The URS Field Operations Manager will be supported by personnel that are familiar with South
Carolina protocols and have field experience related to sample collection, packing and
shipment, decontamination, and documentation.

Laboratories are to be certified by SC DHEC for each method and parameter (except acetone,
and field and geotechnical parameters) to be performed for the PDI. KB Labs, Inc. will analyze
soil for VOCs by SW-846 Methods 5035 and 8260B using an on-site mobile laboratory. The
laboratory is certified by SC DHEC under license number 96040001 for those compounds that
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are drivers for PDI decision making purposes. KB Labs will also screen soil for four VOCs (i.e.,
acetone, benzene, methylene chloride, and 1,2,4-trichlorobenzene) that they are not certified for
as of April 2014, and the data will be flagged accordingly. KB Labs is in the process of
obtaining SC DHEC laboratory certification for benzene, methylene chloride, and 1,2,4-
trichlorobenzene by SW-846 Methods 5035 and 8260B.

1.6 Documentation and Records

This section presents the procedures for documentation and records management.

1.6.1 Project Documentation and Records

The URS PM will be responsible for distributing the most current approved version of the
QAPP to those individuals on the distribution list and documenting distribution in the project
file. The QAPP will be distributed electronically to the team members listed on the distribution
list. If QAPP revisions are required and the changes only involve a few pages, the pages may be
sent out with directions explaining which pages to replace in the QAPP.

Instructions and procedures for documenting field activities are outlined in Section 4.2.2 of the
WP.

Project documents will be controlled through an organized project filing system.
Analytical/technical files will include work products generated during the project. Field books,
field observations, photographs, and other field related documents will be prepared and placed
in the project file. Subcontract deliverables will be reviewed for accuracy and completeness.

Data received from the field, subcontractors, or private sources will be tabulated on a
spreadsheet or database and will be subject to QC procedures, including comparing raw data to
the original source, verifying calculations, and confirming data summaries. Data distribution
will not occur until data review has been completed.

Work products will be checked before final use. This includes checking calculations, reports,
plans, etc. with various levels of review. The URS PM will review the work as an element of his
project responsibilities. Also, all deliverables/work products will be subject to a discipline-
specific technical review.

1.6.2 Laboratory Data Package Deliverables

The laboratory will provide an electronic copy (PDF format) of each laboratory data package to
the URS Project Chemist or designee. All data packages associated with groundwater and
surface water sampling will be provided in a “CLP-like” format, containing all supportive data
necessary to reconstruct analytical work (e.g., raw data).
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All onsite mobile laboratory deliverables will presents a summary of sample and associated
laboratory QC results with control limits. The following information is required to be included
in each laboratory data package, at a minimum:

e Laboratory Certification Number
e Facility name & address

e Date of report preparation

e Case Narrative

e Summary of Analytical Results, including:

Sample identification and the corresponding laboratory identification
Date of sample collection and laboratory receipt

Sample matrix

Dates of and methods of preparation/extraction and analysis

Weight or volume of sample used for preparation/extraction and analysis
Dilution or concentration factor for the samples

Definitions of all data qualifiers and acronyms

© 0O 0O 0 o 0o o o

Method detection limits (MDLs) and Reporting Limits (RLs), adjusted for sample
preparation activities

0 Analytical results
0 Units of measure

e Summary of QC Results, including the following as applicable by the method:
0 Laboratory blank results

Surrogate recoveries and control limits

LCS results with percent recoveries and control limits for all target analytes

Laboratory duplicate results with RPD and control limits for all target analytes

© O O O

MS and MSD results, recoveries, RPD, and control limits for all target analytes

For each QC measurement, the theoretical value, the quality objective, and the calculated error
(in terms of the quality objective for the measurement) will be maintained in a permanent
record. It will be clear from the QC data report that the correct QC measurements have been
made for the method employed and what the outcome was. Relevant QC measurement data will
be reported with the results for each sample.

MDLs and sample results will be reported to one decimal place more than the corresponding
RL, unless the appropriate number of significant figures for the measurement dictates otherwise.
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Soil sample results are to be reported on a dry weight basis. The percent moisture is to be
included in the laboratory report.

Two electronic data deliverables (EDDs) will be required for the project database. One EDD
will be formatted in Microsoft Excel for the EnviroData program (version 1.6 data transfer
standard), and will include both field and laboratory QC (i.e., method blank, LCS, MS, MSD,
and surrogate) results. The second EDD will be a field sample result cross-tabular summary that
is formatted in Microsoft Excel.

1.6.3 Electronic and Digital Data Storage

URS will employ an environmental information management system for the site. Project
environmental data will be managed using EnviroData®©, a software application that integrates a
relational database with graphing, mapping, and reporting. The relational database can be used
to electronically import historical and current data from the field and analytical laboratories, as
well as manually input and edit data. Capabilities include a powerful and flexible data
validation/verification sequence based upon laboratory and project limits that are created and
entered by the data management team. Project information, using Enviro Data©, can also be
directly connected to ArcGIS, a Geographic Information System (GIS), for data visualization,
presentation, and analysis.

Data and information that may be stored on a computer or network may include calibration,
maintenance records, raw field data, reports, procedures, or subcontracted analytical data. Any
data is stored either on individual company-owned computers or the corporate network. In
either case, access to the computer or network is limited, by use of password, to authorized
personnel only. If desired, access can be accommodated on a project-by-project basis, by the
Project Manager. All network data and database data are backed-up regularly. The office
network has redundant server storage drives. All new files are backed up on tape daily. Full tape
backups are made bi-weekly and archived securely off-site. Electronic documentation
associated with the project may be copied to CDs, DVDs, or other portable electronic media and
placed with physical project documentation.

All computers and operating systems will be operated in conditions within the specifications of
their manufacturer.

1.6.4 Document Control

The term document control refers to the maintenance and inspection of project files. The project
file will be maintained in a secure area. All official and original documents relating to the PDI
will be placed in the project file. The following documents will be placed in the project file:
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e WP
e HASP
o QAPP

e CoC records

e Field logbooks

e Records obtained during the investigation
e Laboratory deliverables

e Data validation reports

e PDl report

e Detail checking reports

e QA audit reports

e Official correspondence received from or sent to SC DHEC relating to the
investigation

e Photographs associated with the project

Records and documents that relate to the site will be preserved and retained for a minimum of
ten years after the work has been completed. The URS PM will review the files at the
conclusion of the project to ensure that they are complete. Any transfer of results or records will
be done in a way to ensure that client confidentiality is maintained.

Records may be maintained in a hard copy (physical) or an electronic format in a centralized
file. All electronic records are maintained on the office’s local area network. A complete read-
only electronic copy of the final deliverable is stored in an assigned location on the local area
network (LAN) in a restricted folder. Physical records are stored in file cabinets and/or other
repositories in an accessible location, with suitable security.
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2.0 MEASUREMENT / DATAACQUISITION

This section of the QAPP describes all data collection activities to be conducted during the PDI
at the PSC site. Refer to Section 3.0 of the PDI WP for additional details on sampling
procedures and requirements.

2.1  Sampling Process (Experimental Design)

Although the site has been the subject of several sampling investigations and some remediation,
additional source area data are required to identify “hotspot” locations within the delineated
source areas that will potentially require treatment. Rationale for soil boring locations is
presented in Table 5 of the PDI WP. The data will be used to design remediation program using
thermal treatment and possibly other technologies for specific purposes (e.g., SVE for the Burn
Pit Area). As discussed in Section 3.1.3 of the PDI WP, proposed subsurface sampling locations
are presented on Figures 12 and 13 of the PDI WP.

2.1.1 Source Area Soil Sampling

Source area soil sampling will be conducted to refine the vertical and horizontal dimensions of
the area requiring treatment. The sampling approach and proposed sample locations are
identified in Section 3.2.1 of the PDI WP and presented on Figures 14 and 15 of the PDI WP.
Field work will be conducted according to procedures in this plan’s Appendices A and B.
Initially, thirty-two (32) soil samples will be collected to determine if site-specific VOCs are
present at concentrations greater than the RGs. Additional soil samples may be collected to
further define potential treatment areas. Six (6) soil samples will also be collected for the
analysis of geotechnical parameters (i.e., grain size, bulk density, wet unit weight, specific
gravity, air-filled porosity, and percent saturation). To expedite receipt of results, samples will
be analyzed for all site-specific VOCs. The laboratory is certified by SC DHEC for those
compounds that are drivers for PDI decision making purposes. KB Labs will also screen soil for
four VOC:s (i.e., acetone, benzene, methylene chloride, and 1,2,4-trichlorobenzene) that they are
not certified for as April 2014, and the data will be flagged accordingly. KB Labs is in the
process of obtaining SC DHEC laboratory certification for benzene, methylene chloride, and
1,2,4-trichlorobenzene by SW-846 Methods 5035 and 8260B. Soil samples requiring
geotechnical analyses will be shipped via overnight courier to the laboratory.

Soil samples will be analyzed for site-specific VOCs by USEPA Method 5035/8260B, as
indicated in Table 1-5. The methods for determining geotechnical parameters are also provided
in Table 1-5. Volatile organic soil sample results will be reported by the onsite laboratory on a
dry-weight basis. QC samples will be collected at the frequency indicated in Table 1-8.
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Investigation-derived waste (IDW) will be managed according to procedures provided in
Section 4.2.4 of the PDI WP and Appendix A of this plan.

2.1.2 Light Non-Aqueous Phase Liquid Delineation

Further delineation of the lateral and vertical extent of Light Non-Aqueous Phase Liquid
(LNAPL) will be completed using Direct Push Technology (DPT) to advance a LIF probe at
approximately 39 locations within the known LNAPL plume. The LIF investigation will be
conducted and results reported in accordance with Section 3.2.3 of the PDI WP and Appendix A
of this QAPP.

2.1.3 Hydraulic Testing

Single-well hydraulic testing will be performed on a subset of existing wells to obtain estimates
of hydraulic conductivity of the saprolite, transition zone, and the fractured bedrock. A system
shutdown/recovery test will also be conducted. All hydraulic tests will be conducted in
accordance with Section 3.3 of the PDI WP and Appendix A of this QAPP.

2.1.4  Plume Evaluation/Monitoring

A well location/elevation survey will be conducted and groundwater samples collected and
analyzed from existing monitoring wells. The survey will provide current groundwater quality
data from which predictive groundwater flow and transport modeling can be completed and the
efficacy of future remedial actions can be measured. The approach and methodology for
conducting the plume evaluation and comprehensive groundwater monitoring event is presented
in Section 3.4.2 of the PDI WP (Table 4 and Figure 2 of the PDI WP).

Groundwater samples will be collected from existing monitoring wells and analyzed for select
site-specific COCs. All groundwater samples will be analyzed by an offsite laboratory, which is
certified by SC DHEC, for the Table 1-6 VOCs by USEPA Methods 5030B/8260B. Although
bis(2-ethyl hexyl) phthalate is listed as a VOC in Table 6 of the WP, groundwater samples will
not be collected for this compound because it is a semivolatile organic compound. In addition,
groundwater from twelve (12) wells will be analyzed for nitrate and sulfate by USEPA Method
9056A and total iron by USEPA Methods 3010A and 6010C by a SC DHEC certified
laboratory. QC samples will be collected at the frequency indicated in Table 1-9.

2.1.5 Surface Water Assessment

A surface water assessment will be conducted at Fishing and Wildcat Creeks in accordance with
Section 3.5 of the PDI WP to provide a baseline of possible COCs in surface water and flow
measurements prior to implementation of a remedy. Surface water measurements are also
required for calibration of the groundwater fate and transport model. The approach for the
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collection of surface water elevations and samples, and identification of proposed sample
locations are presented in Section 3.5.1 of the PDI WP. The proposed surface water sample
locations are presented in Figure 18 of the PDI WP. Surface water sampling procedures are also
outlined in Appendix A of this plan.

Surface water samples will be collected from seven (7) locations for the analysis of site-specific
VOCs and Total Suspended Solids (TSS). All samples will be analyzed by an offsite SC DHEC
certified laboratory for Table 1-7 VOCs by USEPA Methods 5030B and 8260B and TSS by
Standard Methods 2540D. QC samples will be collected at the frequency indicated in Table 1-
10.

2.1.6 Portable Sampling and Monitoring Equipment

Hand-held portable monitoring equipment may be used during site investigation or monitoring
events as sampling equipment or in addition to other sampling methodologies. All equipment
utilized during sampling activities will be operated in accordance to respective operating
manuals (refer to Appendix B). Equipment will be inspected and calibrated daily prior to use.

2.1.7 Performance Modifications

The URS PM or designee is responsible for all site activities. In this role, the PM is required to
adjust the site program to accommodate site-specific needs. When it becomes necessary to
modify the program addressed in this QAPP, the responsible person notifies the URS PM, who
will then notify SCDHEC of the anticipated change. The change in the program will be
conducted by the URS Field Operations Manager. SCDHEC will approve all changes in writing
or verbally prior to field implementation, if feasible. If not approved, the action taken will be
evaluated to determine the significance of any departure from established program practices.

Any nonconformance with the established procedures in the QAPP will be identified and
corrected in accordance with this plan. A corrective action program will be implemented at the
time the problem is identified. The person who identifies the problem is responsible for
notifying the URS PM and Project QA Officer. No staff member will initiate corrective action
without prior communication of findings through the proper channels. Implementation of
corrective action will be confirmed in writing through the same channels. If corrective action is
insufficient, work may be stopped by the URS PM or Project QA Officer.

The URS PM is responsible for the controlling, tracking, and implementing the identified
changes to the plans. SCDHEC will be requested to approve all identified changes. Reports on
all changes will be distributed to all affected parties, including the SCDHEC PM. The SCDHEC
PM will be notified whenever program changes in the field are made. Changes to the QAPP will
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be provided in an amended QAPP to all those on the distribution list. If the changes are major, a
complete QAPP with new signature page and a revision number will be distributed.

2.2  Sampling Methods Requirements

The PDI WP and this QAPP are designed to ensure that samples are collected consistently
between sampling locations, with no contamination being introduced. The use of standardized
methods and trained personnel will also help ensure data quality and consistency.

Sampling and decontamination procedures and investigation-derived waste management for the
PDI are provided in the Sections 3 and 4.2.4 of the WP, and Appendix A to this plan. A
summary of sample container, preservation, storage, and holding time requirements is presented
in Table 2-4.

2.3  Sampling Handling and Custody

The U.S. EPA Region IV sample custody, or CoC, protocols are described in the Field
Branches Quality System and Technical Procedures, Sample and Evidence Management (EPA,
January 2013).

A sample or evidence file is under your custody if it:

e Itisin the actual possession of an investigator

e Itisinthe view of an investigator, after being in their physical possession

e It was in the physical possession of an investigator and then they secured it to prevent
tampering

e Itis placed in a designated secure area

2.3.1 Field Sample Collection Documentation Procedures

Field documentation procedures are provided in Section 4.2.2 of the PDI WP. All entries will be
made in indelible ink with a ballpoint pen and will be written legibly. Entry errors will be
crossed out with a single line, dated, and initialed by the person making the correction. A
diagonal line and initial will be added at the end of unfilled logbook pages. Field logbooks and
data sheets will be reviewed periodically during the course of the project by the URS Project
QA Officer or designee.

2.3.2 Sample Preservation, Container Specification, and Holding Time Requirements

The sample container, preservation, storage, and holding time requirements are presented in
Table 2-.
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2.3.3 Field Sample Handling and Custody
Field CoC procedures are as follows.

Sample Labelling and Identification

Sample labelling and identification procedures are presented in Section 4.2.3 of the PDI WP.
Per the WP, the first portion of the Sample ID will be a one- to three-letter alphabetic code that
identifies the type of sample location followed by a sequential numeric code that specifies the
location of the sample horizontally and, if appropriate, vertically. In addition, the sample date
(i.e., numerical month, day, and year, as MMDDYY) will be a suffix to the Sample ID with a
sequential number added to indicate if more than one sample is collected in a single day. For
example, PSC1BR-CGW50-52-0217142 represents the second groundwater sample collected
from a depth of 50 to 52 feet at a rock core location from new bedrock well PSC-1BR on
February 17, 2014.

Sample Seals

Prior to sample shipment, sample coolers will be sealed as soon as possible following collection
utilizing a custody seal. The sample collector will write the date and their signature or initials on
the seal. The use of custody seals may be waived if field personnel keep the samples in their
custody from the time of collection until the samples are delivered to the laboratory analyzing
the samples.

Chain of Custody Record

The field CoC record is used to record the custody of all samples or other physical evidence
collected and maintained by investigators. All physical evidence and sample sets will be
accompanied by a CoC record. This CoC record documents transfer of custody of samples from
the sample collector to another authorized person, to the laboratory, or other organizational
units. To simplify the CoC record, as few people as possible should have custody of the samples
during the investigation. The CoC record also serves as a sample logging mechanism for the
laboratory sample custodian. A CoC record will be completed for all samples collected during
the PDI.

The following information will be entered on the CoC record:

e Project number
e Project name and location
e Contact information

e All samplers’ signatures in the designated signature blocks(s)
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The sample identification, date and time of sample collection, grab or composite sampling
designation, and sample matrix will be included on each line. One sample will be entered on
each line, and a sample will not be split among multiple lines.

The required analysis will be entered in the appropriate location, as indicated on the CoC
Record. The preservation and storage conditions for each analysis will also be identified on the
COC record. The total number of sample containers will be listed in the “Number of
Containers” column for each sample. The number of individual containers for each analysis will
also be listed. There will not be more than one sample type per sample.

The sample custodian and subsequent transferee(s) will document the transfer of the samples
listed on the CoC record. The person who originally relinquishes custody will be the sample
custodian. Both the person relinquishing the samples and the person receiving them will sign the
form. The date and time this occurred will be document in the proper space on the CoC record.
Usually, the last person receiving the samples will be the laboratory sample custodian or their
designee(s).

The CoC record is a serialized document. Once the record is completed, it becomes an
accountable document and will be maintained in the project file. An example CoC record is
provided in Appendix D.

Transfer of Custody with Shipment

All samples will be accompanied by the CoC record. The original record will be placed in a
plastic bag inside the secured shipping container if the samples are shipped.

When shipping samples via common carrier, the “Relinquished By” box will be filled in;
however, the “Received By” box will be left blank. The laboratory sample custodian is
responsible for receiving custody of the samples and will fill in the “Received By” section of
the CoC record. The original CoC record will be transmitted to the laboratory. A copy of the
completed CoC record will be included in the laboratory deliverable, and this copy will become
a part of the project file.

Samples will be packaged for shipment according to the following procedures:

e All samples will be stored in conditions that maintain integrity. Samples will be
stored in accordance with requirements provided in Table 2-4 during collection and
shipment. Fresh ice will be double-bagged and placed in the cooler prior to shipment.

e Absorbent packing material and insulation is to be placed at the bottom of each
cooler. Sample containers that are enclosed in Zip-loc® bags are to be placed right
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side up in the cooler. Each cooler used for sample shipment should also contain a
temperature blank. The temperature blank should be packed in with samples as close
to the center of the cooler as possible to obtain a fair representation of sample
temperature upon laboratory receipt.

e Ice, sealed in double bags and preferably wet, will be placed above, below, between,
and around sample containers in the cooler. Individual sample containers will be
wrapped with and void cooler space will be filled with additional protective packing
material (e.g., bubble wrap) to prevent breakage. The amount of ice placed in coolers
will be increased in warmer months.

e When shipping samples with dry ice, special instructions are to be followed.
Employees engaged in shipping samples on dry ice will follow guidance outlined in
URS Safety Management Standard 48 Hazardous Materials/ Dangerous Goods
Shipping (SMS 48) found in Appendix A. Containers shipped with dry ice will have
the appropriate Department of Transportation Labels, which includes one specifically
for dry ice giving the weight of dry ice in the container and a second label for “Cargo
Aircraft only” as applicable. The URS employee in charge of handling shipments of
such materials will complete the hazardous materials/dangerous goods shipping
course conducted by URS or complete an outside equivalent course.

e Sample transfer requires the individuals relinquishing and receiving the samples to
sign, date, and note the time on the CoC record. An example CoC record is included
in Appendix D.

e After conducting a final inventory check of the cooler’s contents, the completed COC
record is to be sealed in a plastic Zip-loc® bag and included in the cooler prior to
sample shipment.

e The cooler is secured by completely wrapping it with strapping tape around both
ends. All seams on the cooler will also be taped to retain coldness within and to
prevent leakage. If there is a drain on the cooler, it will also be taped shut on the
inside and outside.

e Custody seals, which will be signed and dated, are to be affixed to the cooler to
preclude tampering.

e Samples are to be shipped in accordance with International Air and Transport
Association and United States Department of Transportation shipping regulations.

URS Corporation May 2014
PDI QAPP 29



PDI Quality Assurance Project Plan
Revision No. 0

Former Philip Services Corporation Site
Rock Hill, South Carolina

2.3.4 Laboratory Sample Handling and Custody

On arrival at the laboratory, all samples will be inspected thoroughly to confirm that the
integrity of the samples and containers has not been compromised. The temperature of the
cooler contents will be determined and recorded. If the temperature does not meet storage
requirements, it will be reported to the Laboratory PM who will immediately notify the URS
Project Chemist. The exception to this will be if samples are hand delivered from the site to the
laboratory on the day of collection. In this circumstance, the cooler temperature and samples
may not have cooled during transport and elevated temperatures will be considered acceptable
as long as ice is present in the cooler. The individual sample containers will be inspected to
verify that each has a sample label. The condition of the samples (e.g., intact, multiple phases,
etc.) will be noted on the CoC record and/or laboratory sample receipt paperwork that will be
included in the laboratory deliverable.

Samples will be checked against the information on the CoC record for discrepancies. If
discrepancies exist, they will be reported to the LPM, who will immediately notify the URS
Project Chemist. The problem will be resolved, in writing, before analytical work begins.

After the Laboratory Sample Custodian has determined that the samples are in satisfactory
condition and the documents are in order, all sample information will be entered into a tracking
system and unique analytical sample identifiers will be assigned. A copy of this information will
be reviewed by the laboratory for accuracy and completeness. Sample holding time tracking
begins with the collection of samples and continues until the analysis is complete. Samples not
preserved or analyzed in accordance with these requirements will be resampled and analyzed.

Specific instructions concerning the analysis specified for each sample will be communicated to
the analysts. Analytical batches will be created, and laboratory QC samples will be introduced
into each batch.

While in the laboratory, samples will be stored in a limited-access, temperature-controlled area.
Refrigerators and freezers will be monitored for temperature 7 days/week; coolers will be
monitored each working day. Soil requiring geotechnical analyses will be frozen on receipt at
the laboratory. The acceptance criterion for the temperatures of the freezers is less than 0°C. All
cold storage areas will be monitored by thermometers that have been calibrated with a National
Institute of Standards and Technology (NIST)-traceable thermometer. As indicated by the
findings of the calibration, correction factors will be applied to each thermometer. Records that
include acceptance criteria will be maintained. Samples will be stored after analysis until
disposed of in accordance with applicable local, state, and federal regulations. Disposal records
will be maintained by the laboratory.
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SOPs describing sample control and custody will be maintained by the laboratories.

2.4 Analytical Methods

Samples collected during the PDI activities will be analyzed by field instruments and an onsite,
mobile laboratory as well as an offsite, fixed-based laboratory. Samples that will be sent to an
offsite laboratory will be submitted via local laboratory courier or FedEXx in accordance with
standard COC procedures. Additional details regarding analytical and field screening method
requirements are provided in the following subsections.

2.4.1 Field Measurement Procedures

Field measurements will be collected according to procedures provided in Section 3.4.2.2 of the
WP, Appendices A and B of this plan, and the following subsection. Dedicated equipment will
be used during sample collection as discussed in Sections 3.3.1.2, 3.4.2.2, and 3.5.1 of the PDI
WP. Equipment requiring decontamination is discussed in Sections 3.2.1.1 and 3.4.2.2 of the
PDI WP, with procedures for decontamination provided in Appendix A (Section 4).
Investigation derived waste (IDW) is discussed in Section 4.2.4 of the PDI WP and Appendix A
(Section 5). URS is not a SC certified laboratory and field measurements will be collected for
informational purposes only.

Specific Conductivity, Temperature, pH, Dissolved Oxygen, and Oxidation-Reduction Potential (ORP)

Measurement of specific conductivity, temperature, pH, dissolved oxygen, and ORP in
groundwater and surface water samples are discussed in Section 3.4.2.2 of the WP, and
Appendices A (Section 2.3.1) and B1. URS personnel will rent a YSI-556 or equivalent water
quality meter to be used onsite. Calibration, operation and decontamination of the instruments
will be in accordance with current EPA Region IV Science and Ecosystem Support Division
(SESD) Operating Procedures.

Turbidity

A nephelometer is used in comparing the turbidity of liquids by viewing light through them and
determining how much light is eliminated. Turbidity measurements are reported in
nephelometric turbidity units (NTUs). URS personnel will rent a LaMotte 2020 Portable
Turbidity Meter or equivalent to be used onsite. The instrument is calibrated daily by using a
sample cell containing organic free or deionized water and the provided cells containing pre-
made standards. All findings are recorded and anomalies are noted. The turbidity meter will be
periodically checked by using the standard provided and a post calibration will be performed at
the end of day. Additional information for measuring turbidity is provided in Section 3.4.2.2 of
the WP, and Appendices A (Section 2.3.1) and B1.
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Organic Vapor Analyzer (e.g., Photoionization Detector [P1D])

URS personnel will rent an organic vapor analyzer (i.e., MiniRae 2000 or equivalent) to screen
samples for VOCs. The organic vapor analyzer will be operated and calibrated according to the
manufacturer’s instruction manual. PIDs typically operate with a 10.6 eV lamp; however, 9.5
and 117 eV lamps are available as options. The detector is capable of measuring concentrations
down to about 1 ppm sensitivity for certain compounds.

LIF Probe

LIF technology will be used to delineate the depth and horizontal extent of LNAPL. Prior to
each working day, the instrument will be tuned and calibrated by the subcontractor according to
manufacturer’s recommendations (refer to Appendix B2).

2.4.2 Laboratory Procedures

Analytical work is to be conducted in accordance with laboratory SOPs that are referenced in
Tables 1-8 through 1-10 and copies of which are included in Appendix C. Volatile organic
MPC, which defines the quality elements monitored and acceptance performance for these
elements, are presented in Table 1-1 and Sections 1.5.2 and 2.5. MPC for all other parameters
will be per the analytical method and laboratory SOPs and control limits.

Tables 1-5 through 1-7 present performance standards, RL objectives for undiluted samples, and
laboratory RLs and MDLs for each analyte. Laboratory RLs are less than performance standards
for all target analytes, except 1,2-dichloroethane, cis-1,2-dichlorethene, methylene chloride,
1,1,2-trichloroethane, trichloroethene, and vinyl chloride in soil. Since soil samples are being
collected in the source area and elevated concentrations of site-specific VOCs are anticipated,
and sample results are to be reported to sample-specific MDLs, achievement of those limits
listed in Table 1-5 are sufficient to meet project objectives.

All VOC sample results will be reported at or above the MDL values, which is to be adjusted
for sample preparation activities, dilution, and percent moisture, as appropriate. However, for
those results falling between the MDL and the RL, a “J” flag will be applied to the results,
indicating that such values are estimated. Sample results will not be reported below the MDL.

Onsite real time analysis of soil samples for site-specific VOCs will be conducted by the mobile
laboratory. Preliminary data reports will be provided daily onsite in an electronic spreadsheet
format to the URS Field Operations Manager or designee. The final laboratory deliverable will
be provided within five days of sample analysis.

URS Corporation May 2014
PDI QAPP 32



PDI Quality Assurance Project Plan
Revision No. 0

Former Philip Services Corporation Site
Rock Hill, South Carolina

“CLP-like” laboratory deliverables are to be distributed within twenty-one (21) calendar days of
sample receipt, while all other offsite laboratory deliverables are to be provided within fourteen
(14) calendar days of sample receipt.

2.5 Quality Control Requirements

This section presents QC requirements relevant to field and laboratory data generated by field
staff and laboratories. The purpose of this QC program is to produce data of known quality that
satisfy the project objectives and that meet or exceed the requirements of the standard methods
of analysis. This program provides a mechanism for ongoing control and evaluation of data
quality measurements through the use of both field and laboratory QC materials.

2.5.1 Field Collection Methods of Quality Control

This section presents QC requirements relevant to field data that will be generated by field staff
and laboratories.

Trip Blank

Trip blanks, which consist of organic/analyte-free water, are prepared and provided by the
laboratory when samples are to be collected for a VOA. Trip blanks results are used to assess
the potential for contamination of samples due to contaminant migration during sample
shipment, storage, and analysis. Trip blanks will be submitted to the laboratory at the frequency
indicated in Table 1-2. When an analyte is detected in the trip blank, the appropriate validation
flag, as described in Section 4.0, may be applied to results for those samples that were shipped
to the laboratory with the affected trip blank, based on professional judgment used during the
validation process.

Equipment Blank

Equipment blanks are used to assess the effectiveness of equipment decontamination
procedures. An equipment blank is a sample of organic/analyte-free water poured into or over
the sampling device, collected in a sample container, and transported to the laboratory for
analysis.

Per Table 1-2, equipment blanks will be collected from any equipment used in sample collection
or processing that is re-used for more than one sample location and is not equipped with a liner.
Equipment blanks will be collected immediately after the equipment has been decontaminated.
Equipment blanks will be collected in sample containers appropriate for an aqueous matrix, and
preserved in accordance to the pertinent analytical method. The blank will be analyzed for all
laboratory analyses requested for the environmental samples collected using the equipment.
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Acceptance criteria are provided in Table 1-2 for the equipment blank. When an analyte is
detected in the equipment blank, the appropriate validation flag, as described in Section 4.0,
may be applied to results from samples collected with the affected equipment, based on
professional judgment used during the validation process.

Field Duplicates

A field duplicate sample is a second sample collected at the same location as the original
sample. Duplicate samples are collected simultaneously or in immediate succession, using
identical recovery techniques, and treated in an identical manner during storage, transportation,
and analysis. The frequency of collection for field duplicate samples and acceptance criteria are
provided in Table 1-2. Field duplicates with quantifiable results that exceed criteria presented in
Table 1-2 will be validation flagged as indicated in Section 4.0.

2.5.2 Laboratory Methods of Quality Control

This section presents QC requirements relevant to analysis of samples that will be followed by
laboratories producing analytical data.

Holding Time Compliance

Sample preparation and analysis will be completed within the method-required holding times.
The holding time for a sample begins at the time of sample collection. The preparation holding
time is calculated from the time of sample collection to the time of completion of the sample
preparation process as described in the applicable method, prior to any necessary extract
cleanup and/or volume reduction procedures. If no preparation (e.g., extraction) is required, the
analysis holding time is calculated from the time of sample collection to the time of completion
of all analytical runs, including dilutions, second column confirmations, and any required
reanalyses. In methods requiring sample preparation prior to analysis, the analysis holding time
is calculated from the time of preparation completion to the time of completion of all analytical
runs, including dilutions, and any required reanalyses.

If holding times specified in Table 2-1 are exceeded, sample results will be flagged during
validation according to the procedures described in Section 4.0.

Laboratory Control Sample

For USEPA Method 8260B, the performance of the LCS will be evaluated against the QC
acceptance limits presented in Table 1-3. The LCS will be spiked with VOCs indicated in
Table 1-4. The performance of the LCS will be evaluated against the QC acceptance limits
presented in Table 1-3. Whenever the analyte in an LCS is outside these acceptance criteria,
corrective action is required. All samples in the associated extraction batch will be reanalyzed if
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the LCS fails to meet the acceptance criteria, unless the LSC fails high and associated sample
results are non-detects. When the LCS recovery is high and associated sample results are non-
detect, data may be reported with narration. When an analyte in an LCS exceeds the upper
control limit (UCL) or lower control limit (LCL) and no corrective action is performed or the
corrective action was ineffective, the data will be qualified as described in Section 4.0 during
data validation.

Matrix Spike/Matrix Spike Duplicate

A MS and MSD is an aliquot of sample spiked with known concentrations of VOCs indicated in
Table 1-4. The spiking occurs prior to sample preparation and analysis. Each analyte in the MS
and MSD will be spiked at a level less than or equal to the midpoint of the calibration curve.
The MS and MSD results are used to document potential matrix effects associated with a site.
The performance of the MS and MSD is evaluated against the QC acceptance limits given in
Table 1-3. If MS and MSD results do not meet QC acceptance criteria, the result in the parent
sample will be qualified according to the data flagging criteria in Section 4.0 during data
validation.

Surrogate Compounds

The performance of USEPA Method 8260B is monitored using surrogate compounds indicated
in Table 1-4. Surrogates are added to each sample prior to analysis to monitor efficiency
throughout the analytical process. Acceptance criteria are provided in Table 1-3. If more than
one surrogate does not meet these criteria or if any surrogate has less than 10% recovery, the lab
will take corrective action, except in those cases where the surrogate was diluted out of the
sample or when surrogate recoveries are high and the analyte is not detected in the sample. The
sample will be re-analyzed. If the surrogate still fails, the lab will document matrix interference
for the sample in the case narrative. Sample results with surrogate recoveries that do not meet
acceptance criteria will be qualified per data validation procedures discussed in Section 4.0.

Method Blank

A method blank is an analyte-free matrix to which all reagents are added in the same volumes or
proportions as used in sample processing. The method blank is carried through the complete
sample preparation and analytical procedure. The method blank is used to document
contamination resulting from the analytical process. A method blank will be included in every
analysis batch.

As indicated in Table 1-3, the presence of analytes in a method blank at concentrations equal to
or greater than the RL indicates a need for corrective action. Corrective action will be
performed to eliminate the source of contamination prior to proceeding with analysis. After the
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source of contamination has been eliminated, all samples containing the analyte found in the
method blank above the RL will be reanalyzed. No analytical data will be corrected for the
presence of analytes in blanks. When an analyte is detected above the MDL in the method blank
and in the associated samples, and corrective actions (for samples with detections above the RL)
are not performed or are ineffective, the laboratory will qualify results. During the data
validation process, the data will be qualified with the appropriate validation flag, as described in
Section 4.0.

2.6 Instrument/Equipment Testing, Inspection, Maintenance Requirements

Field equipment for this project includes water level meters, water quality meters, and organic
vapor analyzers. The Field Operations Manager is responsible for oversight of testing,
inspection, and maintenance of field instrumentation. The field analyst/staff is responsible for
conducting the field instrumentation testing, inspection, and maintenance, and the name of the
field analyst/staff and results with will be recorded in the field notebook. Equipment testing,
inspection, and preventative maintenance procedures to be followed for field equipment will be
in accordance with EPA Region 4 SESD Operating Procedures (refer to Appendix B1). Where
appropriate, new batteries and other spare parts will be purchased and kept with the field
equipment to facilitate immediate replacement (refer to Appendix B1). Any deficiencies in
testing, inspection, or calibration of field measurement equipment will be reported by field
staff/analyst to the Field Operations Manager, who will notify the PM and QA Officer.
Corrective actions and its effectiveness will be documented by the Field Operations Manager per
Section 3.1.4 of the QAPP.

As part of the laboratory’s Quality Manual, a routine preventative maintenance program will be
conducted by the laboratory to minimize the occurrence of instrument failure and other system
malfunctions. Designated laboratory employees will regularly perform routine scheduled
maintenance and repair of (or coordinate with the vendor for the repair of) all instruments. All
laboratory instruments will be maintained in accordance with manufacturer’s specifications. The
preventive maintenance program should include:

e Aninventory of replacement and spare parts for instruments that require maintenance.

e Maintenance logbooks for each instrument with information on routine and non-
routine procedures. The logbook records will include the instrument number,
description of malfunction or problem, date of maintenance activity, the type of
activity performed, and final resolution.
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e Training of laboratory staff in the maintenance requirements of the instruments.
Preventive maintenance schedules and activities will be outlined in the laboratory
SOPs.

2.7 Instrument Calibration and Frequency

Analytical instruments will be calibrated in accordance with laboratory SOPs, which are
provided in Appendix C. All analytes reported will be present in the initial and continuing
calibrations, and these calibrations will meet the acceptance criteria specified in this Section as
well as Section 4.0.

Results outside the calibration range are unsuitable for quantitative work and will only give an
estimate of the true concentration. Records of standard preparation and instrument calibration
will be maintained. Records will unambiguously trace the preparation of standards and their use
in calibration and quantitation of sample results. Calibration standards will be traceable to
standard materials. All calibration criteria will satisfy SW-846 requirements at a minimum.
Multipoint calibrations will contain the minimum number of calibration points specified in the
method with all points used for the calibration being contiguous. The only exception to this rule
is that a standard that has been statistically determined as being an outlier can be dropped from
the calibration, providing any method requirement for a minimum number of standards is met.

Other laboratory equipment such as refrigerators, balances, and ovens required for the storage
and preparation of samples will be calibrated and/or monitored according to the following
guidelines:

e Equipment will be checked daily and these records kept in a logbook or calibration
specific log

e The laboratory will document clearly the acceptance criteria for all such equipment
(e.g., refrigerator temperature) and corrective actions will be taken for any out-of-
control situation as described in the laboratory’s Quality Manual

e The equipment will not be used after corrective action until it has been recalibrated or
verified through the successful analysis of a check standard

e Calibrations of other miscellaneous analytical equipment (e.g., automatic pipettes)
will be performed according to manufacturer’s recommendations

Implementation of the laboratory calibrations will be the responsibility of the Laboratory
Manager and the analysts performing the procedures.
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2.8 Inspection/Acceptance Requirements for Supplies and Consumables

The laboratory analysts will inspect supplies and consumables prior to their use in analysis. The
materials description in the methods of analysis will be used as a guideline for establishing the
acceptance criteria for these materials. Purity of reagents will be monitored by analysis of LCSs.
An inventory and storage system for these materials will ensure use before manufacturers’
expiration dates and storage under safe and chemically compatible conditions.

Standard Materials

Standard materials, including second source materials, used in calibration and to prepare
samples will be those normally used by the analytical laboratory. The laboratory, however, is
responsible for maintaining standard accuracy and traceability in accordance with good
laboratory practice. The standard materials will be current, and the lab will insure that all
expiration dates are current for all standard materials. Expired standard materials will be either
revalidated prior to use or discarded. Revalidation may be performed through assignment of a
true value and error window statistically derived from replicate analyses of the material as
compared to an unexpired standard. The laboratory will label standard and QC materials with
expiration dates.

A second source standard will be used to independently confirm initial calibration. A second
source standard is a standard purchased from a different vendor than the vendor supplying the
material used in the initial calibration standards. The second source material will be used for the
calibration verification standards or for the LCS.

2.9 Data Acquisition Requirements for Non-direct Measurements

In addition to the data generated as part of the current investigation, data that were collected
during previous investigations will be used in the PDI. Results from the previous investigations
will be used in combination with the newly collected data to refine the vertical and horizontal
dimensions of the actual area requiring thermal treatment.

2.10 Data Management

Data management requirements are an essential part of every investigation. Data management
ensures that procedures are in place to document, track, and manage all field and laboratory data
generated during the course of field activities. Records management is discussed in Section 1.6
of this plan. The URS PM has overall responsibility for data management. The PM ensures that
all field and laboratory information are collected and accurately recorded, and that inspections
relating to the generation, collection, and storage of data are conducted.
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3.0 ASSESSMENT OVERSIGHT

3.1  Assessment and Response Actions

The purpose of this section is to describe the methods which will ensure that the data collected
for the PDI activities comply with the DQOs as described in Section 1.5. To meet these DQOs,
a combination of statistical procedures and qualitative evaluations will be used to check the
quality of the data. These procedures will be used by the laboratory while generating the data.

Results for QC samples, including field and laboratory blanks, spikes, and duplicates, will be
evaluated using the equations in the validation guidelines to determine the validity and usability
of the data. In addition, the data will be reviewed for indications of interferences to results
caused by sample matrices, contamination during sampling, contamination in the laboratory,
and sample preservation and storage anomalies (i.e., sample holding time or analytical
instrument problems).

3.1.1 Field Audits

An internal audit of field activities, including sampling and field observations, may be
conducted by the URS Project QA Officer (or designee) early in the sampling event to verify
that all established procedures are being followed.

Technical staff and field project personnel will be responsible for reporting all suspected
technical or QA nonconformance or suspected deficiencies of any field collection or
observation activity by recording in field notes and reporting the situation to the URS PM or
designee. If it is determined that the situation warrants a reportable nonconformance requiring
corrective action, then a nonconformance report will be initiated.

The URS Project QA Officer will be responsible for ensuring that the corrective action for
nonconformance is initiated by:

e Evaluating all reported nonconformances

e Controlling additional work on nonconforming items

e Determining disposition or action to be taken

e Maintaining a log of nonconformances

e Reviewing nonconformance reports and corrective actions taken

e Ensuring nonconformance reports are included in the final site documentation in
project files
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Corrective actions will be implemented and documented in the field record book.
Documentation of corrective actions will include:

e A description of the circumstances that initiated the corrective action
e The action taken in response
e The final resolution

e Any necessary approvals

No staff member will initiate a corrective action without prior communication of findings
through the proper channels.

Any corrective actions resulting from internal field audits will be implemented immediately if
data may be adversely affected due to unapproved or improper use of approved methods. The
URS Project QA Officer or designee will identify deficiencies and recommend corrective action
to the URS PM. Implementation of field audit corrective actions will be performed by the Field
Operations Manager and field team.

If appropriate, the URS PM will ensure that no additional work that is dependent on the
nonconforming activity is performed until the corrective actions are completed.

If a corrective action warrants a change in the program protocols, the change will be
documented and signed by the Field Operations Manager and URS PM (or designee).

3.1.2 Internal Laboratory Audits

In each laboratory analytical section, the analyst performing the tests will review 100% of the
data. After the analyst’s review is complete, 100% of the data will be reviewed independently
by a senior analyst or by the supervisor of the respective analytical section using the same
criteria.

The laboratories participating in this program are required to have a written policy specifying
corrective actions to be taken when an analytical error is discovered or the analytical system is
determined to be out of control. These policies require documentation of the corrective action
and notification by the analyst about the errors and corrective procedures. Corrective action for
each laboratory is described in each laboratory’s Quality Manual.

Corrective actions are required whenever an out-of-control event or potential out-of-control
event is noted. The investigative action taken is dependent on the analysis and the event.
Laboratory corrective actions may be necessary if:
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e QC data are outside the acceptable windows for precision and accuracy

e Blanks containing analytes of interest, as listed in the QAPP, are above acceptable
levels

e Undesirable trends are detected in MS recoveries or RPD between duplicates
e There are unusual changes in detection limits

e Deficiencies are detected by the Laboratory QA Department during internal or
external audits or from the results of performance evaluation samples

e Inquiries concerning data quality are received

Corrective action procedures are often handled at the bench level by the analyst, who reviews
the preparation or extraction procedure for possible errors; checks the instrument calibration,
spike, and calibration mixes, instrument sensitivity, etc. If the problem persists or cannot be
identified, the matter is referred to the laboratory supervisor, manager, and/or QA department
for further investigation. Once resolved, full documentation of the corrective action procedure
will be filed with the laboratory QA department.

Corrective action may include:

e Re-analyzing the samples, if holding time criteria permits
e Re-sampling and analyzing
e Evaluating and amending analytical procedures

e Accepting data and acknowledging the level of uncertainty, as documented in the
laboratory data package case narrative and flagging of affected sample results with
laboratory data qualifiers

If re-sampling is deemed necessary due to laboratory problems, the URS PM will identify the
necessary approach including cost recovery for the additional sampling effort.

3.1.3 Data Package Technical Systems Audit

Assessment of the analytical information will be accomplished by the joint efforts of the URS
QA Officer, URS Project Chemist, and URS PM. The data assessment will be based on the
criteria that the samples were properly collected and handled according to the QAPP.

The URS Project Chemist will conduct a systematic review of the data for compliance with the
established QC criteria based on the laboratory QC results (e.g., spikes, duplicates, and blanks,
etc.). The data validation, based on criteria set forth in this QAPP, will be performed and
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included in the sampling event report. An example data validation checklist is provided as
Appendix E.

The URS Project Chemist will identify any out of control data points and data omissions and
interact with the laboratory to correct data deficiencies. Decisions to repeat sample collection
and analyses may be made by the URS PM based on the extent of the deficiencies and their
importance in the overall context of the project.

3.1.4 Assessment Findings and Corrective Action Responses

Corrective action is the process of identifying, recommending, approving, and implementing
measures to counter unacceptable procedures or out of QC performance, which can affect data
quality and usability. Corrective actions may be required for two classes of problems: analytical
and equipment problems and noncompliance problems. Analytical and equipment problems
may occur during sampling and sample handling, sample preparation, laboratory instrumental
analysis, and data review.

For noncompliance problems (e.g., non-compliance with USEPA methods or QC defined in the
QAPP) a formal corrective action will be implemented at the time the problem is identified. The
person who identifies the problem is responsible for notifying the URS Project QA Officer. A
description of the problem and the corrective action implemented will be confirmed in writing
via email, facsimile, or technical memorandum.

Any nonconformances with the established QC procedures in the QAPP will be identified and
corrected on an ongoing basis throughout the course of the project.

The need for corrective action may be identified at any time during the analytical process.
Potential types of corrective action may include resampling by the field team or reinjection/re
analysis of samples by the laboratory. These actions are dependent upon the ability to mobilize
the field team and whether the data to be collected are necessary to meet the required QA
objectives. If URS QA Officer or Project Chemist identifies a corrective action situation during
the data assessment or validation, the URS PM will be responsible for informing the appropriate
personnel. All corrective actions of this type will be documented by the URS PM or designee.

3.2 Reports to Management

Data quality information collected during the project will be maintained in the project file. This
includes, but is not limited to, field instrument calibration records, field sampling data records,
and data validation, audit, and corrective action reports. The QA information generated during
the project and included in these reports may include the achievement of project-specific DQOs,
uncertainties in the data used and their effect on the data usage, and a summary of corrective
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actions implemented, as necessary, as it may have affected results. The URS PM will verify

completeness of the reports, and that problems and deficiencies have been appropriately
addressed.
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4.0 DATAVALIDATION AND USABILITY

This section describes specific QA activities that occur after data collection. This includes the
methods and equations used to assess the quality of the data with regard to precision, accuracy,
representativeness, completeness, and comparability.

The procedures used to assess the DQOs as outlined in this QAPP were developed to generate
data which meets the project’s needs. Through the systematic method of data assessment, data
of known quality will be produced and then applied to specific needs based on the actual quality
of the data. By subjecting the data to standard calculations and validation guidelines, the
usability of the data is enhanced when comparison against past, present, or future data is
necessary. Actual use of any data for specific purposes will be determined by the URS PM in
coordination with the URS QA Officer, based on the required data quality needs for a particular
data set (i.e., matrix, concentration level, intended data use, quantification accuracy, and
precision needs).

4.1 Data Review, Validation, and Verification Requirements

The parameters that will be assessed and the criteria used to review and validate data objectively
and consistently are provided in Section 1.5. The MPC define the quality elements monitored
and the acceptable performance for these elements. Tables 1-1 through 1-4 describe the MPC
for precision, accuracy, and sensitivity for the VOAs. MPC for all other parameters will be per
the analytical methods and laboratory SOPs. For sensitivity, achievement of limits listed in
Tables 1-5 through 1-8 is sufficient to achieve the project objectives.

4.2 Validation and Verification Methods

The data verification and validation procedures described in this section will ensure
(1) complete documentation is maintained, (2) transcription and data reduction errors are
minimized, (3) the data are reviewed and documented, and (4) the reported results are qualified,
if necessary.

4.2.1 Procedure to Verify Field Data

The procedures to verify accuracy and completeness of field information include checking for
transcription errors, ensuring that field measurement equipment was properly calibrated, and
review of field logbooks. Historical data from previous assessments will be compared to newly
generated data. These assessments will be conducted by the Field Operations Manager or
designee.
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4.2.2 Procedure to Verify Laboratory Data

All laboratory deliverables will be reviewed by the Project Chemist for completeness to ensure
that all pertinent data has been included, reporting limit objectives met, and
discrepancies/transcription errors do not exist. The Project Chemist will contact the laboratory
to resolve all laboratory deliverable issues.

4.2.3 Data Validation

Laboratory data will be assessed for usability, completeness, and adherence to key QA/QC
objectives for this project. The data will be validated using a procedure that is modeled after the
USEPA CLP National Functional Guidelines (NFG) for Superfund Organic Methods Data
Review (USEPA, June 2008) and USEPA NFG for Inorganic Superfund Data Review (USEPA,
January 2010) with changes and allowances made to conform to analytical methodology. The
MPC for PARCCS are presented in Section 1.. Sample results will be qualified using flags
presented in Table 4-1 and based on the flagging criteria presented in Table 4-2 and professional
judgment to alert the user to limitations of data use. A data validation report will be completed
that provides a summary of all data quality issues and rationale for data qualification. An
example data validation checklist is provided as Appendix E.

4.3 Overall Assessment of Environmental Data

Data assessment will involve data evaluation and usability to determine if the data collected are
of the appropriate quality, quantity, and representativeness to support the PDI. The effect of the
loss of data deemed unacceptable for use, for whatever reason, will be discussed and decisions
made on corrective action for potential data gaps. The QC results associated with each
analytical parameter for each matrix type will be compared to the objectives presented in the
QAPP. Only data generated in association with QC results meeting these objectives and the data
validation criteria will be considered usable.

Questions to be answered in the overall data assessment based on the DQOs in this QAPP and
the data evaluation by the URS Project Chemist or designee will include, but not necessarily be
limited to, the following:

e Were all samples obtained using the methodologies and SOPs proposed in the QAPP
and/or WP?

e Were all proposed analyses performed according to the SOPs provided in the QAPP
and/or WP?

e Were samples obtained from all proposed sampling locations?
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e To any analytical results exhibit elevated detection limits due to matrix interferences
or contaminants present at high concentrations?

e Were all laboratory data evaluated according to the validation protocols, including
project specific QC objectives as defined in this QAPP?

e Which data sets were found to be unusable (qualified as “R”) based on the data
evaluation results?

e Which data sets were found to be useable, but estimated (qualified as “J” or “UJ”),
based on the data evaluation results?

e Have sufficient data of appropriate quality been generated to support the project?
e Were all issues requiring corrective action, if any, fully resolved?

e Have any remaining data gaps been identified and summarized in the final report?

4.4  Data Usability/Reconciliation with Project Quality Objectives

The goal of this project is to produce data that can be used to effectively design a treatment area
for the proposed thermal remedy. As such, the data generated must meet the data user’s needs as
defined in the project DQOs in the QAPP and WP. In summary, the primary objectives for
assessing the usability of the data are: (1) to collect data that are representative of site conditions
that can be combined and compared with prior data and (2) to identify “hotspot” locations
within the delineated source areas that will potentially require treatment.

For data subject to validation, the URS Project Chemist or designee will apply USEPA data
qualifiers from the NFGs to indicate the level of uncertainty in the associated sample result. In
general, data that are left unqualified, or qualified with a “U,” “J,” and “UJ” are considered
valid and usable for project objectives. Data that are qualified “R” due to severe deviations from
QC requirements will be considered invalid and unusable.

The goal of this program is to generate valid, usable data. However, in environmental sampling
and analysis, some data may be lost due to sampling location access constraints, field or
laboratory errors, or matrix effects that may cause the rejection of results for some compounds.
The overall goal for completeness of collection of valid data is 90%. The URS Project Chemist
or designee will assess the completeness of the overall data generation against the project goal
of producing 90% of the planned data as valid and usable results. If this goal is not met, data
gaps may exist that compromise the intended use of the data.
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Table 1-1

Volatile Organic Measurement Performance Criteria
Former PSC Site, Rock Hill, South Carolina

QC Sample Assesses

established holding time

Measurement QC Sample and/or Activity | Error for Sampling (S),
Data Quality Performance Used to Assess Analytical (A) or both
Parameter | Matrix Methods Indicators (DQISs) Criteria Measurement Performance (S&A)
VOCs Soil U%%Z’;gggghgds Overall Precision \.I/_\Q;Temlllzm'ts on Field Duplicates S&A
MS and MSD, and LCS and
Precision - Laboratory Within limits on LCSD, if MS and MSD not S&A
Tables 1-2 & 1-3 conducted
Calibration A
ﬁ;ggrr:fgry yr\ggmg 1'_?'}; ;’?3 MS and MSD, and Surrogates S&A
T LCS and LCSD, if MS and
Accuracy - Within limits on MSD not conducted A
Laboratory Table 1-3 —
Calibration
Accuracy - Within limits on Method, Trip, and Equipment S&A
Contamination Tables 1-2 and 1-3 | Blanks
Calibration to RL. | Verify low calibration
Sensitivity Sample results standard is at RL and that A
reported to MDL. MDL is less than RL.
Verify that samples were
Representativeness Holding time analyzed within USEPA- A
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Table 1-1 (Continued)

Volatile Organic Measurement Performance Criteria
Former PSC Site, Rock Hill, South Carolina

QC Sample Assesses
Measurement QC Sample and/or Activity | Error for Sampling (S),
Data Quality Performance Used to Assess Analytical (A) or both
Parameter | Matrix Methods Indicators (DQIs) Criteria Measurement Performance (S&A)
VOCs Water USEPA Methods .. Within limits on . .
5030B/8260B Overall Precision Table 1-2 Field Duplicates S&A
MS and MSD, and LCS and
Precision - Laborator Within limits on LCSD, if MS and MSD not S&A
Y | Tables 1-2 & 1-3 conducted
Calibration A
Within limits on MS and MSD, and
Accuracy - Laboratory Tables 1-2 & 1-3 Surrogates S&A
Within limits on LCS and LCSD, if MS and
Accuracy - Laboratory MSD not conducted A
Table 1-3 —
Calibration
Accuracy - Within limits on Method, Trip, and S&A
Contamination Tables 1-2 & 1-3 Equipment Blanks
Calibration to RL. . W
o Sample results Verify I0\_/v calibration
Sensitivity standard is at RL and that A
reported to the MDL is less than RL
MDL. '
Verify that samples were
Representativeness Holding time analyzed within USEPA- A
established holding times
A Analysis DQI Data quality indicator USEPA United States Environmental Protection Agency
LCS  Laboratory control limit LCSD Laboratory control sample duplicate MDL Method detection limit
MS Matrix spike MSD Matrix spike duplicate QC  Quality control
RL Reporting limit S Sampling VOC Volatile organic compound
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Table 1-2
Measurement Performance Criteria for Field QC Samples
Former PSC Site, Rock Hill, South Carolina

Measurement Persons
Performance Responsible for Data Quality
QC Sample Frequency Criteria® Corrective Action (CA) CA Indicator
Field 1 per medium per 10 Meets requirement in Compare to matrix Data Validator / | Evaluate precision and
Duplicate? field samples collected Table 1-4 duplicates, check for possible | QA Officer representativeness
matrix interferences or taking into account
improper sample collection variability of sample
procedure, qualify data matrix
Trip Blank 1 per 20 field samples Meets requirement in Qualify data. Data Validator / | Evaluate contamination
collected or 1 per sample | Table 1-4 QA Officer potentially introduced
shipment, whichever is during sampling,
more frequent shipping, and analysis.
Equipment As required’ Meets requirement in Quialify data. Data Validator / | Evaluate cleanliness of
Blank® Table 1-4 QA Officer sample containers and
sample handling and
collection procedures
Cooler One per cooler Above freezing (soil Quialify data. Rejectdataor | Data Validator/ | Evaluate
Temperature and water only), <6°C | resample for excessively QA Officer / representativeness and
Blanks high temperatures. Project Manager | bias
MS/MSD 1 per 20 field samples Meets %R and %RPD | Check for possible matrix Laboratory Evaluate precision and
will be designated for requirements in Table interferences, review Analyst / Data representativeness
MS/MSD analysis and 1-4 when native sample | laboratory procedures for Validator taking into account
additional samples concentration is_<4x variations or improper variability of sample
volume will be provided | spiking level sample collection procedure, matrix and laboratory
to the laboratory for this qualify data practices.
QC analysis.

! Provisions for wider acceptance limits may be based on professional judgment during data review/validation.
2 A field duplicate is a split sample with both portions sent to the same lab.
% Equipment blanks will be collected from any equipment used in sample collection or processing that is re-used for more than one sample location and is not equipped with a liner.

Equipment blanks are prepared by pouring laboratory-supplied, analyte-free water over decontaminated equipment. The equipment blanks will be used to check decontamination

methods.
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Table 1-2 (Continued)

Measurement Performance Criteria for Field QC Samples
Former PSC Site, Rock Hill, South Carolina

%R Percent recovery

%RPD Percent relative percent difference
°C Degrees Celsius

CA Corrective Action

MS Matrix spike

MSD Matrix spike duplicate

QA Quality Assurance

QC Quality Control

VOA Volatile Organic Analysis
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Table 1-3

Measurement Performance Criteria for Laboratory QC Samples

Former PSC Site, Rock Hill, South Carolina

Person
Measurement Responsible for Data Quality
Type Frequency Performance Criteria’ | Corrective Action (CA) CA Indicator
Method Blank Minimum of 1 per | <RL Re-analyze; if blank still Laboratory Analyst | Evaluate cleanliness of

preparation batch

exceeds criteria, clean and
recalibrate system;
document corrective action,
evaluate/ prepare/reanalyze
samples?

/ Area Manager

sample preparation and
analysis procedures

MS

At least 1 per
preparation/
analytical batch® or
as requested on
CoC record

Meet requirements in
Table 1-4 for project-
specific samples

Re-analyze samples if
necessary. Qualify data if
criteria are still not met.

Laboratory Analyst
/ Area Manager

Evaluate accuracy and
representativeness
taking into account
variability of sample
matrix

MSD

At least 1 per
preparation/
analytical batch®or
as requested on
CoC record

Meet requirements in
Table 1-4 for project-
specific samples

Re-analyze samples if
necessary. Qualify data if
criteria are still not met.

Laboratory Analyst
/ Area Manager

Evaluate precision,
accuracy, and
representativeness
taking into account
variability of sample
matrix

! Provisions for wider acceptance limits may be based on professional judgment during data review/validation.

2 Unless there are no positive sample results or if sample results are >10x the amount detected in the blank
% Batch QC samples may be used to meet requirement when a project-specific sample is not identified on the COC record
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Table 1-3 (Continued)
Measurement Performance Criteria for Laboratory QC Samples

Former PSC Site, Rock Hill, South Carolina

Person
Measurement Responsible for Data Quality
Type Frequency Performance Criteria’ | Corrective Action (CA) CA Indicator
LCS At least 1 per Meet requirements Check if MS/MSD Laboratory Analyst | Evaluate accuracy
preparation batch, | specified in Table 1-4 acceptable to compare for / Area Manager
containing 20 matrix effects. Evaluate the
samples or less. bias in relation to sample
LCSD required in result. Re-analysis may be
cases where required. Data may require
insufficient sample qualifiers.
available for the
MS and MSD
analysis
Calibration Per Laboratory Per Lab SOPs and Check system; recalibrate Laboratory Analyst | Establish instrument
SOPs Section 2.7 of this response and linearity.
QAPP
Surrogates All samples Recoveries as specified | Evaluate data; samples may | Laboratory Analyst | Evaluate accuracy of
requiring a GC in Table 1-4 require reanalysis and/or / Area Manager sample preparation and
analysis qualification effect of matrix on

preparation

CA Corrective Action

CoC

Chain-of-Custody

GC Gas Chromatograph

LCS
LCSD

MSD
QAPP

Laboratory Control Sample
Laboratory Control Sample Duplicate
MS Matrix Spike

Matrix Spike Duplicate

Quality Assurance Project Plan

RL Reporting Limit

SOP

Standard Operating Procedure
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Analytical Laboratory DQOs for Precision and Accuracy

Table 1-4

Former PSC Site, Rock Hill, South Carolina

Laboratory LCS/D MS/D Surrogate
Field Duplicate Precision® Precision®? Accuracy’ | Accuracy? | Accuracy’
Parameter | Matrix Compounds (% RPD) (% RPD) | Blanks (%R) (%R) (%R)
Benzene <30 71-130 71-123 NA
Chlorobenzene <30 70-139 65-135 NA
1,4-Dichlorobenzene <30 71-126 65-124 NA
1,2-Dichloroethane <30 58-153 65-138 NA
cis-1,2-Dichloroethene <30 59-142 51-147 NA
trans-1,2-Dichloroethene <30 51-148 48-145 NA
Ethylbenzene <30 74-134 69-125 NA
Methylene Chloride <50%RPD when sample <30 34161 44135 NA
Tetrachloroethene concentrations >5x RL; absolute <30 <RL 58-145 54-140 NA
Toluene difference < 2x_RL when sample <30 ~0-134 67-130 NA
- concentrations <5x RL =
1,2,4-Trichlorobenzene <30 71-136 66-134 NA
VOCs Soil 1,1,1-Trichloroethane <30 57-150 65-135 NA
1,1,2-Trichloroethane <30 53-159 67-137 NA
Trichloroethene <30 69-132 64-134 NA
Vinyl Chloride <30 37-158 38-145 NA
m,p-Xylene <30 70-146 63-144 NA
0-Xylene <30 71-139 74-125 NA
Surrogates: _
Dibromofluoromethane NA NA NA NA NA 73-141
1,2-Dichloroethane-D4 NA NA NA NA NA 63-156
Toluene-D8 NA NA NA NA NA 76-119
4-Bromofluorobenzene NA NA NA NA NA 69-129

! Provisions for wider acceptance limits near the RL may be based on professional judgment during data review/validation.
2 Limits are based on annual limits supplied by KB Labs and TestAmerica Nashville for soil and water samples, respectively. Actual limits will vary with the historical limits

established by each individual laboratory.
% Lab duplicate or LCSD analyses should be conducted, if MS and MSD analyses unavailable.
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Analytical Laboratory DQOs for Precision and Accuracy

Table 1-4 (Continued)

Former PSC Site, Rock Hill, South Carolina

Laboratory LCS/D MS/D Surrogate
Field Duplicate Precision* Precision®? Accuracy® | Accuracy’ | Accuracy?

Parameter | Matrix Compounds (% RPD) (% RPD) | Blanks (%R) (%R) (%R)
Benzene <17 80-121 75-133 NA
Carbon Tetrachloride <19 64-147 62-164 NA
Chlorobenzene <14 80-120 80-129 NA
1,2-Dichlorobenzene <15 80-121 79-128 NA
1,4-Dichlorobenzene <15 80-120 78-126 NA
1,2-Dichloroethane <17 77-121 64-136 NA
1,1-Dichloroethene <17 79-124 70-142 NA
cis-1,2-Dichloroethene <17 76-125 68-138 NA
Ethylbenzene <30%RPD when sample <15 80-130 79-139 NA
Isopropylbenzene (cumene) c%r_lcentratlons >5x RL; absolute <16 <RL 80-141 80-153 NA

- ifference < RL when sample
Methylene chloride concentrations <5x RL <17 79-123 64-139 NA
Tetrachloroethene - <16 80-126 72-145 NA
VOCs Water | Toluene <15 80-126 75-136 NA

1,2,4-Trichlorobenzene <19 63-133 60-136 NA
1,1,1-Trichloroethane <17 78-135 76-149 NA
1,1,2-Trichloroethane <15 80-124 74-134 NA
Trichloroethene <17 80-123 73-144 NA
Vinyl chloride <17 68-120 56-129 NA
Xylenes (Total) <15 80-132 74-141 NA
Surrogates: _
Dibromofluoromethane NA NA NA NA NA 70-130
1,2-Dichloroethane-d4 NA NA NA NA NA 70-130
Toluene-d8 NA NA NA NA NA 70-130
4-Bromofluorobenzene NA NA NA NA NA 70-130

%R Percent Recovery MSD Matrix Spike Duplicate

D Duplicate NA Not applicable

DQO Data Quality Objectives RL Reporting Limit

LCS Laboratory Control Sample RPD Relative Percent Difference

LCSD Laboratory Control Sample Duplicate VOC Volatile Organic Compound

MS Matrix Spike
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Table 1-5
Parameters to be Measured for Soil Samples
Former PSC Site, Rock Hill, South Carolina

Performance
Standards - RL Laboratory Laboratory
Industrial SSL? | Objectives RL® MDL* DQO
Analyte’ CAS # (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) Level®
VOC (USEPA Methods 5035/8260B)
Acetone 67-64-1 63,000 63,000 0.100 NA Il
Benzene 71-43-2 5.4 5.4 0.002 0.00058 Il
Chlorobenzene 108-90-7 140 140 0.002 0.00058 Il
1,4-Dichlorobenzene 106-46-7 12 12 0.002 0.00045 1
1,2-Dichloroethane 107-06-2 2.2 2.2 0.002 0.00052 1
1,2-Dichloroethene (Total) 540-59-0 920 920 0.004 0.002 Il
cis-1,2-Dichloroethene 156-59-2 200 200 0.002 0.00057 Il
Ethylbenzene 100-41-4 27 27 0.002 0.00040 1
Methylene chloride 75-09-2 310 310 0.002 0.00099 Il
Tetrachloroethene 127-18-4 41 41 0.002 0.00059 Il
Toluene 108-88-3 4500 4500 0.002 0.00056 Il
1,2,4-Trichlorobenzene 120-82-1 27 27 0.010 0.00039 1
1,1,1-Trichloroethane 71-55-6 3800 3800 0.002 0.00060 1
1,1,2-Trichloroethane 79-00-5 0.68 0.68 0.002 0.00053 Il
Trichloroethene 79-01-6 2 2 0.002 0.00060 Il
Vinyl chloride 75-01-4 1.7 1.7 0.002 0.00087 Il
Xylenes (Total) 1330-20-7 270 270 0.006 0.001 1
Geotechnical Parameters
Fractional Organic Carbon
(ASTM %297 8 NA NA NA 0% NA vV
Grain-size Distribution
(ASTM D422) NA NA NA NA NA v
Bulk Density
(ASTM D2937) NA NA NA NA NA v
Wet Unit Weight
(ASTM D2216-05) NA NA NA NA NA v
Specific Gravity
(ASTM D854) NA NA NA NA NA v
Air-filled Porosity (NA®) NA NA NA 0.1 porosity units NA I\
Percent Saturation (NA7) NA NA NA NA NA v
% Percent QA Quality Assurance
ASTM  American Society for Testing and Materials QC Quality Control
CAS Chemical Abstracts Service RL Reporting limit
DQO Data Quality Objectives SESD  Science and Ecosystem Support Division
MDL Method detection limit SSL Soil Screening Level
mg/Kg  Milligrams per Kilograms USEPA United State Environmental Protection Agency
NA Not available/applicable VOC Volatile Organic Compounds

NE Not established

! Preparation and analytical methods are in parentheses after analyte. The methods used should be the most recent, USEPA-approved
update of the above-mentioned methods

2 Regional Screening Levels for Chemical Contaminants at Superfund Sites, United States Environmental Protection, May 2013

3 All units of measure in milligrams per kilogram, unless indicated otherwise

4 Laboratory MDLs subject to change

® DQOs and QA/QC frequencies per Region 4 SESD Field Branches Quality System and Technical Procedures, which are available at
http://www.epa.gov/region4/sesd/fbgstp/. Level | = Field Screening; Level 11 = Field Analyses; Level 11l = Screening Data with
Definitive Confirmation; Level IV = Definitive Data.

® Based on a calculation using specific gravity (ASTM D854) and density (ASTM D698) results

" Based on calculations using specific gravity (ASTM D854), density (ASTM D698), grain size (ASTM D422), and water content (ASTM

D2216) results
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Table 1-6
Parameters to be Measured for Groundwater Samples

Former PSC Site, Rock Hill, South Carolina

Performance RL Laboratory Laboratory
Standards Objectives RL MDL? DQO
Analyte® CAS # MCL* (ug/L) (ug/L) (ug/L) (ug/L) Level®
VOC (USEPA Methods 5030B/8260B)
Benzene 71-43-2 5.0 5.0 1.00 0.200 v
Carbon Tetrachloride 56-23-5 5.0 5.0 1.00 0.180 \Y
Chlorobenzene 108-90-7 100 100 1.00 0.180 v
1,2-Dichlorobenzene 95-50-1 600 600 1.00 0.190 v
1,4-Dichlorobenzene 106-46-7 75 75 1.00 0.200 v
1,2-Dichloroethane 107-06-2 5.0 5.0 1.00 0.200 v
1,1-Dichloroethene 75-35-4 7.0 7.0 1.00 0.250 v
cis-1,2-Dichloroethene 156-59-2 70 70 1.00 0.210 v
Ethylbenzene 100-41-4 700 700 1.00 0.190 v
Isopropylbenzene (cumene) 98-82-8 NE 1.00 1.00 0.330 I\
Methylene chloride 75-09-2 5.0 2.0 2.00 0.220 v
Tetrachloroethene 127-18-4 5.0 5.0 1.00 0.140 v
Toluene 108-88-3 1000 1000 1.00 0.170 v
1,2,4-Trichlorobenzene 120-82-1 70 70 1.00 0.200 v
1,1,1-Trichloroethane 71-55-6 200 200 1.00 0.190 v
1,1,2-Trichloroethane 79-00-5 5.0 5.0 1.00 0.190 v
Trichloroethene 79-01-6 5.0 5.0 1.00 0.200 v
Vinyl chloride 75-01-4 2.0 2.0 1.00 0.180 v
Xylenes (Total) 1330-20-7 10000 10000 3.00 0.580 v
Monitoring Natural Parameters
Nitrate 14797-55-8 NA 100 100 60 v
(USEPA Method 9056A)
Sulfate
(USEPA Method 9056A) 18787-72-3 NA 1000 1000 600 v
Iron (USEPA Methods
3010A/6010C) 7439-89-6 NA 100 100 10 v
po/L Micrograms per Liter
CAS Chemical Abstracts Service

DQO Data Quality Objectives
MCL Maximum Contaminant Level

MDL Method detection lim
NA Not applicable

NE Not established

QA Quality Assurance
QC Quality Control

RL Reporting limit

it

SESD  Science and Ecosystem Support Division
USEPA United State Environmental Protection Agency
VOC Volatile organic compounds

! Preparation and analytical methods are in parentheses after analyte. The methods used should be the most recent, USEPA-approved
update of the above-mentioned methods

2 LLaboratory MDLs subject to change

® DQOs and QA/QC frequencies per Region 4 SESD Field Branches Quality System and Technical Procedures, which are available at
http://www.epa.gov/region4/sesd/fbgstp/. Level | = Field Screening; Level 1l = Field Analyses; Level 11l = Screening Data with
Definitive Confirmation; Level IV = Definitive Data.

4 MCLs per National Primary Drinking Water Regulations, USEPA 816-F-09-0004, May 2009
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Table 1-7
Parameters to be Measured for Surface Water Samples
Former PSC Site, Rock Hill, South Carolina

Performance
Standards RL Laboratory Laboratory
Screening Objectives RL MDL? DQO
Analyte’ CAS # Value® (ug/L) (ug/L) (ug/L) (ug/L) Level®
VOC (USEPA Methods 5030B /8260B)
Benzene 71-43-2 53 53 1.00 0.200 v
Carbon Tetrachloride 56-23-5 352 352 1.00 0.180 \Y
Chlorobenzene 108-90-7 195 195 1.00 0.180 \Y]
1,2-Dichlorobenzene 95-50-1 15.8 15.8 1.00 0.190 v
1,4-Dichlorobenzene 106-46-7 11.2 11.2 1.00 0.200 v
1,2-Dichloroethane 107-06-2 2000 2000 1.00 0.200 v
1,1-Dichloroethene 75-35-4 303 303 1.00 0.250 v
cis-1,2-Dichloroethene 156-59-2 NE 1.00 1.00 0.210 v
Ethylbenzene 100-41-4 453 453 1.00 0.190 v
Isopropylbenzene (cumene) 98-82-8 NE 1.00 1.00 0.330 I\
Methylene chloride 75-09-2 1930 1930 2.00 0.220 v
Tetrachloroethene 127-18-4 84 84 1.00 0.140 v
Toluene 108-88-3 175 175 1.00 0.170 v
1,2,4-Trichlorobenzene 120-82-1 449 449 1.00 0.200 v
1,1,1-Trichloroethane 71-55-6 528 528 1.00 0.190 v
1,1,2-Trichloroethane 79-00-5 940 940 1.00 0.190 v
Trichloroethene 79-01-6 NE 1.00 1.00 0.200 v
Vinyl chloride 75-01-4 NE 1.00 1.00 0.180 v
Xylenes (Total) 1330-20-7 NE 3.00 3.00 0.580 v
General Chemistry (SM 2540D)

Total Suspended Solids | NA | NA | 1000 | 1000 | 700 LY

po/L Micrograms per Liter

CAS Chemical Abstracts Service

DQO Data Quality Objectives

MDL Method detection limit

NA Not applicable

NE Not established

QA Quality Assurance

QC Quality Control

RL Reporting limit

SESD  Science and Ecosystem Support Division

SM Standard Methods for the Examination of Water and Wastewater, APHA-AWWA-WEF
USEPA United State Environmental Protection Agency
VOC Volatile organic compounds

! Preparation and analytical methods are in parentheses after analyte. The methods used should be the most recent, USEPA-approved
update of the above-mentioned methods

2 LLaboratory MDLs subject to change

® DQOs and QA/QC frequencies per Region 4 SESD Field Branches Quality System and Technical Procedures, which are available at
http://www.epa.gov/region4/sesd/fbgstp/. Level | = Field Screening; Level 11 = Field Analyses; Level 11l = Screening Data with
Definitive Confirmation; Level IV = Definitive Data.

4 Surface Water Chronic Screening Values, Region 4 Waste Management Division Freshwater Surface Water Screening Values for

Hazardous Waste Sites, http://www.epa.gov/region04/superfund/programs/riskassess/ecolbul.html#tbl1
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Table 1-8

Quality Control Summary for Soil Sampling
Former PSC Site, Rock Hill, South Carolina

No. of Field No. of
Preparation Method"/ Analytical Method"/ No. of Trip Duplicate Equipment No. of
Analytical Parameter SOP Reference SOP Reference Blanks? Samples® Blanks® MS/MSD?

VOCs*

USEPA Method 5035/
KB Labs SOP01VOC

USEPA Method 8260B/
KB Labs SOP01VOC

1 per 20 samples

1 per 10 samples

As required®

1 per 20 samples

ASTM D2216-10/

Percent Solids NA KB Labs SOP KB-INORG-001 NA NA NA NA

. . ASTM D2974/ TestAmerica
Fractional Organic Carbon NA Burlington SOP BR-GT-019 NA NA NA NA

L . ASTM D422/TestAmerica
Grain-size Distribution NA Burlington SOP BR-GT-006 NA NA NA NA

. ASTM D2937/ TestAmerica
Bulk Density NA Burlington SOP BR-GT-018 NA NA NA NA

. . ASTM D2216-05/ TestAmerica

Wet Unit Weight NA Burlington SOP BR-GT-016 NA NA NA NA

e . ASTM D854/TestAmerica
Specific Gravity NA Burlington SOP BR-GT-004 NA NA NA NA
Air-filled Porosity NA NA® NA NA NA NA
Percent Saturation NA NA’ NA NA NA NA

API American Petroleum Institute

ASTM  American Society for Testing and Materials
MS Matrix spike

MSD Matrix spike duplicate

NA Not applicable

SOP Standard Operating Procedure

USEPA United States Environmental Protection Agency
VOC Volatile Organic Compounds

! The method used should be the most recent, US EPA-approved update of the above-mentioned methods

2 LLaboratory quality control
% Field quality control

4VOC analyte list per Table A-1 unless otherwise specified
® Equipment blanks will be collected from any equipment used in sample collection or processing that is re-used for more than one sample location and is not equipped with a liner.
® Based on a calculation using specific gravity (ASTM D854) and density (ASTM D698) results
" Based on calculations using specific gravity (ASTM D854), density (ASTM D698), grain size (ASTM D422), and water content (ASTM D2216) results
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Table 1-9

Quality Control Summary for Groundwater Sampling
Former PSC Site, Rock Hill, South Carolina

Analytical Preparation Method?/ Analytical Method"/ No. of Trip No. of Field No. of Equipment No. of
Parameter SOP Reference SOP Reference Blanks® | Duplicate Samples® Blanks® MS/MSD?
USEPA Method 5030B/

4 - i USEPA Method 8260B/ 1 per .6 1 per 20

VOCs TestAmerica Sl(o);D 5030/NV05 TestAmerica SOP 8260/N\V05-77 shipment® 1 per 10 samples As required samples

. USEPA Method 9056A/ TestAmerica .6 1 per 20

Nitrate NA SOP 9056/NV12-119 NA 1 per 10 samples As required samples

USEPA Method 9056A/ TestAmerica .6 1 per 20

Sulfate NA SOP 9056/NV12-119 NA 1 per 10 samples As required samples

Iron USEPA Method 3010A/ USEPA Method 6010C/ TestAmerica NA 1 per 10 samples As required® 1 per 20

TestAmerica SOP 3010/NV06-18 SOP 6010 / NV06-44 P P q samples

MS Matrix spike

MSD

Matrix spike duplicate

NA Not applicable

SOP
USEPA
VOC

Standard Operating Procedure
United States Environmental Protection Agency
Volatile Organic Compound

! The method used should be the most recent, US EPA-approved update of the above-mentioned methods
2 LLaboratory quality control
% Field quality control
4VOC analyte list per Table A-2 unless otherwise specified

5 A “shipment” refers to sending samples from the field to the laboratory
® Equipment blanks will be collected from any equipment used in sample collection or processing that is re-used for more than one sample location and is not equipped with a liner.
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Table 1-10

Quality Control Summary for Surface Water Sampling
Former PSC Site, Rock Hill, South Carolina

Analytical Preparation Method"/ Analytical Method"/ No. of Trip No. of Field No. of Equipment No. of
Parameter SOP Reference SOP Reference Blanks? | Duplicate Samples® Blanks® MS/MSD?
VOCs® USEPA Method 5030B/ USEPA Method 82608/ 1 per 1 per 10 samples As required® 1 per 20
TestAmerica SOP 5030 / NV05-107 | TestAmerica SOP 8260 / NV05-77 | shipment® P P a samples
SM2540D/ TestAmerica SOP - 1 per 20
TSS NA SM2540 D / NV07-63 NA 1 per 10 samples As required samples
MS Matrix spike
MSD Matrix spike duplicate
NA Not applicable
SM Standard Methods for the Examination of Water and Wastewater, APHA-AWWA-WEF
SOP Standard Operating Procedure
TSS Total Suspended Solids
USEPA United States Environmental Protection Agency
VOC Volatile Organic Compound

! The method used should be the most recent, US EPA-approved update of the above-mentioned methods

2 LLaboratory quality control
% Field quality control
4VOC analyte list per Table A-3 unless otherwise specified

5 A “shipment” refers to sending samples from the field to the laboratory
® Equipment blanks will be collected from any equipment used in sample collection or processing that is re-used for more than one sample location and is not equipped with a liner.
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Table 2-1
Sample Container, Preservation, Storage, and Holding Time Requirements
Former PSC Site, Rock Hill, South Carolina

Recommended Storage
Matrix Parameter’ Sample Container(s) Sample Size | Preservative Conditions Holding Time
40 mL Glass VOA vials (3), PTFE
septum; no headspace 14 days (preserved)
VOCs Note: Small bubbles may occur during | 120 ml (3 x 40 HCl to pH Cool. <6°C 7 davs
(USEPA Method 8260B) shipping and handling. Samples with ml vials) <2 T (un reseive d)
bubbles < 6 mm in diameter (pea P
sized) are acceptable.
Water Nitrate ) j
(USEPA Method 9056A) Glass/HDPE bottle 250 ml None Cool, <6°C 48 hours
Sulfate Glass/HDPE bottle 250 ml None Cool, <6°C 28 days
(USEPA Method 9056A) T
Iron (USEPA Method HNO; to pH
6010C) HDPE bottle 250 ml < None 180 days
TSS (SM 2540D) HDPE bottle 1L None Cool, <6°C 7 days
48 hours, if
. . unpreserved and
VOCs — Medium/High . . . o
Concentrations Wlde-moitlile(gilszi é;rczlth Teflon- 2 oz. None Cool, <6°C cooled to <6 °C
(USEPA Method 8260B) P 14 days
(preserved?)
Soil .| 40 mL Glass VOA vials (2), PTFE- Cooled to <6 °C
VOCs - Low Concentration lined septum; each vial containin 5g5gx2) None and frozen within 14 days
(USEPA Method 8260B) bR cact & ge 48 hours of Y
5 ml of organic free water .
collection
Percent Solids Wide-mouth glass jar with Teflon- o
(ASTM D2216-10) lined screw cap 2 oz. None Cool, <6°C 7 days
Fractional Organic Carbon Wide-mouth glass jar with Teflon- 125 ml None Cool, <6°C 28 days

(ASTM D2974)

lined screw cap

! Analytical method is in parentheses.
% All parameters may be collected in a single 250 mL bottle and submitted to the laboratory for analysis.
3 Sample preserved with methanol in accordance with USEPA Method 5035 by onsite laboratory within 48-hours of collection
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Table 2-1 (Continued)
Sample Container, Preservation, Storage, and Holding Time Requirements
Former PSC Site, Rock Hill, South Carolina

Recommended Storage
Matrix Parameter’ Sample Container(s) Sample Size Preservative Conditions Holding Time
Grain-size Distribution
(ASTM D422)
Bulk Density
(ASTM D2937)
. Wet Unit Weight Capped, acetate liner placed on two . . .
Soil (ASTM D2216-90) layers of bubble wrap in cooler I Liner None Ship on dry ice NA
Specific Gravity
(ASTM D854)
Air-filled Porosity
Percent Saturation

°C Degrees Celsius
ASTM  American Society for Testing and Materials
g Grams
HCL Hydrochloric acid
HNO;  Nitric acid
HDPE High density polyethylene
L Liter
mL Milliliter
NA Not applicable
Oz. Ounce
PTFE  Polytetrafluoroethylene (Teflon®)
SM Standard Methods for the Examination of Water and Wastewater, APHA-AWW A-WEF
USEPA United States Environmental Protection Agency
VOA Volatile organic analysis
vVOC Volatile organic compounds
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Table 4-1
Data Validation Qualifiers
Former PSC Site, Rock Hill, South Carolina

Qualifier Description

J The analyte was positively identified and the associated numerical value is the approximate
concentration of the analyte in the sample.

N There is presumptive evidence that the analyte is present, but it has not been confirmed. The
analyte is “tentatively identified.” There is an indication that the reported analyte is present,
however, all quality control requirements necessary for confirmation were not met.

R The sample results are unusable due to the quality of the data generated because certain
criteria were not met. Resampling and analysis are necessary to confirm or deny the presence
of the analyte.

U The analyte should be considered not detected at the reported value for the reasons discussed
in the validation report. This is distinct from the laboratory U qualifier, which means that the
analyte was simply not detected.

Ul The analyte was not detected and the limit of detection is estimated.
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Table 4-2

Data Validation Flagging Conventions

Former PSC Site, Rock Hill, South Carolina

QC o Fla .
Requirement Criteria Positive Non-detect Al Afgfelbize 1
Holding Time Time e_xceeded for extraction or J uJt All analytes in the sample
analysis
Sample Storage > 6°C J uJ? All analytes in the sample
GC/MS Initial %RSD exceeds 40 for poor
Calibration (5- performers and method specified J uJ The specific analyte in all
Point) limit for all others samples associated with the
Average RRF <0.050 (<0.010 for 32 U2 initial calibration
poor performers)
Calibration 0 The specific analyte in all
Verification C'.‘ (e.g.,_ éD’ RF’ etc.) exceeded J None samples associated with the
with positive bias L e
calibration verification
The specific analyte in all
0,
CI.‘ (e.g. /.OD’ R.F' etc.) exceeded J uJ samples associated with the
with negative bias L e
calibration verification
Retention Time Retention time of analyte outside The specific analvte in the
of established retention time R R P y
. sample
window
LCS %R > UCL J None Th ifi Ivte(s) in all
10 <%R < LCL 3 0J e specific analy e(s) ina
%R <10% 3 R samples in the assolcla_tedI batch
reparation or analytica
%D > CL ] UJ (preparati ytical)
Method Blank The specific analyte(s) in all
samples in the associated batch
If lt <RL. U None (preparation) with results less
resu ' than the action level.
- If result >RL, U — -
Trip Blank if <5x Blank The specific analyte(s) in all
=~ samples associated with the trip
Analyte detected > MDL (glogf;?‘rl?mon None blank with results less than the
Contaminants®) action level.
Equipment Blank The specific analyte(s) in all
None samples with the same sampling
date as the equipment blank with
results less than the action level.
Surrogates If surrogate %R is: 3 None Results for all analytes in the
0 >UCL OR sample, unless the sample was
0 > 20, but< LCL J uJ diluted by a factor of four or
If any surrogate %R < 20 3 R greater due to high analyte
concentration or interference
Field duplicates | RPD > CL and both field 3 UJ
duplicate sample results > 5x RL The specific analyte(s) in all
Absolute difference between field samples collected on the same
duplicate results does not meet J ulJ sampling date.

criteria in Table B-8

! Professional judgment may be used to reject non-detect results
2 Professional judgment may be used to accept data without qualification based on bias and associated sample results
® Site-specific VOCs: acetone and methylene chloride
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Table 4-2

Data Validation Flagging Conventions

Former PSC Site, Rock Hill, South Carolina

QC S Flay .
) Criteria — Flag Applied To
Requirement Positive Non-detect gapp
MS/MSD MS or MSD %R > UCL J None
0, 0,
II\_/ICSLor MSD %R 220%, but < J ulJ The specific analyte(s) in parent
MS or MSD %R < 20% ] R sample.
RPD > CL J N
Quantitation (by | < MDL ) None . .
laboratory) > MDL < RL ] None !‘ahgslr;euflc analyte(s) in the
> High standard / linear range J None '
Percent Moisture | 70 < %Moisture <90 J uJ All analytes in sample
(Soil only) %M oisture >90 J R All analytes in sample
°C Degrees Celsius
%D Percent difference
%R Percent recovery
CL Control limit
LCL Lower control limit
LCS Laboratory control limit
MDL  Method detection limit
MS Matrix spike
MSD Matrix spike duplicate
NA Not applicable
ND Not detected
QC Quality Control
RL Reporting limit
RPD Relative percent difference
RSD Relative standard deviation
UCL Upper control limit
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1.0 INTRODUCTION

This Field Sampling Plan (FSP) provides the methods and procedures that will be employed to
conduct the field activities for the Preliminary Design Investigation (PDI) Work Plan (URS,
2012) at the former Philip Services Corporation (PSC) Site in Rock Hill, South Carolina.
Section 2.0 of this plan includes the sampling procedures for the PDI. Section 3.0 details the
subsurface investigation procedures for the PDI. Section 4.0 documents the decontamination
procedures to be used. Section 5.0 describes how investigative derived waste will be managed.
Section 6.0 details field management and reporting procedures, and Section 7.0 includes all
procedures incorporated by reference in this plan. Additional details regarding the site, PDI
scope, and quality control procedures are available in the PDI Work Plan (URS, 2012) and the
Quality Assurance Project Plan (QAPP) (URS, 2014).

URS Corporation May 2014
Appendix A - FSP 1



PDI QAPP Appendix A

Field Sampling Plan

Former Philip Services Corporation Site
Rock Hill, South Carolina

20 SAMPLING PROCEDURES

This section details the sampling procedures and investigation methods that will be used during
the PDI. Details regarding sample collection locations and analyses are presented in the PDI
Work Plan (URS, 2012).

2.1  Soil Sample Collection

Soil sampling procedures utilizing direct-push technology (DPT) or sonic drilling will follow
those documented in the current version of the United States Environmental Protection Agency
(USEPA) Region IV Science and Ecosystem Support Division (SESD) Operating Procedure Soil
Sampling (USEPA, 2011a). The principal equipment used for the collection of surface and
subsurface soil samples by DPT (i.e., Geoprobe®) or sonic drilling will be constructed of
material compatible with sampling for trace concentrations of volatile organic compounds
(VOCs). The drilling rigs will be inspected for fuel or hydraulic system leaks prior to mobilizing
the equipment to the sampling location. In addition to following the USEPA SESD Operating
Procedure for Soil Sampling, the following procedures will be completed.

1. Samples collected from each boring that exhibit the highest OVA reading will be
collected in accordance with Table 2-1 of the QAPP and submitted to the onsite mobile
laboratory for analysis. If all OVA readings within a borehole are within 10 % of each
other or non-detect (i.e. 0 ppm), the sample at the surface and the sample directly above
the saturated zone will be submitted to the onsite mobile laboratory for analysis.

2. Physical parameter (i.e., geotechnical) samples will be collected using the drill rig to
advance Shelby tubes. Samples will be capped and shipped on dry ice via standard chain
of custody (CoC) procedure to the laboratory.

3. Complete all required documentation, including field logbook entries, soil description,
sample container label, and chain-of-custody form. Instructions and procedures for
documenting field activities are outlined in Section 4.2.2 of the WP. Document control
procedures are outlined in section 1.6 of the QAPP.

4. Flag or stake the sample collection locations.

5. Decontamination procedures are described in Section 4.

6. Investigation Derived Waste (IDW) management procedures are described in Section 5.

URS Corporation May 2014
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2.2 Monitor Well Sampling

Groundwater sampling procedures for monitor wells will follow those documented in the
current USEPA Region IV SESD Operating Procedure Groundwater Sampling (USEPA,
2013a). Low Stress/Low Flow Sampling and No Purge (i.e. Hydrasleeve) sampling will be
conducted as part of the PDI scope of work. Hydrasleeves® are no-purge samplers used to
collect samples for analysis of, not only VOCs, but also inorganics (i.e., metals, natural
attenuation parameters). The Hydrasleeves® sampler collects a discrete sample from within the
screened interval of the monitoring well without purging and relies on groundwater advection to
transport constituents from the aquifer into the well.

In addition to following the USEPA Region IV SESD Operating Procedure for Groundwater
Sampling, the following specific procedures will be completed for low flow/low stress

sampling:

1. Field parameters as listed below will be measured with a flow-through cell during
low flow/low stress purging until three consecutive measurements meet the
following criteria:

(0]

(0}

o

pH remains constant within 0.1 standard pH units;
Specific conductance does not vary by greater than +5 percent;

Dissolved oxygen when greater than 1 milligram per liter (mg/l) does not vary by
more than 10 percent or by greater than £0.2 mg/l when less than 1 mg/l; and

Turbidity is reduced to 10 NTUs or less, if this is unattainable, turbidity must
stabilize to +10% NTUs.

Temperature does not vary by more than 1 degree Celsius (°C)

Oxidation Reduction Potential (ORP) does not vary by more than +10 millivolts
(mV).

2. Complete all required documentation, including field logbook entries, field
parameters, sample container labels, and chain-of-custody form. Instructions and
procedures for documenting field activities are outlined in Section 4.2.2 of the WP.
Document control procedures are outlined in section 1.6 of the QAPP.

3. Decontamination procedures are described in more detail in Section 4.

4. IDW procedures are described in more detail in Section 5.

URS Corporation
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Procedures for Hydrasleeves® No-Purge Sampling will be completed as follows:

1.

9.

Lower a Hydrasleeves® No-Purge Bag Sampler into the well using a tether. If the
Hydrasleeve® is pulled up while lowering into the well, the Hydrasleeve® top check
valve will open and the sample will not be a representative sample. If this occurs, a
new Hydrasleeves® will need to be deployed.

Secure the tether at the top of the well with either the well cap on top of the casing
and over the tether, or by using clips, cable ties, or other devices to a hook on the
bottom of the well cap.

After a minimum of 24 hours, return to the Site. Don new, uncontaminated latex or
nitrile gloves.

Gauge the water level in the well using an electronic oil/water interface probe with a
probe accuracy of £0.01 feet.

Remove the Hydrasleeve® from the well by pulling the tether up faster than 1 foot
per second in one continuous upward pull or by cycling the sampler up and down to
sample a shorter interval.

Once the Hydrasleeve® has been recovered, remove the tether. Tip the sleeve over to
remove any waste water that has been captured outside of the sleeve.

Place the groundwater collected in the Hydrasleeve® in the sample container and
then place the sample container in the iced cooler.

Complete all required documentation, including field logbook entries, sample
container label, and chain-of-custody form. Instructions and procedures for
documenting field activities are outlined in Section 4.2.2 of the WP. Document
control procedures are outlined in section 1.6 of the QAPP.

Decontamination procedures are described in Section 4.

10. IDW procedures are described in Section 5.

2.3  Surface Water Sampling

Surface water sampling procedures will follow those proscribed in the current version of
USEPA Region IV SESD Operating Procedure Surface Water Sampling (USEPA, 2013b).

URS Corporation May 2014
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3.0 SUBSURFACE INVESTIGATION

Subsurface investigation will proceed concurrently with soil sampling and monitor well
sampling. The results will provide guidance for soil and groundwater sampling and sample
locations.

3.1 LIF Procedures for Soil

Laser induced fluorescence probe (LIF) procedures for soil will follow those outlined below and
provided in Appendix B2. LIF sampling is to be performed concurrently with DPT sampling in
order to delineate the horizontal and vertical extent of a free product plume. It is a fiber optic
system with a probe and laser which reads the fluorescence created by ultraviolet light, allowing
for a more detailed soil analysis.

The required equipment is summarized below:

e Direct-Push Technology Drilling Rig that supports LIF

e LIF System (i.e. fiber optic cables, laser laboratory, generator)
e Field Logbook

e GPS Unit

Procedure

Verify sample collection location, sample code, and required analyses.
Record GPS location.

Tune and calibrate the LIF according to manufacturer’s recommendations.
Record readings taken by LIF in field book.

Set the rate of LIF readings dependent on amount of free product present.
Advance the LIF until no further fluorescence is logged or refusal.

N o~ w Nh e

Backfill the borehole using a cement-bentonite grout slurry or similar sealing
material.

o

Flag or stake the sample collection locations.

9. Complete all required documentation, including field logbook entries, and LIF
description,

10. Clean sensory portion of LIF between boreholes.
11. Decontamination procedures are described in Section 4.
12. IDW procedures are described in Section 5.

URS Corporation May 2014
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3.2 Groundwater Treatment System Recovery Test

Groundwater recovery testing procedures for monitoring the shutdown of the existing pump and
treat system are outlined below. The required equipment is summarized below:

Pressure Transducers
Water Level Meter
Latex or Nitrile Gloves
Field Logbook

Procedure:

1.

Record well construction and geologic information (i.e., well diameter, borehole
diameter, screen length, total well depth, and the depth interval of the geologic unit
screened by the well).

Don new, uncontaminated latex or nitrile gloves.

Record water levels in existing site monitoring wells with a water level meter, record
depth to water in the field logbook or field data sheets.

Lower the pressure-sensitive transducer/data loggers in select wells including the
existing pumping wells as outlined in the appropriate work plan.

Lower the pressure-sensitive transducer/data logger in the well to approximately 1
foot off the bottom of the well. Secure the transducer at the wellhead and record the
depth of the transducer in the well. Allow the water level within the well to stabilize
to equilibrium conditions (could take upwards of 24 hours).

Record the water level sensed by the transducer in the field notebook.

Set up the transducer for automatic continuous data logging. Start data logging. Data
will be downloaded from the transducer based on storage capacity of the specific
transducer or monthly at a minimum.

Shutdown the pump and treat system per operations and maintenance guidelines for
temporary shutdown status (completed by the onsite system operator — third party
contractor).

Collect water level measurements with the water level meter periodically to verify the
transducer is functioning properly. This can be conducted when data is downloaded
from the transducers.

Field activities will be documented per Section 4.2.2 of the WP and Section 1.6 of the QAPP.

URS Corporation May 2014
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3.3  Aquifer Testing

Aquifer testing (i.e. slug testing) procedures for monitor wells will follow those outlined below.
Falling and rising head tests will be performed in existing wells screened in the saprolite,
transition zone material, and bedrock in order to obtain estimates of hydraulic conductivity at
the Site. A falling head test is only applicable to wells with fully submerged screens. Therefore,
if a well screen is only partially submerged, the falling head test will be omitted and only a
rising head test will be run.

The required equipment is summarized below.

Procedure:

1.

Pressure Transducer/data logger
Bailer with string

Water Level Meter

Latex or Nitrile Gloves

Field Logbooks

Record well construction and geologic information (i.e., well diameter, borehole
diameter, screen length, total well depth, and the depth interval of the geologic unit
screened by the well).

Don new, uncontaminated latex or nitrile gloves.

Lower the pressure-sensitive transducer/data logger in the well to approximately 1
foot off the bottom of the well. Secure the transducer at the wellhead and record the
depth of the transducer in the well. Allow the water level within the well to stabilize
to equilibrium conditions (could take upwards of 24 hours).

A pre-test static water level is to be measured and recorded using an electronic water
level meter in the well.

Record the water level sensed by the transducer in the field notebook.

Collect water level measurements with the water level meter periodically to verify the
transducer is functioning properly.

Activate the data logger and rapidly lower the bailer into the well (Falling head test).
Note, a falling head test is only applicable for wells with fully submerged screens. If
the screen is partially submerged, omit the falling head test and proceed to the rising
head test by inserting the bailer immediately after the transducer is inserted and

URS Corporation May 2014
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allowing the water level to return to static conditions. Upon achieving static
conditions, activate the data logger and continue with step 11.

8. Record water level measurements (with transducer) using the fast linear mode of
recording to collect a sufficient number of data points for test analysis.

9. When the water level has recovered approximately 95 percent or after a maximum of
60 minutes, stop the test.

10. After the falling head test has been stopped and when the water level has recovered to
the static water level, activate the data logger for a rising head test.

11. Rapidly withdraw the bailer from the well (Rising head test) and perform steps 8
and 9.

12. Download the data at the end of the day.
13. Decontamination procedures are described in Section 4.

14. IDW procedures are described in Section 5.

Field activities will be documented per Section 4.2.2 of the WP and Section 1.6 of the QAPP.

URS Corporation May 2014
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40 DECONTAMINATION PROCEDURES

Decontamination procedures will follow those proscribed in the USEPA Region IV SESD
Operating Procedure Field Equipment Cleaning and Decontamination (USEPA, 2011b).
Additional decontamination steps are identified for equipment that may potentially come in
direct contact with concentrated materials.

Decontamination procedures will be performed in a designated area. The decontamination area
will be selected on the basis of the following criteria:

1. Accessibility to heavy equipment
2. Accessibility to distilled water
3. Accessibility to treatment area

4.1 Sample Collection Equipment Contaminated with Concentrated Materials

All equipment used to collect samples of media materials (i.e. soil, groundwater, surface water)
from the Site must be field cleaned before reuse or leaving the Site. The following procedure for
decontamination is provided below:

1. Wash with phosphate free detergent (i.e. Alconox, Liquinox).
2. Rinse with tap water.

If this is not possible, the following procedure will be followed:

1. Leave with facility for proper disposal;

2. If possible, containerize, seal, and secure the equipment and leave onsite for later
disposal; and/or

3. Containerize, bag or seal the equipment so that no odor is detected and return to the
temporary field office until the procedure out lined above can be followed.

It is the responsibility of the URS Field Operations Manager to evaluate the sample material and
determine the appropriate cleaning procedures for the equipment that is used to sample.

4.2  Sample Collection Equipment Contaminated with Sample Media

All equipment used in sample collection that will contact potentially contaminated sample media
shall be decontaminated prior to and after use. The sample collection equipment procedure for
decontamination is provided below.

URS Corporation May 2014
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1. Wipe the equipment clean.
2. Tap water rinse the equipment.

3. Wash the equipment in phosphate free detergent (i.e., Alconox or Liquinox) and
water followed by a tap water rinse.

4. For grossly contaminated equipment, follow procedures in 5.1.

After decontamination, all persons handling the equipment should use new latex or nitrile gloves
in order to limit cross contamination of the equipment. The equipment should be moved upwind
immediately from the contaminated area in order to prevent possible recontamination. If the
newly decontaminated equipment will not be immediately reused, cover the equipment in plastic
wrap or aluminum foil to prevent contamination, and store the equipment in an uncontaminated
area.

4.3  Sampling Equipment used for the Collection of Trace Organic and Inorganic
Compounds

For equipment that is used to sample for trace organic or inorganic compounds, the following
procedure should be followed:

1. Clean with tap water and Liquinox® or Alconox®. If necessary, use a brush to
remove any additional film or matter that is adhering to the equipment. Additionally,
equipment can be steam cleaned at least two feet off the decontamination pad. Do not
steam clean PVVC or plastic items.

2. Rinse thoroughly with tap water.

3. Rinse thoroughly with non-organic water and place on a clean, foil wrapped surface
to air dry.

4. Before storing, cover and secure with clean, unused plastic wrap or aluminum foil.

4.4 Water Level Meter or Oil/Water Interface Probe

For well sounders or tape, such as those included in a water level meter or oil/water interface
probe, the following procedure should be followed:

1. Clean with tap water and Liquinox or Alconox®. If necessary, use a brush to remove
any additional film or matter that is adhering to the equipment.
2. Rinse thoroughly with tap water.

3. Rinse thoroughly with deionized water.

URS Corporation May 2014
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4.5 Decontamination Pads

Decontamination pads for field cleaning of equipment must meet the following:

1.
2.
3.

Constructed in an area known to be free of surface contamination;
Leak free;

Constructed on a level, paved surface, and should facilitate the removal of
wastewater, if sumps or pits are used for water removal they must be lined;

Equipment should be on sawhorses or racks while being cleaned and high enough
above the ground to prevent equipment from being splashed and further
contaminated;

Wash water should be removed from the pad frequently;

Lined with a water impermeable material without seams that is easily disposed,
replaced, or repaired.

At the completion of the PDI, the decontamination pad(s) should be disposed of properly. Any
sumps or pits should be backfilled after all water has been removed for disposal. If excessive
water leakage has occurred, soil sampling of the area may be necessary.

4.6 Downhole Drilling Equipment

For drilling equipment used for downhole drilling activities that involve the collection and
sampling of soil for trace organic and inorganic constituents, the following cleaning procedures
should be followed:

1.

3.

All equipment should be cleaned, steam cleaned, and wire brushed, as needed, before
being arriving onsite.

Equipment should be inspected for fluid leaks prior to mobilization to the sampling
locations.

All portions of the drill rig that will be placed over the borehole should be steam
cleaned (detergent and high pressure (2500 pounds per square inch (PSI) or greater)
hot water (200 degrees Fahrenheit plus)) between borehole locations.

Decontamination procedures:

1.

Clean with tap water and Liquinox or Alconox®. If necessary, use a brush to remove
any additional film or matter that is adhering to the equipment. Steam clean if
necessary. If steam cleaning is necessary, put equipment at least 2 feet above the

URS Corporation May 2014
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decontamination pad using sawhorses or racks. Any hollow equipment or equipment
that has holes should be cleaned on the inside with heavy brushing.

2. Rinse thoroughly with tap water.

3. Once it is rinsed, remove it from the decontamination pad and cover with clean,
unused plastic wrap. If stored overnight, make sure the plastic wrap is secured.

For DPT equipment, additional procedures should be followed, including:

1. All threaded drilling tool joints should be removed and cleaned per section 4.2.

2. Equipment that comes in contact with the sample media and is cleaned in the field for
reuse should be cleaned per section 4.3.

3. Equipment that does not directly contact the sample media and is cleaned in the field
for reuse can be cleaned per the previous cleaning and decontamination procedures

listed.
4. Well casings, well screens, or split spoon samplers should be decontaminated per
section 4.3.
URS Corporation May 2014
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5.0 INVESTIGATION-DERIVED WASTE MANAGEMENT

Uncontaminated waste and potentially contaminated liquid and solid waste materials will be
generated during investigation activities. This section describes the methods for handling and
disposing of the waste material, as proscribed by USEPA’s SESD Operating Procedure for
Management of Investigation Derived Waste (USEPA, 2010) and additionally outlined below.

5.1 Potentially Contaminated Solid Waste Material

Drill cuttings and other excess solid materials generated during boring activities and sampling
activities will be placed in roll off containers or 55-gallon steel drums provided by a
transportation, storage and disposal (TSD) subcontractor. URS will collect composite samples
from the roll off containers or drums for Toxicity Characteristic Leaching Procedure (TCLP)
analysis of VOCs, semi-volatile organic compounds (SVOCs), and metals.

Based on the results from these analyses, solid waste material will be transported and disposed of
as non-hazardous or hazardous waste at an appropriate facility.

5.2 Potentially Contaminated Water

The main sources of investigative derived wastewater are expected to include:

e Water from decontamination (pressure washing) of the drill equipment.

e Purge water from well development and sampling of groundwater monitor wells.

If possible, all waste water generated onsite will be treated by the onsite waste water treatment
facility. If this is not possible, all investigative derived wastewater will be containerized in a
DOT approved container with tight fitting lid. The containers will be identified and left onsite
with permission of the onsite treatment system operator and the URS Field Operations Manager;
otherwise arrangements will be made with the URS Field Operations Manager for testing and
disposal.

Decontamination water may also be disposed in a sanitary sewer system, with permission from
the wastewater treatment plan representative, and if doing so does not endanger human health or
the environment, or violate federal or state regulations.

5.3 PPE

Personal Protection Equipment (PPE) such as latex and nitrile gloves will be containerized in a
plastic 5-gallon bucket with a tight fitting lid. The bucket will be identified and left onsite with

URS Corporation May 2014
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permission of the URS Field Operations Manager, otherwise it will be returned to the temporary
field office for disposal.

54 Uncontaminated Waste

Uncontaminated waste material such as shipping boxes, wrapping paper, cement bags, and
general trash will placed in a conventional trash bin onsite and serviced by a local vendor.

URS Corporation May 2014
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6.0 FIELD MANAGEMENT AND REPORTING

This section outlines the communication and reporting guidelines for the investigation phases of
the PDI. Team member responsibilities and roles are summarized below.

6.1  Project Management

The URS project manager (PM) is responsible for the overall performance of the PDI and is
accountable to the South Carolina Department of Health and Environmental Control (SCDHEC)
PM. URS’ PM will be supported during field operations primarily by the URS Field Operations
Manager. The URS Field Operations Manager will be responsible for coordinating and executing
field operations and will be supported by the URS field staff.

The URS Field Operations Manager will provide daily progress reports to the URS PM via e-
mail that will include the work completed, schedule/ staffing plans, and actual or potential issues.
Resolution of issues that may potentially affect the PDI technical objectives, field investigation
schedule, or field investigation scope (tasks/ costs) will require input from the URS PM/Project
Chemist and approval by the SCDHEC PM.

The PM is typically supported onsite by a hydrogeologist or technical representative during
investigations. The hydrogeologist is essentially a counterpart to the URS Field Operations
Manager, and each of these positions will be critical toward identifying options for issue
resolution. Issues that do not affect the PDI technical objectives, field investigation schedule, or
field investigation scope (tasks/ costs) may be resolved onsite by the URS Field Operations
Manager and hydrogeologist and communicated in the daily reports. All Site personnel including
URS field staff, representatives, and subcontractors are responsible for identifying potential field
issues and notifying the URS Field Operations Manager or URS PM.

6.2 Field Staff

URS field staff will be assembled in teams and assigned to the various project activities. Each
team will have a designated Task Leader. The task leader will be responsible for understanding
and executing the associated task and ensuring that the required equipment/ supplies and sample
containers for that task are available prior to starting the task. The URS Field Operations
Manager will monitor each team's work progress and work quality. Task leaders will report
issues to the Field Operations Manager as they arise.

6.3 Subcontractors

The Field Operations Manager will be responsible for coordinating work with the subcontractors
(drilling, laboratory, surveying, etc.). The Field Operations Manager may delegate detailed

URS Corporation May 2014
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portions of subcontractor coordination to task leaders but will remain responsible. Significant
changes to the subcontractor's scope of work must be approved by the URS PM. Minor field
modifications of the subcontractor's technical approach may be approved by the URS Field
Operations Manager.

6.4  Health & Safety

The URS Site Safety Coordinator is identified in the URS Health and Safety Plan (HASP). All
field staff including onsite subcontractors will be required to read and understand the HASP, and
to sign the plan prior to working onsite. Daily tailgate safety meetings will be required for all
onsite staff to discuss safety issues related to work completed the previous day and work planned
for that day. Any safety incidents or significant near misses will be reported to the URS Site
Safety Coordinator and/or URS Field Operations Manager.

URS Corporation May 2014
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URS sAFETY MANAGEMENT STANDARD
Hazardous Materials/Dangerous Goods Shipping

1. Applicability

This standard applies to URS Corporation (URS) and its subsidiary companies
that ship hazardous materials (hazmat).

U.S. Department of Transportation (DOT) regulations for hazardous materials
shipping (by air, ground, or water) and the International Air Transportation
Association (IATA) regulations for dangerous goods shipping (by air) prohibit the
shipment of certain materials unless they are packaged, marked, labeled, and
accompanied with shipping documentation in a specified manner. Failure to
adhere to these shipping requirements may result in fines to the company and
disciplinary action to the employee(s) involved in the shipment.

Examples of Hazardous Materials/Dangerous Goods regulated by the DOT and
IATA that may be encountered or used during URS projects may include, but are
not limited to, certain field environmental samples, compressed gases (fire
extinguishers, calibration gases, compressed air, and welding and cutting gases),
ionizing radiation sources used to calibrate detection equipment or analytical
equipment, nuclear-density meters, laboratory reagents, hazardous wastes,
materials used for bench-scale and pilot plant operations, oils, greases,
lubricating fluids, cleaning solvents, degreasing solvents, paints, spray paints,
paint removers and/or strippers, diesel fuel, gasoline, pesticides, inks, glues, and
other adhesives, battery fluids, ammonia cleaning solutions and peroxide
solutions. When possible, only use ground carriers for transportation of
hazardous materials.

The air shipment of environmental samples represents a significant percentage
of hazardous materials/dangerous goods shipped by URS. Although most
environmental samples (both water and soil) do not meet the definition of
hazardous, extreme care must be taken to properly classify materials.

2. Purpose and Scope

The purposed of this standard is to prevent shipping-related incidents and
violations, and prevent injuries to employees and members of the public.

3. Implementation

Implementation of this standard is the responsibility of the URS manager
directing activities of the facility, site, or project location.

Project Managers’ responsibilities include the following related to hazardous
materials shipping:

This document is uncontrolled when printed, saved or copied. 1
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A.

Ensure that every employee and driver involved with shipping a hazardous
material in commerce is trained and certified, and records are maintained
in accordance with 49 Code of Federal Regulations (CFR) 172.704.

Ensure every driver of a truck that has a gross vehicle weight rating
exceeding 26,000 pounds (11.8 kg), or as mandated by state, or hauling a
placardable quantity of hazmat has a commercial driver’s license (CDL)
with proper endorsements (e.g., hazmat, tank, etc.) in accordance with 49
CFR 383.91 and 383.93, and has current DOT hazmat training in all
required areas, in accordance with 49 CFR 172.704 and 177.816.

Ensure every truck hauling hazmat in regulated quantities carries a current
DOT Hazardous Materials Certificate of Registration; and if required, a
Federal Motor Carrier Safety Administration (FMCSA) Hazardous
Materials Safety Permit and any other state-mandated registration.

Verify that insurance coverage includes transportation of hazardous
materials over commercial roads (49 CFR 387.9).

Ensure every truck hauling hazmat has the proper documentation,
including shipping paper, emergency response information, 24-hour
emergency response telephone number, and the DOT Hazardous
Materials Registration (if required). In addition, when using a third-party
emergency response provided such as CHEMTREC, a Customer Contract
Number (CCN#) must appear on the shipping paper.

If using CHEMTREC as the 24-hour emergency number, ensure that
current Safety Data Sheets (SDSs) for each transported hazmat are
submitted to CHEMTREC before transport.

. Ensure all hazmat incidents are properly reported to the project safety

supervisor, in accordance with URS reporting procedures.

. Report hazardous material spills within 24 hours, including material spilled

and estimated quantity.

4. Requirements

In order to minimize the potential for an improper shipment, Project Managers
and Site Managers are required to ensure that an individual trained according to
DOT Regulations in 49 CFR 172 Subpart H and, if applicable, IATA Dangerous
Goods Regulations Subsection 1.5 is responsible for the correct classification,
packaging, marking, labeling, and completion of shipping papers for any
hazardous materials being shipped offsite. No hazmat shipments shall leave the
site without prior inspection. The assigned person must have current DOT
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hazmat certification and, if applicable, IATA certification. DOT requires recurrent
training every 3 years, and IATA requires recurrent training every 2 years.

A. Staffing

1. Each project or site must ensure that DOT hazmat-trained
individuals are involved in the process of preparing hazardous
materials for shipment.

2. Each location where hazardous material shipping occurs or where
hazardous material employees are assigned must identify a local or
regional shipping specialist.

3. The assigned shipping specialist must have current certification of
DOT hazmat, and if applicable, IATA training.

B. Hazmat Hotline

URS maintains a shipping Hazmat Hotline for hazardous
materials/dangerous goods to provide answers to specific shipping
guestions.

1. 800-381-0664 in Canada and U.S.

2. 919-461-1227 for other countries

3. Email: HazmatHotline@urs.com
C. Shipper Training

All employees involved in the transportation of hazmat in commerce must
be formally trained and certified in accordance with 49 CFR 172.704.
Training must include the following components: general awareness,
function-specific, safety, hazmat security, security plan (if applicable), and
if applicable, driver training.

1. Training Requirements. Require employees who package, prepare
paperwork, load and/or unload, and transport hazardous materials
be trained to the appropriate level of activity:

a. Training is required prior to performing hazardous material
shipping activities.

b. Training is required when regulatory changes impact current
procedures, and every 2 years (IATA) or 3 years (DOT).
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2.

c. Regional or local hazmat shipping specialists must complete a
2-day hazardous material/dangerous goods shipping course
conducted by URS, or complete an outside equivalent course.

d. Drivers may be exempt from function-specific training if the
DOT's Materials of Trade (MOT) exception applies to the
shipment (see Section 4.K.6 and SMS 048 AMER,
Supplemental Information A).

e. Certain shipments of hazmat must have a Hazardous Materials
Security Plan (see Section 4.1 for more information).

Training Records. Employers are required to maintain training
records for all hazmat employees during employment, and for 90
days after, including:

a. Hazmat employee's name;

b. Completion date of most recent training;

c. Training materials (copy, description, or location);
d. Name and address of hazmat trainer; and

e. Certification that the hazmat employee has been trained and
tested.

D. Hazmat Driver Training

1.

2.

In addition to the training required by 49 CFR 172.704 (above),
hazmat drivers must also be trained in the requirements of
49 CFR 177.816, or have a CDL with a hazmat endorsement.

CDL requirements are located in 49 CFR 383.

E. Hazmat Registration

1.

Shippers or carriers who offer any of the following in commerce
must have a hazmat registration in accordance with
49 CFR 107.601-620:

a. Any highway route—controlled quantity of a Class 7 (radioactive)
material;
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b. More than 55 pounds (25 kilograms) of a Division 1.1, 1.2, or
1.3 (explosive) material in a motor vehicle, rail car, or freight
container;

c. More than 1 liter (1.08 quarts) per package of a material
extremely toxic by inhalation (i.e., “material poisonous by
inhalation,” as defined in 49 CFR 171.8, that meets the criteria
for “hazard zone A,” as specified in 49 CFR 173.116(a) or
173.133(a));

d. A hazardous material in a bulk packaging having a capacity of
3,500 gallons for liquids or gases, or more than 468 cubic feet of
solids;

e. A shipment in other than bulk packaging of 5,000 pounds gross
weight or more of one class of hazardous material for which the
transport vehicle requires placarding for which placarding of a
vehicle, ralil car, or freight container is required for that class;
and

f. Except for certain farm-related activities, any quantity of
materials requiring placarding.

In general, this includes Company fuel and lube trucks that
travel on public roads.

2. The vehicle must keep a copy of the current Certificate of
Registration in each truck used to transport hazmat.

3. In addition, a copy of the registration statement filed with the DOT
and the Certificate of Registration must be maintained at the
principal place of business for a period of 3 years.

4. This registration must be renewed each year.
F. FMCSA Hazardous Materials Safety Permits

1. Since January 2005, certain highway carriers of hazmat must
obtain a hazmat safety permit from the FMCSA as required under
49 CFR 385.403, 390.3, and 390.19. In general, a safety permit is
required if a motor carrier transports any of the following:

a. A highway route—controlled quantity of a Class 7 (radioactive)
material;
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b. More than 55 pounds (25 kilograms) of a Division 1.1, 1.2, or
1.3 (explosive) material or an amount of a Division 1.5
(explosive) material requiring placarding;

c. More than 1.08 quarts (one liter) per package of a “material
poisonous by inhalation,” that meets the criteria for “Hazard
Zone A

d. A “material poisonous by inhalation” that meets the criteria for
“Hazard Zone B " in a bulk packaging (capacity greater than 119
gallons [450 liters));

e. A “material poisonous by inhalation” in a "bulk packaging,” both
defined in 49 CFR 171.8, that meets the criteria for “Hazard
Zone C or “Hazard Zone D” in a packaging having a capacity
equal to or greater than 3,500 gallons (13,248 liters); or

f. A shipment of compressed or refrigerated liquefied methane or
liquefied natural gas, or other liquefied gas with a methane
content of at least 85 percent, in a bulk packaging having a
capacity equal to or greater than 3,500 gallons (13,248 liters).

G. Shipping Papers

1. With few exemptions, anyone who offers a hazmat for
transportation must complete shipping papers that must be carried
in the vehicle, within the driver's immediate reach when restrained
by a seat belt, and visible to a person entering the vehicle, or in a
holder mounted on the inside of the driver's door (49 CFR 172,
Subpart C; and 49 CFR 177.817).

2. Shippers must retain copies of shipping papers for at least 2 years
after the transporter accepts the material (49 CFR 172.201).

3. A motor carrier using a shipping paper without change for multiple
shipments of one or more hazardous materials having the same
shipping name and identification number may retain a single copy
of the shipping paper, instead of a copy for each shipment made, if
the carrier also retains a record of each shipment made, to include
shipping name, identification number, quantity transported, and
date of shipment.

4. Shippers and transporters of hazardous waste (as defined in
40 CFR 261) must retain copies of hazardous waste manifests for
at least 3 years after the initial carrier accepted the material.
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5. Upon request, hazmat shipping papers and hazardous waste
manifests must be made available to federal, state, and local
inspectors.

H. Emergency Response Information

1. DOT requires anyone who offers, transports, or handles hazmat to
have emergency response information immediately available.
(49 CFR 172.600). Safety Data Sheets (SDSs) and DOT'’s
Emergency Response Guidebook are common reference sources
for emergency response information.

2. In addition, persons who offer hazmat for transportation must
provide a 24-hour emergency response telephone number that
must be monitored by a knowledgeable person at all times while
the material is in transit.

3. URS maintains an account with CHEMTREC for this service.
Before using this service, URS must submit an SDS or Waste
Safety Data Sheet to them. Contact the Hazmat Hotline (see
Section 4.B) for more information.

|. Hazardous Material Transportation Security Plan

1. URS sites that transport or offer the following types or quantities of
materials for transportation must have a Hazardous Material
Transportation Security Plan on site and must ensure that all
hazmat employees are trained in the plan, as required by
49 CFR 172.800.

a. Any guantity of a Division 1.1, 1.2, or 1.3 material,

b. A quantity of a Division 1.4, 1.5, or 1.6 material requiring
placarding in accordance with subpart F;

c. A large bulk quantity of Division 2.1 material;

d. A large bulk quantity of Division 2.2 material with a subsidiary
hazard of 5.1;

e. Any guantity of a material poisonous by inhalation, as defined in
49 CFR 171.8;

f. A large bulk quantity of a Class 3 material meeting the criteria
for Packing Group | or II;
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3.

4.

g.

n.

P.

A quantity of desensitized explosives meeting the definition of
Division 4.1 or Class 3 material requiring placarding in
accordance with subpart F;

. Alarge bulk quantity of a Division 4.2 material meeting the

criteria for Packing Group 1 or II;

A quantity of a Division 4.3 material requiring placarding in
accordance with subpart F;

A large bulk quantity of a Division 5.1 material in Packing
Groups | and IlI; perchlorates; or ammonium nitrate, ammonium
nitrate fertilizers, or ammonium nitrate emulsions, suspensions,
or gels;

Any quantity of organic peroxide, Type B, liquid or solid,
temperature controlled;

A large bulk quantity of Division 6.1 material (for a material
poisonous by inhalation see paragraph (e) above);

. A select agent or toxin regulated by the Centers for Disease

Control and Prevention under 42 CFR 73 or the United States
Department of Agriculture under 9 CFR 121;

A quantity of uranium hexafluoride requiring placarding under 49
CFR 172.505(b);

International Atomic Energy Agency (IAEA) Code of Conduct
Category 1 and 2 materials including Highway Route Controlled
guantities as defined in 49 CFR 173.403 or known radionuclides
in forms listed as RAM-QC by the Nuclear Regulatory
Commission;

A large bulk quantity of Class 8 material meeting the criteria for
Packing Group |I.

If a project or office determines that a hazmat security plan is
required, contact the URS Hazmat Hotline.

A Hazmat Security Specialist will be assigned at each site required
to have a hazmat security plan.

All Hazmat Security Plans will be reviewed annually and updated if
required.
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J. Hazardous Incident Report

1. A person in possession of a hazmat at the time of a reportable

incident as outlines in 49 CFR 171.15 must immediately report the
incident to the National Response Center. In addition, these
incidents require filing a detailed written incident report within 30
days of the incident (see 49 CFR 171.16).

Incidents that do not trigger the immediate reporting as outlined in
49 CFR 171.15, but which meet any of the other incident criteria in
49 CFR 171.16 still warrant a detailed written report under 171.16
within 30 days of the incident.

All hazmat incidents must be reported in accordance with SMS 049
— Incident Reporting, Notifications & Investigation.

K. General Procedures

1.

Select the best way to ship the hazardous material based on the
guantity, hazard(s), and mode of transportation (e.g., air, land,
water).

Ensure shipping containers are designed, constructed, filled,
closed, secured and maintained so that, under normal conditions of
handling and transport, there will be no accidental release of
hazardous materials which could endanger public safety.

Ensure that a copy of the closure instructions provided by the
package manufacturer is available for each UN specification
shipping container type that is used at the facility.

Package, mark, label, and placard according to applicable
regulations.

Complete the shipping documentation according to applicable
regulations, which may include bill of lading, shipper’s declaration,
hazardous waste manifest, or other, as applicable.

Follow hazard communication requirements:

a. Send a copy of the appropriate Emergency Response
Guidebook page or MSDS with each shipment.
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b. Include the 24-hour emergency response phone number
(CHEMTREC 800-262-8200 domestic; 1-703-741-5500
international) on the shipping paperwork.

I. Any shipment of a hazardous material or hazardous
waste requires that CHEMTREC be notified in advance
of the shipment. CHEMTREC requires that either an
SDS or Hazard Profile of the hazardous material being
offered for shipment be provided to CHEMTREC. URS
maintains a current contract with CHEMTREC to provide
this required service and the right to use the CHEMTREC
emergency phone number on shipping papers when
notification of the shipment has been made. Contact the
Hazmat Hotline (see Section 4.B) before contacting
CHEMTREC.

7. URS also maintains current Hazardous Materials Certificate of
Registrations with the U.S. Department of Transportation. Contact
the Hazmat Hotline for more information.

8. DOT regulations include a "Materials of Trade" or "MOTSs"
exception. MOTs are hazmat, other than hazardous waste, that are
carried on a motor vehicle:

» to protect the health and safety of the motor vehicle operator or
passengers, such as insect repellant or a fire extinguisher;

* to support the operation or maintenance of a motor vehicle
(including its auxiliary equipment), such as a spare battery or
gasoline; or

» to directly support a principal business of a private motor carrier
(including vehicles operated by a rail carrier) that is other than
transportation by motor vehicle — for example, landscaping, pest
control, painting, plumbing, or welding services.

URS operations may qualify under this exception. Refer to the
exception requirements under 49 CFR 173.6. A hazmat-trained
employee should make the determination as to whether this
exception will apply to the shipment.

L. Special Requirements

1. Do not offer packages for shipment without knowing the contents
and classifying the packages in accordance with the DOT, and, if
applicable, IATA regulations. Do not ship potentially hazardous
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materials using an unknown carrier or broker. A Hazardous
Material Transportation Security Plan may be required for shipment
of certain hazardous materials, and employee training is required to
protect shipments of hazardous materials from theft and acts of
terrorism.

2. Contact the applicable shipping company, shipping specialist, or
the Hazmat Hotline if you are unsure or suspect there may be
additional special requirements on a shipment.

3. Some transporters have more stringent requirements than DOT or
IATA. For example, the United Parcel Service (UPS) publishes its
own Guide for Shipping Ground and Air Hazardous Materials. URS
shipping training and this program may not meet these additional
requirements.

4. Some countries have more stringent requirements than DOT or
IATA. Refer to the international hotline for assistance.

5. For international shipments, an expediter may be required to
ensure needed materials are not held in customs. It may be
advisable to purchase hazardous materials in the destination
country.

6. The air shipment of environmental media samples represents a
large percentage of potential hazardous materials/dangerous goods
shipped by URS. Most environmental media samples (water and
soil) typically do not meet the definition of a dangerous good
(hazardous material) unless preservatives are added to make the
sample a corrosive material. DOT exemptions may apply to allow
air shipment as long as the samples are properly packaged and the
package is properly marked; however, extreme care must be taken
to properly classify, package, and mark the environmental samples
to ensure compliance with the regulations.

7. Because more stringent requirements apply to air shipments,
ground shipment (e.g., including use of a lab courier service)
should be considered first for hazardous materials shipping.

8. Hazardous materials shipments must be loaded and secured in an
appropriate shipping container (see 4.K.2 for additional
information). The shipping container must also be loaded and
secured on the means of transportation used for shipping in such a
way as to prevent, under normal means of transport, damage to the
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9.

shipping container or to the means of transportation that could lead
to an accidental release of the hazardous materials.

Where an accidental release of hazardous materials from its
packaging/containment in excess of a prescribed quantity or
concentration occurs or is imminent, any person who at the time
has the charge, management or control of the means of
containment shall report the occurrence or imminence of the
release to the project safety supervisor. Every person required to
make a report shall, as soon as possible in the circumstances, take
all safe and reasonable emergency measures to reduce or
eliminate any danger to public safety that results or may reasonably
be expected to result from the release using the Safety Data
Sheets (SDSs), DOT’s Emergency Response Guidebook, or other
resources as appropriate.

5. Documentation

The following documentation will be maintained in the project files:

A. Training Records

1.

Employers are required to maintain training records for all hazmat
employees during employment and for 90 days after, including
hazmat employee's name; completion date of most recent training;
training materials (copy, description, or location); name and
address of hazmat trainer; and certification that the hazmat
employee has been trained and tested. Ensure training records
include:

a. Hazmat employee's name;

b. Completion date of most recent training;

c. Training materials (copy, description, or location);
d. Name and address of hazmat trainer; and

e. Certification that the hazmat employee has been trained.

B. Shipping Documentation Records

1.

Shippers must retain copies of shipping papers for at least 2 years
after the transporter accepts the material. Shippers and
transporters of hazardous waste must retain copies of hazardous
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C.

D.

waste manifests for at least 3 years after the initial carrier accepted
the material.

2. For each shipment:
a. Copy of shipper’s declaration for dangerous goods;
b. Copy of applicable ERG or SDS accompanying shipment;

c. Copy of information (MSDS or Hazard Profile) provided to
CHEMTREC; and

d. Supporting documentation related to the classification of the
material.

Hazardous Materials Transportation Security Plan, if required and
applicable to site or facility operations.

Hazardous Incident Report(s), if reportable incident(s) has occurred.

6. Resources

A.

E.

F.

49 Code of Federal Requlations, Parts 171-180, Subchapter C —
Hazardous Materials Regulations

. International Air Transport Association Dangerous Goods Regulations

(DGR), updated and issued annually

International Maritime Dangerous Goods Code. International Maritime
Organization, Amendment 29-98

DOT Office of Hazardous Materials Safety

URS Hazardous Materials Hotline: 800-381-0664

SMS 049 - Incident Reporting, Notifications & Investigation

7. Supplemental Information

A.

Materials of Trade Summary
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Field Equipment Operations Procedures
Former Philip Services Corporation Site
Rock Hill, South Carolina

Measurement of field parameters during sampling activities will follow the current EPA Region
IV SESD Operating Procedures listed below:

e SESDPROC-103 Field Turbidity Measurements;

e SESDPROC-100 Field pH Measurements;

e SESDPROC-113 Field Measurement of Oxidation-Reduction Potential,

e SESDPROC-106 Field Measurement of Dissolved Oxygen;

e SESDPROC-102 Field Temperature Measurement; and

e SESDPROC-101 Field Specific Conductance Measurement

e SESDPROC-105 Groundwater Level and Well Depth Measurement

e SESDPROC-111 In Situ Water Quality Monitoring

Specific instrument models that will be used to measure field parameters are identified in

section 2.4.1 of the QAPP. The following table provides details regarding spare parts for field
monitoring equipment.

Spare Parts for Field Equipment

Equipment Spare Parts Location
Portable water quality Standard buffer(s) Field equipment case or field office
meter (YSI-556 or Spare electrodes
equivalent) Spare battery

Spare dissolved oxygen probe
membrane kit with o-rings

Turbidity Meter (LaMotte | Standards Field equipment case or field office
2020 Portable Turbidity Spare sample cells
Meter or equivalent) Spare battery
Air monitoring equipment | Spare UV Lamps Field equipment case or field office
(MiniRae 2000 or Isobutylene air calibration gas
equivalent) Regulators for gas

Spare battery chargers
Electronic water level Spare battery Field equipment case or field office
meter Weighted steel tape

Chalk

Any deficiencies in testing, inspection, or calibration of field measurement equipment will be
reported by field staff/analyst to the Field Operations Manager, who will notify the PM and
Project QA Officer. Corrective actions will be implemented and its effectiveness documented by
the Field Operations Manager per Section 3.1.4 of the QAPP.

URS Corporation May 2014
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| aser-Induced Fluorescence Primer

Randy St. Germain, President , Dakota Technologies, Inc.

Excerpted in Applied NAPL Science Review, volume 1, issue 9, September 2011

Editors Note: Randy St. Germain is one of the world’s leading scientists in the development and
application of laser-induced fluorescence tools for the investigation of non-aqueous phase
liquids (NAPLS).

Laser-induced fluorescence (LIF) employs laser light to excite fluorescent molecules
contained in the majority of non-aqueous phase liquids (NAPLSs) including petroleum
fuels/oils, coal tars, and creosotes. Direct push logging of the NAPL’s inherent
fluorescence with depth provides rapid and cost-effective delineation of NAPL. Multiple
LIF logs conducted at NAPL release sites provide a relatively non-subjective basis for a
detailed NAPL conceptual site model.

[For purposes of simplicity this article focuses principally on ultraviolet (UV) LIF’s application
toward petroleum fuels/oils, not creosotes and coal tars, which demand visible wavelength LIF.]

BACKGROUND: Laser light is “clean” (narrow in wavelength) and relatively powerful. As
such, laser light is readily transmitted with fiber optics, allowing scientists to deliver laser light
remotely to samples and bring any light resulting from interaction with the laser back for analysis.
Spectroscopists (those who study matter with light) discovered long ago that polycyclic aromatic
hydrocarbons (PAHS) are highly fluorescent, and many of their spectra were catalogued
decades ago’. To coax them into fluorescing you must excite PAHs into an electronically excited
state by shining the correct color of light at them. They will absorb that light and, in a matter of
nanoseconds, emit some light of their own as a way of getting rid of the excess energy they had
gained.

The color of the emitted light is “Stokes shifted” (of lower energy or longer wavelength than the
exciting light) and is dependent on the number of rings and degree of substitution of the PAH
that emits the fluorescence. Petroleum NAPLSs, as it turns out, usually contain enough PAHSs to
be detected with LIF (even gasoline). This is illustrated in the photos below showing layers of
crude oil and diesel on wet sea sand, which demonstrate the utility of fluorescence for “seeing”
petroleum NAPLs.

Notice the different fluorescence color being emitted. This is due to the two NAPL'’s differing
PAH distribution/content. Notice also that the “core” of the NAPL is brightest and the edges get
fainter. This is because fluorescence scales monotonically with the amount of oil/fuel in the pore
spaces. There are many exceptions to this monotonicity, but it’s typical for a single fuel/oil on a
single soil type.

Finally, while the photographs can’t capture lifetime information, the PAHSs in the crude oil and
the diesel are emitting varying colors of light over varying periods of time, allowing further
differentiation by LIF systems that are designed to log both the spectral and temporal nature of
the emitted light.



Photographs of crude oil (left) and diesel fuel (right) on water-saturated sand under room light
(top) and long wavelength ultraviolet lamp excitation (bottom).

BASIC METHOD:

Commercially available LIF screening tools take advantage of the same phenomenon shown in
the photograph. However, instead of the fuels/oils emitting light from behind the ‘window’ of the
clear jar, a clear sapphire window is fitted into the side of a direct push probe that is pushed
through the soil column (see illustration below). As this sapphire-windowed probe is advanced
steadily into the soil column at ~2cm/second, pulses of laser light are sent down the rod string
via fiber optics, where they exit the window and shine onto the face of the passing soil (without
penetrating into the formation). Any resulting fluorescence and/or scattered laser light that
comes back into the window is brought uphole by a second fiber, where the light is processed
and analyzed in real time.

LIF systems log up to 100 ft below the surface with an “average” LIF log being about 35 ft and
taking approximately 45 minutes start to finish. The logs indicate in real time exactly where



NAPL fluorescence is occurring, with major differences in the fluorescence color and lifetime
due to differing NAPL types, weathering, or false positives. The goal is to quickly and non-
subjectively survey the subsurface to generate a “machine vision” electronic data set used to
develop a NAPL conceptual site model (CSM).
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Concept diagram of NAPL site investigation with LIF. Direct push logging generates 300-400 ft
of detailed information daily, spread across 8-14 locations, allowing for rapid assessment of the
nature and extent of NAPL.

BASIC LIF DATA INTERPRETATION:

The simulated logging scenario in the illustration below contains many classic situations that are
encountered during a typical LIF investigation. Four distinct mobile NAPL intervals in the vadose
and saturated zones (far left saturation curves) and a layer of NAPL-free shell hash occur within
two primary soil types: coarse high permeability soils (sands/gravel) and fine grain low-
permeability soils (silts/clays). Notice the LIF probe traveling down through the soil column in
the diagram’s center. On the right is the resulting LIF log that would be generated in real time as
the LIF probe is pushed/pounded steadily through the soil column.

The LIF log y-axis is depth below ground surface, while the x-axis is fluorescence intensity or
Signal %RE. The fluorescence signal typically scales monotonically with NAPL pore saturation.
The RE stands for Reference Emitter, which normalizes the LIF response similar to using a tank
of 100 ppm isobutylene to normalize the response on a handheld PID. The RE is a cuvette filled
with a stable fluorescent NAPL that is placed on the sapphire window and recorded prior to
each and every LIF log. It serves as both a single point calibration and as an overall system
check (RE should look ‘correct’ to the LIF operator).

The RE-labeled callout (waveform) at the upper right side of the figure is not attached to any
depth of the log, because it wasn’t acquired at depth, but right before logging began. These
callout waveforms are a rather complicated hybrid of both spectral (color) and temporal (lifetime)
fluorescence information. The full nature and utility of waveforms will be covered in detail in
future ANSR articles. Until then, suffice it to say that for UV LIF, waveforms from fuels
dominated by 2-ring PAHSs (like naphthalenes in kerosene), are heavily weighted toward the first
(blue) channel. Diesel has a broad distribution of 2, 3, and 4 ring PAHSs, so it’s lit up across all
channels (blue, green, orange, and red). Bunker fuel's fluorescence is dominated by the larger 4
and 5 rings, so its fluorescence waveform is right-weighted (high in the orange and red
channels).

The x-axis (Signal %RE) of the LIF log is total fluorescence (area) of each of the hundreds of
waveforms acquired during the log, divided by the total fluorescence under the RE waveform.
Keep in mind that the voltages on the y-axes of the callout waveforms are typically not all scaled
the same, so be careful of this when examining LIF logs. Operators usually “zoom in” on the y-
scale of the waveforms so the waveform shape can be clearly seen - because the shape tells us
a lot about the nature of the NAPL (or may indicate it is NOT NAPL).

As the LIF probe passes through the clean upper vadose zone of our soil column we see that
the LIF fluorescence response is low (background) because most soils that are NAPL-free have
near zero fluorescence of their own. That's because LIF measurement in/on opaque materials
like soils does not have enough sensitivity to detect the relatively tiny quantity of PAHSs that exist
in soil pore gas, let alone the mono-aromatics or aliphatics that don't fluoresce.

As we enter level 1 and the LIF window encounters the ~20% pore saturation layer of perched
diesel, we see a large “green” response on the x-axis of the LIF log because the diesel is
fluorescing. You'll notice it approaches 80% RE, which is a fairly robust signal. See the second
callout down? That single waveform was acquired at the depth shown tagged to this waveform
with a line. Waveforms are acquired and stored every inch or so, the operator simply chose this
one to represent the many “green” waveforms acquired while passing through the perched



diesel lens. The waveform shown is a ‘classic’ diesel waveform — very few NAPLs other than
diesel have this waveform.

So why is the perched diesel’s fluorescence response filled with the color green? That is the
result of the mixing of the 4 colored peaks or channels of the perched diesel's waveform. This
technique of fill-coloring the log allows us to see at a glance which depths have similar or
differing fluorescence characteristics (different waveforms). The perched diesel occurs in the
permeable sand/gravel layer, which enhances the fluorescence response because high
permeability soils allow more diesel to press up against the sapphire LIF window (versus fine-
grained soils which displace the NAPL), so a healthy 80% RE response is achieved.
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Cross-sectional diagram showing the relationship between NAPL type, matrix, and saturation of
pore spaces with NAPL vs LIF data.

Below the diesel-affected sand/gravel lens we pass through the clay layer on which the diesel
was perched, and the fluorescence signal goes back to baseline in less than an inch. This is
common, as LIF is a nearly instantaneous measurement.

As we pass through level 2 (a classic ‘floating NAPL’ layer) we notice that the LIF response
rises and falls in concert with the NAPL pore saturation, and generates a response graph just
like the NAPL saturation curve on the far left’. We've been seeing these “shark’s fin” curves at
homogeneous course sand/gravel sites for decades. Notice the LIF log'’s fill color is blue rather
than green - and the waveform is very different. That's due to naphthalenes (2-ring PAHS) which
dominant the PAHSs in kerosene. The blue fill is the resulting fill color calculated by the
waveform’s blue channel dominance.

In addition, notice that even though the kerosene is at 100% pore saturation, its fluorescence is
only registering the same Signal %RE as the 20% pore saturation diesel above it. That's
because kerosene is less fluorescent, by about a factor of 5, than diesel, due to kerosene’s
lower PAH content. We simply have to live with the variable fluorescent nature of different
fuels/oils.



As we exit level 2 we exit the diminishing kerosene NAPL and enter high dissolved-phase BTEX
and PAHSs (especially naphthalenes as they are the most soluble of all PAHS). But again, the
LIF appears to be “missing” these too. That's because while PAHs are highly soluble in NAPL,
the water can only hold 1/100" to 1/1,000,000"™ as much PAHs as the NAPL. LIF can and does
detect dissolved phase PAHSs in clear water, but not when it's mixed up in opaque muddy soil.
So remember, LIF is generally blind to dissolved phase, it only responds to the NAPL.

As the probe enters level 3 the window passes by a macropore or fracture of saturated diesel
that was pushed down into and subsequently trapped below the groundwater table. We see that
the pore saturation (in that macropore fracture anyway) reaches near 100%, but the
fluorescence is only 20% RE, which is much less than the 80% RE fluorescence the LIF system
logged when the probe window was in only 20% pore saturation diesel in layer 1. That's
because fines, especially clays, “hide” the NAPL from the laser/optics, causing up to a factor of
10 reduction of fluorescence response in clays than in sands/gravels. Many sites exhibit a
response only in the sands/gravels because that's where the NAPLs can travel.

Notice that while the diesel response is lower than in level 1, the greenish color is the same,
suggesting the diesel waveform (not shown, but it would be the same regardless of soil type).
It's worth noting here that trapped fuels/oils such as layer 3 are actually common, especially in
fine-grained, low permeability soils like clays with fractures and glacial tills. In many cases LIF
has discovered entire NAPL plumes 5-10 feet below the current and/or historical groundwater
table lows. Remember that NAPL is where you find it, and relatively few “sandbox” sites exist
where the shark’s fin saturation curve can form in a homogenous soil column. One of LIF’s gifts
to the industry is the eye-opening data it has generated showing that many NAPL CSMs based
on boring log samples and wells are simply wrong.

Next the LIF probe passes into level 4 where saturated bunker fuel (DNAPL) sank down and
penetrated laterally into a sand lens. The UV LIF being used here responds to the bunker, but
barely, and not monotonically. Visible wavelength LIF should be used here (and for all coal tars
and creosotes) if bunker is the main target of the investigation. This is because the visible LIF
system responds monotonically to these “heavies” by design. Something called energy transfer
guenches the fluorescence when UV is used, so the response is simply MUCH lower for
heavies with UV fluorescence than one would expect. The very narrow lifetimes (skinny
channels in the waveform) are direct evidence of the energy transfer quenching the LIF process.

Virtually all heavies show this right-sided waveform dominance, short lifetimes, and orange-red
color-fill on the LIF log. But energy transfer and heavies are another advanced ANSR topic to
address in a later edition. In any event, the response is unexpectedly low, even though the
bunker is 100% pore saturated and it contains substantially higher PAH content than the other
fuels. When you see this waveform and color-fill you should realize that you might have much
more NAPL down there than the small %RE suggests.

Finally we pass into level 5, a layer of shell hash. Notice that the LIF log contains a “bump” in
the fluorescence at this depth, even though the shell hash is clean of NAPL. That's because sea
shells, calcareous sands, peats, wood, and other atypical organic soils can and do fluoresce
(typically < 20% RE). Notice the fill-color is an odd pink that doesn’t match any of the other fill-
colors on the log.

Had we highlighted one of the shell hash waveforms with a callout we also would have seen the
waveform itself was “different” from the other waveforms, signaling to us that this material is not



similar to the other NAPLs we encountered and that it may be a false positive material we
pushed through at that depth. It is often the case that these false positives, while they make LIF
interpretation less straightforward, can be identified as such and are later confirmed with a
sample or two in depths identified precisely in the LIF log.

SUMMARY:
So let's review some key elements of LIF screening tools:

o LIF detects the PAHs in NAPL and this is how it logs for NAPL vs depth

e LIF is compatible with both cone penetration test (CPT) and percussion based direct
push drilling technologies

e LIF is a mature technology, with hundreds of miles of LIF logging at hundreds of sites in
the last 20 years

o LIFis logged continuously with depth (2cm/second) - no data gaps or partial recovery

e Typical LIF production is 300-400 ft/day - spread across 8-14 locations

e Experience has taught us there is almost never pulldown or sloughing of NAPL on the
probe except when probing through the very softest of soils (pudding)

e Waveforms (and color-fill logs derived from waveforms) help us differentiate between
NAPL types and differentiate NAPLs from false positives

o LIF detects NAPL equally well in both the vadose and saturated zones
LIF’s detection limit ranges between 10 and 1000 mg/kg (TPH), depending on fuel type
and sol matrix

e LIF does not respond to dissolved phase VOCs or SVOCs

o LIF does not detect BTEX (excitation wavelength for BTEX is incompatible with fiber
optics)

e Soil matrix affects fluorescence - sands/gravels have ~10x higher response than clay/silt

e LIF's potential false positives include shell hash, meadow mat, peat, wood, and
calcareous sands, but waveforms usually identify these as suspect

e LIF does not detect chlorinated solvent DNAPL because they aren't fluorescent
molecules — exception is chlorinated DNAPL that contains enough fluorophores
(degreasing, industrial waste, etc.) - which is about 25% of DNAPLSs tested recently

e UV LIF should NEVER be used to delineate coal tars and creosotes, use visible LIF
instead — some of these materials don't fluoresce at all or have non-monotonic
responses

e Tracer dye injections can and have been delineated with LIF

While it does have limitations that need to be understood and managed, LIF is a very rapid
and thorough method of determining nature and extent of a petroleum site’s source term
NAPL. LIF surveys almost always reveal that previous NAPL CSMs based on standard
sampling or monitoring well apparent NAPL thicknesses are deficient, if not grossly flawed,
in comparison.

REFERENCES:
1. Berlman, Handbook of Fluorescence Spectra of Aromatic Molecules, Second Edition, ACADEMIC
PRESS, 1971

2. ITRC's Internet-based Training Program, LNAPL Training Part 2: LNAPL Characterization and
Recoverability — Improved Analysis, slides 29, 49.
http://www.cluin.org/conf/itrc/LNAPLcr/prez/ITRC_LNAPL Part2 052711ibtbw.pdf
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Standard Parts

The following figure provides the standard parts for the UVOST. Prior to using the UVOST, these
parts or satisfactory substitutions should be on hand or readily available when needed.
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Figure 1. Standard UVOST parts.
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General Operating Procedures

Set Up

Prior to operation, all the sub-systems require proper connections/cabling and power. Table 2
summarizes the proper connections/cabling.

Table 2. Cabling/Connections

Primary Connections
[Connection labels in blue]

Device 1 Device 2 Cable/Fiber
Power/Generator ([3;\1;(;{ I(Igr]o Tit) Standard Modular AC Line Plug
thEe% (ot Control PC LAN (standard CAT 5)
F{fﬁ%ﬁ%ﬂ_} Ejﬁgﬁfﬁ"x Umbilical Cable (Amphenol to DB15)
?];’%;if g%}),?}t ) Control PC 110V AC Line converter
?5?53;?;’%%}‘ [S;;?fbf:%t Depth Cable (DB9 to Amphenol)
][3»5?;1;0;;]]30}{ EEI;S;ZII]) Lsplay Remote Display Cable (DB9 to DB9)
}{‘,i%NSfTCFébS{BUgR} SPOC Fiber Optic Cable (2 SMA to Special Terminator)
%%%;fjﬁ%% SPOC Fiber Optic Cable (2 SMA to Special Terminator)
Secondary Connections
‘E‘('}d;%‘ cfront) GPS NMEA Output | DB9 RS-232 (Serial — usually integral to GPS)
‘Efg‘;? é%"l’\’f[t}) AD4 Quadrature | DB9 RS-232 (Serial)
?;g%?igg;?ﬂ igg:;:;é{zv Power Plug 0.1 (Switchcraft 761K)
]Sii?i?ut BOx NA (future use) DBI15 to (yet defined)
Permanent Connections
Device 1 Device 2 Cable/Fiber
gg&fgiﬁ%go gﬁ%?ﬁd%) Single Fiber Optic (SMA-SMA)
VOSTS1 | s L Opis_| S92 OP (55 Fove S0
Trigger Photodiode %EEIOSCOP@ Coaxial Cable (SMA-BNC)
é?gﬁﬂ%‘{fﬁe %}fizl]los""pe Shielded Coax (PMT-BNC)
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Trigger Photodiode XeCl Laser (vessel) Single Fiber Optic (SMA-SMA)
Eﬁ’gsgcg?"ck (rear) | ogcilloscope LAN (CrossOver CAT 5)
UVOST e-deck (rear) | Detection Module

[12V PMT] [12V IN PMT] 12V Spply (SMA-SMA)

AC Line (external) NA Standard Modular AC Line Plug
e-deck (rear lefi-most) | Vacuum Pump (switch .

[PWR OUT] it froaitofedecsy | oomomdModular AC Line Plug
e-deck (rear) .

[PWR OUT] XeCl Laser Standard Modular AC Line Plug
FI;%%( gga,g Oscilloscope Standard Modular AC Line Plug
e-deck (rear) Conductivity Module . 0.9

[Cond.] [Cond. Out] 12y SeanCuble(=1)
Power Up/Down

To power up the UVOST, simply switch the power on using the power switch on the front of
UVOST’s e-deck. All peripheral devices are powered through the cabling — minimizing tangles and
trip hazards. The laser takes several minutes of warm-up and Wait LED will then light. Once
warmed the user is notified by the Ready light. Push the On button to activate lasing. Lasing LED
should light. There should be a small rectangular yellow glow on the yellow glass indicator at front
of launch optics assembly. The oscilloscope should display Trig’d — if laser has sufficient output (not
in need of recharge).

Set laser rep rate to between 63-65 Hz. If powering up from cold conditions (overnight, etc.), make
sure you have laser running at least 10-15 minutes prior to attempting your first RE calibration. We
recommend running heaters overnight if in sub-freezing conditions to minimize warm-up times in
the morning. Extremely high or low temperatures negatively affect laser power. If used in extreme
conditions one should attempt to house/store the UVOST system in a warmer/cooler environment to
assure proper operation. There are no hard/fast rules for this — since case temperatures/heaters can
assist but a lot depends on winds, ventilation, direct sun, etc.

To power down the UVOST, first Stop the laser pulsing, then switch off the power button.

Boot PC and Check Software Function

Make sure all drivers are loaded and ready. Start the OST system software. Indicators in the software
will assist in alerting you to problem connections and general status of the components (Hardware
Tab). See software manual for specifics on OST software.

Proper System Function

Once the software is started and functional you can proceed to check the depth encoding and
associated peripheral functions. Actuating the probe (or hand advancing the string pot) should show
Current Depth changing on the OST software (Depth tab). The Remote Display should be functional
and show status. Activate Info tab and make sure your job information is updated for storage with
each LIF log.
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SPOC Setup

A detailed discussion is available under SPOC Assembly heading. Carefully examine mirror and
window for ANY trace grease, lint, and moisture. They must be very clean. Assure that all o-rings,
seals, and adapters are in correct order — including Teflon tape, and associated hardware. With SPOC
tip left off of SPOC, dry the air inside the SPOC, and quickly screw in window. You can check for
moisture condensing inside window using an ice cube. If there is condensation you must dry the
SPOC air better. Slightly tighten the mirror and fiber optic Swagelock seals (just snug). Adjust fiber
terminator up/down to achieve proper distance from mirror to collimate the laser beam (use white
paper — you may have to “up” energy for this).

Place RE in front of window and adjust laser energy (Fiber I/O block screw) to achieve
approximately % scale with oscilloscope’s CH2 on 50 mV/div. Adjust the mirror (using window
pick/hook) to image only the sapphire window — not epoxy or SPOC barrel (no clipping — full circle
image on paper). This occurs approximately 1/3 of the way down from top of window.

Clean/polish window and then make sure that background does not exceed ~2.5mV peak signals. If
background is high, carefully inspect for imaging of sides/epoxy or contamination (lint, cotton
fibers, fuel, moisture, grease, etc.) An unacceptably high background can make interpretation
extremely difficult.

Once you’re certain the mirror/fiber/window system is achieving proper results you can tighten the
Swagelocks securely. Use ONLY the supplied wrenches to hold the SPOC securely during
tightening. This is most readily assured by laying SPOC down and only handling wrenches. Use the
mirror pick/hook to hold the mirror firmly in place during tightening to prevent rotation. Make sure
laser beam stays in centered in the window (side to side) and 1/3 down from the top (toward first
rod).

With window/mirror/fiber terminator all secured, proceed with attaching drive tip, adapter, extension
rod, and tighten extremely well with 2 pipe wrenches or pipe wrench and vice. Teflon tape helps
reduce loosening from rattling/vibration.

Background

Wipe window clean and acquire a Background (blank) waveform with the Acq BckG command. A
perfect system would yield no waveform at all — only white noise. But there is always trace
fluorescence from mirror/window, fiber-generated Raman, and contamination. Try to achieve <2mV
peak signal in any one channel. You simply want it as small as you can get it. A severely
jagged/noisy background indicates possible pickup of the large laser EMF (Electric and Magnetic
Fields) into the trigger and signal coax cables. Loose grounds, connections, misrouting of cables, etc.
can induce this. If the first channel (350 nm) is considerably large than the other three, there is a
chance that you have excessive backscatter of laser light into the system (350nm filter is near laser
wavelength) or the laser rejection filter (inside I/O block) may be damaged or malfunctioning.
Channels 3 and 4 being high/narrow is a classic lint signature. A background waveform that looks
like your current contaminant of interest suggests leakage and contamination of the internal SPOC
mirror/window OR simply a dirty window. Clean with methanol or solvent if soap/water doesn’t
work.

RE Calibration

Calibration should be done as immediately preceding each UVOST logging event. Don’t calibrate
with RE, then spend time monkeying around with push rig, etc. Wait until the direct push rig is
ready to go. Pre-push with dummy tip if obstructions are likely or getting a “straight hole going™ is
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difficult. Place RE holder on window (making sure window is very clean). Immediately acquire 2=
with Acq RE command. Extended exposure to laser light can form excimers and photodeg‘ws::“:: -
causing a morph in waveform shape/intensity. If you have changed fiber optic lengths the softwars
may correct the delay time to achieve proper position in window. Make sure the RE signal level
exceeds a 10, 000 pVs minimum but does not exceed 20,000 pV's with 14,000-15,000 pVs about
optimum. Try to be consistent (= 1000 pVs) — especially when on the same project/site. Make sure
the RE waveform shape “looks right”. Compare it to the reference waveform displayed on the scope
during the RE acquisition. Extremely noisy/jagged REs, misshapen REs, and missing/low channel
contributions indicate damaged or loose fiber optics/filters/detector.

Logging
Follow these steps to acquire a UVOST log:

Step 1.  With proper RE and background acquired, pertinent log information recorded, and
probe in position (window just below (~1 inch) ground surface), activate the Record
command.

Step 2.  If you failed to acquire a recent RE the OST software will alert you that it’s not recent
(at least one log event old). Proceed with you recent (perhaps you just aborted a “false
start”/crooked log) — or cancel out and acquire the RE you forgot to acquire. You can “rescu€’
an RE if it’s for a rational purpose (such as an accidentally aborted log and you want to
continue logging and probe is under ground, under water during a barge project, etc.) DO
NOT purposefully continue logging without a new RE for each and every log if you’re having
problems acquiring a new RE due to a problem. FIX the problem, acquire a good RE, then
proceed. Failure to acquire a new RE for each log will generate inaccurate data.

Step 3.  Choose a directory and name for your log. UVOST auto-suggests the name sequentially
in an attempt to reduce typing. In order to absolutely avoid accidental overwrite of any OST
file, the OST software creates a unique time/date name and uses that name in place of
overwrites (even though you said “OK™ to the overwrite. If you want to risk it, you can
always delete a file from the Save File dialog after you click on it once, but before hitting OK.
That prevents the Windows software from reporting an overwrite to the OST and cueing the
unique filename routine. The safest method is to choose OK to overwrite — and rename files
later.

Step 4.  Once the name is chosen you are asked to choose whether or not to “zero” the depth.
For normal logs you always choose Yes and zero out depth. If you’re continuing an aborted
log that you want to continue (accidental termination) — choose No. Log should continue at
depth where you left off.

Step 5.  As the log progresses, it is your responsibility to make sure the system is operating
properly. Observe the oscilloscope or OST display to watch for unusual events such as:

A. Try to keep the probe advancing at approximately 0.75 inch/sec — your company may choose
less — but we do not recommend faster

B. Strange background drifts several feet under (possible fogging), etc.

C. Broken depth cable or poor connection will result in jumps in depth or a loss of depth
increase — even though the operator is advancing the probe

D. Incorrect depths would indicate a possible rod length or string pot cal factor mismatch
E. Sudden loss of waveform (flatline) indicates possible fiber optic break due to broken probe

F. depth is advancing — but no new waveform updates aren’t showing up — this indicates poor
triggering — 1s Trig’d showing up on oscilloscope every second or so? if not — hit Trigger

6
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50% button on scope or look for other cause such as Stop button on laser being accidentally
pushed.
Step 6.  Once refusal is reached — or target depth is reached — activate the End command. All
pertinent data is stored and the oscilloscope scale is automatically returned to the default
50mV/div scale in preparation for next RE.

Step 7.  Inspect the probe, window, etc. for leaks, breaks, and loose parts in preparation for next
the next logging event (push).

Printing/Exporting LIF Logs

Once the push is complete the log can be viewed (a log can be also opened from file and viewed
with the OST software) it is necessary to print the log to paper or export it to an electronic image
(JPG file). Prior to print/export it is most often desirable to select callout waveforms. Select single
waveforms by clicking the log at any depth — which creates a stats bar. Transfer single logs by
dragging/dropping the stats bar or with the < bar next to each callout box. Select the average of a
region of waveforms along a log by clicking the log, holding down, then releasing at a second depth
along the log. Transfer average zone waveforms by dragging/dropping the bottom stats bar or with
the < bar next to each callout box. Reasons to select certain depths/regions include:

e Bracketing what appear to be continually affected zones - this helps the client/consultant
“summarize” the general NAPL zones and easily jot down depths for future validation sampling,
project design, discussion with site owner, etc.

e It’s best to bracket large zones of homogenous NAPL - do not span different products

e Highlighting unusual signatures — perhaps to suggest sampling there or to “flag” things the client
needs to investigate or discount

e Maybe a background here/there to remind viewer what “clean” looks like

e Any potential “false positives™ such as mineral/plant/urban background/highly degraded NAPL —
the different waveform should help client understand that “it’s nothing to worry about”

e Use caution when highlighting single waveforms from the rising edge of NAPL hits — the
waveforms in these area are usually saturated because the oscilloscope scaling wasn’t able to
fully respond — they are morphed and ugly and cause unnecessary confusion and alarm

e You do not have to start with top and work down — pick a callout “straight across™ for neater
appearance

e Avoid “crossing” of the depths of multiple callouts as this looks messy/confusing

It 1s best that the UVOST operator and the client discuss depth/RE scales, depths of interest, etc.
ahead of time to hopefully avoid lots of “reprints”.

It is suggested that you annotate the callouts (text box under each waveform) in order to guide the
client. If it’s the usual product you expect then leave it blank — but if it’s unusual, significant, or out
of the ordinary, guide the viewer with a brief description.

Each time you print/export the settings are saved in a lif.plt (plot) file. That way the same callouts
and depths are available later. The OST software (and we) suggest that the very first print/export a
log in the filed you save it as field. That way you always know what the client received originally.
Subsequent print schemes are saved as well. Later, upon opening, you can choose which of the
various schemes to open the file with.
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PERCENT SOLIDS

SCOPE AND APPLICATION

1.1 This method is applicable to the determination of moisture present in a client sample
for the purpose of dry weight correction. The method is based on ASTM D2216-10.

SUMMARY OF METHOD

2.1 A sample is dried at 110 + 5°C. The change in weight over time is used to
calculate % solids for use in dry weight correction of samples.

DEFINITIONS

3.1 A list of terms and definitions are provided in Appendix A of the KB Labs
Quality Assurance Manual.

INTERFERENCES

4.1  Not applicable to this SOP.

SAFETY

5.1 Employees must abide by the policies and procedures described in KB Labs’
Health and Safety Manual and this document. This procedure may involve the
handling of hazardous materials, operations and equipment. This document is not
designed to address all of the safety problems associated with its use. All samples
and reagents shall be handled under the assumption that they are potentially
hazardous.

5.2 Eye protection and gloves must be worn while performing the analyses. Samples
shall be handled in a well ventilated area. The laboratory area has an eyewash kit,
and fire extinguisher.

5.3 A reference file of material safety data sheets (MSDSs) is available to all
personnel.

EQUIPMENT AND SUPPLIES

6.1  Top-loading balance: OHAUS Scout Pro SP202, capable of weighing 0.01 grams.

6.2  Aluminum weighing dishes

6.3  Oven capable of maintaining temperature 110 + 5°C
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6.4  Desiccators
REAGENTS AND STANDARDS
7.1 Not applicable to this SOP

SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 Samples should be collected in glass containers and stored on ice prior to analysis.
ANALYTICAL PROCEDURE
9.1 Dry Weight procedure for non-DOD clients.
9.1.1 Tare a clean weigh dish and record the dish weight on % solids logbook.
9.1.2 Place approximately 5 to 10g of sample in the weighing dish. Record the
initial weight of the wet sample plus dish on the % solids logbook.
9.1.3 Place the samples in the drying oven for a minimum of 1 hour preferably 2
hours.
9.1.4 Remove the samples from the oven and allow to cool in a desiccators for
at least 15 minutes.
9.1.5 Weigh the dry sample plus dish and record the final weight on the %
solids logbook.
9.1.6 Calculate % solids.
9.2  Dry Weight procedure for DOD clients

9.2.1

922

9.23
924

9.2.5

9.2.6
9.2.7

9.2.8

Tare a clean weigh dish and record the dish weight on the % solids
logbook.

Place approximately 5 to 10g of sample in the weighing dish. Record the
initial weight of the wet sample plus dish on the % solids logbook.

Place the sample in the drying oven for a minimum of 2 hours.

Remove the sample from the oven and allow to cool in a desiccators for at
least 15 minutes.

Weigh the dry sample plus dish and record the final weight on the %
solids logbook.

Return the dish to the oven for an additional hour.

Remove the sample from the oven and allow to cool in a desiccators for at
least 15 minutes.

Weigh the dry sample plus dish and record the final weight on the %
solids logbook. The weight need to agree within 0.02g of the initial value.
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9.2.9 If the weights do not agree, return the dish to the oven for an additional
hour and repeat until the weights agree within 0.02g.

9.2.10 Calculate % solids.
DATA ANALYSIS AND CALCULATIONS
Calculate % solids as follows:
% Solids = ((C-A)/(B-A)) x 100
Where: A = dish weight

B = Wet sample plus dish weight

C = Dry sample plus dish weight
QUALITY CONTROL
11.1  Not applicable to this SOP.

DATA ASSESSMENT, QC CRITERIA, AND CORRECTIVE ACTIONS FOR
OUT-OF-CONTROL DATA

12.1 Not applicable to this SOP.

EQUIPMENT MAINTENANCE AND TROUBLE SHOOTING

13.1 The lab maintains an instrument maintenance logbook. All maintenance
performed on the instruments must be recorded. Additionally, any modifications
to the instrument settings shall be noted in the specific instrument logbook.
Maintenance procedures provided in the equipment manual shall be followed.

METHOD PERFORMANCE

14.1 Not applicable to this SOP.

WASTE MANAGEMENT AND POLLUTION PREVENTION

15.1  All laboratory waste must be managed, stored, and disposed in accordance with
all federal and state laws and regulations. Additional information can be found in
KB Labs’ Standard Operating Procedure KB-WASTE-001 and KB Labs’ Health
and Safety Manual.

REFERENCES

16.1 KB Labs’ Quality Assurance Manual, current revision.
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KB Labs’ Health and Safety Manual, current revision.

KB-QA-007, Sample Receipt and Acceptance, July 2013, Revision 2.

ASTM D2216-10, Standard Test Methods for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass

17.0 TABLES ATTACHMENTS APPENDICES, etc.

17.1

Attachment 1 - % Solids Logbook

18.0 REVISION HISTORY

Revision No. Revision Summary Revision Date
0 Initial SOP October 2013

1 Fixed Calculations November 2013
2 Clarified constant weight procedure January 2014
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DETERMINATION OF VOLATILE ORGANIC COMPOUNDS BY PURGE &
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METHOD 8260B
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DETERMINATION OF VOLATILE ORGANIC COMPOUNDS BY PURGE & TRAP GAS
CHROMATOGRAPHY/MASS SPECTROMETRY - METHOD 8260B

1.0 SCOPE AND APPLICATION

1.1  This method is applicable to the determination of volatile organic compounds (VOCs)
in water and soil samples by purge and trap/gas chromatography/mass spectrometry.

1.2 The following compounds may be determined by this method:

1,1,1,2-Tetrachloroethane
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,1-Dichloropropene
1,2,3-Trichlorobenzene
1,2,3-Trichloropropane
1,2,4-Trichlorobenzene
1,2,4-Trimethylbenzene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3,5-Trimethyhlbenzene
1,3-Dichlorobenzene
1,3-Dichloropropane
1,4-Dichlorobenzene
2,2-Dichloropropane

2-Chlorotoluene
4-Chlorotoluene
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
c-1,2-Dichloroethene
c-1,3-Dichloropropene
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Dibromomethane
Dichorodifluoromethane
Ethylbenzene
Hexachlorobutadiene

20 SUMMARY OF METHOD

Isopropylbenzene
m&p-Xylene
Methylene chloride
MtBE

Naphthalene
n-Butylbenzene
n-Propylbenzene
0-Xylene
p-lsopropyltoluene
sec-Butylbenzene
Styrene
t-1,2-Dichloroethene
t-1,3-Dichloropropene
tert-Butylbenzene
Tetrachloroethene
Toluene
Trichloroethene
Trichlorofluoromethane
Vinyl chloride

2.1 The VOCs are introduced into the gas chromatograph by the purge-and-trap technique as
described in EPA SW 846 Method 5030B for waters and EPA SW846 Method 5035 for
soils. Samples are purged with helium and the volatile components are collected on a
solid-phase adsorption trap.

2.2 After purging is complete, the adsorption trap is heated and back-purged with helium to
desorb the trapped components into a gas chromatograph for separation on a narrow bore

2
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2.3

2.4

capillary column. Components eluted from the capillary column are introduced directly
into a mass spectrometer for qualitative and quantitative determination based on EPA
SW846 Method 8260B.

The individual volatile components are measured against appropriate standards.
Identification of the target compounds is accomplished by comparing their mass spectra
with the electron impact mass spectra of authentic standards. Quantitation is
accomplished by comparing the response of a major ion relative to an internal standard
using a five-point calibration curve.

The estimated quantitation limits (EQL) or reporting limits established by KB Labs for
this method are 1 ug/L for low-level water samples and 2 - 10 ug/kg wet-weight for soil
samples. The actual limits are dependent upon individual compound purging efficiency,
the amount of sample used.

3.0 DEFINITIONS

Refer to Sec 5.0, Chapter 1, Test Methods for Evaluating Solid Wastes, Fourth Edition, SW-846.

4.0 INTERFERENCES

4.1

4.2

4.3

The analyst must be careful not to introduce major sources of VOC contamination into
the laboratory. These sources include organic extraction solvents, impurities in the
purging gas and sorbent trap, and the use of non-PTFE sealants, plastic tubing, or flow
controllers with rubber components. A method or reagent blank should be analyzed to
determine whether contaminants are present. Subtracting blank values from sample
results is not permitted.

Contamination can occur when a sample containing low concentrations of VOCs is
analyzed immediately after one containing high concentrations of VOCs. The analyst
should rinse the sample transfer syringe with two portions of reagent water after each
sample transfer into the autosampler purging chambers. If time allows, reagent water
blanks can be placed between samples in the autosampler device.

To reduce the chances of sample and system contamination, all samples are screened
prior to analysis by GC/MS. Screening is performed by analyzing sample headspace
using GC/FID.

50 SAFETY

Refer to procedures described in KB Labs’ Health and Safety Manual.

6.0 EQUIPMENT AND SUPPLIES

KBSOP01VvOC
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7.0

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

Purge-and-trap concentrator: Tekmar Model LSC 3000
Purge-and-trap autosampler: Varian Arcon

Gas chromatograph/mass spectrometer (GC/MS) system: Hewlett-Packard (HP) 6890A
GC/HP5973A MS / Chem Station

Gas chromatograph/flame ionization dectector: HP 5890A with a HP 3396 integrator.
GC column for GC/MS: Rtx —624,20 m x 0.18mm, 1.0mm film thickness
Syringes: 10 uL, 100 uL, 1 mL (gas tight), and 10 mL,

Volumetric flasks: 10 mL, 100 mL

Glass vials: 40 mL with PTFE-lined septum screw caps.

PTFE-lined screw cap vials: 2 mL

Disposable pipets: 1 mL Pasteur.

Top-loading balance: Ohaus SC2020, capable of weighing 0.01 grams.

REAGENTS AND STANDARDS

7.1

7.2

7.3

7.4

7.5

Methanol, purge and trap grade.
Reagent water: VOC free (determined from method blank analysis)
Stock Calibration Standard Solutions

7.3.1 Volatiles (54 components): 200 ug/mL in methanol, purchased from
Accustandard.

7.3.2 Gases (6 components): 200 ug/mL in methanol, purchased from
Accustandard.

Stock Calibration Verification Standard Solutions (second source)
7.4.1 Volatiles (54 components): 200 ug/mL in methanol, purchased from Restek.
7.4.2 Gases (6 components): 200 ug/mL in methanol, purchased from Restek
Stock Internal Standard and Surrogate Solutions
KBSOP01VOC
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7.5.1 7 Components: 2000 ug/mL, purchased from Accustandard.

7.6

7.6.1

7.6.2

Preparation of Calibration Standards

A calibration standard spiking solution is first prepared by diluting 0.5 mL of
each 200 ug/mL stock calibration standard (Accustandard volatile and gas) to 10
mL with methanol. This working stock has a concentration of 10 ug/mL.

Calibration standards in reagent water are then prepared from the working stock
solution according to the dilution scheme outlined below:

Volume of Calilbration
Standard Spiking Solution | Volume of Reagent Water (mL) Concentration of
Added (uL) Calibration Standard (ug/L)
0.5 5 1
2.5 5 5
5 5 10
10 5 20
25 5 50
50 5 100

1.7

7.7.1

7.7.2

7.8

7.8.1

7.8.2

Preparation of Calibration Verification Standard

A calibration verification standard spiking solution is prepared by diluting 0.5
mL of each stock calibration standard (Restek volatile and gas) to a 10 mL
volumetric flask and bringing to volume with methanol. This calibration
verification standard spiking solution has a concentration of 10 ug/mL.

A calibration verification standard in water is prepared by adding either 10 or 25
uL of the calibration verification standard spiking solution to 5 mL of reagent
water contained in a 10-mL gas-tight syringe. The concentration of the
calibration verification standard is 20 ug/L or 50 ug/L.

Preparation of Internal Standards and Surrogate Standards

An intermediate internal standard/surrogate stock solution is prepared by
diluting 1 mL of the 2000 ug/mL stock standard into 10 mL of methanol. This
intermediate stock solution has a concentration of 200 ug/mL.

A internal standard/surrogate spiking solution is prepared by adding 1 mL of the
intermediate internal standard/surrogate stock solution to 10 mL of methanol.
This spiking solution has a concentration of 20 ug/mL.

KBSOP01VvOC
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7.8.3 5 uL of the internal standard/surrogate spiking solution is added to all 5 mL water
standards and samples prior to analysis. This will give a 20 ug/L concentration
for internal standard and surrogate compounds.

7.9  Storage of Standards
7.9.1 All standards will be stored in a freezer @ -5 °C or less.

7.9.2 All unopened stock standards in methanol have an expiration day assigned by the
manufacturer.

7.9.3 All standards prepared in methanol will be stored in 2 mL-PTFE-lined screw cap
vials without headspace in the vial. Standards with partial headspace in the vial
will not be retained.

7.9.4 VOC stock standards in methanol with permanent gases that are stored long term
in the office VOC freezer expire one week after opening unless acceptability of
the standard can be documented.

7.9.5 VOC standards in methanol with non-gaseous compounds that are stored long-
term in the office VOC freezer expire 6 months after opening unless acceptability
of the standard can be documented.

7.9.6 Secondary standards in methanol have a one-week holding time.

7.9.7 Vials expire 7 days from when the septum is punctured.

7.9.8 All standards will be stored separately from samples

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1  Sample Collection

8.1.1 Sample containers are purchased pre-cleaned and with a Certificate of Quality
Assurance/Analysis from an approved vendor and will be supplied to the client by
KB Labs prior to sampling.

8.1.2 Collection of Water Samples

8.1.2.1 Each water sample is collected in two 40-mL glass vials with open-top
screw caps fitted with PTFE-lined septa. The duplicate vial is potentially
used for MS/MSD analysis. Once the sample is collected, the septum
must be placed with the PTFE side towards the water sample and the
open-top cap tightened finger tight.

KBSOP01VvOC
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8.2

8.1.3

8.1.4

8.1.2.2 Water samples must be collected without headspace (no bubbles).
Collection of Soil Samples

8.1.3.1 KB Labs provides the sampling team with sampling kits, each of which
contains two (2) sealed pre-weighed 40-ml vials containing 10 ml of
reagent water, sample preservative, and a stir bar; a 40-ml vialcontaining
10 mL of Methanol; an empty 2-ox soil jar, and a Terra Core sampling
toolfor use as a sample coring device. Sample vials are pre-weighed in the
laboratory prior to supplying them to the sampling team using a balance
that reads to 0.01 grams. They are then reweighed with the sample after
receipt in the laboratory. Sampling instructions will be supplied with the
kits.

8.1.3.2 Approximately five grams of sample is collected in each of the two pre-
weighed 40-mL glass vials containing the 10 mL of reagent water, sodium
bisulfate preservative, and a stir bar. Another five gram sample is placed
in the 40-mL vial containing 10 mL of Methanol. Once a sample is placed
in a vial, the septum must be placed with the PTFE side towards the soil
sample and the open-top cap tightened finger tight.

8.1.3.3 In order to accommodate for the determination of percent moisture and
headspace screening, the 2 0-0z soil jar should be filled to the top with the
soil sample.

The label on each sample container must be have a distinguishing field
identification for each sample and be accompanied by a properly completed
chain-of-custody form. The weight of each prepared vial should be recorded on
the label to the nearest .01 grams. Refer to KB Labs’ Standard Operating
Procedure (SOP) No. 007 for a description of sample receipt and acceptance
procedures prior to sample analysis.

Sample Preservation and Storage

8.2.1

8.2.2

8.2.3

Even though samples are generally received and analyzed in the mobile lab soon
after collection by the client, they must still be received on ice. Samples will be
preserved with HCI to pH<2, which will be added to sample vials prior to going
to the field.

If a sample is not processed immediately after receipt, it will be stored in an iced
cooler at 4 + 2 °C until ready for processing. The sample should be allowed to
come to room temperature before processing for analysis.

Because samples are generally analyzed in the mobile lab the same day as receipt,
holding times should not be an issue. The regulatory holding times for water

7
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9.0

samples refrigerated at 4 + 2 °C is 7 days and for soil samples 14 days. Soils
samples collected in water, if not analyzed within 48 hrs, must be frozen — after
freezing they have a 14-day holding time from the time of collection. Samples
preserved with sodium bisulfate in the field have a 14-day holding time.

QUALITY CONTROL

9.1

9.2

Initial Demonstration of Capability (IDOC)

9.11

9.1.2

9.13

9.15

9.16

9.1.7

A new analyst will perform an IDOC prior to using any test method for the
analysis of client samples.

An IDOC will also be performed whenever a new instrument or method is
implemented.

The IDOC will be performed in a clean and applicable matrix.

Four replicate samples of each matrix (standard laboratory reagent water or soil)
are spiked with a known concentration of each analyte of interest at 10 — 50 times
the method detection limits for the analytes.

The concentrations for each analyte are then experimentally determined using the
standard operating procedures for the analytical method.

The mean recovery and standard deviation of the found concentrations for the
replicates is then calculated for each analyte, and these are then compared to the
corresponding acceptance criteria for accuracy and precision established by the
lab from historical data. Acceptance criteria established by the lab may not
exceed 70 — 130%.

Quality control procedures for the operation of the GC/MS include:

9.21

9.2.2

9.2.3

9.24

The GC/MS system must be tuned to meet specified BFB criteria described in
Section 10.1.

Initial calibration of the GC/MS system must be performed as described in
Section 10.2.

Calibration verification procedures must be performed every 12 hours of
instrument operation as described in Section 10.3 and the CCC, SPCC, and IS
criteria must be met.

A laboratory reagent blank (method blank) must be analyzed in order to monitor
the cleanliness of the analytical system. The method blank must be analyzed after
the calibration standard(s) and before the samples and the results must

8
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9.25

9.2.6

9.2.7

demonstrate that the analytical system contains less than 20% of the reporting
level for all target compounds and is free of any contaminates that might interfere
with the analysis of the target compounds. Method blanks may be analyzed at a
higher frequency if deemed necessary by the operator.

All samples, including standards and method blanks, must be fortified with
surrogate and internal standards. The percent recovery of each surrogate
compound is calculated in order to evaluate the performance of the analytical
system and to help determine the potential for sample matrix effects. Surrogate
compounds include 1,2-dichloroethane-d4, 1,4-difluorobenzene, toluene-d8, and
4-bromofluorobenzene. Surrogate control limits are set at + 3 standard deviations
of the laboratory average historical recoveries. Quantitation is performed with the
internal standards which include pentafluorobenzene, chlorobenzene-d5, and 1,4-
dichlorobenzene-d4.

Duplicate matrix spike (MS/MSD) samples must be analyzed for every 20
samples analyzed and for any daily sample batch that is less than 20 samples in
order to monitor the performance (precision and accuracy) of the target
compounds in the actual matrix. The accuracy (% Recovery) and precision
(%RPD) is calculated for every pair of spikes and a statistical analysis is
performed on at least the last 20 samples analyzed in order to calculate and update
control limits. The matrix spike samples are prepared by spiking 5-mL aliquots of
a selected water sample (or 5 gram soil sample) with the appropriate uL amounts
of the matrix spiking standard, which are prepared from different stock standards
than the calibration standards.

A single laboratory control sample (LCS) must be analyzed for every 20 samples
analyzed and for any daily sample batch that is less than 20 samples in order to
monitor the recovery of the target compounds from a clean sample matrix. An
accuracy (% Recovery) is calculated and a statistical analysis is performed on at
least the last twenty samples analyzed in order to calculate and update control
limits.

10.0 ANALYTICAL PROCEDURE

10.1

Calibration and Standardization

10.1.1 Bromofluorobenzene (BFB) tuning criteria must be met at the beginning of each

day and every 12 hours thereafter as long as analyses are performed. The
following tuning criteria from EPA Method 8260 must be met before any samples
or standards are analyzed.

M/z Required Intensity (relative abundance)
50 15 to 40% of m/z 95
9
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75
95
96
173
174
175
176
177

30 to 60% of m/z 95

Base peak, 100% relative abundance
5t09 % of m/z 95

Less than 2% of m/z 174

Greater than 50% of m/z 95

5t0 9% of m/z 174

Greater than 95% but less than 101% of m/z 174
5t09 % of m/z 176

10.1.2 Initial calibration is performed when the instrument is started up when the
instrument response has drifted out of calibration in order to demonstrate that the
instrument is capable of acceptable performance at the beginning of the analytical
run and is producing a linear calibration.

10.1.2.1

10.1.2.2

10.1.2.3

10.1.2.4

Five or six calibration standards @ 1,5,10,20,50, and 100 ug/L are
analyzed.

The percent relative standard deviation (%RSD) of each target
analyte must be < 15 %.

The system performance check compounds (SPCCs) must pass the
following minimum mean response factor (RF) criteria:

Chloromethane 0.10
1.1-Dichloroedthane 0.10
Bromoform 0.10
Chorobenzene 0.30

1,1,2,2-Tetrachloroethane 0.30

The following calibration check compounds (CCCs) must meet
minimum RSD criteria of < 30%

1,1-Dichloroethane Toluene
Chloroform Ethylbenzene
1,2-Dichloropropene Vinyl chloride

10.1.3 A calibration verification standard (CVS) at least every 12 hours in order to

verify initial calibration.

10.1.3.1 A 20 ug/L or 50 ug/L standard must be analyzed.

10.1.3.2 The SPCCs must pass the minimum mean RF criteria as in initial

calibration.

10
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10.1.3.3 The percent difference of the CCCs must be < 20% of initial calibration,
or if not included in the target compounds, all analytes must be < 20@
of initial calibration.

10.1.3.4 The internal standard (IS) retention times must be < 30 secs from those
in the midpoint standard of the most recent initial calibration.

10.1.3.5 The IS responses must be within -50% and +100% of those in the
midpoint standard for the most recent initial calibration.

10.2  Sample Screening:

10.2.1

10.2.2

10.2.3

All samples (waters and soils) are screened by GC/FID before preparation for
loading onto the GC/MS purge and trap system. The screening procedure
prevents contamination from high-level samples from being introduced into the
instrumentation. Dilution levels are determined from the sample screening,
allowing for a more rapid concentration estimation and limiting reruns for
dilutions.

Water samples: Approximately 1 mL of the sample is removed from the sample
vial with a disposable pipette and placed into a 40-mL glass vial/PTFE-lined
open-top screw cap. The cap is finger tightened with the PTFE-lined screw cap
facing toward the sample. The vial is shaken for about 30 seconds. The sample
from which 1 mL has been removed must be analyzed within 24 hrs.

Soil samples: Five grams of soil is removed from the 2-0z jar and placed in a 40-

mL vial with 10-mL of water for headspace screening.

10.2.4

10.2.5

10.2.6

1 mL of headspace gas is removed from the headspace of the sample vial (waters
and soils) with a gas-tight syringe and injected directly into the injection port of
the GC/FID. The headspace response is recorded on an integrator.

The headspace FID response is compared to the headspace FID response of a 100
ug/L water standard or 100 ug/kg soil sample prepared in 1 mL of reagent water
or 1 g of standard soil.

Sample dilutions:

Samples requiring dilution based on the headspace screening response will be diluted as
follows:

10.2.6.1 Appropriate aliquots of the water samples will be added to reagent
water to a total volume of 5 mL.
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10.2.6.2 Appropriate aliquots of the methanol from the vial containing 5
grams of soil sample in 10 mL of methanol will be added to 5 mL
reagent water.

10.3 Preparation of Water Samples for Purge and Trap

10.4

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

10.3.6

10.3.7

Remove the plunger from a 10-mL gas-tight syringe with an open/shut valve and
close the value.

Open the sample vial and pour the sample into the to the 10-mL mark on the
syringe.

Reinsert the plunger into the syringe, turn it upright, and bring the plunger end to
the 5- mL mark.

With a 10-uL microsyringe, add 5-uL of the surrogate/internal standard spiking
solution to the 5-mL sample in the syringe by inserting the microsyringe needle
through the 10-mL syringe valve. Close the syringe valve. The concentration of
the surrogates and internal standards will be 20 ug/L.

If the sample is a matrix spike, add 5 uL of the calibration standard spiking
solution to the sample. The concentration of the spiked compounds will be 20
ug/L.

If the sample is a standard or laboratory control spike follow the above procedure
using laboratory reagent water and the appropriate amount of the calibration
standard or laboratory control sample spiking solutions.

Open a clean 40-mL vial and slowly inject the water sample into the vial.

Preparation of Soil Samples for Purge and Trap

10.4.1

10.4.2

10.4.3

Soil sample vials will not be opened by the analyst prior to analysis (with the
exception of the jar designated for percent moisture determination).

With a 10 uL microsyringe, add 10 uL of the surrogate/internal standard

spiking solution to the sample by inserting the microsyringe needle through the
sample vial septum. The concentration of the surrogates and internal standards
will be 20 ug/L in the in the soil sample.

If the sample is a matrix spike, add 10 uL of the calibration standard spiking
solution to the sample by inserting the microsyringe needle through the sample
vial septum. The concentration of the spiked compounds will be 20 ug/L in the
soil sample
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10.4.4 Soil samples are attached to the purge and trap retrofit apparatus for analysis.

10.5 Concentrator Operating Conditions:

10.5.1 Adsorbent trap: Supelco K (10 cm Carbopack B, 6 cm Carboxen 1000, 1 cm
Carboxen 1001)

10.5.2 Delivery pressure: ~ 30 psi Helium

10.5.3 Valve temp: 150°C

10.5.4 Transfer line temp: 150°C

10.5.5 Purge temp set point: 40°C

10.5.6 Purge program:
10.5.6.1 Purge: 11 minutes
10.5.6.2 Dry purge: 2 minutes
10.5.6.3 Desorb preheat : 245°C
10.5.6.4 Desorb: 250°C/2 min

10.5.6.5 Bake : 260°C/4 min, bake gas bypass: 120 sec

10.6  Autosampler Operating Conditions:
10.6.1 Valve temp: 95°C

10.6.2 Transfer line temp: 110°C

10.6.3 Sample Preheat tem: 40°C for 1 minute
10.7 GC/MS Operating Conditions:
10.7.1 GC Operating Conditions For Full 8260 Compound List:
10.7.1.1 Column: Rtx-624, 20m x 0.18m, 1.0mm film
10.7.1.2 Injector: 4mm ID low volume glass insert
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10.7.1.3 Injector temp: 225°C
10.7.1.4 Detector temp: 280°C
10.7.1.5 Oven temperature program:
10.7.1.5.1 [Initial temp: 45°C, hold for 2 minutes
10.7.1.5.2 Ramp temp: 10°C/min
10.7.1.5.3 Final temp: 180°C, hold for 1.0 minutes
10.7.1.6 Column flow : constant flow, 5.2 psi @ 45°C
10.7.1.7 Split flow: 40:1
10.7.2 MS Operating Conditions:
10.7.2.1 Mass range: 35-250 amu
10.7.2.2 Scan time: 2 sec/scan
10.7.2.3 Source Temp: 280 °C
10.8  Analytical Run Sequence:
10.8.1 BFB Tuning
10.8.2 Method blank
10.8.3 Initial calibration
10.8.3.1 1 ug/L calibration standard
10.8.3.2 5 ug/L calibration standard
10.8.3.3 10 ug/L calibration standard
10.8.3.4 20 ug/L calibration standard
10.8.3.5 50 ug/L calibration standard (use for daily calibration)
10.8.3.6 100 ug/L calibration standard

10.8.4 Method blank
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10.8.5 Laboratory control sample (second source standard)
10.8.6 Method blank

10.8.7 Samples (including MS and MSD)

10.8.8 Method blank

10.8.9 Calibration verification standard (every 12 hours)

11.0 DATA ANALYSIS AND CALCULATIONS

111

Qualitative analysis:

Quialitative identification of each target compound is based on retention time and comparison of
the sample mass spectrum with the characteristic ions in the reference mass spectrum — the three
ions of greatest intensity or any ions over 30% relative intensity. Compounds are identified as
present in the sample when the following criteria are met:

11.2

11.1.1 The characteristic ions of a compounds is maximized in the same scan or within
one scan of each other.

11.1.2 The retention time of the compound in the sample is with + 6 seconds of the
retention time of the compound in the calibration standard.

11.1.3 The relative intensities of the characteristic ions agree within 30% of the relative
intensities of these ions in the reference spectrum.

11.1.4 Structural isomers that produce similar mass spectra and are sufficiently resolved,
should be identified as individual isomers.

Quantitative analysis

11.2.1 The quantitation of identified target analytes is based on the integrated abundance
of the extracted ion current profile of the primary and secondary characteristic
ion(s). These are listed in Table 5, p. 37-39, of Reference 14.1. The internal
standard used for quantitation is the one nearest to the retention time of the
analyte.

11.2.2 The average response factors from initial calibration are used to calculate the
concentration of each compound in the sample using the following equation:
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Cs = AxCisxD

RRFZAS X Cis
Ais X Cs

CONTROL DATA

D =dilution factor
Ais = peak area of internal standard
RRF = mean response factor

Vs (Ms) = volume of mass of sample

As
Ajs = peak area of internal standard

= peak area of analyte

A = peak area of analyte in sample
Cis = concentration of internal standard

Cs = concentration of analyte
Cis = concentration of internal standard

12.1 Data is initially reviewed by the analyst for acceptability.

12.0 DATA ASSESSMENT, QC CRITERIA, AND CORRECTIVE ACTIONS FOR OUT-OF-

12.2 The table below lists the corrective actions that the analyst will follow if QC criteria are not

initially met.

12.3 If the corrective action fail to correct the problem, the analyst must notify the client in the
field and the KB Labs operations or QA officer for a decision on data usability.

Table 10.3
Minimum Acceptance

QC Check Frequency Criteria Corrective Action(s)
Initial Demonstration | Prior to analysis of Historical lab Prepare and reanalyze
of Capabililty (IDOC) | any samples acceptance limits, but | new samples.
— 4 replicate standard not to exceed 70 — 130 | Recalibrate, if
matrix spikes of all percent. necessary.
target analytes @ 10 -
50 times MDL
GC/MS Tuning - 4- Prior to initial BFB ion abundance Retune instrument.

bromofluorobenzene
(BFB)

calibration and every
12 hours of analysis
time

criteria must be met as
listed in method.

If necessary, clean
source.

Initial Calibration (5

concentration levels)

for all target analytes.
Lowest conc. level at
reporting limit.

Prior to sample
analysis

The RSD of target
analyte RFs must be <
15%. Minimum mean
RFs of SPCCs as listed
in method must be met
during initial
calibration. The RSD

Rerun calibration
standards. Clean
purge and trap
transfer lines. Rerun
initial calibration.
Check for system
leaks, clip six inches
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of CCC RFs during
initial calibration must
be < 30%.

off column, change
column. If necessary,
prepare new
calibration standards.

Calibration
Verification (— a
midlevel standard run
every 12 hrs)
prepared from
separate source from
calibration standards

Daily before sample
analysis and every 12
hrs of analysis time.

RF criteria for SPCCs
the same as during
initial calibration. RF
of CCCs must be <20
percent difference from
initial calibration. The
IS retention times must
be < 30 secs from
those in the midpoint
standard of most recent
initial calibration. The
IS responses must be
within -50% to +100%
of those in the
midpoint standard of
the most recent initial
calibration.

Rerun CCS. Then
rerun initial
calibration, if
necessary.

Method Blank

One per daily analysis
batch.

No target analyte
detected > 5% or MRL

Bake out purge and
trap system. Change
adsorbent trap. Re-
prep and reanalyzed
method blank with
associated samples.

Matrix Spike/Matrix
Spike Duplicate
(MS/MSD) - all
target analytes spiked
at same conc. as LCS

One MS/MSD every
20 samples per
matrix.

Should be within
control limits
established by lab.

Check LCS to
determine if matrix
effects apply.

Laboratory Control
Sample (LCS) —all
target analytes spiked
at < 50% of linear
range calibrated.
Prepared same as
CVS.

One per daily analysis
batch.

Must be within control
limits established by
lab.

Reprep and reanalyze
LCS. Reanalyzed
associated samples.

Surrogates — 4-
Bromofluorobenzene,
1,2-Dichloroethane-
d4, Toluene-ds, 1,4-
Dichlorobenzene.

All samples, spikes,
standards, and method
blanks.

Must be within control
limits established by
lab or the method.

Reanalyze sample. If
one or more still
remain outside
criteria, recalibrate
and or remake
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surrogate solution.

Internal Standards -
Fluorobenzene,
Chlorobenzene-d5,
1,4-dichlorobenzene-

All samples, spikes,
standards, and method
blanks.

Area must be 50 to
+100% of last
calibration check. RT
must be + 30 secs from

Reanalyze sample. If
one or more still
remain outside
criteria, recalibrate

d4.

and or remake IS
solution.

last calibration check.

13.0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE

14.0

DATA

13.1 Even though data that is out-of-control might be considered unusable, its usabililty will be

decided after review and discussion between the client and KB Labs.

13.2 Out-of-control or unacceptable data will be provided with a definite qualifier and an

explanation in the project narrative on the final report to the client.

METHOD PERFORMANCE

141

14.2

Method performance is established by determining the Method Detection Limits (MDLS)
in the matrix of interest. The MDL is defined as the minimum concentration of a
substance that can be measured and reported with 99% confidence that the value is above
zero. The MDL that is achieved for a given analyte will vary depending on instrument
sensitivity and matrix effects.

The MDL for both waters and soils is experimentally determined using procedures
described in 40 CFR, Part 136, Appendix B and as per 91-04.

14.2.1 Seven replicate samples of each matrix (standard laboratory reagent water or soil)
are spiked with a known concentration of each analyte of interest.

14.2.2 The concentrations for each analyte are then experimentally determined using the
procedures described above for this method.

14.2.3 The standard deviation of the found concentrations for the seven replicates is then
calculated.

14.2.4 The MDL for each analyte is then determined by multiplying the standard
deviation by 3.

15.0 WASTE MANAGEMENT AND POLLUTION PREVENTION

Refer to procedures described in KB Labs’ Standard Operating Procedure SOP010 (Waste Disposal)
and KB Labs’ Health and Safety Manual.
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1.0 Scope and Application

1.1 Analyte, Matrices: This method is used for the preparation of aqueous samples,
mobility-procedure (TCLP, SPLP) extracts, and wastes that contain suspended solids for
analysis, by inductively coupled argon plasma spectroscopy (ICP or ICP/MS). It is not applicable

to dissolved metals. The procedure is appropriate for the following total metals:

Analyte CAS # Analyte CAS #™
Aluminum, Al 7429-90-5 Magnesium, Mg 7439-95-4
Antimony, Sb 7440-36-0 Manganese, Mn 7439-96-5
Arsenic, As 7440-38-2 Molybdenum, Mo 7439-98-7
Barium; Ba 7440-39-3 Nickel, Ni 7440-02-0
Beryllium; Be 7440-41-7 Potassium, K 7440-09-7
Bismuth, Bi 7440-69-9 Selenium, Se 7782-49-2
Boron, B 7440-42-8 Silver, Ag 7440-22-4
Cadmium; Cd 7440-43-9 Sodium, Na 7440-23-5
Calcium; Ca 7440-70-2 Strontium, Sr 7440-24-6
Chromium; Cr 7440-47-3 Sulfu™Ss 7704-34-9
Cobalt; Co 7440-48-4 Tin, Sh 7440-31-5
Copper; Cu 7440-50-8 Titanium, Ti 7440-32-6
Iron; Fe 7439-89-6 Thallium, TI 7440-28-0
Lead; Pb 7439-92-1 Vanadium, V 7440-62-2
Lithium, Li 7439-93-2 Zinc, Zn 7440-66-6

1.2 Reporting Limits: See the determinative method (6010 / NV06-44 or 6020 / NV06-215)
and the Laboratory Information Management System (LIMS).

1.3 If for any reason a part of this“method cannot be followed, seek the guidance of the
Department Supervisor/Manager oréthe*tzaboratory Technical Director. All abnormalities must be
noted in the Laboratory Informatioh Management System (LIMS).

2.0 Summary of Method

A mixture of nitric acid and’the, sample is refluxed in a covered hot block digestion vessel. This
step is repeated with additional portions of nitric acid, if necessary, until the digestate is light in
color or until its color has stabilized. After the digestate has been brought to a low volume, it is
refluxed with hydrochletie-aCid and brought up to volume. If sample should go to dryness, it must
be discarded and thegsample re-digested.

3.0 Definitions

See TestAmerica Nashville’s Quality Assurance Manual Appendix 5 for laboratory definitions.
Also, refer to Controlled Document QAF-45, TestAmerica Nashville Acronyms, Keywords, and
Definitions.

4.0 Interferences
Interferences are discussed in the determinative analytical method.

5.0 Safety
Employees must abide by the policies and procedures in the Corporate Safety Manual and this

document. This procedure may involve hazardous material, operations and equipment. This
document does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user of the method to follow appropriate safety, waste disposal and health

Company Confidential & Proprietary
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practices under the assumption that all samples and reagents are potentially hazardous. Safety

glasses, gloves, lab coats and closed-toe, nonabsorbent shoes are a minimum.

5.1 Specific Safety Concerns or Requirements:

e The acidification of samples containing reactive materials may result in the release of toxic
gases, such as cyanides or sulfides. Acidification of samples should be done in a fume hood.

e All personnel handling environmental samples known to contain or to have been in contact
with human waste should be immunized against known disease causativesagents.

5.2 Primary Materials Used: The following is a list of the materialseused in this method,

which have a serious or significant hazard rating.

Note: This list does not include all

materials used in the method. The table contains a summary of the ‘primary hazards listed
in the MSDS for each of the materials listed in the table. A completeMist of materials used in
the method can be found in the reagents and materials section.« Employees must review the
information in the MSDS for each material before using it for the fitst time or when there are major
changes to the MSDS.

Material Hazards Exposure Signs (mptoms of exposure
(2) Limit (2) )
Nitric Acid | Corrosive 2 ppm- Nitric acid is extremely, hazardous; it is corrosive, reactive, an
Oxidizer TWA oxidizer, and a poison. Inhalation of vapors causes breathing
Poison 4 ppm- difficulties andrlead to pneumonia and pulmonary edema, which
STEL may be fatalsOther symptoms include coughing, choking, and
irritation of the¥nose, throat, and respiratory tract. Causes
redness, paingand severe skin burns. Concentrated solutions
cause“deep, ulcers and stain skin a yellow or yellow-brown
colar. Vapors are irritating and cause damage to the eyes.
Contadet causes severe burns and permanent eye damage.
Hydrochlo- | Corrosive 5 ppm- Inhalation of vapors can cause coughing, choking, inflammation
ric Acid Poison Ceiling of'th€é nose, throat, and upper respiratory tract, and in severe
cases, pulmonary edema, circulatory failure, and death.
Causes redness, pain, and severe skin burns. Vapors are
irritating and cause damage to the eyes. Contact causes
severe burns and permanent eye damage.

1 — Always add acid to water to-prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

6.0 Equipment and'Supplies
6.1 Instrumentation
None.

6.2 Supplies

Labware:. All digestion vessels and volumetric ware must be carefully acid washed and rinsed
with reagent water. Polymeric or glass volumetric ware and storage containers must be cleaned
by leaching with more dilute acids (approximately 10% v/v) appropriate for the specific plastics
used and then rinsed with reagent water and dried in a clean environment. To avoid precipitation
of silver, ensure that all HCI has been rinsed from the vessels. Commercial, certified-clean
containers are acceptable.

Certified, plastic digestion vessel with caps.

Graduated cylinder or equivalent, 50 or 100-mL, Class A.

Funnel or equivalent.

Hot block, or equivalent, adjustable and capable of maintaining a temperature of 90-95°C.
Volumetric flasks and pipets of suitable precision and accuracy (Class A)

Watch glass, ribbed or non-ribbed (plain).
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e Syringe filter, PTFE membrane. The filter diameter and pore size are not significant.

7.0 Reagents and Standards

7.1 Reagent water, analyte-free (< MDL).

7.2 Spectroscopic grade chemicals are used in all tests. Unless otherwise indicated, it is
intended that all reagents shall conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available. Other
grades may be used, provided it is first ascertained that the reagent is of suffieiently high purity to
permit its use without lessening the accuracy of the determination.

7.3 Hydrochloric acid, 1:1: HCI. If the method blank is less than the MDL, the acid is
acceptable.

7.4 Nitric acid, concentrated: HNOs. If the method blank is less,than the MDL, the acid is
acceptable.

7.5 Stock Element Solution for Method 6010, commereial, “eertified, for LCS and Matrix
Spikes. See the determinative method for the standard, its preparation, and its spike amount.

7.6 Stock Element Solution for Method 6020, commergial, certified, for LCS and Matrix
Spikes. See the determinative method for the standard, its preparation, and its spike amount.
7.7 See SOP Reagent and Standard Purchase, Preparation, Control, Documentation / NV08-
214 for shelf-life and storage requirements for reagents and standards.

8.0 Sample Collection, Preservation, Shipment.and Storage

Sample | Min. Sample 4
Matrix | Container Size Erwation Holding Time Reference
Water HDPE or 50 mL HNOQgto pH < 2 6 months SW846 Section
Glass® 2.0

Al sample containers must be prewashed with detergents, acids and water. Plastic, certified
containers are used if the containers are supplied by TestAmerica Nashville. Temperature
preservation is not required.

If samples are preserved at thédab, Wait 24 hours after preservation before digestion.

9.0 Quality Control

The laboratory maintains.aformal quality assurance program and records to document the quality
of the data generated.

9.1 Sample QC

™ The following quality control samples are prepared
with each batch of no more than 20 samples.

Quality Controls Frequency | Acceptance Criteria

Method Blank 1 per batch | See the determinative

Laboratory Control Sample (LCS), second source method.

Matrix Spike

Matrix Spike Duplicate
'For AZ, TX, WV samples, a LCS duplicate is required.

-~

e Method Blank: The laboratory prepares and analyzes a method blank with each batch of the
same matrix. Blank data are used to assess contamination from the laboratory environment.

e A Laboratory Control Sample (LCS) is analyzed with every batch; it is made from a
standard different from the calibration standard. See the determinative method for the spike
amount.

e Matrix Spike/Matrix Spike Duplicate: Sample homogeneity and the chemical nature of the
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sample matrix can affect analyte recovery and the quality of the data. Taking separate
aliquots from the sample for replicate and fortified analyses can in some cases assess the
effect. Unless otherwise specified by the data user, the matrix spike (MS) / matrix spike
duplicate (MSD) procedure is required. Prepare a MS/MSD each batch. The MS/MSD
aliquots must be duplicates of the aliquot used for sample analysis and spiked prior to sample
preparation. The added analyte concentration must be the same as that used in the LCS.

9.2 Instrument QC: See the determinative method.

10.0 Procedure
10.1 Sample Digestion

Matrix Sample Size
Water 50.0 mL

Refer to SOP Sample Homogenization, Sub-sampling, and/Compositing / NV08-229.
Note: If running dissolved metals, use SOP 3005 / NV@6-103.

CAUTION: The addition of hydrochloric acid mugt be, in the form of concentrated hydrochloric
acid and not from a premixed combination of aeids as a buildup of chlorine gas, as well as
other gases, will result from a premixed acidsolution. These gases may be violently released
upon heating. This is avoided by adding the acid in the described manner.

CAUTION: Toxic nitrogen oxide and chletine fumes may be evolved; therefore all work must be
performed in a properly operating ventilation system. Be aware of the potential for a vigorous
reaction. If a vigorous reaction ocetrsSdllow cooling before capping the vessel.

1 | Transfer a 50.0-mL represenptative *aliquot of the well-mixed sample to a certified digestion
tube and add 1.5 mL of concentrated HNO3.

e For the method blank, use™50.0 mL of reagent water.

e For LCS, use 50.0 mL reagent water, and spike with the appropriate amount of spike.

e For MS and MSDswspike 50.0 mL of a sample with the appropriate amount of spike.

2 | Cover the digestionitube with the watch glass. Place the vessel in hot block and cautiously
evaporate to a low wltime (about 5 mL), making certain that the sample does not boil and that
no portion of the bottom of the container is allowed to go dry.

3 | Cool the container and add additional 1.5 mL portion of concentrated HNOj;. Cover the
container with ‘a=tvatch glass and return to the hot block. Adjust the temperature of the hot
plate so that a gentle reflux action occurs.

Note: If a sample is allowed to go to dryness, low recoveries result. Should this occur,
discard the sample and re-digest.

Continue heating, adding additional acid as necessary, until the digestion is complete
(generally indicated when the digestate is light in color or does not change in appearance with
continued refluxing)

4 | Uncover the container, and evaporate to a low volume (about 5 mL), not allowing any portion
of the bottom of the container to go dry. Cool.

5| Add 5.0 mL of 1:1 HCI, cover, and reflux for an additional 15 minutes to dissolve any
precipitate or residue resulting from evaporation. .

Company Confidential & Proprietary




SOP No. 3010/ NV06-18, Rev. 10
Effective Date: 7/31/2013
Page No.: 6 of 7

6 | Wash down the container walls and adjust the final volume to 50.0 mL with reagent water in a
certified centrifuge tube.

7 | Allow any undissolved material to settle overnight, filter using a PTFE membrane, or centrifuge a
portion of the prepared sample until clear. Record the filter lot number. The sample is now
ready for analysis. Because the effects of various matrices on the stability of diluted sample
cannot be characterized, all analyses are performed as soon as possible after the completed
preparation. If any sample is filtered, the Method Blank and LCS must also be filtered

11.0 Calculations / Data Reduction
Not applicable.

12.0 Method Performance

12.1 Method Detection Limit Study (MDL): The method detection limit (MDL) is the lowest
concentration that can be detected for a given analytical method, and sample matrix with 99%
confidence that the analyte is present. The MDL is determinedsaccording to the laboratory’'s MDL
procedure in SOP Determination of Method Detection Limits{/ N¥08-202. MDLs reflect a calculated
(statistical) value determined under ideal laboratory conditions+in a clean matrix, and may not be
achievable in all environmental matrices. The laboratory maintains MDL studies for analyses
performed; these are verified at least annually unless method requirements require a greater
frequency.

12.2 Demonstration of Capability: The Jabotatory demonstrates initial proficiency by
generating data of acceptable accuracy and pregisign for target analyses in a clean matrix. The
laboratory also repeats the operation whenever new staff is trained or significant changes in
instrumentation are made and on an annualW'basis thereafter. See the training section of
TestAmerica-Nashville’s QA Manual and=S@P Training / NV08-199 for information on how to
accomplish this demonstration.

12.3 Training Requirements: Demonstration of Capability is performed initially when learning
the method and annually thereafter.\Four Laboratory Control Samples resulting in an average %
recovery within the control limitssand®a precision less than the quality control maximum are
required.

12.4 Proficiency Testing Studies: The laboratory participates in formal proficiency testing
(PT) studies, where solutions of unknown concentrations are analyzed and the performance of all
participants is compared...Seethe QA department for the results of recent PT studies.

12.5 Control Chartsi Laboratory method performance can be shown with the use of control
charts, available fromthe*@A department.

13.0 Pollution Control

It is TestAmerica’sypolicy to evaluate each method and look for opportunities to minimize waste
generated (i. e., examine recycling options, ordering chemicals based on quantity needed,
preparation of reagents based on anticipated usage and reagent stability). Employees must
abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention.”

14.0 Waste Management

14.1 Waste management practices are conducted consistent with all applicable rules and
regulations. Excess reagents, samples and method process wastes must be stored, managed,
and disposed of in accordance with all federal and state laws and regulations. Waste description
rules and land disposal restrictions are followed. Waste disposal procedures are incorporated by
reference to the QA Manual and SOP Waste Disposal / NV10-83.

14.2 Wastestreams Produced by the Method:
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e Digestates are taken to the waste disposal area for neutralization and discharge to the
sanitary sewer.

15.0
15.1
15.2
15.3
154

References / Cross-References

SW-846 Method 3010A, Rev. 1, July 1992.

TestAmerica Nashville’s Quality Assurance Manual.

Corporate Environmental Health and Safety Manual (CW-E-M-001)

SOPs: Waste Disposal / NV10-83, Training Procedures for Environmental Technical Staff

/ NV08-199, Determination of Method Detection Limits / NV08-202, 6010% NV06-44, 6020 /
NV06-215, Standard Purchase, Preparation, Control, Documentation//NV08-214, Sample
Homogenization, Sub-sampling, and Compositing / NV08-229.

15,5 Controlled Document: QAF-45, TestAmerica Nashville « SAcronyms, Keywords, and
Definitions.

16.0 Method Modifications

None.

17.0 Attachments

None.

18.0 Revision History

e Revision 6, dated 10 September 2008

Integration for TestAmerica and STL @perations.
Change ppm to pug/mL.

e Revision 7, dated 25 September 2009

Addition of OH VAP requirements.
Included new stock standard gencentrations and final digestate concentrations.

e Revision 8, dated 29 July 2011

Organizational changes.
Addition of QAF-45 and Section 14.2.
Addition of Bismuth, Lithiam? and Sulfur, standardization of element lists.

e Revision 9, dated 31 July 2012

Add SOP Sample Hemagenization, Sub-sampling, and Compositing / NV08-229.
Specify that thisimethod is not applicable to dissolved metals.
Update 6010 standards and preparations. Add 6020 standards and preparations.

e Revision 10, dateg=3% July 2013

Organizational ehanges.

Addition of\a PTFE filter. Removal of standard information with reference to the
determinative method.

Re-order the last steps of the digestion process.
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THE LEADER IN ENVIRONMENTAL TESTING

SOP Number/Revision No.: 3510/ NV03-24.13b Effective Date: 9/30/2013
Last Mod. Date: 7/31/2013

SOP Title: Method 3510C, Separatory Funnel Liquid-Liquid Extraction
Affected SOP Section Number(s): Section 10.1, Sample Preparation

CONTROLLED DISTRIBUTION
ISSUED TO: QA Server, 03P

Revision Number with Mod ID: 13c

The following SOP change is in effect as of the stated date. This form wilfremain attached to the referenced SOP
until such a time that the SOP is updated, approved, and redistributed, ‘at which time it will become part of the
historical SOP record. Append this form to thegfront of the SOP copy.

1. Reason for SOP Change:

O Typographical Corrections (Non-Technical) — Re-Training Not Required.

O Typographical Corrections (Technical — Define) — Analyst acknowledgement of corrections is required.
Procedural Changes (Define Below) — Re-Training Required.

O Other

2. Summary of Procedure Change: Add undérlined text; delete crossed-out text.

Section 10.1, Sample Preparation
1 | Generally, the entire contents of the/&ample bottle are to be extracted. Mark the level of sample
on the outside of the bottle and /measure against a calibrated bottle of the same size and shape.
(Bottles are calibrated quarterlyvusing Class A volumetric flasks. See Section 17.3.)
Alternatively, using a Class+As=graduated cylinder, measure the required amount of sample. If
high analyte concentratiopS™areranticipated, a smaller sample volume may be taken and diluted
to 1 L with organic-free reagent water, or samples may be collected in smaller sample bottles
and the whole sample used. Shake the sample container well and transfer to a separatory
funnel that has beempre=rinsed with about 10 mL of Methylene chloride.
2 | For TCLP: 500 mizofsthe TCLP extract is used for semivolatile (BNA) extraction, 100 mL is used
for pesticide extraetion. For-herbicide-extraction—use-5-mL-of TCLP-exiract: Reagent water is
used to bring thewolume to about 1 L. Add surrogates (Table 2) to all samples and QC.
e For TCLP BNA, spike the LCS, MS/MSD with 1 mL of the TCLP BNA spike.
e For TCLP Pesticides, spike with 0.5 mL TCLP Pesticides spike and surrogate and 1 mL of
Toxaphene.
3 | Mixing by shaking is sometimes ineffective as solids settle during the time required to secure the
sub-sample aliquot for analysis. Usually decantation prior to shaking or after initial settling
following mixing (in order to preserve the suspended solids) is not an appropriate
homogenization procedure. However, if decantation is used, documentation of the process must
be made in the preparation or analysis logbook or benchsheet. If the inclusion of solid material
adversely affects the extraction or analysis procedure, notify the project manager. The project
manager must contact the client to verify if they would like the lab to extract only the aqueous
portion. In this case, pour out only the liquid portion into a graduated cylinder and note the

SOP Number/Revision No.: 3510/ NV03-24.13c Effective Date: 9/30/2013
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volume decanted and the approximate percentage of sediment present on the benchsheet.

4 | Using a glass syringe, add the surrogate spiking solution into each sample in the graduated
cylinder or sample bottle separatery—funnel and mix well. (See Table 2 for details on the
surrogate standard solution. This addition of surrogate must be made into both client and QC
samples.)

5| Using a glass syringe, add the matrix spike/LCS spiking solution into the appropriately
designated graduated cylinder or sample bottle separatory-funnels and mix well. (See Table
2, the determinative method, and LIMS for details on the matrix spike/LCS solution.)

6 | Check the pH of the sample by immersing a glass or Teflon™ rod tip or a pipet in the sample
and touch to wide-range pH paper and adjust the pH, if necessary, to the pH indicated in Table
1, using 1:1 (v/v) Sulfuric acid or 10 N Sodium hydroxide. Rinse the glass gnJeflon™ rod with
Methylene chloride into the separatory funnel. Other strengths of acid or base Solution may be
employed, provided that they do not result in a significant change (<“9%)"in the volume of
sample extracted.

7 | For Method 8270 BNA, always adjust to acid pH first. If only PAHs“are being analyzed by
Method 8270, then only a the-base-neutral extraction needs to be done.*In order to extract only
the base-neutral, all samples within the batch must be PAH onlyxand the QC must be treated
the same as the samples.

9 D6 |\
Ca@f/m/hb %W\ 9/26/13 !} 9/26/13

Department Manager Approval DAite Operations Manager Approval Date
Med A A Damr’
- 9/26/13
Technical Approval Date

Quality Manager Approval
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SOP Number/Revision No.: 3510/ NV03-24.13a Effective Date: 7/31/2013
Last Mod. Date: 3/29/2013
SOP Title: Method 3510C, Separatory Funnel Liquid-Liquid Extraction

Affected SOP Section Number(s): Section 8.0, Sample Collection, Preservation,

%nt and Storage

CONTROLLED DISTRIBUTION

ISSUED TO: QA Server, 03P

Revision Number with Mod ID: 13b

The following SOP change is in effect as of the stated date. This form
until such a time that the SOP is updated, approved, and redistubuted:“at which time it will become part of the
historical SOP record. Append this form to front of the SOP copy.

O Typographical Corrections (Non-Technical) — Re-Tréini
O Typographical Corrections (Technical — Define) — Analys

I Procedural Changes (Define Below) — Re-Traini

1. Reason for SOP Change:
@equired.

nowledgement of corrections is required.

ired.

O Other

OWU

A

2. Summary of Procedure Change:

AE uniderlined.
Section 8.0, Sample CoIIecti(@ ervation, Shipment and Storage: Add av note to the table.

For South Carolina, a 1 literisamiple is required.
S
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Change Form

THE LEADER IN ENVIRONMENTAL TESTING

SOP Number/Revision No.: 3510/ NV03-24.13 Effective Date: 3/29/2013
Last Mod. Date: 12/31/2012
SOP Title: Method 3510C, Separatory Funnel Liquid-Liquid Extraction

Affected SOP Section Number(s): Section 10.3, Sample Extraction (non-fluff), anthSection 10.4,
Sample Concentration by Kuderna-Danish Technique.

CONTROLLED DISTRIBUTION

ISSUED TO: QA Server, 03P

Revision Number with Mod ID: 13a

The following SOP change is in effect as of the stated date. This form Will remain attached to the referenced SOP
until such a time that the SOP is updated, approved, and redistributed, at which time it will become part of the
historical SOP record. Append this form.to the'front of the SOP copy.

1. Reason for SOP Change:

O Typographical Corrections (Non-Technical) — Re-Training/Not Required.
O Typographical Corrections (Technical — Define) — Analyst'acknowledgement of corrections is required.
I Procedural Changes (Define Below) — Re-Traihingy\Required.

O Other

2. Summary of Procedure Change: ‘Belete crossed out, add underlined.

Section 10.3, Sample Extraction (non-fluff), Step 7

Dry the extract by passing,ithrough a Teflon™ funnel containing about 2/3 full of pre-rinsed, anhydrous
Sodium sulfate. Collectsthe-dried extract in a clean Erlenmeyer flask. Rinse the funnel Erlenmeyer-flask;
which-contained-the-solvent-extract-with 20-30 mL Methylene chloride and add it to the flask-funnel to
complete the quantitative transfer. Perform the concentration using the Kuderna-Danish technique.

Section 10.4, Sample Concentration by Kuderna-Danish technique, Steps 2, 6, and 8

2 | Add one or two clean boiling chips to the KD flask. Quantitatively transfer extract to the KD.
Rinse the flask with approximately 10-20 mL solvent. and-aAttach 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 (15 — 20°C above the boiling point of the solvent)
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 temperature and/or flask position to
complete the concentration in 10 - 20 minutes. Record the temperature. At the proper rate of
distillation, the balls of the column actively chatter, but the chambers do not flood. When the
apparent volume of liquid reaches about 10 mL, remove the K-D apparatus from the water bath
and allow it to drain and cool for at least 10 minutes.
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Nitrogen blow-down technique

column of activated carbon).
volumetric-flasks-

6 | Place the concentrator tube in a warm bath (35°C) and evaporate the solvent to the just below
final volume indicated in Table 1, using a gentle stream of clean, dry nitrogen (filtered through a

8 | The sample is then transferred to a Class A volumetric flask and adjusted to the final volume by

using the rinsate from the tube using-thelastsolvent-used.

Qoo Geure
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- 3/21/13
Technical Approval Date
Quality Manager Approval O
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1.0 Scope and Application

1.1 Analyte, Matrices: This method predominantly describes a procedure for extracting
water-insoluble and slightly water-soluble organic compounds from aqueous samples and
concentrating them for injection onto a gas chromatograph set up for an appropriate
determinative method.

1.2 Reporting Limits: Results are dependent on the volume used, degree of contamination,
ability to concentrate, and the sensitivity of the determinative method.

1.3 If for any reason a part of this method cannot be followed, seek the guidance of the
Department Supervisor or the Technical Manager. All abnormalities must be noted on the data or
the benchsheet and in the Laboratory Information Management System (LIMS).

2.0 Summary of Method

A measured volume of sample, nominally 1000, 250, or 125 mL, at a specified pH, is serially
extracted with Methylene chloride using a separatory funnel. The extract is dried, concentrated,
and, as necessary, exchanged into a solvent compatible with the cleanup or determinative
method to be used.

3.0 Definitions
See Appendix 5 of TestAmerica Nashville’s QA Manual for laboratory definitions. Also, refer to
Controlled Document QAF-45, TestAmerica Nashville Acronyms, Keywords, and Definitions.

4.0 Interferences
Interferences are often due to contamination from solvents or extraction glassware.

5.0 Safety
Employees must abide by the policies and procedures in the Corporate Safety Manual and this

document. This procedure may involve-hazardous material, operations and equipment. This
document does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user of the method to follow appropriate safety, waste disposal and health
practices under the assumption-that all samples and reagents are potentially hazardous. Safety
glasses, gloves, lab coats and closed-toe, nonabsorbent shoes are a minimum.

5.1 Specific Safety Concerns or Requirements: Use the hoods to evacuate solvent vapors
from the building and dispose of solvent wastes appropriately.

5.2 Primary Materials Used: The following is a list of the materials used in this method,
which have a serious. or-significant hazard rating. Note: This list does not include all
materials used in theemethod. The table contains a summary of the primary hazards listed
in the MSDS for each of the materials listed in the table. A complete list of materials used in
the method can be found in the reagents and materials section. Employees must review the
information in the MSDS for each material before using it for the first time or when there are major
changes to the MSDS.

Material Hazards Exposure Signs and symptoms of exposure
(1) Limit (2)
Acetone Flammable | 1000 ppm- | Inhalation of vapors irritates the respiratory tract. May cause
TWA coughing, dizziness, dullness, and headache.
Methylene | Carcinogen | 25 ppm- Causes irritation to respiratory tract. Has a strong narcotic
chloride Irritant TWA effect with symptoms of mental confusion, light-headedness,
125 ppm- fatigue, nausea, vomiting and headache. Causes irritation,
STEL redness and pain to the skin and eyes. Prolonged contact can
cause burns. Liquid degreases the skin. May be absorbed
through skin.
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Material Hazards Exposure Signs and symptoms of exposure
@ Limit (2)
Hexane Flammable | 500 ppm- Inhalation of vapors irritates the respiratory tract. Overexposure
Irritant TWA may cause lightheadedness, nausea, headache, and blurred
vision. Vapors may cause irritation to the skin and eyes.
Sodium Corrosive 2 ppm, This material causes burns in contact with the skin or eyes.
Hydroxide Poison 5 mg/m3 Inhalation of Sodium Hydroxide dust causes irritation of the
nasal and respiratory system.
Sulfuric Corrosive 1 mg/m® This material causes burns if comes into contact with the skin
Acid (1) Oxidizer or eyes. Inhalation of vapors causesirritation of the nasal and
Dehydrator respiratory system.
Acetonitrile | Flammable | 40 ppm Early symptoms may include nose and.throat irritation, flushing
Poison TWA of the face, and chest tightness. Prolonged exposure to high
levels of vapors may cause formation of cyanide anions in the
body.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

6.0 Equipment and Supplies
6.1 Instrumentation
e Kuderna-Danish (K-D) apparatus.
e Concentrator tube, 10 mL, graduated (Kontes K-570050-1025 or equivalent). A ground-
glass stopper is used to prevent evaporation of extracts. \
o Evaporation flask, 250 mL (Kontes K-570001-500 or equivalent). Attach to concentrator
tube with springs, clamps, or equivalent.
e Snyder column, Three-ball macro (Kontes K-503000-0121 or equivalent).
e Snyder column, 3 chamber micro (Kontes K-569001-0219 or equivalent).
e Clamps
e Nitrogen Evaporator: N-Evap Model #116 by Organomation, or equivalent.

6.2 Supplies

o Separatory funnel, 2 liter, 500 mL, or 250 mL, Teflon™ with polytetrafluoroethylene (PTFE)
stopcock.

e Funnel, Teflon™. Put a.plug of glass wool in a funnel and fill about 2/3 full with sodium

sulfate. Rinse funnel and Sodium sulfate with 5-10 mL of Methylene chloride before use.

Boiling chips, solvent-extracted, approximately 10/40 mesh (silicon carbide or equivalent).

Water bath, heated, capable of temperature control (+ 5°C). The bath is used in a hood.

Vials, glass with PTFE-lined screw-caps.

pH indicator paper, 0 — 14 pH range.

Erlenmeyer flask, Teflon™250 mL or 500 mL.

Graduated cylinder, glass, Class A, 1 liter, or equivalent.

Volumetric flasks, Class A, at 1, 5, and 10 mL.

Centrifuge, capable of approximately 2000 rpm.

Nitrogen, compressed gas, high purity.

7.0 Reagents and Standards

7.1 Reagent grade chemicals are used in all tests. Unless otherwise indicated, it is intended
that all reagents must conform to the specifications of the Committee on Analytical Reagents of
the America Chemical Society, where such specifications are available. Other grades may be
used, however, provided it is first ascertained that the reagent is of sufficiently high purity to
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permit its use without lessening the accuracy of the determination. Reagents are stored in glass
or Teflon™ to prevent the leaching of contaminants from plastic containers.

7.2 Reagent water, analyte-free.

7.3 Sodium hydroxide solution (10 N), NaOH, commercial source.

7.4 Sodium sulfate (granular, anhydrous), Na,SO,. Purify by heating to about 400°C for
about 4 hours in a shallow tray. Store in a sealed, glass container. A commercially baked
product is acceptable.

7.5 Sulfuric acid solution, H,SO,4, commercial source. Make a 1:1 dilution with reagent
water.

7.6 Extraction/exchange solvents: All solvents are pesticide quality or'equivalent and from
commercial sources: Methylene chloride, CH,Cl,, Hexane, CgH44, Acetonitrile, CH3CN.

7.7 Sodium chloride (NaCl), commercial source, granular.

7.8 Acetone, CH3COCHs;, commercial source.

7.9 Spiking Solutions: See the determinative method and LIMS for information. These are
purchased ready for use or prepared in the analysis department.

7.10 See SOP Reagent and Standard Purchase, Preparation, control, Documentation / NV08-
214 for information on shelf-life and storage requirements for standards and reagents.

8.0 Sample Collection, Preservation, Shipment.and Storage

Sample Min.
Matrix | Container Sample Preservation | Holding Time Reference
Size from Collection
Water | Amber Glass, 1 L, 250 | varies 0-6°C 7 days until SW846
mL, or 125 mL extraction, 40 days | Chapter 2
Teflon™-lined cap until analysis

9.0 Quality Control

Refer to the quality control section of TestAmerica Nashville’s QA Manual for specific quality
control (QC) policies. The laboratory maintains a formal quality assurance program and records
to document the quality of the data generated.

The following quality control samples are prepared with each batch of no more than 20
samples.

Quality Controls Frequency

Method Blank 1in 20 or fewer samples

Laboratory Control Sample (LCS)', second source 1in 20 or fewer samples

Matrix Spike 1.in 20 or fewer samples

Matrix Spike Duplicate 1in 20 or fewer samples

'For AZ, TX, WV samples, a LCS duplicate is required.

e Method blank: The laboratory prepares and analyzes a method blank (reagent water) with
each batch.

e A Laboratory Control Sample (LCS), reagent water spiked with a source different from the
calibration standard, is analyzed with every batch. Use the same sample preparations,
analytical methods, and QA/QC procedures employed for the test samples.

e Matrix Spike/Matrix Spike Duplicate: Sample homogeneity and the chemical nature of the
sample matrix can affect analyte recovery and the quality of the data. Taking separate
aliquots from the sample for replicate and fortified analyses can in some cases assess the
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effect. Unless otherwise specified by the data user, the MS/MSD procedure is required.

= The laboratory must add a known amount of each analyte to be reported to a minimum of
5% of the routine samples. In each case the MS/MSD aliquot must be a duplicate of the
aliquot used for sample analysis and added prior to sample extraction.

10.0 Procedure
10.1 Sample Preparation

Matrix Sample Size
Water 1000, 250, or
125 mL

Generally, the entire contents of the sample bottle are to be extracted. Mark the level of
sample on the outside of the bottle and measure against a calibrated bottle of the same size
and shape. (Bottles are calibrated quarterly using Class A volumetric flasks. See Section
17.3.) Alternatively, using a Class A, graduated cylinder, measure the required amount of
sample. If high analyte concentrations are anticipated, a smaller sample volume may be
taken and diluted to 1 L with organic-free reagent water, or samples may be collected in
smaller sample bottles and the whole sample used. ~Shake the sample container well and
transfer to a separatory funnel that has been pre-rinsed with about 10 mL of Methylene
chloride.

For TCLP: 500 mL of the TCLP extract is used for semivolatile (BNA) extraction, 100 mL is

used for pesticide extraction. For herbicide extraction, use 5 mL of TCLP extract. Reagent

water is used to bring the volume to about 1/L. Add surrogates (Table 2) to all samples and

QC.

e For TCLP BNA, spike the LCS, MS/MSD with 1 mL of the TCLP BNA spike.

e For TCLP Pesticides, spike with 0.5 mL TCLP Pesticides spike and surrogate and 1 mL of
Toxaphene.

e For TCLP herbicides, spike with 1.0 mL of TCLP Herbicide spike.

Mixing by shaking is sometimes ineffective as solids settle during the time required to secure
the sub-sample aliquot for analysis. Usually decantation prior to shaking or after initial settling
following mixing (in order to preserve the suspended solids) is not an appropriate
homogenization procedure. However, if decantation is used, documentation of the process
must be made in the preparation or analysis logbook or benchsheet. If the inclusion of solid
material adversely affects the extraction or analysis procedure, notify the project manager.
The project manager must contact the client to verify if they would like the lab to extract only
the aqueous.portion. In this case, pour out only the liquid portion into a graduated cylinder
and note the volume decanted and the approximate percentage of sediment present on the
benchsheet.

Using a glass syringe, add the surrogate spiking solution into each sample in the separatory
funnel and mix well. (See Table 2 for details on the surrogate standard solution. This addition
of surrogate must be made into both client and QC samples.)

Using a glass syringe, add the matrix spike/LCS spiking solution into the appropriately
designated separatory funnels and mix well. (See Table 2, the determinative method, and
LIMS for details on the matrix spike/LCS solution.)

Check the pH of the sample by immersing a glass or Teflon™ rod tip or a pipet in the sample
and touch to wide-range pH paper and adjust the pH, if necessary, to the pH indicated in
Table 1, using 1:1 (v/v) Sulfuric acid or 10 N Sodium hydroxide. Rinse the glass or Teflon™
rod with Methylene chloride into the separatory funnel. Other strengths of acid or base
solution may be employed, provided that they do not result in a significant change (< 1%) in
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the volume of sample extracted.

7 | For Method 8270 BNA, always adjust to acid pH first. If only PAHs are being analyzed by
Method 8270, then only the base-neutral extraction needs to be done. In order to extract only
the base-neutral, all samples within the batch must be PAH only, and the QC must be treated
the same as the samples.

8 | QC samples are prepared using 1 liter organic-free reagent water.

10.2 Sample Extraction

1 | Use Methylene chloride to rinse the graduated cylinder (or sample container) and transfer this
rinse solvent to the separatory funnel containing the sample. Record the sample volume on
the benchsheet.

For 1 L sample volume, use 60 mL Methylene chloride.

For 250 mL sample volume, use 15 mL Methylene chloride.

For 125 mL sample volume use 8 mL Methylene chloride.

2 | Seal and shake the separatory funnel vigorously for 1 - 2 minutes with periodic venting to
release excess pressure. Methylene chloride creates excessive pressure very rapidly;
therefore, initially vent immediately after the separatory funnel has been sealed and shaken
once. Vent the separatory funnel into a hoodto. avoid exposure of the analyst to solvent
vapors.

3 | Allow the organic layer to clearly separatefrom.the water phase. 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 at approximately 2000 rpm for about 5 minutes, or other physical methods.
Collect the solvent extract in an Erlenmeyer flask.

4 | Repeat the extraction two more. times using fresh portions of solvent. Combine the three
solvent extracts.

5 | If further pH adjustment and-extraction is required, adjust the pH of the aqueous phase to the
desired pH indicated in Table 1 (Section 17). Serially extract three times with proportional
volumes of Methylene chloride. Collect and combine the extracts and label the combined
extract appropriately.

6 | If performing GC/MS analysis (Method 8270), the acid/neutral and base extracts are
combined prior toconcentration. However, in some situations, separate concentration and
analysis of the ‘acid/neutral and base extracts may be preferable (e. g., if for regulatory
purposes the presence or absence of specific acid/neutral or base compounds at low
concentrations.must be determined, separate extract analyses may be warranted).

7 | Dry the extract by passing it through a Teflon™ funnel containing about 2/3 full of pre-rinsed,
anhydrous sodium sulfate. Collect the dried extract in a clean Erlenmeyer flask. Rinse the
Erlenmeyer flask, which contained the solvent extract, with 20 - 30 mL of Methylene chloride
and add it to the funnel to complete the quantitative transfer. Perform the concentration using
the Kuderna-Danish Technique.

8 | Extracts may be held prior to concentration if stored covered; in addition, 8310, 8270, and
8081 extracts when held are stored at 0-6°C and in the dark. Proceed to sample
concentration.

10.3 Sample Concentration by Kuderna-Danish Technique

1 | Assemble a K-D concentrator by attaching a 10-mL concentrator tube to a 250-mL, or smaller,
evaporation flask.

Company Confidential & Proprietary




SOP No. 3510 / NV03-24, Rev. 13
Effective Date: 12/31/2012
Page No.: 7 of 11

2 | Add one or two clean boiling chips to the 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 (15 — 20°C above the boiling point of the solvent)
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 temperature and/or flask
position to complete the concentration in 10 - 20 minutes. Record the temperature. At the
proper rate of distillation, the balls of the column actively chatter, but the chambers do not
flood. When the apparent volume of liquid reaches about 10 mL, remove-the K-D apparatus
from the water bath and allow it to drain and cool for at least 10 minutes.

3 | If a solvent exchange is required (as indicated in Table 1), remove the Snyder column and
KD, and using nitrogen blow-down technique, reduce the volume to.about 2 mL. To 4 mL of
Hexane or 2 mL of Acetonitrile, whichever is the appropriate exchange solvent, add a new
boiling chip, and attach the 3-chamber micro-Snyder column to the concentrator tube.
Concentrate the extract and alter the temperature of the water bath, if necessary, to maintain
proper distillation.

4 | Remove the Snyder column and rinse it and its lower joints into the concentrator tube with 1 -
2 mL of Methylene chloride or exchange solvent. The extract is further concentrated by using
the technique outlined in Section 10.3.6 or adjusted in a Class A volumetric to 1.0 - 10.0 mL
with the solvent last used.

5 | If further concentration is indicated in Table 1, use the nitrogen blow-down technique to adjust
the extract to the final volume required.

Nitrogen blow-down technique

6 | Place the concentrator tube in a warm bath (35°C) and evaporate the solvent to the just below
final volume indicated in Table 1, using a gentle stream of clean, dry nitrogen (filtered through
a column of activated carbon). Bring-the extract to the required final volume using Class A
volumetric flasks.

7 | The internal wall of the tube must be rinsed several times with Methylene chloride or
appropriate solvent during the operation. During evaporation, the tube must be positioned to
avoid water condensation (i. €.,.the solvent level is below the level of the water bath). Under
normal procedures, the extract must not be allowed to become dry.

8 | The sample is then transferred to a Class A volumetric flask and adjusted to the final volume
using the last solvent used.

9 | Transfer the sample to a-vial with a PTFE-lined cap and label appropriately. Individual states
may require silica gel clean-up. Refer to Table 1, state-specific SOPs and/or 8015 / NV05-31
for details. The extract may now be analyzed for the target analyses using the appropriate
determinative technique(s). Store refrigerated.

10.4 Example Analysis Queue / Sequence
See the determinative method.

11.0 Calculations / Data Reduction
Enter sample volume and final extract volume in LIMS.

12.0 Method Performance

12.1 Method Detection Limits (MDLs): The method detection limit (MDL) is the lowest
concentration that can be detected for a given analytical method and sample matrix with 99%
confidence that the analyte is present. The MDL is determined according to the laboratory’s MDL
procedure in SOP Determination of Method Detection Limits / NV08-202. MDLs reflect a calculated
(statistical) value determined under ideal laboratory conditions in a clean matrix, and may not be
achievable in all environmental matrices. The laboratory maintains MDL studies for analyses
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performed; these are verified at least annually unless method requirements require a greater
frequency.

12.2 Demonstration of Capability: The laboratory demonstrates initial proficiency by
generating data of acceptable accuracy and precision for target analyses in a clean matrix. The
laboratory also repeats the operation whenever new staff is trained or significant changes in
instrumentation are made and on an annual basis thereafter. See the training section of
TestAmerica-Nashville’s QA Manual and SOP Training / NV08-199 for information on how to
accomplish this demonstration.

12.3 Training Requirements: Demonstration of Capability is performed.initially when learning
the method and annually thereafter. The laboratory also repeats the operation whenever new
staff is trained or significant changes in instrumentation are made and on an annual basis
thereafter. See the training section of TestAmerica-Nashville’s QA Manual and SOP Training /
NV08-199 for information on how to accomplish this demonstration.

12.4 Proficiency Testing Studies: The laboratory participates-in formal proficiency testing
(PT) studies, where solutions of unknown concentrations are analyzed and the performance of all
participants is compared. See the QA department for the results of recent PT studies.

13.0 Pollution Control

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize waste
generated (i. e., examine recycling options, ordering chemicals based on quantity needed,
preparation of reagents based on anticipated usage and reagent stability). Employees must
abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention.”

14.0 Waste Management

14.1 Waste management practices are conducted consistent with all applicable rules and

regulations. Excess reagents, samples and method process wastes must be stored, managed,

and disposed of in accordance with‘all federal and state laws and regulations. Waste description

rules and land disposal restrictions _are followed. Waste disposal procedures are incorporated by

reference to the QA Manual and-SOPWaste Disposal / NV10-83.

14.1 Wastestreams produced-by this method:

o Extracted aqueous samples are collected, neutralized to a pH between 2.0 and 10.0, and
discharged to the sanitary sewer.

e Used sodium sulfate and glass wool or filter paper contaminated with Methylene chloride from
the extract drying step-are placed in a hood overnight, then discarded in the trash.

o Assorted flammable solvent waste from various rinses is collected in the flammable waste
drums.

15.0 References / Cross-References

15.1 SW-846 Method 3510C, Update lll, Revision 3, December 1996.

15.2 CA LUFT Manual, Version 2.0, October 4, 2010.

TestAmerica Nashville’s Quality Assurance Manual.

15.3 Corporate Environmental Health and Safety Manual (CW-E-M-001).

15.4 SOPs: Waste Disposal / NV10-83, 8270 / NV04-22, 8081 / NV04-16, 8082 / NV04-105,
8015/ NV05-31, 8310 / NV04-57, FL PRO / NV04-78, Wl DRO / NV04-38, MADEP-EPH / NV04-
168, NWTPH-Dx / NV04-190, NWTPH-EPH / NV04-191, OA-2 / NV04-188, OK DRO / NV04-74,
TN EPH / NV04-187, CT ETPH / NV04-86, Training Procedures for Environmental Technical Staff
/ NV08-199, Balance Calibration / NV08-213, Reagent and Standard Purchase, Preparation,
control, Documentation / NV08-214.

15.5 Controlled Documents: PF-1, Prep Lab Summary Chart, QAF-45, TestAmerica Nashville
Acronyms, Keywords, and Definitions.
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Method Modifications

17.0 Attachments

17.1

SOP No. 3510 / NV03-24, Rev. 13

Item

Modification

1 Use of reduced sample volumes.

Effective Date: 12/31/2012

Page No.: 9 of 11

Table 1. Specific Extraction Conditions for Various Determinative Methods

Volume of Final Extract
Exchange Exchange Extract Volume for
Initial Secondary Solvent Solvent Required for Analysis
Determinative Extraction Extraction Req. for Required for Cleanup (mL)?
Method pH pH Analysis Cleanup (mL)
8081 5-9 None Hexane Hexane 5.0 5.0
8082 5-9 None Hexane Hexane 5.0 5.0
8270° <2 >11 None - - 1.0
8310 As rec'd None Acetonitrile Acetonitrile - 1.0
8015 None None None - - 1.0
CATPH <2 None None 1.0°
(LUFT)
CT-ETPH <2 None None None 1.0
FL PRO <2 None None - 2.0 2.0°
MA-EPH <2 None None Hexane 1.0 1.0°
NWTPH-Dx <2 None None 1.0 1.0°
NWTPH-EPH <2 None None Hexane 2.0 2.0°
OA-2 <2 None None - - 1.0
TN-EPH <2 None None - - 1.0
WI/OK-DRO <2 None None - - 1.0

 If only PAHSs are being analyzed by Method 8270, then only the base extraction needs to be done. In order to
do this, all samples within the batch. must be PAH only and the QC must be treated the same as the samples.

® Silica gel cleanup required.

17.2
Table 2. Surrogate and Matrix Spike/LCS Amounts

Method Surrogate Spike MS/LCS Spike Amount Sample
Amount Volume

8081 1.0 mL of Pest/PCB 1.0 mL Pest spike, 1.0 mL 1L
surrogate Toxaphene/Technical chlordane spike

8081 200 pL of Pest/PCB 200 pL Pest spike, 200 uL 125 mL
surrogate Toxaphene/Technical chlordane spike

8082 1.0 mL of Pest/PCB 1.0 mL PCB spike 1L
surrogate

8082 200 pL of Pest/PCB 200 pL PCB spike 125 mL
surrogate

8270 1.0 mL of BNA 500 pL of BNA spike 1L
surrogate

8270 200 pL of BNA 100 pL of BNA spike 250 mL
surrogate
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Method Surrogate Spike MS/LCS Spike Amount Sample
Amount Volume

8310 1.0 mL of HPLC 1.0 mL of HPLC spike 1
surrogate

8015 1.0 mL of o-Terphenyl | 1.0 mL DRO spike 1L
surrogate

8015 0.200 pL of o- 200 pL DRO spike 250 mL
Terphenyl surrogate

CA TPH 1.0 mL of o-Terphenyl | 1.0 mL DRO spike 1

(LUFT) surrogate

CTETPH 1.0 mL of o-Terphenyl | 2.0 mL of FL/WI spike 1
surrogate

FL PRO 2.0 mL of o-Terphenyl | 2.0 mL of FL/WI spike 1
surrogate
2 mL of Css surrogate

MA-EPH 1 mL of MA surrogate | 1 mL of MA spike 1
1 mL fractionation
surrogate

NWTPH-Dx | 1.0 mL of o-Terphenyl | 1 mL of DRO spike 1
surrogate

NWTPH- 2 mL o-Terphenyl 2 mL MA spike 1

EPH surrogate

OA-2 1 mL o-Terphenyl 1'mL DRO spike 1
surrogate

OK-DRO 1 mL of o-Terphenyl 2.0'mL of FL/WI spike 1
surrogate

TN-EPH 1 mL o-Terphenyl 1 mL TN EPH spike 1
surrogate

WI/OK-DRO | 1.0 mL of C35 2.0 mL of FL/WI spike 1
surrogate

See individual SOPs for ‘information on compounds, concentrations, and how to make the
surrogate and spike solutions. Also, see the Prep Summary Chart for additional spike and
surrogate information.

17.3 Calibration of Bottles: Representative bottles, of varying size and shape, are calibrated
using 100 mL, 50 _mL, and 10 mL Class A volumetric flasks. Graduation marks are made
accordingly, and bottles are then ready to be used as measuring guides for liquid samples. Date
of calibration is noted on the bottle. The calibrated bottles are verified for accuracy quarterly and
the verification recorded in a logbook.

18.0 Revision History
e Revision 8, dated 30 April 2008
e Integration for TestAmerica and STL operations.
e Revision 9, dated 25 September 2009
e Ohio VAP requirements
e Revision 10, dated 29 January 2010.
e Addition of centrifuge to Section 6.2.
e Define acronyms, abbreviations and/or refer to QAF-45.
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Add Section 14.2 to document.
Change sample volume to 1000 mL.

Revision 11, dated 30 June 2011.

Addition of Nitrogen to list of supplies (Amendment 10a).

Change sample volume for 8081/8082 to 1 Liter.

Clarify TCLP 8151 spike amounts.

Remove vertical adjustment of the apparatus in the water bath from sample concentration
procedure description.

Distinguish Hexane and Acetonitrile volume additions when solvent.exchange is required.
Organizational changes.

Change glass funnels to Teflon™ funnels.

Revision 12, dated 30 April 2012

Organizational changes.

Addition of change form 11a, removing C35 surrogate from NWTPH-EPH.

Add considerations for samples with large amounts of solids, and revise sequence of
steps for sample preparation.

Noted bottle calibration quarterly frequency in Section 10. Added date of calibration noted
on bottle in section 17.3.

Revision 13, dated 31 December 2012

Organizational changes.
Add information for Reduced Volume Extraction / Low Volume Injection.
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THE LEADER IN ENVIRONMENTAL TESTING

SOP Number/Revision No.: 5030/ NV05-107.10a Effective Date: 6/28/2013
Last Mod. Date: 5/31/2013

SOP Title: Method 5030B/5030C - Purge-And-Trap For Aqueous Samples{ Method 5030A —
Purge And Trap For Soils And Sediments
Affected SOP Section Number(s): Section 8.0, Sample Collection, Preservatio ipment and Storage

CONTROLLED DISTRIBUTION
ISSUED TO: QA Server, 05V

Revision Number with Mod ID: 10b

The following SOP change is in effect as of the stated date. This form wi attached to the referenced SOP
until such a time that the SOP is updated, approved, and redistributed, ‘&t which time it will become part of the
historical SOP record. Append this form to thefront of the SOP copy.

1. Reason for SOP Change:

O Typographical Corrections (Non-Technical) — Re-Training Not d.
O Typographical Corrections (Technical — Define) — Analyst a?:owl dgement of corrections is required.

O Other y,

Procedural Changes (Define Below) — Re-Training Re%

Summary of Procedure Change: Add underlinedw

8.0 Sample Collection, Preservation, @u\ét and Storage
Sample Min. Sam Qg Holding Time

Matrix Container Preservation Reference
Water Glass 40-mL VQA Vials, Cool 0-6°C, 14 days from time of SW-846
No ace pH < 2 with collection if preserved; 7 Section 2.0
£\ HCI* days if not preserved
High-Concen- 2:0z Jcontainer, Cool 0-6°C,
tration Soil Teflon-lined cap, or Cover with
EnCore™ Methanol.
Low-Concen- 5g/VOA Cool 0-6°C,
tration, Bulk Y. ' Sodium
Soil B \\ ' bisulfate*

Additional information osoil samples is found in SOP 5035 / NV05-108.
*Trisodium phosphate is optional, as needed. If TSP is used, the pH must be greater than 11.
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SOP Number/Revision No.: 5030/ NV05-107.10 Effective Date: 5/31/2013
Last Mod. Date: 3/29/2013

SOP Title: Method 5030B/5030C - Purge-And-Trap For Aqueous Samples{ Method 5030A —
Purge And Trap For Soils And Sediments
Affected SOP Section Number(s): Section 10.4, Sample pH Determination and al Chlorine

Check
CONTROLLED DISTRIBUTION ‘
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Revision Number with Mod ID: 10a < \/)
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O Typographical Corrections (Non-Technical) — Re-Traini equired.

O Typographical Corrections (Technical — Define) — Analyst acknowledgement of corrections is required.

I Procedural Changes (Define Below) — Re-Trai @(uwed
O Other

nderllned text: delete crossed-out text.

Summary of Procedure Change: Add

and Residual Chlorine Check: After the sample has been
ple using narrow-range, pH paper. Compare the test strip to the
chart on the test strip containerg Record in LIMS . Ifthe pHis >
2 or < 11, then a NCM must be added in LIMS. For non-
preserved samples an ples from North Carolina, check for residual chlorine using test strips.
Record if present an@ r generate a NCM, if needed, in LIMS.

- -

10.4 Sample pH Determi
analyzed, check the pH of the

-
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Supervisor Approval Date | Supervisor Approval Date
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1.0 Scope and Application

1.1 Analyte, Matrices: This method describes a purge-and-trap procedure for the analysis of
volatile organic compounds (VOCSs) in aqueous samples, bulk soil (low-level), and water miscible
liquid samples. It also describes the analysis of high concentration soil and waste sample
Methanol extracts prepared in Method 5035 / NV05-108. The gas chromatographic determinative
steps are found in Methods 8015 / NV05-31 (GRO) and 8021 / NV05-90. The method is also
applicable to GC/MS Method 8260 / NV05-77.

1.2 This method is used for most volatile organic compounds that have-boiling points below
200°C and are insoluble or slightly soluble in water. Volatile water-soluble compounds can be
included in this analytical technique; however, quantitation limits may be higher because of poor
purging efficiency. The method is also limited to compounds that elute as'sharp peaks from a GC
capillary column. Such compounds include low molecular weight halogenated hydrocarbons,
aromatics, ketones, nitrites, acetates, acrylates, ethers, and sulfides.

1.3 This method, in conjunction with Method 8015 (GC/FID), is-used for the analysis of the
aliphatic hydrocarbon fraction in the light ends of total petroleum hydrocarbons (TPH), e. g.,
gasoline. A total determinative analysis of gasoline fractions is obtained using GC/FID) with
Method 8015. The analysis of gasoline, TPH and VPH are.covered in the SOP for 8015 / NV05-
31 or the state-specific method SOP.

1.4 Water samples are analyzed directly for volatile organic compounds by purge-and-trap
extraction and gas chromatography. Higher concentrations of these analytes in water are
determined by dilution of the sample prior to the purge-and-trap process. Compositing is allowed.
15 Reporting Limits: See the determinative method SOP and LIMS.

1.6 If for any reason a part of this method cannot be followed, seek the guidance of the
Department Supervisor/Manager or the Technical Director. All abnormalities must be noted on
the data or the benchsheet and in the Laboratory Information Management System (LIMS).

2.0 Summary of Method

2.1 Aqueous Samples: An inert'gasis bubbled through a portion of the aqueous sample at
ambient temperature, where the volatile components are efficiently transferred from the aqueous
phase to the vapor phase. The vapor is swept through a sorbent column where the volatile
components are adsorbed. After-purging is completed, the sorbent column is heated and back-
flushed with inert gas to desorb. the components onto a gas chromatograph.

2.2 High Concentration. Extracts from Method 5035: An aliquot of the extract prepared in
Method 5035 / NV05-108 is combined with organic-free reagent water in a VOA vial. It is then
analyzed by purge-and-trap following the normal aqueous method.

2.3 Low-concentration, Bulk Soil. Transfer to a preserved VOA vial. See SOP 5035 / NV05-
108.

3.0 Definitions

See TestAmerica Nashville’s Quality Assurance Manual Appendix 5 for laboratory definitions.
Also, refer to Controlled Document QAF-45, TestAmerica Nashville Acronyms, Keywords, and
Definitions.

4.0 Interferences

4.1 Impurities in the purge gas, and from organic compounds out-gassing from the plumbing
ahead of the trap, account for the majority of contamination problems. The analytical system is
demonstrated to be free from contamination under the conditions of the analysis by running
laboratory reagent blanks. The use of non-polytetrafluoroethylene (non-PTFE) plastic coating,
non-PTFE thread sealants, or flow controllers with rubber components in the purging device is
avoided, since such materials out-gas organic compounds which are concentrated in the trap
during the purge operation. These compounds result in interferences or false positives in the
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determinative step.

4.2 Samples can be contaminated by diffusion of volatile organics (particularly methylene
chloride and fluorocarbons) through the septum seal of the sample vial during shipment and
storage. A trip blank prepared from organic-free reagent water and carried through sampling and
handling protocols serves as a check on such contamination.

4.3 Contamination by carryover can occur whenever high-concentration and low-
concentration samples are analyzed sequentially. Whenever an unusually concentrated sample is
analyzed, follow with an analysis of organic-free reagent water to check-for-and minimize the
potential for cross-contamination. The trap and other parts of the system are subject to
contamination. Therefore, frequent bake-out and purging of the entire system’is required. Repeat
any samples where contamination is suspected.

4.4 The laboratory where volatiles analysis is performed must be completely free of solvents.
Special precautions are taken to determine methylene chloride. The analytical and sample
storage areas are isolated from all atmospheric sources of methylene chloride. Otherwise random
background levels are possible. Since methylene chloride permeates through PTFE tubing, all
GC carrier gas lines and purge gas plumbing are constructed of copper, nickel or Silcosteel®
tubing. Laboratory workers' clothing previously exposed to methylene chloride fumes during
common liquid/liquid extraction procedures can contribute to sample contamination. The
presence of other organic solvents in the laboratory where volatile organics are analyzed also
leads to random background levels and the same precautions are taken.

5.0 Safety
Employees must abide by the policies and procedures in the Corporate Safety Manual and this

document. This procedure may involve hazardous material, operations and equipment. This
document does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user of the method to follow appropriate safety, waste disposal and health
practices under the assumption that all samples and reagents are potentially hazardous. Safety
glasses, gloves, lab coats and closed-toe, nonabsorbent shoes are a minimum.

5.1 Specific Safety Concerns.or Requirements: Employees must wear Kevlar gloves when
opening and closing VOA vials.

5.2 Primary Materials Used:- The following is a list of the materials used in this method,
which have a serious or ssignificant hazard rating. Note: This list does not include all
materials used in the method. The table contains a summary of the primary hazards listed
in the MSDS for each of the materials listed in the table. A complete list of materials used in
the method can be found.-in the reagents and materials section. Employees must review the
information in the MSDS for each material before using it for the first time or when there are major
changes to the MSDS.

Material (1) Hazards Exposure Signs and symptoms of exposure
Limit (2)
Methanol Flammable | 200 ppm- A slight irritant to the mucous membranes. Toxic effects exerted upon
Poison TWA nervous system, particularly the optic nerve. Symptoms of overexposure
Irritant include headache, drowsiness and dizziness. Methyl alcohol is a defatting
agent and causes skin to become dry and cracked. Skin absorption can
occur; symptoms parallel inhalation exposure. Irritant to the eyes.
Hydrochlo-ric | Corrosive 5 ppm- Inhalation of vapors can cause coughing, choking, inflammation of the
Acid Poison Ceiling nose, throat, and upper respiratory tract, and in severe cases, pulmonary
edema, circulatory failure, and death. Causes redness, pain, and severe
skin burns. Vapors are irritating and cause damage to the eyes. Contact
causes severe burns and permanent eye damage.
Sodium Irritant None Causes mild to severe irritation to the eyes. Prolonged exposure causes
bisulfate burn if not flushed with water. Causes mild irritation to skin. Prolonged
exposure causes burn if not flushed with water.
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Material (1) Hazards Exposure Signs and symptoms of exposure

Limit (2)
Trisodium None Keep in closed container; avoid high temperatures and strong
phosphate listed acids.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

6.0
6.1

Equipment and Supplies
Instrumentation

e Purge-and-trap system - The purge-and-trap device consists of two separate pieces of
equipment: the autosampler and purger/trap.

The purging chamber is designed to accept 5, 10 or 25:mL samples. The gaseous

headspace between the water column and the trap must have a total volume of less than

15 mL. The purge gas must pass through the water column as finely divided bubbles with

a diameter of less than 3 mm at the origin. The purge gas must be introduced no more

than 5 mm from the base of the water column.

The desorber is capable of rapidly heating the trap to 260°C for desorption, Tekmar or

Encon.

Autosampler, Archon or Centurion.

Trap Packing Materials

e 2, 6-Diphenylene oxide polymer- 60/80-mesh, chromatographic grade (Tenax GC or
equivalent).

e VOCARB 3000 (trap K), Carbopack B/.Carboxen 1000 & 1001. Trap for 8260 / NV0O5-
77.

e BTEX TRAP, Carbopack C & B.~Trap for 8015/ NV05-31 (GRO) and 8021 / NV05-90.

Note: It is possible for even.newly constructed traps to have become contaminated
prior to their first use from airbome vapors. These highly adsorptive materials must be
kept tightly sealed in an area of minimum organic vapor contamination.

e Condition the trap at-the.manufacturer's recommended temperature in the purge mode
with an inert gas-flow of about 20 mL/minute.

Capillary GC Columns - Any GC capillary column that meets the performance

specifications of the.determinative method may be used. See the specific determinative

method (8015. /- NV05-31, 8021 / NV05-90, or 8260 / NV05-77) for recommended

columns, conditions and retention times.

Purge and Trap-Operating Conditions:

Analysis Method

8015 8260 8021 & 8015°
Purge gas He or N, He or N, He or N,
Purge gas flow rate (mL/minute) 40 40 40
Purge time (minute) 15.0£0.1 11.0x£0.1 12.0+£0.1
Purge temperature (°C) Ambient Ambient Ambient
Desorb temperature (°C) 240 240 240
Backflush inert gas flow (mL/minute) 20-60 20-60 20-60
Desorb time (minute) 4 4 4
Dry Purge time (minute) 1-3 1-3 3
* For Method 8015 (gasoline or TPH only), refer to state-specific method if applicable. If a
state specific method is not applicable, then use the conditions in this table.
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Analysis Method
8015" 8260 8021 & 80157
“ When Method 8015 and 8021 are analyzed in combination and a state-specific method is
not applicable, use the conditions in this table.
These conditions are recommended and may be changed to optimize the instrument. See
instrument maintenance log for instrument conditions. See the department supervisor or the
laboratory technical director before altering the purge time, purge temperature or desorb time.

For GC/MS, optimize the flowrate to provide the best response for chloromethane and
bromoform if these compounds are analytes. Excessive flowrate reduces chloromethane
response, whereas insufficient flow reduces Bromoform response.

Supplies
Microsyringes - 10 uL, 25 uL, 100 uL, 250 uL, 500 uL, and 2,000 uL. These syringes are
equipped with a needle having a length sufficient to ‘extend from the sample inlet to
approximately 1" below liquid level.
5-mL glass syringe with Luer-lock top.
Volumetric flasks, Class A - 10 mL, 50 mL, and 100‘mL, with ground-glass stoppers.
Vials — VOA vials, 40 mL, PTFE septa.
Narrow-range pH paper
Free Chlorine Check paper (Industrial Test Systems or equivalent)

Reagents and Standards

Reagent water, analyte-free.

Methanol, purge-and-trap grade.

Sodium bisulfate.

See the determinative method (8015 / NV05-31, 8021 / NV05-90, 8260 / NV05-77) for

other reagents and standards.

7.5

See SOP Reagent and Standard Purchase, Preparation, Control, Documentation / NV08-

224 for shelf-life and storage requirements for reagents and standards.

8.0  Sample Collection, Preservation, Shipment and Storage
Sample Min. Sample Size Holding
Matrix Container Preservation Time Reference
Water Glass 40-mL VOA vials, No Cool 0-6°C, 14 days SW-846
headspace pH < 2 with HCI* from time | Section 2.0
High-Concen- 2-0z. container, Teflon- Cool 0-6°C, of
tration Soil lined cap, or EnCore™ Cover with Methanol. | collection
Low-Concen- 5g/VOA Cool 0-6°C, if
tration, Bulk Sodium bisulfate* preserved
Soil ; 7 days if
not
preserved

Additional information on soil samples is found in SOP 5035 / NV05-108.
*Trisodium phosphate is optional, as needed.

9.0

Quality Control

Refer to the quality control section of TestAmerica Nashville’s QA Manual for specific quality
control (QC) policies. The laboratory maintains a formal quality assurance program and records
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to document the quality of the data generated.

9.1 Sample QC: Quality control samples are prepared with each batch of no more than 20
samples. See the determinative methods for specifics on how these are made up. QC samples
are prepared with reagent water (an exception is the Methanol method blank for the high
concentration samples, Section 10.1.4).

9.2 Instrument QC: See the determinative methods.

10.0 Procedure
10.1 Sample Preparation
e All samples and standard solutions are allowed to warm to -ambient temperature before

analysis.

e This procedure is suitable for aqueous samples and samples that are water miscible.

e Compositing must be done in a closed system via a syringe: Withdraw equal amounts of
each sample through the septa into a 50 mL syringe. Transfer to a VOA vial for analysis. Do
not exceed 5 samples per composite,

Matrix Sample Size
Water 5-25 mL
Soil 59

10.1.1 Waters received in VOAs

Analyze the VOA sample as received by placing it in the autosampler and starting
the instrument.

If the sample vial contains sediment that could potentially be pulled to the
autosampler, use another.vial of the sample that does not have sediment. If no
secondary vial is available or the secondary vial also has sediment, transfer the
liquid contents of the sample vial into a clean, unused VOA vial. To eliminate
headspace, dilute the'sample or use the second sample vial to obtain a full VOA.
If combining vials;-flag the data indicating actions taken.

10.1.2 Waters received'in VOASs requiring dilution

If the initial analysis of a sample or a dilution of the sample has a concentration of
analytes/ that exceeds the upper calibration standard, the sample must be
reanalyzed at a higher dilution.

When a-sample is analyzed that has saturated response from a compound, follow
with “the analysis of a blank containing organic-free reagent water. If this
subsequent blank analysis is not free of interferences, the system must be
decontaminated. Sample analysis for that target analyte must not resume until a
blank is less than the reporting limits (RLs) for all target compounds. Repeat any
samples suspected to have been affected by the contamination.

Keep dilution responses of the major constituents (previously saturated peaks) in
the upper half of the linear range of the curve. Proceed to the specific
determinative method for details on calculating analyte response.

Dilutions must be made in Class A volumetric flasks (10 mL to 100 mL). Select the
volumetric flask that allows for the necessary dilution. Intermediate dilutions may
be necessary for extremely large dilutions.

Calculate the approximate volume of organic-free reagent water to be added to the
volumetric flask selected and add slightly less than this quantity of organic-free
reagent water to the flask.
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Inject the proper aliquot of samples into the flask. Avoid using aliquots of less than
1 mL. Dilute the sample to the mark with organic-free reagent water. Cap the
flask; invert three times. Repeat the above procedure for additional dilutions.
Immediately transfer to a clean VOA vial.

10.1.3 Water-miscible liquids are analyzed as water samples after first diluting them at
least 50-fold with organic-free reagent water.

10.1.4

10.1.5

10.2

Initial and serial dilutions are prepared by pipetting 2.0 mL of the -sample into a
100-mL, Class A, volumetric flask and diluting to volume with organic-free reagent
water. Invert 3 times. Transfer immediately to a clean, unused VOA vial. All
steps must be performed without delays until the diluted sample is in a clean,
unused VOA vial. (Intermediate dilutions may be necessary for extremely large
dilutions.)

For the analysis of solvent extracts from High Concentration Samples prepared by
Method 5035 / NV05-108.

Estimate the concentration range of the sample from the low-concentration
analysis to determine the appropriate volume.

If the sample was submitted as a high-concentration sample, examples of the
quantity of Methanol extract required are shown in the table in this section. Start
with 100.0 yuL Methanol extract per 5 mL reagent water, i. e., 1.0 mL to 50 mL
reagent water.

Do not exceed 100 pL Methanol per.5'mL of water.

All dilutions should keep the response of the major constituents (previously
saturated peaks) in the upper half of the linear range of the curve.

Run a method blank using 1.0 mL Methanol to 50 mL reagent water in a Class A
volumetric flask. Cap and-carefully invert three times before pouring into a VOA
vial.

Proceed with the analysis as outlined in the specific determinative method.
Analyze all reagent'blanks on the same instrument as that used for the samples.
The standards and blanks also contain the same volume of Methanol to simulate
the sample conditions.

Low-concentration Bulk Soils: The low-concentration method is based on purging a
heated sediment/soil sample mixed with Sodium bisulfate-preserved or Trisodium
phosphate-preserved, organic-free reagent water containing the surrogate and, if
applicable, internal and matrix spiking standards.

Analyze “all reagent blanks and standards under the same conditions as the
samples.

Do _not discard any supernatant liquids. Mix the contents of the sample container
with a narrow spatula. Weigh the amount determined. See SOP 5035 / NV05-
108.

Use a 5 g sample.

Please the VOA vial in the autosampler and start the program. The sample is
heated to 40 + 1°C as described in the determinative method.

Calibration and Sample Analysis

10.2.1 Initial Calibration

Prior to using this introduction technique for any determinative method, the system must
be calibrated. See the determinative method for details on calibration procedures.
GC/MS methods require instrument tuning prior to proceeding with calibration and
analysis.
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Place the final solutions (in VOA vials) containing the required concentrations of
calibration standards, including surrogate standards, in the autosampling device.

Set the autosampler to transfer 5.0 to 25 mL of organic-free water or calibration standard
to the purging device.

The volume of organic-free reagent water used for calibration must be the same volume
used for sample analysis (normally 5 mL, 10 mL, or 25 mL).

Internal standards, if applicable, and surrogates are automatically added by the
autosampler. The same amount of internal standard/surrogate must be added to each
standard and sample. The surrogate and internal standards are typically mixed and
added as a single spiking solution (see determinative method for details).

Process the calibration and calculate the response factors (RF).or calibration factors (CF)
for each analyte of interest. See the determinative method for specific initial calibration
requirements.

10.2.2 Calibration Verification: To prepare a calibration verification standard, inject an

appropriate volume of a primary dilution standard in an aliquot of organic-free reagent
water in a 50 mL volumetric flask. Invert three times. Transfer to a clean VOA vial by
slowly pouring down the side of the VOA. Cap-and-place in the autosampler.
Place the sample VOA vial in the autosampler and start the method, i.e., “water” or “soil”.
All samples and QC must be purged under the same conditions.
Refer to the determinative method for details on ongoing calibration verification
acceptance criteria. These criteria must be.met prior to analyzing samples.

10.2.3 Sample Desorption (for non-cryogenic/interfaces)

The autosampler program automatically performs these steps. After the 11-, 12-, or 15-
minute purge, the purge-and-trap system goes to desorb mode and preheats the trap to
the temperature recommended for.the specific trap packing material without a flow of
carrier gas passing through the trap.

Note: Some purge-and-trap systems are capable of performing a moisture removal step
(e. g., dry purge) which ‘can._eliminate excess moisture from the trap and gas lines by
purging the trap just prior to the desorption step. However, the utility of a moisture removal
step depends on the nature of the trap packing material. In general, when using a carbon-
based, hydrophobic trap packing, this step prevents moisture from entering the GC
system and affecting-chromatography. Optimum results are achieved through the proper
choices of: the moisture control device, the trap packing material, trap temperature during
moisture removal, and carrier gas flow. The use of trap back pressure control is also
necessary.-Consult instructions from both the manufacturer of the purge-and-trap system
and the supplier of the trap packing material before employing a moisture removal step.

The GC temperature program begins, and data acquisition is started. The carrier gas
flowrate depends on the trap employed. Desorption time is 4 minutes.

After desorbing the sample, the trap is reconditioned by reforming the purge-and-trap
device to the purge mode. The trap temperature is maintained per the manufacturer’s
recommendations.

While the trap is being desorbed into the gas chromatograph, the purging chamber is
drained and washed with a minimum of two 5 mL flushes of organic-free reagent water to
minimize carryover of volatile organics into subsequent analyses.

10.2.4 Sample Analysis

The samples prepared by this method are analyzed by Methods 8015, 8021, or 8260.
Refer to these methods for appropriate analysis conditions. For the analysis of gasoline,
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use Method 8021 with GC/PID for BTEX in series with Method 8015 with the GC/FID
detector for hydrocarbons.

10.3 Example Analysis Queue / Sequence: See the determinative method.

10.4  Sample pH Determination and Residual Chlorine check: After the sample has been
analyzed, check the pH of the sample using narrow-range, pH paper. Compare the test strip to
the chart on the test strip container. Record the pH on the runlog or benchsheet. If the pH is
> 2 or < 11, then a comment must be placed on the benchsheet and in LIMS.-For non-preserved
samples and samples from North Carolina, check for residual chlorine using test strips. Record if
present and note in LIMS.

11.0 Calculations / Data Reduction

11.1  Accuracy: Not applicable.

11.2 Precision (RPD): Not applicable.

11.3  For final concentrations, see the determinative method.

12.0 Method Performance

12.1 Method Detection Limit Study (MDL): The method detection limit (MDL) is the lowest
concentration that can be detected for a given analytical ‘method and sample matrix with 99%
confidence that the analyte is present. The MDL is‘determined according to the laboratory’'s MDL
procedure in SOP Determination of Method Detection.Limits / NV08-202. MDLs reflect a calculated
(statistical) value determined under ideal laboratory conditions in a clean matrix, and may not be
achievable in all environmental matrices. The laboratory maintains MDL studies for analyses
performed; these are verified at least annually. ‘unless method requirements require a greater
frequency.

12.2 Demonstration of Capability: The laboratory demonstrates initial proficiency by
generating data of acceptable accuracy and precision for target analyses in a clean matrix. The
laboratory also repeats the operation whenever new staff is trained or significant changes in
instrumentation are made and .on an annual basis thereafter. See the training section of
TestAmerica-Nashville’s QA Manual and SOP Training / NV08-199 for information on how to
accomplish this demonstration.

12.3 Training Requirements:+ Demonstration of Capability is performed initially when learning
the method and annually thereafter. Four Laboratory Control Samples resulting in an average %
recovery within the control: limits and a precision less than the quality control maximum are
required for each matrix.

12.4 Proficiency«Testing Studies: The laboratory participates in formal proficiency testing
(PT) studies, where solutions of unknown concentrations are analyzed and the performance of all
participants is compared. See the QA department for the results of recent PT studies.

13.0 Pollution Control

It is TestAmerica’'s policy to evaluate each method and look for opportunities to minimize waste
generated (i. e., examine recycling options, ordering chemicals based on quantity needed,
preparation of reagents based on anticipated usage and reagent stability). Employees must
abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention.”

14.0 = Waste Management

14.1 Waste management practices are conducted consistent with all applicable rules and
regulations. Excess reagents, samples and method process wastes are managed, stored, and
disposed of in accordance with all federal and state laws and regulations. Waste description rules
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and land disposal restrictions are followed. Waste disposal procedures are incorporated by

reference to the QA Manual and SOP Waste Disposal / NV10-83.

14.2 Wastestreams Produced by the Method:

e The samples are taken to the waste disposal area for neutralization and discharge to the
sanitary sewer.

15.0 References / Cross-References

15.1 Method 5030A, SW-846 Update |, Revision 1, July 1992, 5030B;-SW-846 Update llI,
Revision 2, December 1999, and 5030C, SW-846, May 2003.

15.2 TestAmerica Nashville’s Quality Assurance Manual.

15.3

15.4 Corporate Environmental Health and Safety Manual (CW-E-M-001)

15,5 SOPs: 8015 / NV05-31, 8260 / NV05-77, 8021 / NV05-90, 5035 / NV05-108, Waste
Disposal / NV10-83, Training Procedures for Environmental Technical Staff / NV08-199,
Determination of Method Detection Limits / NV08-202.

15.6 Controlled Document: QAF-45, TestAmerica Nashville — Acronyms, Keywords, and
Definitions.

16.0 Method Modifications
None.

17.0 Attachment
None.

18.0 Revision History
e Revision 7, dated 10 September 2008

e Integration for TestAmerica and STL operations.
e Revision 8, 9 October 2009

e Update for OH VAP requirements.
e Revision 9, 28 February 2011

e Addition of QAF-45 and Section 14.2.

e Addition of free chlorine check in Section 10.4.

e Removed WY batch of 10 samples requirement.
e Revision 10, 29 March 2013

e Organizational.changes.
Add 5030A and.5030C; low-concentration, bulk soil; compositing instructions.
OK no longer limits batch size to 10 samples.
Remove reference to the Control Limits Manual.
Add reference to Trisodium phosphate.
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1.0 Scope and Application

1.1 Analyte, Matrices: The method is applicabie to the elements listed below. All matrices,
excluding filtered groundwater samples but including ground water, aqueous samples, TCLP and
SPLP extracts, industrial and organic wastes, soils, sludges, sediments, and other solid wastes,
require digestion prior to analysis. Groundwater samples that have been pre-filtered and acidified
do not need acid digestion. Refer to SOPs Method 3010 / NV06-18, 3015 / NV06-19, Method
3050 / NV06-93, 3051 / NV06-94, and 3005 / NV06-103 for the appropriate digestion procedures.

Table 1: Recommended Wavelengths and Typical Reporting Limits

Element -~ | CAS # . | Wavelength® (nm):| Typical RL (ug/L) | Typical RL{{mg/kg)
Aluminum 7429-90-5 308.215 100 20
Antimony 7440-36-0 206.833 10 10
Arsenic 7440-38-2 189.0 10 1.0
Barium 7440-39-3 493.4 ICP2 10 2.0
233.51CP4,5 '
Beryllium 7440-41-7 313.042 4 1.0
Boron 7440-42-8 249.678x2 50 10
Cadmium 7440-43-9 226.502 1 1.0
Calcium 7440-70-2 373.61CP4, 5 1000 100
317.933
Chromium 7440-47-3 267.716 5 1.0
Cobalt 7440-48-4 228.616 20 3.0
Copper 7440-50-8 324.754 10 2.0
Iron 7439-89-6 | 271.41CP2,4,5 ' 100 20
259.9 1ICP4,5
Lead 7439-92-1 220.353 5 1.0
Lithium 7439-93-2 670.784 50 10
Magnesium | 7439-95-4 279.079 1000 100
Manganese | 7439-96-5 257.610 15 3.0
Molybdenum | 7439-98-7 202.030 - 50 3.0
Nickel 7440-02-0 231.604x2 10 1.0
Potassium 7440-09-7 766.491 1000 : 100
Selenium 7782-49-2 196.026 10 2.0
Silver 7440-22-4 328.068 5 1.0
Sodium 7440-23-5 | 589.5° ICP ICP4,5 1000 200
330.2 1CP2,4,5.
Strontium 7440-24-6 421.5 50 - 10
Sulfur 7704-34-9 182.0 500 2.0
Thallium 7440-28-0 190.864 10 10
Tin 7440-31-5 189.980x2 50 10
Titanium 7440-32-6 334.941 50 10
Vanadium 7440-62-2 292.402 20 10
Zinc 7440-66-6 | 213.856x2 ICP4,5 50 IS
. 206.2 ICP2
Yttrium 7440-65-5 224.3 ICP4,5 IS IS
360.0 ICP4,5
Scandium 7440-20-2 361.384 ICP2 | - 1S IS
Indium 7440-74-6 230.6 IS
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®The wavelengths listed (where x2 indicates second order) are recommended because of
their sensitivity and overall acceptance. Other wavelengths may be substituted (e. g., in the
case of an interference) if they can provide the needed sensitivity and are treated with the
same corrective techniques for spectral interference. In time, other elements may be added
as more information becomes available and as required.

°Highly dependent on operating conditions and plasma position.

1.2 Reporting Limits: Detection limits and linear concentration ranges.of the elements can
vary with the wavelength, spectrometer, matrix and operating conditions. . Table 1 lists the
analytical wavelengths and typical reporting limits in clean matrices.

1.3 Use of this method is restricted to analysts who are knowledgeable in the correction of
spectral, chemical, and physical interferences described in this method.

1.4 If for any reason a part of this method cannot be followed, seek the guidance of the
Department Supervisor or the Technical Director. All abnormalities must be noted on the data or
the benchsheet and in the Laboratory Information Management System (LIMS).

2.0 Summary of Method
21 Prior to analysis, samples are solubilized or digested using appropriate Sample

Preparation Methods. When analyzing groundwater samples for dissolved constituents, acid
digestion is not necessary if the samples are filtered and acid preserved prior to analysis.

2.2  This method describes muiti-elemental determinations by ICP-AES using simultaneous
and sequential systems. Samples are nebulized and the resulting aerosol is transported to the
plasma torch. Element-specific emission spectra are produced by a radio-frequency inductively
coupled plasma. The spectra are dispersed by a‘grating spectrometer, and the intensities of the
emission lines are monitored by photosensitive devices. Background correction is required for
trace element determination. Background is measured adjacent to analyte lines on samples
during analysis. The position selected for the background-intensity measurement, on either or
both sides of the analytical line, is determined by the complexity of the spectrum adjacent to the
analyte line. Background correction is not required in cases of line broadening where a
background correction measurement would actually degrade the analytical result.

3.0 Definitions

3.1 Field Reagent Blank:.-An aliquot of reagent water that is placed in a sample container in
the laboratory and treated as a sample in all respects, including shipment to the sampling site,
exposure to the sampling site conditions, storage, preservation, and all analytical procedures.
The purpose is to determine if method analytes or other interferences are present in the field
environment.

3.2 Instrument Detection Limits (IDLs) are useful means to evaluate the instrument noise
level and response changes over time for each analyte from a series of reagent blank analyses to
obtain a calculated concentration. They are not to be confused with the lower limit of quantitation,
nor should they be used in establishing this limit.

3.3 Internal Standard: Pure analyte added to a sample, in known amount(s) and used to
measure the relative responses of other method analytes that are components of the same
sample or solution. The internal standard must be an analyte that is not a sample component.

3.4 Linear Range (LR): The concentration range over which the instrument response to an
analyte is linear. '

3.5  Spectral Interference Check (SIC) Solution: Used to prepare ICSA and ICSAB. A
solution of selected method analytes of higher concentrations which is used to evaluate the
procedural routine for correcting known inter-element spectral interferences with respect to a
defined set of method criteria. See Thermo Jarrell Ash method 136972-00 revision 0 (7/28/95) for
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procedure.

3.6 Inter-element Correction (IEC): Single element solutions are used to determine the -

appropriate location for background correction and to establish the inter-element correction
routine.

3.7 Toxicity Characteristics Leaching Procedure (TCLP): An extraction process which
attempts to simulate the leaching of samples into the ground/soil at a municipal landfill.

3.8  TCLP Blank Matrix: An aliquot of TCLP fluid that is treated exactly as a sample including
exposure to all glassware, equipment, solvents, reagents, and internal standards that are used
with other samples. This blank is used to determine if method analytes or other interferences are
present in the TCLP extraction fluid used in the preparation of TCLP samples.

3.9 Synthetic Precipitation Leaching Procedure (SPLP): An extraction process which
attempts to simulate the leaching of samples in to the soil from a rain event.

3.10 SPLP Blank Matrix: An aliquot of SPLP fluid that is treated exactly as a sample including
exposure to all glassware, equipment, solvents, reagents, and.internal standards that are used
with other samples. This blank is used to determine if method analytes or other interferences are
present in the SPLP extraction fluid used in the preparation of SPLP samples.

3.11 See TestAmerica Nashville's QA Manual Appendix 5 for other laboratory definitions. Also,
refer to Controlled Document QAF-45, TestAmerica Nashville Acronyms, Keywords, and
Definitions.

4.0 Interferences :

4.1 Spectral interferences are caused by ~background emission from continuous or

recombination phenomena, stray light from the line emission of high concentration elements,

overlap of a spectral line from another element, or/unresolved overlap of molecular band spectra.

4.1.1 Background emission and stray.light can usually be compensated for by subtracting
the background emission determined by measurements adjacent to the analyte
wavelength peak. The-locations selected for the measurement of background
intensity are determined by the complexity of the spectrum adjacent to the
wavelength peak. The locations used for routine measurement must be free of off-
line spectral interference (inter-element or molecular) or adequately corrected to
reflect the same change in background intensity as occurs at the wavelength peak.
4.1.2 Spectral overlaps.may be avoided by using an alternate wavelength or can be

compensated by equations that correct for inter-element contributions. Instruments
that use equations for inter-element correction require the interfering elements be
analyzed “at-the same time as the element of interest. When operative and
uncorrected, interferences produce false positive determinations and are reported as
analyte “concentrations. Analysts may apply inter-element correction equations
determined on their instruments with tested concentration ranges to compensate for
the effects of interfering elements. Some potential spectral interferences observed
for the recommended wavelengths are given in Table 2. The interferences listed are
only those that occur between method analyses. Only interferences of a direct
overlap nature are listed.

Table 2: Potentlal Interferences by Analyte

L 0 “Interferant
Analyte Wavelengt :(nm) Al :C'a | Cr | Fe'| Mg
Aluminum 308.215 -~ | - —~ | - | - --
Antimony 206.833 XX | - | XX | = | XX | -
Arsenic 189.0 XX | —- | XX | - -- -
Barium 493.4 o e e -
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v Interferant
Analyte Wavelength (nm) | Al [Ca | Cr | Cu|Fe |[Mg | Mn | Ni | Ti | V
Beryllium 313.042 e R e e e - -~ | XX | XX
Cadmium 226.502 - | e = | XX - - | XX | - --
Calcium 317.933 | XX = XX XX XX | - | XX | XX
Chromium 267.716 - | - -] = XX = XX e | - | XX
Cobalt 228.616 - - | XX - | XX | - — XX XX ] -
Copper 324.754 - - - - | XX] - = e | XX | XX
Iron 271.4 e e e e 2. e --
Lead 220.353 XX | - | = | =~ | - | - - - - -
Lithium 670.784
Magnesium 279.079 — [ XX XX ] - XX = XX - | XX XX
Manganese 257.610 XX| - | XX | - [ XX} XX | - | = | ~ | -
Molybdenum 202.030 XX | = | - | = | XX | - i e e e
Nickel 231.604 e R e e e e -- | - --
Selenium 196.026 XX | = | —- | - | XX]| - -- — | - --
Sodium 588.995/ 330.2 o e e e e - - | XX | -
Sulfur 182.034
Thallium 190.864 XX | —- |~ - | -1 - -- - | - --
Vanadium 292.402 — | - XX - | XX | - -- - | XX | -
Zinc 213.856/206.2 — = [ XX - | - -~ | XX | -- --
Dashes indicate that no interference was observed even when interferants were introduced.
XX - Interference may be possible.

4.1.3 When using inter-element correction equations, the interference may be expressed
as analyte concentration‘equivalents (i. e., false analyte concentrations) arising from
the linear range of the interference element. Instruments may exhibit somewhat
different levels of interference than those shown in Table 2. The interference effects
must be evaluated for each individual instrument since the intensities vary. This
evaluation is filed in.the method of the instrument’s computer.

414 Inter-element correction accuracy must be verified daily by analyzing spectral
interference check solutions. Inter-element correction factors must be verified every

: six months or when ICSA or ICSAB fail(s) criteria.
4.2 Physical interferences are effects associated with the sample nebulization and transport
processes. Physical interferences are reduced by diluting the sample and by using an internal
standard.
4.3 Chemical interferences include molecular compound formation, ionization effects, and
solute vaporization effects. Normally, these effects are not significant with the ICP technique, but
if observed, can be minimized by careful selection of operating conditions (incident power,
observation position, and so forth), by matrix matching. Chemical interferences are highly
dependent on matrix type and the specific analyte element.
4.4  Memory interferences result when analyses in a previous sample contribute to the signals
measured in a new sample. Memory effects can result from sample deposition on the uptake
tubing to the nebulizer and from the build up of sample material in the plasma torch and spray
chamber. The site where these effects occur is dependent on the element and can be minimized
by flushing the system with a rinse blank between samples. This method requires a rinse period
of at least 45 seconds between samples and standards.

5.0 Safety
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5.1 Employees must abide by the policies and procedures in the Corporate Safety Manual
and this document. This procedure may involve hazardous material, operations and equipment.
This document does not purport to address all of the safety problems associated with its use. It is
the responsibility of the user of the method to follow appropriate safety, waste disposal and health
practices under the assumption that all samples and reagents are potentially hazardous. Safety
glasses, gloves, lab coats and closed-toe, nonabsorbent shoes are a minimum.
5.2 Specific Safety Concerns or Requirements:
e The acidification of samples containing reactive materials may result in.the release of toxic
gases, such as cyanides or sulfides. Acidification of samples should be'done in a fume hood.
e The inductively coupled plasma should only be viewed with proper eye protection from the
ultraviolet emissions.
e The ICP uses high voltage.
5.2 Primary Materials Used: The following is a list of the materials used in this method,
which have a serious or significant hazard rating. Note: This-list does not include all
materials used in the method. The table contains a summary of the primary hazards listed
in the MSDS for each of the materials listed in the table. A complete list of materials used in
the method can be found in the reagents and materials _section. Employees must review the
information in the MSDS for each material before using it for the first time or when there are major
changes to the MSDS.

ydro- orrosive ppm- Inhalation of p auses coughlng, ‘chok g,
chioric Poison Celling nose, throat, and upper respiratory tract, and in severe cases,
Acid pulmonary edema, circulatory failure, and death. Causes redness,
pain, and severe skin burns. Vapors are irritating and cause damage
to the eyes. Contact causes severe burns and permanent eye

damage.
Nitric Corrosive | 2 ppm- Nitric. acid is extremely hazardous; it is corrosive, reactive, an
Acid Oxidizer | TWA oxidizer, and a poison. Inhalation of vapors causes breathing
Poison 4 ppm- difficulties and leads to pneumonia and pulmonary edema, which
STEL may be fatal. Other symptoms may include coughing, choking, and

irritation of the nose, throat, and respiratory tract. Causes redness,
pain, and severe skin burns. Concentrated solutions cause deep
ulcers and stain skin a yellow or yellow-brown color. Vapors are
irritating and cause damage to the eyes. Contact causes severe
burns and permanent eye damage.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

6.0 Equipment and Supplies

6.1 Instrumentation
o Inductively coupled plasma emission spectrometer, Thermo Scientific ICAP 6000 Series, or
equivalent.

e Computer-controlled emission spectrometer with background- correction capability. The
spectrometer must be capable of meeting and complying with the requirements described
and referenced in Section 4.0. ,

e Radio-frequency generator compliant with FCC regulations.

e Argon gas supply - High purity grade (99.99%).

e A peristaltic pump is required to deliver both internal standard and sample solutions to the
nebulizer.

¢ Mass flow controller to regulate the argon flow rate, especially the aerosol transport gas.
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e See Table 3 for instrument operating conditions selected as being optimal to provide the
lowest reliable instrument detection limits and method detection limits.

Table 3: Inductively Coupled Plasma Instrument Operating Conditions

ICP2 ICP4 & ICP5
Incident rf power 1100 watts 1150 watts
Reflected rf power < 5 watts --
Viewing height above work coil 15 mm --
Injector tube orifice i.d. 1 mm 2 mm center

tube

Argon supply liquid Argon | liquid Argon
Argon pressure 40 psi 80+ psi
Coolant argon flow rate 19 L/min 12 L/min
Aerosol carrier argon flow rate 620 mL/min { 0.5 L/min
Auxiliary (plasma) argon flow rate 300 mL/min-| 0.5 L/min
Sample uptake rate controlled to 1.2 mL/min 50 rpm

e Specific wavelengths are listed in Table 1.
Optimization of the plasma operating conditions: This function may be performed at
any time and is a routine which ensures that the wavelengths are correctly located on the
detector. During this routine, the pump stops, and the nebulizer gas is turned off because
the routine uses plasma wavelength positions, so no sample is required. The routine runs
automatically when the plasma is ignited:
e Analytical balance, with capability to measure to 1 mg.

6.2 Supplies
For determination of trace levels of elements, contamination and loss are of prime consideration.

Potential contamination sources include improperly cleaned laboratory apparatus and general
contamination within the laboratory environment from dust, etc. Sample containers can introduce
positive and negative errors in-the determination of trace elements by (1) contributing
contaminants through surface. desorption or leaching, (2) depleting element concentrations
through adsorption processes. All reusable labware (glass, quartz, polyethylene, PTFE, FEP,
etc.) must be sufficiently clean for the task objectives.

Volumetric flasks, 256 mL; 100 mL, 200 mL, Class A.

Adjustable Eppendorf pipettors, 10 pL - 100 L, 100 pL - 1000 uL, with disposable plastic tips.
Disposable serological pipettes, 1 mL, 5 mL, 10 mL. 4

Graduated Cylinders, 50 mL, 250 mL, 500 mL, Class A.

Beakers, 150 mL, with ribbed watch glass.

Centrifuge tubes, plastic, 50 mL, certified, graduated, with screw caps.

Watch glass, plastic, ribbed (for use with the centrifuge tubes).

Plastic centrifuge tube racks.

Narrow-mouth storage bottles, FEP (fluorinated ethylene propylene) with screw closure, 125 L
to 1-L capacities. :

e One-piece stem FEP wash bottle with screw closure, 125 L capacity.

o pH test strips.

o Teflon™ boiling chips for solid matrix blank (Chemware P/N D1069103, or equivalent).

7.0 Reagents and Standards
71 Reagent water, analyte-free.

Company Confidential & Proprietary




-1

SOP No. 6010 / NV06-44, Rev. 14
Effective Date. 9/14/12
Page No.: 8 of 23

7.2 Reagents may contain elemental impurities, which might affect analytical data. Only high-
purity reagents that conform to the American Chemical Society specifications are used. If the
purity of a reagent is in question, analyze for contamination. All acids used for this method must
be of ultra high-purity grade or equivalent.

7.3 Hydrochloric acid, concentrated (sp.gr. 1.19), HCI. To prepare a 5% solution, add 10
mL concentrated HCI to 190 mL reagent water.

7.4 Nitric acid, concentrated (sp.gr. 1.41), HNO;. To prepare a 5% soiution, add 10 mL
concentrated HNO; to 190 mL reagent water.

7.5  Standard Stock Solutions: Stock standards are purchased as certified commercial
solutions at 100, 500 or 1000 pg/mL (recommended). Stock solutions are stored in FEP bottles.
Replace stock standards yearly when succeeding dilutions for preparation of calibration
standards cannot be verified. Store standards containing silver in the'dark.

7.6 Spectral Interference Check solutions are prepared in the.same acid mixture as the
calibration standards and stored in FEP bottles. See Table 6 for SIC Preparation (ICSA and
ICSAB). _

1.7 Internal Standards: Yttrium and Indium for ICP4.-Purchase Ultra Scientific, or
equivalent, commercial standards at 1000 pg/mL in 2% HNOs: '1AA-249-5 for Indium; IAA-239-5
for Yttrium. Dilute 5 mL to 1 liter with 5% HNOj; for ICP2. For ICP4 and ICPS5, dilute 5 mL
Yttrium and 30 mL Indium to 1 liter with 5% HNO;.

7.8 inter-element Correction (IEC) Single-element Standards: Purchase the following
single-element standards at 1000 pg/mL from Ultra Scientific, or equivalent:

El : Catalog# | Element | Catalog # | Elemel
Aluminum IAA-213 Copper IAA-229 | Silicon
Antimony IAA-251 Iron IAA-226 | Silver
Arsenic IAA-233 Lead IAA-282 | Sodium
Barium IAA-256 Lithium IAA-203 | Strontium
Beryllium IAA-204 Magnesium IAA-212 | Sulfur
Boron IAA-205 Manganese 1AA-225 | Thallium
Cadmium IAA-248 Molybdenum IAA-242 | Tin
Calcium IAA-220 Nickel IAA-228 | Titanium
Chromium IAA-224 Potassium IAA-219 | Vanadium
Cobalt [AA-227 Selenium IAA-234 | Zinc
Zirconium ICP-040

7.9 See SOP Reagent and Standard Purchase, Preparation, Control, Documentation / NV08-
214 for shelf-life and storage requirements for reagents and standards.

8.0 Sample Collection, Preservation, Shipment and Storage

e L 'Sample | Min. Sample |t R R e
-~ 'Matrix =~ | Container " “Size | - Preservation ‘| ‘Holding Time | © = Reference -
Water, TCLP HDPE or 125 mL HNO;z to pH < 2! 6 months SW-846 Chapter 2
Extract Glass
Soil HDPE or 50 grams No requirement 6 months SW-846 Chapter 2
Glass '

'If water samples are preserved in the lab, they should be held for at least 24 hours before analysis;
record acidification start/stop time and pH. Temperature preservation is not required.
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9.0 Quality Control

Refer to the quality control section of TestAmerica-Nashville’'s QA Manual for specific quality
control (QC) policies. The laboratory maintains a formal quality assurance program and records
to document the quality of the data generated.

9.1 Sample QC

The following quality control samples must be prepared
with each batch of no more than 20 samples:

Quality Controls Frequency | Acceptance Criteria Corrective Action
Method Blank 1 each batch | <% RL or MDL whichever | Re-analyze. If contamination persists,
is greater correct problem then re-prep and
analyze method blank and all sampies
processed with the contaminated blank.
If target > 10X blank, acceptable to
report. ‘
Laboratory 1 each batch | 80-120%" recovery Correct problem then re-prep and
Control Sample analyze the LCS and all affected targets
(LCS)", second in the affected analytical batch. If high
source and ND, OK to report. For 6010C, LCS
may be re-analyzed once.
Matrix Spike 1 each batch | 75-125%" recovery Perform post-digestion spike.
Matrix Spike 1 each batch | 75-125%" recovery.<20°% | Perform post-digestion spike.
Duplicate - | RPD
Post digestion When Recovery within 25% for Perform dilution test.
spike addition MS/MSD fail. | 6010B and.within 20% for
8010C of the expected
results.
Dilution test If MS/MSD 1:4 fold dilution (5X) must | Qualify results.
fail. agree within 10% of the
original determination.

'AZ, TX, WV require an LCS duplicate in each batch.
3If historical limits are calculated, they cannot exceed these limits.

o Method Blank: The laboratory prepares and analyzes one blank (reagent water or Teflon™
boiling chips) with each batch of up to 20 samples of the same matrix.

o A Laboratory Control Sample (LCS) must be analyzed with every batch. See Table 4 for
LCS preparation using 50 mL reagent water for water batches and 0.5 gram Teflon™ chips
for soil batches: _

e Matrix Spike / Matrix Spike Duplicate: Analyze a matrix spike and matrix spike duplicate at
a frequency of one per matrix batch up to 20 samples. In each case the MS aliquot must be a
duplicate of the aliquot used for sample analysis and for total recoverable determinations
added prior to sample preparation. See SOP Sample Homogenization, Subsampling, and
Compositing / NV08-229. The added analyte concentration and standard source must be the
same as that used in the LCS (Table 4). ‘

e For each batch, check for matrix effects as follows:

e If MS/MSD is outside the QC limits, the same sample from which the MS/MSD aliquots
were prepared is also spiked with a post-digestion spike (i. e., nominally add 250 pL
of the LCS/MS/MSD solution to 25 mL digested aliquot). Otherwise, another sample
from the same preparation is used as an alternative. An analyte spike is added to a
portion of a prepared sample, or its dilution; and is recovered as described in the
above table. The spike addition produces a minimum level of 10 times and a
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If this spike fails, then the

dilution test is run on this sample. If both the MS/MSD and the post-digestion spike
fail, then matrix effects are confirmed.
« Dilution test: [f the analyte concentration is sufficiently high (minimally, a factor of 10
above the instrumental detection limit after dilution), an analysis of a 1:4 dilution (5X)
should agree within 10% of the original determination. If not, a chemical or physical
interference effect is suspected.

9.2 Instrument QC

Quality Controls Frequency Acceptance Corrective Action
Criteria
Inter-element Correction, 6 months +RL Alter wavelength or background
single element standards correction.
Spectral interference Check | Beginning andend | Target+ 2 times RL | Terminate analysis; correct

Solutions, A and AB

of each day or
every 8 hours

or + 20% true;

problem; re-analyze ICS; re-
analyze all affected samples.

Instrument Detection Limits
(IDL)

Quarterly

+3 standard
deviations of the
average response.

Re-run IDL. If > MDL, adjust
MDL to equal IDL.

Independent Calibration
Verification Sample (ICV),
second source

Immediately after
calibration

90-110 % recovery

Correct problem then repeat ’
initial calibration.

Independent Calibration Immediately after No target analytes Correct problem, re-calibrate.
Blank (ICB) ICV above lower limit of

guantitation
Linear Range Standard Daily 90-110% Repeat calibration (ICP2).

Continuing Calibration
Verification Sample (CCV)

Every 10 samples
and at the end of
the run

90-110% true

Re-analyze once. If fails again,
then repeat calibration and re-
analyze all samples since last
successful CCV.

Undigested Low Level
Continuing Calibration
Verification (LLCCV)

Beginning and end
of each batch.

70-130% true

Re-calibrate.

Continuing Calibration Blank | Following the CCV | No target analytes Correct problem then analyze
above lower limit of | calibration blank and previous 10
guantitation samples.

MDL Verification (digested) | Yearly Detected Re-evaluate MDL standard used

and MDL; see Technical Director

Digested Lower Limit of Once daily 70-130% true Re-calibrate.

Quantitation Check (LLQC)

or Report Limit Verification

(RLV)

Internal Standards All samples, 60-140% true Dilute and re-run. For blank and

standards, QC

L.CS, correct problem and re-run
batch.

e Inter-element Correction (IEC): When correction is appropriate, the concentration of all

targets must be within

+ the RL, i. e., RL = 0.01, acceptance is -0.01 to +0.01. Once

established, the entire routine must be initially and periodically verified every six months, or
whenever there is a change in instrument operating conditions or when ICSA or ICSAB fail

criteria.
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Single element standard concentrations that must be analyzed every six months are shown
as follows: '

Element | Required Final | ‘Stock Standard | Volume of Stock | ' Final
A ‘Concentration ‘Solution ‘Standard ‘Solution | Volume -
g (mg/L) (hg/mL) 1 (mL) - 1  (mL)
Aluminum 50 1000 25 50
Antimony 10 1000 0.5 . 50
Arsenic 50 1000 2.5 50
Barium 50 1000 2.5 50
Beryllium 10 1000 0.5 50
Boron 50 1000 2.5 50
Cadmium 10 1000 0.5 50
Calcium 100 1000 5.0 50
Chromium 50 1000 2.5 50
Cobalt 50 1000 2.5 50
Copper 50 1000 2.5 50
Iron 100 1000 5.0 50
Lead 50 1000 2.5 50
Lithium 25 1000 1.25 50
Magnesium 100 1000 5.0 50
Manganese 10 1000 0.5 50
Molybdenum 10 1000 0.5 50
Nickel 50 1000 2.5 50
Potassium 100 1000 5.0 50
Selenium : 20 1000 1.0 50
Silicon 50 1000 2.5 50
Silver 10 1000 0.5 50
Sodium 100 - 1000 50 50
Strontium 50 1000 2.5 50
Sulfur 100 1000 5 50
Thallium - 20 1000 1.0 - 50
Tin 50 1000 2.5 50
Titanium 50 1000 2.5 50
Vanadium 50 1000 2.5 50
Zinc 10 1000 0.5 50
Zirconium 50 1000 2.5 50

If interferences are observed, they must be mitigated by the use of interference correction
equations or by changing to a different wavelength. The objective is to reduce interferences.

Required ICSA and ICSB solutions are described in Table 6 for daily verification. Initial and
periodic verification data of the routine are filed in the maintenance of the instrument’s

computer.

Spectral interference check solution (ICSA and ICSAB): The laboratory must periodically
verify the inter-element correction routine by analyzing SIC solutions. The spectral
interference check solution is run at the beginning and end of the day’s sequence or every 8
hours, whichever is more frequent. If the SIC does not meet criteria, then the SICs are re-
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analyzed. These solutions are used to periodically verify a partial list of the on-line (and
possible off-line) inter-element spectral correction factors for the recommended wavelengths

given in Table 1.

NOTE: The SIC solution must be analyzed more than once to confirm a change has occurred
with adequate rinse time between solutions and before subsequent analysis of the calibration

blank.

e Ensure that the analytical results of ICS Solution A (ICSA) fall within.the control limit of £ 2
times the RL of the analyte’s true value or £ 20% of the analyte’s frue value, whichever is
greater (the true value is zero uniess otherwise stated) in the ICSA./For example, if the
analysis result(s) for Arsenic (RL = 10 pg/L, ICSA frue value.= 0 pg/L) in the ICSA
analysis during the run is 19 ug/L, then the analytical result for Arsenic falls within the + 2
times the RL window for Arsenic in the ICSA. If the analytical results of the ICSA do not
fall within the control limits, terminate the analysis, correct the problem, re-calibrate the
instrument, and re-analyze the analytical samples analyzed-since the last compliant ICSA
was performed.

e Ensure that the results for the ICS Solution AB(ICSAB) during the analytical runs fall
within the control limit of + 2 times the RL of the true value or £ 20% of the true value,
whichever is greater, for the analytes included-in.the ICSAB. If the analytical results of the
ICSAB do not fall within the control limits, terminate the analysis, correct the problem, re-
calibrate the instrument, and re-analyze the analytical samples analyzed since the last
compliant ICSAB was performed.

Instrument Detection Limits (IDL): IDLs"in Jig/L are estimated by calculating the average

of the standard deviations of three runs on three non-consecutive days from the analysis of a

reagent blank solution with seven ‘consecutive measurements per day. Perform each

measurement as though it were a separate analytical sample (i. e., follow each measurement
by a rinse and/or any other procedure-normally performed between the analysis of separate
samples). Determine IDLs at least every three months and keep with the instrument logbook.

Compare the calculated IDLs o the MDLs. MDLs are equal to or greater than the IDL.

Independent Calibration Verification (ICV and ICB): The laboratory analyzes the ICV and

a calibration blank (ICB) immediately following daily calibration. See Table 7 for ICV

preparation using a second-source standard. The ICB must not contain target analytes above

the lower limit of quantitation.

Linear Range Standard (LRS): For single-point calibration, run at the beginning of the

analytical sequence:~Run the highest standard level, to show linearity to that concentration.

All samples exceeding 90% this concentration are diluted. The LRS concentrations are Al,

Fe, Ca and Mg at 200 pg/mL, Na, K, at 100 ug/mL, Ba at 50 pg/mL, Ag at 5 ug/mL, and all

other elements at 10 ug/mL. The standard must be within 10% of the true values to continue.

Undigested Low-Level Continuing Calibration Verification (LLCCV): Analyze an

undigested LLCCV at the beginning and end of each batch. Prepare it from the primary

calibration standard at the RL.

Continuing Calibration Verification (CCV and CCB): Analyze after every 10th sample and

at the end of the analytical sequence. '

e See Table 5 for CCV preparation using the primary source standard at the mid-point of the
calibration curve. All samples must be bracketed by acceptable CCVs and CCBs.

e The CCB (prepared by adding 25 mL concentrated HNO; to 500 mL reagent water) must
not contain target analytes above the MDL or % the RL, whichever is greater. If the
criterion is not met, terminate the analysis, correct the problem, and re-analyze the
previous 10 samples.

PRS- N o
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MDL. Verification: A solution containing all target analytes at 2-3 times the MDL must be
digested and analyzed after the completion of the MDL study and on an annual basis.
Detection limits are verified when all analytes in the MDL check solution are detected.

Lower Limit of Quantitation Check Sample (LLQC): The lower limit of quantitation check
(LLQC) sample is analyzed once daily. This check sample and the low-level calibration
verification standard are prepared at the same concentrations (Table 8) with the only
difference being the LLQC sample is carried through the digestion procedure.

internal Standards: Use the internal standard technique by adding one.or more elements
(not in the samples and verified not to cause an uncorrected inter-element spectral
interference) at the same concentration (which is sufficient for optimum precision) to the
prepared samples (blanks and standards) that are affected the same as the analytes by the
sample matrix. Use the ratio of analyte signal to the internal standard signal for calibration
and quantitation. Internal standards (Yttrium and Indium) are automatically added to all
calibration standards, samples, and QC, by the instrument.

10.0 Procedure

10.1 Sample Preparation

Preliminary treatment of most matrices is necessary because of the complexity and variability of
sample matrices. Groundwater samples which have been-pre-filtered and acidified do not need
acid digestion. Samples which are not digested must use an internal standard. See Section 1.1

for digestion SOPs.

Matrix Sample Size
Water 50 mL of sample
TCLP Extract .10 mL of extract
Soil 0.5 gram of sample

10.2 Instrument Setup

1

Inspect the sample introduction.system including the nebulizer, torch, center tube, and uptake
tubing for salt deposits, dirt-and debris that would restrict solution flow and affect instrument
performance. Clean the system when needed or on a daily basis.

Power up all accessories-and the unit. Allow the instrument to become thermally stable
before beginning (usually requiring about 30 minutes of operation prior to calibration).

Click on the plasma icon in the lower right of the Analyst screen. Then click the instrument
status button. Make sure all interlocks have a green light. Then push the plasma on button.
Confirm flow to the plasma.

To shutdown, click the plasma icon and push the plasma off button.

Instrument is automatically optimized when the program is opened.

D | O

Specific wavelengths are listed in Table 1. Other wavelengths may be substituted if they can
provide the needed sensitivity and are corrected for spectral interference. The analyst must
follow the instructions provided by the instrument manufacturer and this SOP. For the 6500
series, the conditions usually vary from 750-1350 watts power, 10-20 liters/minute coolant gas
flow, 0.25-1.5 liters/minute nebulizer gas flow, 0.25-2 liters/minute auxiliary gas flow, 20-125
rpom pump rate with a 40 second fiush time and 30 seconds maximum integration time.
Perform two replicate integrations; report the average. '

Establish sensitivity, instrumental detection limit, precision, linear dynamic range, and
interference effects for each individual analyte line on each particular instrument. Al
measurements must be within the instrument linear range where the correction equations are

valid.
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All samples that exceed the upper calibration standard must be diluted and re-analyzed or a
linear range standard must be run with 10% of the true value.

10.3 Calibration: Refer to SOPs Calibration Curves (General) / CA-Q-S-005 and Selection of
Calibration Points / CA-T-P-002. See Section 11 for equations. Calculations are performed by
vendor software and LIMS.

1

See Table 8 for calibration standard preparation.

For multi-point calibration, use first-order linear regression (r 2 0.998, r?'2.0.996). The lowest
non-zero standard concentration is considered the lower limit of quantitation, i. e., RL. Higher
order fits are not allowed.

The absolute value of the results of the calibration blank is less than the value of the MDL.

WIiN

After initial calibration, the calibration curve must be verified by-use of an initial calibration
verification (ICV) standard. The calibration curve must be verified at the end of each analysis
batch and after every 10 samples by use of a continuing calibration verification (CCV)
standard and a continuing calibration blank (CCB).

The calibration curve must also be verified prior to the analysis of any samples and at the end
of the batch by use of a low-level continuing calibration verification (LLCCV) standard.

Run LRS standards and evaluate by the criteria in Section 9.

Verify the inter-element correction factors at the beginning and end of the daily sequence or
every 8 hours.

10.4 Sample Analysis

Follow the analysis sequence in Table-9.
Samples exceeding the 90% of the LRS are diluted and rerun.

11.0 Calculations / Data Reduction
111 Accuracy -

% Recovery = Measured concentration x 100
Known concentration

11.2 Precision (RPD)

RPD = Absolute value (orig. sample value - dup. sample value) x 100
(Orig. sample value + dup. sample value)/2

11.3 Response Factor

AxC,
A xC

15 s

RF =

As = Response of the analyte.

Ajs = Response of the internal standard.

C, = Concentration of the analyte.

Cis = Concentration of the internal standard

11.4 % Drift
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% Drift = (Result - True Value) x 100
True Value

11.5 Linear Calibration Using a Least Squares Regression: This is most easily achieved by
performing a linear regression of the instrument response versus the concentration of the
standards. Make certain that the instrument response is treated as the dependent variable (y)
and the concentration as the independent variable (x). This is a statistical requirement and is not
simply a graphical convention.

The regression produces the slope and intercept terms for a linear equation‘in the form:
y=ax+b

y = instrument response (peak area)

a = slope of the line

x = concentration of the calibration standard
b = the intercept

The regression calculation generates a correlation coefficient (r) that is a measure of the
“goodness of fit’ of the regression line to the data. A'value of 1.00 indicates a perfect fit.
11.6 Coefficient of Determination Correlation Coefficient

2 Cw) . Ew)
R

y = Response ratio
x = Concentration

11.7 Concentration; Sample data are reported in units of mg/L for aqueous samples, mg/kg
for solid samples. LIMS calculates the concentration from the raw data provided by the analyst.

Concentration (mg/L ormg/kg) = (ug/mL* from instrument)(digest volume, mL)(Dilution factor)
Sample Volume (mL) or Mass (g)

pg/mL from instrument=y=mx +b
*average of two replicates

11.8 For dissolved aqueous analytes, report the data generated directly from the instrument
with allowance for sample dilution. Do not report analyte concentrations below the MDL.
11.9 Account for any additional dilution of the prepared sample solution needed to complete

the determination of analytes exceeding 90% or more of the LRS upper limit. Do not report data

below the determined analyte MDL concentration or below an adjusted detection limit reflecting
smalier sample aliquots used in processing or additional dilutions required to complete the

analysis.

12.0 Method Performance
12.1 Method Detection Limit Study (MDL): The method detection limit (MDL) is the lowest

concentration that can be detected for a given analytical method and sample matrix with 99%
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confidence that the analyte is present. The MDL is determined according to the laboratory’s MDL
procedure in SOP Determination of Method Detection Limits / NV08-202. MDLs reflect a calculated
(statistical) value determined under ideal laboratory conditions in a clean matrix, and may not be
achievable in all environmental matrices. The laboratory maintains MDL studies for analyses
performed; these are verified at least annually unless method requirements require a greater

frequency.

Quarterly, run 7 IDLs on three non-consecutive days; calculate the standard deviation per day.
Compare three times the average of the standard deviations to the MDL. If 3xIDL > MDL, rerun the
IDLs. If the finding persists, select the higher of the two as the “working MDL” forthat quarter.

12.2 Demonstration of Capability: The laboratory demonstrates. initial proficiency by
generating data of acceptable accuracy and precision for target analyses in a clean matrix. The
laboratory also repeats the operation whenever new staff is trained or significant changes in
instrumentation are made and on an annual basis thereafter. See the training section of
TestAmerica-Nashville’s QA Manual and SOP Training / NV08-199 for information on how to
accomplish this demonstration.

12.3 Training Requirements: Demonstration of Capability is performed initially when learning
the method and annually thereafter. Four Laboratory Control Samples resulting in an average %
recovery within the control limits and a precision less than the quality control maximum are
required.

12.4 Proficiency Testing Studies: The laboratory participates in formal proficiency testing
(PT) studies, where solutions of unknown concentrations are analyzed and the performance of all
participants is compared. See the QA department for the results of recent PT studies.

12.5 Control Charts: Laboratory method perfermance can be shown with the use of control
charts, available from LIMS or the QA department.

13.0 Pollution Control

It is TestAmerica’s policy to evaluaté each method and look for opportunities to minimize waste
generated (i. e., examine recycling options, ordering chemicals based on quantity needed,
preparation of reagents based on anticipated usage and reagent stability). Employees must
abide by the policies in Section-13: of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention.”

14.0 Waste Management

14,1 Waste management practices are conducted consistent with all applicable rules and
regulations. Excessreagents, samples and method process wastes are disposed of in
accordance with all'federal and state laws and regulations. Waste description rules and land
disposal restrictions are followed. Waste disposal procedures are incorporated by reference to
the QA Manual and SOP Waste Disposal / NV10-83.

14.2 Wastestreams Produced by the Method:

¢ Acidic aqueous wastes are taken to the waste disposal area, neutralized, and discharge to

the sanitary sewer.

15.0 References / Cross-References

15.1 Method 6010B, SW-846 Update Ill, Revision 2, December 1996, and Method 6010C,
SW-846 Update IV, Revision 3, February 2007.

15.2 TestAmerica Nashville’s Quality Assurance Manual.

15.3 TestAmerica Nashville’s Control Limits Manual.

15.4 Corporate Environmental Health and Safety Manual (CW-E-M-001).

15.5 SOPs: Calibration Curves (General) / CA-Q-S-005, Selection of Calibration Points / CA-T--

P-002, Method 3005 / NV06-103; Method 3010 / NV3010; Method 3050 / NV06-93; Method 3051
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/ NV06-94; Waste Disposal / NV10-83, Training Procedures for Environmental Technical Staff /
NV08-199, Balance Calibration / NV08-213, Determination of Method Detection Limits / NV08-
202, Sample Homogenization, Subsampling, and Compositing / NV08-229, Reagent and
Standard Purchase / NV08-214.

15.5 Controlled Document: QAF-45 TestAmerica Nashville — Acronyms, Keywords, and

Definitions.

16.0 Method Modifications

tem ‘Modification =

1 If 3030C digestion is specified, see the attachment in SOP 3005 / NV06-103 for that procedure.

2 For OK, NV, SC, and WY samples, reference 6010C. For all other states, reference 6010B.

3 Corporate Quality Memorandum CA-Q-QM-004, Technical Guidance on Checking for Spectral
Interferences in Optical ICP Analysis, September 24, 2008.

17.0 Attachments

Table 4: LCS and MS/MSD Spiking Solution
Environmental Express HP3948
Use 0.5 mL as received

igimL Digestate (ug/m

Aluminum » 200 2.0
Antimony 10 0.1
Arsenic 5 0.05
Barium 200 2.0
Beryllium 5 0.05
Boron 100 1.0.
Cadmium 5 0.05
Calcium 500 5.0
Chromium 20 0.2
Cobalt 50 0.5
Copper 25 0.25
Iron 100 1.0
Lead 5 0.05
Lithium 100 1.0
Magnesium 500 5.0
Manganese 50 0.5
Molybdenum 50 0.5
Nickel 50 0.5
Potassium 500 : 5.0
Silver - 5 0.05
Sodium 500 5.0
Sulfur 100 1.0
Thallium 5 0.05
Titanium : 100 . 1.0
Vanadium , 50 0.5
Zinc 50 0.5
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Table 5: Calibration Solutions

__Analyte ICAL1 ICAL2 ICAL 3 ICAL4 | ICALS5"
Al, Sb, Ar, Ba, | ICUS 2648: | Dilute 20 mL Dilute 10 mL
Be, B, Cd, Co, 2.0 pg/mL ICUS 2648/ ICUS 2648/
Cr, Cu, Fe, Pb, 40 mL: 40 mL:
Li, Mg, Mn, Mo, 1.0 pg/mL 0.5 pg/mL
NI, Ag, Tl, S,
Sn, Ti,V, Zn
Ba ICUS 3033:
10.0 pg/mL
Al ICUS 3033: | ICUS 2614:
10.0 pg/mL 500 pg/mL
K ICUS 3033: | ICUS 2614:
10.0 pg/mL 100 pg/mL
Mg, ICUS 3033: | ICUS 2614:
10.0 ug/mL 500 ug/mL
Ca ICUS 3033: 5mL 1000 ug | 15mL 1000 | ICUS 2614:
10.0 pg/mL Ca/mL Mg Ca /mL 500 pg/mL
stock/50 mL: | stock/50 mL:
100 ug/mL 300 pg/mL
Fe ICUS 3033: | 25mL 1000 | .5mL 1000 ug | ICUS 2614:
10.0 pg/mL ug Fe/mL Fe /mL stock/ 200 pg/mL
stock/50-mL: 50 mL:
50 pg/mL 100 pg/mL
Na ICUS 3033: 5mL 1000 ug | 15mL 1000 | ICUS 2614:
10.0 pg/mL Na /mL stock/ ug Na /mL 500 pg/mL
50 mL: stock/
100 pg/mL 50 mL:
300 pg/mL
Sulfur 0.02 mL/40 | 0.1 mL/50 mL ICUS 3033 2.5 mL/50 5 mL/50 mL
- mbk - 2.0 pg/mL . 10.0 pg/mL } mL 100 pg/mL
. 0.5 ug/mL ~ 50 pg/mL
Silicon 0.5 mL 1000
Mg/mL
stock/
10.0 pg/mL

‘Analyt

Aluminum

Antimony

Arsenic

Barium

Beryllium

Boron
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cCcvV RLV
1CUS-2613 | 1ICUS-2647

‘Analyte (ug/mL) (ug/mL)
Cadmium 1.0 0.001
Calcium 10.0 1.0
Chromium 1.0 0.005
Cobalt 1.0 0.02
Copper 1.0 0.01
fron 10.0 0.05
Lead 1.0 0.005
Lithium 1.0 0.05
Magnesium 10.0 1.0
Manganese 1.0 0.015
Molybdenum 1.0 0.05
Nickel 1.0 0.01
Potassium 10.0 1.0
Selenium 1.0 0.01
Silver 1.0 0.005
Sodium 10.0 1.0
Strontium 1.0 0.05
Sulfur = 1.0 0.5
Thallium 1.0 0.01
Tin 1.0 0.05
Titanium 1.0 0.05
Vanadium 1.0 0.02
Zinc 1.0 0.05

Table 6:-Spectral Interference Check Solutions

ICSA Standard

ICSA Stock, SPEX # INT-A1
ICSA Solution: Dilute 25 mk of ICSA Stock + 12.5 mL HNO; to 250 mL with reagent water.
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“Analyfs __ICSA Stock Conc. (ug/mL) | ICSA Conc. (ug/mL)
Aluminum 5000 500
Calcium 5000 500
Magnesium 5000 500
Iron 2000 200

ICSAB Standard

ICSA Stock, SPEX # INT-A1
ICSB Stock, SPEX # INT-B1
ICSB2 Stock, SPEX # INT-B2
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Analyte ICSA Stock ICSB Stock ICSB2 Stock ICSAB
Conc. (ug/mL) | Conc. (ug/mL) | Conc.(ug/mL) | Conc. (pg/mL)
Aluminum 5000 100 501
Calcium 5000 10 500.1
Magnesium 5000 10 500.1
fron 2000 10 200.1
Barium 50 0.5
Beryllium 50 0.5
Cadmium 100 1.0
Chromium 50 0.5
Cobalt 50 0.5
Copper 50 0.5
Lead 100 1.0
Manganese 50 0.5
Nickel 100 . 1.0
Silver 100 1.0
Vanadium 50 0.5
Zinc 100 1.0
Antimony 100 1.0
Arsenic 100 1.0
Boron 100 1.0
Molybdenum 100 1.0
Selenium 100 1.0
Silica 10 0.1
Sodium 100 1.0
Thallium 100 1.0
Table 7: ICV Standard

Source: Inorganic Ventures STLTN-CAL-3 for all except Tin

Ultra Scientific 1AA-250, 1000 pg/mL for Tin .

ICV Preparation: 0.05 mL Tin standard to 50 mL STLTN-CAL- 3
Environmental Express HP100054-5, 1000 pg/mL for Sulfur

ICV Preparatlon 0.05 mL Sulfur standard to 50 mL STLTN-CAL 3

Aluminum

Antimony

Arsenic

Barium

Beryllium

Boron

—
—_—\ | —_—
N i)

Cadmium

Calcium

10

Chromium

Cobalt

Copper

fron

10
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Analyte STLTN-CAL-3 | Ultra 1AA-250 | Environmental Express | ICV Conc.
e (Hg/mL) ‘Sn (ug/mL) - HP100054 (pg/mL) (ng/mL)

Lead 1 1
Lithium 1 1
Magnhesium 10 1
Manganese 1 1
Molybdenum 1 1
Nickel 1 1
Potassium 10 10
Selenium 1 1
Silver 1 -1
Sodium 10 10
Strontium 1 1
Sulfur 1000 1
Thallium 1 1

Tin 1000 1
Titanium 1 1
Vanadium 1 1
Zinc 1 1

Table 8: Linear Range Standard/High Calibration Standards

Analyt CUS 2614 Conc. (ug/mL
Al, Ca, Mg, Na 500
Fe 200
K 100

Table 9: Typical Analytical Sequence

Definitions

0.0 mg/L standard(or blank) Calibration Standard

0.5 mg/L Calibration Standard

1.0 mg/L Calibration Standard

2.0 mg/L Calibration Standard

10.0 mg/L Calibration Standard

LRS High Range Calibration Verification

100 mg/L. Calibration Standard

300 mg/L Calibration Standard

50 mg/L Calibration Standard

ICV Independent (initial) Calibration Verification
~ICB ' Initial Calibration Blank

RLV Report Limit Verification

ICSA Initial Spectral Interference Check

ICSAB Initial Spectral interference Check

Up to 10 samples

MS Matrix Spike
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MSD

CCV

CCB

Up to 10 samples
MS

MSD

LCS

RLV (as needed)
CcCcv

CCB

ICSA

ICSAB

Up to 10 samples
MS

MSD

CcCcv

CCB

Up to 10 samples
MS

MSD

CCVv

CCB

RLV

ICSA

ICSAB
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Matrix Spike Duplicate
Continuing Calibration Verification
Continuing Calibration Blank

Matrix Spike

Matrix Spike Duplicate
Laboratory Control Sample
Report Limit Verification
Continuing Calibration Verification
Continuing Calibration Blank
Spectral interference Check
Spectral Interference Check

Matrix Spike

Matrix Spike Duplicate
Continuing Calibration Verification
Continuing Calibration Blank

Matrix Spike

Matrix Spike Duplicate

Final Continuing. Calibration Verification
Final Continuing Calibration Blank
Final Report Limit Verification

Final Spectral Interference Check

Final Spectral Interference Check

18.0

Revision History

» Revision 10, dated 29 February 2008

Integration for TestAmerica'and STL operations.

Addition of control limits for ICSA and ICSAB.

Addition of text on Spectral-Interference Check Solutions

Change from CRDL/CRQL to CRL, current terminology

Addition of current catalog numbers for Table 7 individual elements.
Correction of order of Table 9

. Rewsmn 11, dated*17-October 2008

Updated to SW-846 Update IV

e Revision 12, dated 30 October 2009

Inserted information on new ICV standard, new standards for I[CP4.
Modified analytical sequence and added ICP4 sequence.

Reformatting and condensing.
Addition of requirements of Corporate Quality Memorandum CA-Q-QM-004, Technical

Guidance on Checking for Spec’tral Interferences in Optical ICP Analys;s ‘September 24,
2009.
Corporate review.

. Rev13|on 13, dated 21 February 2011

Addition of QAF-45 and Section 14.2

Addition of Sulfur information, updated wavelengths in Table 1.

Addition of operating conditions optimization for ICP4 and 5.

New vendor IDs for elements.

Delete ICP1, taken out of service.

ICP2 new calibration standard preparation, changed SIC solution preparation.
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Revision 14, dated 14 September 2012

Organizational changes.

Amendments 13a,b,c.

Iron RL change from 50 to 100 ug/L; from 10 mg/kg to 20 mg/kg.

Removal of ICP2.

Addition of Sulfur throughout.

Remove the requirement for 10-sample batches if samples are from OK orWY.

Addition of SOPs Calibration Curves (General) / CA-Q-S-005, and Selection of Calibration
Points / CA-T-P-002. Remove 3015 / NV08-19 (archived).
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Spectrometry (GC/MS)
Affected SOP Section Number(s): Section 16.0, Method Modifications: TPH-GRO.by,Method 8260B

Nashville

Standard Operating Procedure
(SOP) Change Form

Effective Date: 9/30/2013

CONTROLLED DISTRIBUTION
ISSUED TO: QA Server, 05V

Revision Number with Mod ID: 18a

Method 8260B: Volatile Organic compounds by Gas Chromatography / Mass

The following SOP change is in effect as of the stated date. This form will remain attached to the referenced SOP
until such a time that the SOP is updated, approved, and redistributed, ‘at which time it will become part of the
historical SOP record. Append this form to theffront of the SOP copy.

O Other

1. Reason for SOP Change:
O Typographical Corrections (Non-Technical) — Re-Training Not Required.

Procedural Changes (Define Below) — Re-Training Required,

O Typographical Corrections (Technical — Define) — Analyst acknowledgement of corrections is required.

e Section 1.2, Reporting Limits

2. Summary of Procedure Change: Add underlined, delete crossed-out. (ltalics are for 8260C.

calibration for all
target analytes.
Single-point
surrogate
calibration

Perform instrument re-
calibration once per
year minimum.

correlation coefficient

Typical Reporting Limits
Water Water Soil
Retention Standard Low- Wet
Time Level Level Weight
Compound (minutes) (ng/L) (ng/L) (na/kg)
tert-Amyl-alcohol 20 20 202
(TAA)® 2914
Isopropyl alcohol 3.836 50-20 50 50
Allyl  chloride (3- 2 210 10
Chloro-1-propene) 4.026
3,3-Dimethyl-1-
butanol 5.021 10 10 NA S
e Section 9.2: Instrument QC Table, ICAL acceptance criteria
QC Check Frequency Acceptance Criteria’ Corrective
Action?
Minimal five- Initial calibration prior to | 8260B: SPCCs average RF > 0.30 or 0.1 depending on | Correct problem
point initial sample analysis. the compound, and %RSD for-RFEs for CCCs < 30% and | then repeat

all other target analytes %RSD ferRF < 15%: or
r*20.990 orr 2 0.995. Re-
calculate low point; must be within 30% true.

8260C: Minimum RF for initial and continuing calibration
varies by analyte (see Calibration standards below).
RSD < 20% each target or correlation coefficient r =

0.990 r 2 0.995. Up to 10% of targets may exceed these

initial calibration.

SOP Number/Revision No.: 8260 / SA/NV05-77.18a

SOP Change Form-Template.doc

QAF-83
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Effective Date: 9/30/2013
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criteria. If using linear regression, re-fit lowest
calibration point. It must be within £ 30% of true er+e-
calculate.

e Section 9.2: Instrument QC, Initial Calibration Check Compounds (CCCs):

e For 8260C, the minimum RF for initial and continuing calibration must be is:

RF | For These Compounds

0.05 | 1,2-Dichloro-3-propane

0.1 | RF may be lower if data is used for screening: Acetone, Bromoform, Bfomomethane, 2-
Butanone, Carbon disulfide, Carbon tetrachloride, Chloroethang, “€hloromethane,
Cyclohexane, Dibromochloromethane, Dichlorodifluoromethane,.__1,2-Dichloroethane,
1,1-Dichloroethene, cis-1,2-Dichloroethene, trans-1,2-Dichleroethene, 1,2-
Dichloropropane, trans-1,3-Dichloropropene, Ethylbenzene, Ethylene dibromide, 2-
Hexanone, Isopropylbenzene, Methyl acetate, 4-Methyl-2-butanone;, Methylene chloride,
Methyl cyclohexane, Methyl tert-butyl ether, m & p-Xylene,“t4sd-trichloroethane, 1,1,2-
Trichloroethane, 1,1,2-Trichloro-1,2,2-trifluoroethane

0.2 | 1,1-Dichloroethane, Chloroform, Trichlorethene, Bromodichloromethane, cis-1,3-
Dichloropropene, Tetrachloroethane, and 1,2,4-Trichlorobénzene

0.3 | o-Xylene, Styrene, 1,1,2,2-Trichloroethane

0.4 | Toluene, 1,2-Dichlorobenzene

0.5 | Benzene, Chlorobenzene, 1,4-Dichlorobenzene

0.6 | 1,3-Dichlorobenzene

e Section 9.2: Instrument QC, Initial Calibration\Verification (ICV), second bullet for 8260B:

e The ICV of each target must be wjthin}30% of the expected value, with the exception of the
following poor purge efficiency apalytes'that may be within 40% of the expected value ferup-te
20%of targets:. No more than 20%"6f analytes are allowed to fail this criterion.

Acrolein Ethanol 2-Methylnaphthalene
t-Amyl alcohol (TAA) Sut=Bttyl formate (TBF) | Vinyl acetate
t-Butyl alcohol (TBA) \1*Methylnaphthalene

e Section 9.2: Instrument QCj Continuing Calibration Verification (CCV), 8260C bullet:
e for 8260C, seelCALand1C \Lnformation-the CCV % difference for each target must be < 20%

with only up to.20% of the targets of interest allowed to exceed 20% difference. The minimum
RF must also be“achieved.
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1.0 Scope and Application

1.1 Analyte, Matrices: This method is used to determine volatile organic compounds in a
variety of matrices; it is applicable to nearly all types of samples, regardless of water content,
ground and surface water, aqueous sludges, caustic liquors, acid liquors, waste solvents, oily
wastes, mousses, tars, fibrous wastes, polymeric emulsions, filter cakes, spent carbons, spent
catalysts, soils, and sediments. The following compounds can be determined byxthis method:

CAS No. CAS No. Y)
Compound Compound
(a) ; (a) pouny ,

630-20-6 | 1,1,1,2-Tetrachloroethane" %7 156-59-4 | cis-1,2-Diehl8roéthene’ 2> 67
71-55-6 | 1,1,1-Trichloroethane™ > *° 100651 011 i1 ,3*Bichloropropene’ %> &7
79-34-5 | 1,1,2,2-Tetrachloroethane® % * ¢’ 110-82-7 | Cyélghexane®®
76-13-1 | 1,1,2-Trichloro-1,2,2-trifluoroethane®®’ | 108-94-1 | Cycléhexanone®
79-00-5 | 1,1,2-Trichloroethane® %% © 74-95-3 #I"BiBfomomethane” % &7
75-34-3 | 1,1-Dichloroethane’ % %" 75-274, \J.Bichlorobromomethane™* ©’
75-35-4 | 1,1-Dichloroethene™ > > &7 75-74-8 )| Dichlorodifluoromethane® #*’

563-58-6 | 1,1-Dichloropropene”’ 75-43-4 | Dichlorofluoromethane*
87-61-6 | 1,2,3-Trichlorobenzene' 84-17-5 | Ethanol®
96-18-4 | 1,2,3-Trichloropropane’ %%’ 141-78-6 | Ethyl acetate

526-73-8 | 1,2,3-Trimethylbenzene 140-88-5 | Ethyl acrylate
120-82-1 | 1,2,4-Trichlorobenzene™ *° 60-29-7 | Ethyl ether (Diethyl ether)’
95-63-6 | 1,2,4-Trimethylbenzene ° 97-63-2 | Ethyl methacrylate®’

96-12-8 | 1,2-Dibromo-3-chloropropafia’ *4* 100-41-4 | Ethylbenzene"* %% 789
95-50-1 | 1,2-Dichlorobenzene” 8.7 106-93-4 | Ethvlene dibromide (EDB, 1,2-
Dibromoethane)

107-06-2 | 1,2-Dichloroethane’ & "-® 87-68-3 | Hexachlorobutadiene™ ?
78-87-5 | 1,2-Dichloropropane™4,* ®’ 110-54-3 | Hexane’

176-02-8 | 1,3,5-Trichlorobenzene* 74-88-4 | lodomethane®®’

108-67-8 | 1,3,5-Trimethylbénzene* 78-83-1 | Isobutyl alcohol %’

541-73-1 | 1,3-Dichlorobenzene’* *’ 67-63-0 | Isopropy alcohol*

142-28-9 | 1,3-Dichlerdpropane’” 180-20-3 'estﬁfe’:‘)’fy' ether (IPE, Di-isopropyl
106-46-7 | 1,4-Dichtérobenzene’ 27 98-82-8 | Isopropylbenzene (Cumene)"*®
123-91-1" | 1,4-Dioxane”® 126-98-7 | Methacrylonitrile® ’

590-20-7 | 2,2-Dichloropropane™’ 79-20-9 | Methyl acetate®
78-93-3 | 2-Butanone (MEK)" %5678 80-62-6 | Methyl methacrylate®’

. 7,

126-99-8 72-Chloro-1 ,3-butadiene (Chloroprene) 1634-04-4 | Methyl-t-buty! ether® 3459
110-75-8 | 2-Chloroethyl vinylether* 108-87-2 | Methylcyclohexane®
95-49-8 | 2-Chlorotoluene’ 75-09-2 | Methylene chloride™ %> %’
591-78-6 | 2-Hexanone™ %57 108-38-3 | m-Xylene®
75-65-0 2-MethyL—2-propanoI (tert-Butyl 91-20-3 Naphthalene1’ 2,9

Alcohol)
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CA(Sa)N o Compound CA(Sa)No. Compound
91-57-6 | 2-Methylnapthalene* 71-36-3 | n-Butanol (n-Butyl Alcohol)*
79-46-9 | 2-Nitropropane * 123-86-4 | n-Butyl acetate*
624-95-3 | 3,3-Dimethyl-1-butanol® 104-51-8 | n-Butylbenzene’
107-05-1 | 3-Chloro-1-propene (Allyl chloride)*’ 142-82-5 | n-Heptane’
106-43-4 | 4-Chlorotoluene’ 103-65-1 | n-Propylbenzéfig™
99-87-6 3-elﬁg;)1|jc3pyltoluene (p-Isopropyltol- 05-47-6 o-Xylene 9
108-10-1 | 4-Methyl-2-pentanone (MIBK)" &7 76-01-7 | Pentachierdethane
67-64-1 | Acetone" 287 107-12-0 | Propiohitrite® ’
75-05-8 | Acetonitrile®’ 135-98-8 | sec-Butylbenzene' ®
107-02-8 | Acrolein (Propenal)®’ 100-42-5 | Styrene" %7
107-13-1 | Acrylonitrile® ®” 75-85-4( | tart-Amyl-alcohol (TAA)?
71-43-2 | Benzene" %789 994-05-8\, [ tert-Amyl-methyl-ether (TAME)®
100-44-7 | Benzyl chloride* 632:92°9 | G raey o (Ethyl-tert-butyl-
108-86-1 | Bromobenzene' 762-75-4 | tert-Butyl-formate (TBF)°
75-25-2 | Bromoform™ 2 %57 98-06-6 | tert-Butylbenzene™®
74-83-9 | Bromomethane" %67 127-18-4 | Tetrachloroethene® 257
106-99-0 | Butadiene 109-99-9 Tetrahydrofuran4
STL00350 | C4-C12 108-88-3 | Tolueng" %6789
800%6‘61' C6-C10 156-60-5 | trans-1,2-Dichloroethene’ 2 567
75-15-0 | Carbon disulfide" % > 64# 100661 “02- | trans-1 ,3-Dichloropropene’ %> %7
56-23-5 | Carbon tetrachloridei=2=4¢" 110-57-6 | trans-1,4-Dichloro-2-butene® &’
108-90-7 | Chlorobenzene'f* >%"™® 79-01-6 | Trichloroethene" %% °
74-97-5 | Chlorobromorethar®'" ¢’ 75-69-4 | Trichlorofluoromethane’ %% %7
124-48-1 | Chlorodibrememethane™* %%’ 108-05-4 | Vinyl acetate®®’
75-00-3 | Chloroefiane®> %’ 75-01-4 | Vinyl chloride"#* 7
67-66-3 | Chlogoformg "% %678 1330-20-7 | Xylene (total)" > > &7".8?2
74-87-3 | Chlorom@thane" 267

' Laboratory normal 8260 compound

®~ Appendix | compound

“- Appendix IX compound

" -Appendix |l compound

°- Oxygenate

® - Skinner list

“. Additional compounds by request only

?_NY Stars List

STCL list (OLM 04.2 list)

a = Chemical Abstract Service Registry Number0

1.2 Reporting Limits: The RL for an individual compound is instrument-dependent and also
dependent on the choice of sample preparation/introduction method. The RL analyte
concentration is defined by the lowest non-zero standard in the calibration curve. Using standard
quadrapole instrumentation and the purge-and-trap technique, RLs, though highly matrix-
dependent, are provided in the table below for guidance and may not be achievable. RLs listed
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for soil are based on wet weight. When reported on a dry weight basis, RLs are higher, based on
the percent dry weight in each sample. For the most current RL, refer to LIMS.

Chromatographic Retention Times and Typical Reporting Limits

Typical Reporting,Limits
Water Water. Soil
Retention | Standard | Low- et
Time Level Weight

Compound (minutes) | (Mg/L) | 4ug/L)y | (ug/kg)
Dichlorodifluoromethane 1.884 1 0.5 2
Chloromethane 2.095 1 0.5 2
Vinyl chloride 2.222 1 0.5 2
Butadiene 2.264 1 0.5 2
Bromomethane 2.601 1 0.5 2
tert-ButyI-formate (TBF)3 2.609 20 20 20
Chloroethane 2.718 1 0.5 2
tert-Amyl-alcohol (TAA) 2914 20 20 2
Dichlorofluoromethane 2.950 1 0.5 2
Trichlorofluoromethane 3.048 1 0.5 2
Ethanol 32035 100 100 200
Ethyl ether (Diethyl ether) 3.351 5 5 10
1,1-Dichloroethene 3.364 1 0.5 2
Acrolein 3.488 50 50 20
1,1,2-Trichloro-1,2,2-trifluoroethane. 3.615 1 0.5 2
Acetone 3.667 5 5 50
lodomethane 3.783 10 10 20
Isopropyl alcohol 3.836 20 50 50
Carbon disulfide 3.857 1 0.5 2
Acetonitrile 4.016 20 20 20
Allyl chloride (3-@hloro=1-propene) 4.026 2 10 10
Methyl acetate 4.047 10 10 10
Methylene chioride 4.163 5 5 10
2-Methyl-2-propanol 4.311 10 10 50
Acrylonitrile 4.448 10 10 10
trans-1,2-Dichloroethene 4.480 1 0.5 2
MTBE 4.490 1 0.5 2
Hexane 4.807 2 0.5 10
1,1-Dichloroethane 4.976 1 0.5 2
3,3-Dimethyl-1-butanol 5.021 10 10 0
Vinyl acetate 5.050 10 10 20
Isopropyl ether (IPE, Di-isopropy! ether) 5.071 2 0.5 2
2-Chloro-1,3-butadiene (Chloropopene) 5.092 5 5 5
tert-Butyl ethXI ether (Ethyl-tert-butyl- 5.514 1 0.5 5
ether, ETBE)
2,2-Dichloropropane 5.683 1 0.5 2
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Typical Reporting Limits
Water Water Soil
Retention | Standard Low- Wet
Time Level Level Weight
Compound (minutes) | (Hg/L) (Mg/L) £ (ng/kg)
cis-1,2-Dichloroethene 5.683 1 0.5 2
2-Butanone 5715 50 50 50
Ethyl acetate 5788 5 5 50
Propionitrile 5.788 10 10 50
Methacrylonitrile 5.968 20 20 50
Chlorobromomethane 5978 1 0.5 2
Tetrahydrofuran 6.063 5 5 20
Chloroform 6.084 1 0.5 2
1,1,1-Trichloroethane 6.327 1 0.5 2
Cyclohexane 6.390 5 1 10
1,1-Dichloropropene 6.527 1 0.5 2
Carbon tetrachloride 6.538 1 0.5 2
Isobutyl alcohol 6.696 50 50 100
Benzene 6.801 1 0.5 2
1,2-Dichloroethane 6/823 1 0.5 2
tert-Amyl-methyl-ether (TAME) 6.960 1 0.5 2
n-Heptane 7.150 2 2 4
n-Butanol 7.582 100 20 100
Trichloroethene 7.656 1 0.5 2
Ethyl acrylate 7.815 5 5 10
1,2-Dichloropropane 7.973 1 0.5 2
Methylcyclohexane 7.973 5 0.5 10
Dibromomethane 8.131 1 0.5 2
Methyl methacrylate 8.142 5 5 10
1,4-Dioxane 8.184 200 200 200
Dichlorobromomethane 8.353 1 0.5 2
2-Nitropropane 8.680 5 5 10
2-Chlorogthylinyl ether 8.796 10 10 20
cis-1,3-Dichleropropene 9.007 1 0.5 2
4-Methyl-2-pentanone 9.239 5 5 50
Toluene 9.503 1 0.5 2
trans-1,3-Dichloropropene 9.830 1 0.5 2
Ethyl methacrylate 9.988 10 10 10
1,1,2-Trichloroethane 10.115 1 0.5 5
Tetrachloroethene 10.337 1 0.5 2
1,3-Dichloropropane 10.368 1 0.5 2
2-Hexanone 10.516 5 5 50
Chlorodibromomethane 10.727 1 0.5 2
n-Butyl acetate 10.738 10 10 40
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Typical Reporting Limits
Water Water Soil
Retention | Standard Low- Wet
Time Level Level Weight
Compound (minutes) | (Mg/L) (ng/L) £ (ng/kg)
Ethylene dibromide (EDB, 1,2-Dibromo- 1 0.5 2
ethane) 10.907
Chlorobenzene 11.698 1 0.5 2
1,1,1,2-Tetrachloroethane 11.835 1 Q.5 2
Ethylbenzene 11.888 1 0.5 2
m & p-Xylene 12.088 1 0.5 2
o-Xylene 12.743 1 0.5 2
Styrene 12.774 1 0.5 2
Bromoform 13.080 1 0.5 2
Isopropylbenzene (Cumene) 13.418 1 0.5 2
Cyclohexanone 13.555 50 50 50
Bromobenzene 13.914 1 0.5 2
1,1,2,2-Tetrachloroethane 13.925 1 0.5 2
1,2,3-Trichloropropane ¥3.988 1 0.5 2
trans-1,4-Dichloro-2-butene 14.030 5 5 10
n-Propylbenzene 14.115 1 0.5 2
2-Chlorotoluene 14.241 1 0.5 2
1,3,5-Trimethylbenzene 14.410 1 0.5 2
4-Chlorotoluene 14.421 1 0.5 2
tert-Butylbenzene 14.917 1 0.5 2
Pentachloroethane 14.927 5 5 10
1,2,4-Trimethylbenzene 14.990 1 0.5 2
1,3-Dichlorobenzene 15.391 1 0.5 2
4-Isopropyltoluene (p-Isopropyltoluene) 15.476 1 0.5 2
sec-Butylbenzene 15.524 1 0.5 2
1,4-Dichlorobenzene 15.529 1 0.5 2
1,2,3-Trimethylbénzene 15.613 1 0.5 2
Benzyl chloride 15.729 10 5 20
1,2-Dichlorobenzene 16.056 1 0.5 2
n-Butylbenzene 16.056 1 0.5 2
1,2-Dibromo-3-chloropropane 17.101 10 5 5
1,3,5-Trichlorobenzene 17.375 1 0.5 2
1,2,4-Trichlorobenzene 18.135 1 0.5 2
Hexachlorobutadiene 18.346 1 0.5 2
Naphthalene 18.431 5 5 5
1,2,3-Trichlorobenzene 18.716 1 0.5 2
2-Methylnaphthalene 19.729 10 5 5
INTERNAL STANDARDS/SURROGATES

Dibromofluoromethane 6.284
1,2-Dichloroethane-d, 6.717
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Typical Reporting Limits

Water Water Soil

Retention | Standard | Low- Wet

Time Level Level Weight

Compound (minutes) | (Mg/L) (uglL)l (ng/kg)
Fluorobenzene 7.160
Toluene-dg 9.408
Chlorobenzene-ds 11.656
4-Bromofluorobenzene 13.671
1,4-Dichlorobenzene-d, 15.486

1.2 There are various techniques by which these compounds may be introduced into the
GC/MS system. Purge-and-trap, by Methods 5030 /NV05-107 (aqueous samples or Methanol
extracts of bulk containers) and 5035 / NV05-108 (solid andwwaste oil samples), is used for
volatile organic analytes.

1.3 If for any reason a part of this method cannoi~be*followed, seek the guidance of the
Department Supervisor/Manager or the Technical Director. All abnormalities must be noted in the
Laboratory Information Management System (LIMS),

2.0 Summary of Method

21 The volatile compounds are introduced into the gas chromatograph by the purge-and-trap
method. The analytes are introduced directly, to,a capillary column for analysis. The column is
temperature-programmed to separate the analytes, which are then detected with a mass
spectrometer (MS) directly interfaced to ihe\gas chromatograph (GC).

2.2 Identification of target analytes is acéomplished by comparing their mass spectra with the
electron impact spectra of authentig’standards. Quantitation is accomplished by comparing the
response of a major ion relative go%an internal standard using at least a five-point calibration
curve.

3.0 Definitions
See TestAmerica Nashvillels Quality Assurance Manual Appendix 5 for laboratory definitions. Also,
refer to Controlled Documrent@AF-45, TestAmerica Nashville Acronyms, Keywords, and Definitions.

4.0 Interferences

4.1 Major contaminant sources are volatile materials in the laboratory and impurities in the
inert purging gas, and in the sorbent trap. The use of non-polytetrafluoroethylene (PTFE) thread
sealants, plastic tubing, or flow controllers with rubber components are avoided, since such
materials. out-gas organic compounds which are concentrated in the trap during the purge
operation. Analyses of blanks provide information about the presence of contaminants. When
potential interfering peaks are noted in blanks, perform maintenance. Subtracting blank values
from sample results is not permitted.

4.2 Contamination may occur when a sample containing low concentrations of volatile organic
compounds is analyzed immediately after a sample containing high concentrations of volatile
organic compounds. A technique to prevent this problem is to rinse the purging apparatus and
sample syringes with two portions of organic-free reagent water between samples. Re-analyze
any suspect samples.

4.3 Special precautions are taken to analyze for Methylene chloride. The analytical and sample
storage areas are isolated from all atmospheric sources of Methylene chloride. Otherwise,
random background levels result. Since Methylene chloride permeates through PTFE tubing, all
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gas chromatography carrier gas lines and purge gas plumbing is constructed from stainless steel
or copper tubing.

4.4 Samples can be contaminated by diffusion of volatile organics (particularly Methylene
chloride and Fluorocarbons) through the septum seal of the sample container into the sample
during shipment and storage. A trip blank, prepared from organic-free reagent water and carried
through the sampling, handling, and storage, serve as a check on such contamination.

5.0 Safety
Employees must abide by the policies and procedures in the Corporatg’Saféty Manual and this

document. This procedure may involve hazardous material, operations,and equipment. This

document does not purport to address all of the safety problems associated with its use. It is the

responsibility of the user of the method to follow appropriate safety,"waste disposal and health
practices under the assumption that all samples and reagents are patentially hazardous. Safety
glasses, gloves, lab coats and closed-toe, nonabsorbent shoes/are, a“minimum.

5.1 Specific Safety Concerns or Requirements:

e The gas chromatograph and mass spectrometer (contain zones that have elevated
temperatures. The analyst needs to be aware of the lecations of those zones, and should
cool them to room temperature prior to working on them,

e The mass spectrometer is under vacuum. The mass spectrometer must be brought to
atmospheric pressure prior to working on the sgurce.

e There are areas of high voltage in both the gas“ehromatograph and the mass spectrometer.
Depending on the type of work involved, “either turn the power to the instrument off, or
disconnect it from its source of power.

e Kevlar gloves must be worn when opening and closing VOA vials.
5.2 Primary Materials Used: Thefoliowing is a list of the materials used in this method,
which have a serious or significant hazard rating. Note: This list does not include all
materials used in the method. The table contains a summary of the primary hazards listed
in the MSDS for each of the materials listed in the table. A complete list of materials used in
the method can be found in the reagents and materials section. Employees must review the
information in the MSDS for eachsmaterial before using it for the first time or when there are major
changes to the MSDS.

Material’ Hazards = Msure Signs and symptoms of exposure
( Limit® ,
Sodium Irritant None Causes mild to severe irritation to the eyes. Prolonged
bisulfate exposure causes burn if not flushed with water. Causes mild
irritation to skin. Prolonged exposure causes burn if not flushed
with water.
Methanol Flammable | 200 ppm- A slight irritant to the mucous membranes. Toxic effects exerted
Poison TWA upon nervous system, particularly the optic nerve. Symptoms of
Irritant overexposure may include headache, drowsiness and dizziness.
Methyl alcohol is a defatting agent and may cause skin to
become dry and cracked. Skin absorption can occur; symptoms
may parallel inhalation exposure. Irritant to the eyes.
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Material’ Hazards Exposgre Signs and symptoms of exposure
Limit

Hydro- Corrosive | 5 ppm- Inhalation of vapors causes coughing, choking, inflammation of

chloric Acid Poison Ceiling the nose, throat, and upper respiratory tract, and in severe
cases, pulmonary edema, circulatory failure, and death. Can
cause redness, pain, and severe skin burns.Vapors are irritating
and cause damage to the eyes. Contact Causes severe burns
and permanent eye damage.

Trisodium None listed | Keep in closed container; avoid highytemperatures and strong

phosphate acids.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

6.0 Equipment and Supplies
6.1 Instrumentation

e Purge-and-trap device for aqueous samples at ambient, temperature, described in Method
5030 / NV05-107.

e Purge-and-trap device for solid samples at 40°C, deseriped’in Method 5035 / NV05-108.

e The trap is VOCARB 3000 — 10.0-cm Carbopaek™ B/6.0-cm Carboxin™ 1000/1.0-cm

Carboxin 1001.

The amount of thermal decomposition products formed must be routinely

tracked by daily monitoring of the formation of Ghloromethane and Bromomethane.
e Gas chromatography/mass spectrometer/data system

Gas chromatograph (HP): Analytical systemt complete with a temperature-programmable
gas chromatograph suitable for splitless jnjection with appropriate interface for sample
introduction device. The system includes all required accessories, including syringes,

analytical columns, and gases.

Injector temperature:

2502C

MS interface temperature:

260°C

Carrier gas (He) flow rate:

Constant flow of 1.0 mL/minute.

Initial temperature:

45°C hold for 6 minutes.

Temperature program:

13°C/minute to 150°C; 18°C/minute to 220°C

Final temperature:

220°C

, hold until all expected compounds have eluted (2 minutes)

Split ratio (min.)

1:10

May vary bylinstitument; see maintenance log for current program.

The capillary €olumn is directly coupled to the source.

Gas chromatographic column: DB-624, 20 m x 0.18 mm with 1.0 ym film thickness, or
equivalent.

Mass spectrometer: Capable of scanning from 35 to 300 amu every 1 second or less
using 70 volts (nominal) electron energy in the electron impact ionization mode. To ensure
sufficient precision of mass spectral data, the desirable MS scan rate allows acquisition of
at least five spectra while a sample component elutes from the GC.

Data system (HP Chem Station with Enviroquant and CHROM): A computer system that
allows the continuous acquisition and storage on machine-readable media of all mass
spectra obtained throughout the duration of the chromatographic program. The computer
has software that allows searching the GC/MS data file for ions of a specified mass and
plotting such ion abundances versus time or scan number. This type of plot is defined as
an Extracted lon Current Profile (EICP). Software is used that allows integrating the
abundances in any EICP between specified time or scan-number limits. The most recent
version of the EPA/NIST Mass Spectral Library is also available.
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2 Supplies
Microsyringes, 10, 25, 100, 250, 500, and 1,000 pL.
Syringes, 5, 10, or 25 mL.
Balance, analytical, capable of weighing 0.0001 g, and top-loading, capable of weighing 0.1 g.
Glass scintillation vials, 20 mL, with PTFE-lined screw-caps or glass culturé‘tubes with PTFE-
lined screw-caps.
Disposable pipets, Pasteur.
Volumetric flasks, Class A, 10 mL, 50 mL and 100 mL, with ground-glass stoppers.
Spatula, stainless steel, or wooden tongue depressor.
Helium for carrier gas.
Nitrogen for purge-and-trap gas.
Narrow-range pH paper.
Residual chlorine test strips.
Sea or Ottawa sand for blank and LCS soil matrix.

e o 0o 0o O

7.0 Reagents and Standards
71 Reagent grade chemicals are generally used in all tests. Unless otherwise indicated, it is
intended that all reagents conform to the specifications, of the Committee on Analytical Reagents
of the Analytical Reagents of the American Chemical Society, where such specifications are
available. Other grades may be used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lesséning the accuracy of the determination. See
the QA Manual and SOP Reagent and Standard’Purchase / NV08-214 for more information on
reagent chemicals, such as shelf-life and sterage.
7.2 Reagent water, analyte-free.
7.3 Methanol, CH3;OH: Purge-aadsttap grade or equivalent, demonstrated to be free of
analytes at the MDL. Store apart frofn other solvents.
7.4 Hydrochloric acid (1:1 v/&), HE€Il: Carefully add a measured volume of concentrated HCI
to an equal volume of organic-free réagent water.
7.5 Stock solutions: Steek» solutions are prepared from pure standard materials or
purchased as certified solutionsw Prepare stock standard solutions in Methanol, using assayed
liquids. Any specific standards or procedure for making standards mentioned in this SOP may be
substituted with equivalentystandards or procedures. See standard log for specific standard
information.

7.5.1 Primary$8tandards

For Working Standard

Name of standard Vendor’/Conc (ug/mL) Volume used | Final Volume Conc.

/ . (mL) (mL) (Rg/mL)
Full List Non-gas Standard
Custom 8260 VOC mega- Restek 567641/2000, 4000, 2.5 50 100 —
mix" without gases 10000,-20000, 40000 2000
Megamix additions Restek 567647/2000, 25 50 100-5000

4000,20000, 50000, 100000

Ketones Restek 567642/10000 2.5 50 500
Acrolein Restek 567644 /5000 25 50 250
Cyclohexanone 567648/20000 2.5 50 1000
Vinyl acetate Restek 567646/4000 2.5 50 200
2-Chloroethyl vinyl ether Restek 567643 /2000 2.5 50 100
List 2: Pentachloroethane, Restek 567719 / 2000 2.5 50 100
2-Methylnaphthalene
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For Working Standard

Name of standard Vendor?’/Conc (ug/mL) Volume used | Final Volume Conc.

(mL) (mL) (pg/mL)
1-Methylnaphthalene Restek 31283/1000 0.1 2 50
Full List Gas Standard
Gas Mix | Restek 567645/2000 | 1.0 | 20 100
Short List
Short List Mix Ultra CUS-7011/100-1000 5 10 50-500
3,3-Dimethyl-1-butanol Restek 563892/20000 0.25 10 500

1 Custom 8260 VOC mix has variable concentrations.

concentrations.

See the standard, l6gsfor exact compound

2 The vendors/catalog numbers are recommended; equivalent products aretaeceptable.

7.5.1.1 Transfer the stock standard solution into a bottleswith a PTFE-lined screw-cap.

Store, with minimal headspace and protected (from light, at < 6°C or less or as
recommended by the standard manufacturer.Return standards to storage as soon
as the analyst has completed mixing or diluting the standards to prevent the
evaporation of target compounds.

7.5.1.2 Frequency of Standard Preparation

7.5.1.2.1 Monitor standards for the permanent gases frequently by comparison to
the initial calibration cukve.) Prepare fresh standards if this check
exceeds a 20% drift/ ,Standards for gases usually need to be
replaced after one wWeek or as recommended by the standard
manufacturer, unless,the acceptability of the standard can be
documented. Dichlorgdifluoromethane and Chloromethane are usually
the first competindsvto evaporate from the standard and, therefore, are
to be monitored yery closely when standards are held beyond one
week.

7.5.1.2.2 Monitor standards for the non-gases frequently by comparison to the
initial calibgation. Prepare fresh standards if this check exceeds a 20%
drift, Undiluted standards for non-gases usually need to be replaced
after~one month for working standards and three months for
opened stock standard or as recommended by the standard
mandfacturer, unless the acceptability of the standard can be
daocumented. Standards of reactive compounds such as 2-Chloroethyl
vinyl ether and Styrene may need to be prepared more frequently.

7.5.1.3 Secondary dilution standards: Using stock standard solutions, prepare

secondary dilution standards in Methanol containing the compounds of interest,
either’singly or mixed together. Secondary dilution standards are stored with
minimal headspace and, except for gases, are good for 2-4 weeks unless
acceptability is demonstrated. Replace secondary standards for gases after one
week unless the acceptability of the standard can be documented. When using
premixed certified solutions, store according to the manufacturer's documented
holding time and storage temperature recommendations. Handle and store
standards as stated above and return them to the refrigerator or freezer as soon
as standard mixing or diluting is completed to prevent the evaporation of volatile
target compounds.
7.5.1.3.1 The working calibration standard for the Non-Gas mixture is made by
adding 2.5 mL of each of the first six standards in the Primary Standard
table above in 50.0 mL Methanol in a Class A volumetric. The Gas
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Standard is added right before use as described in the calibration
section.

7.5.2 Internal Standard/Surrogate Standard Mix (IS/SS)

7.5.2.1The internal standards are Fluorobenzene, Chlorobenzene-ds, and 1,4-
Dichlorobenzene-d,. Prepare internal standard stock and secondary dilution
standards in Methanol. Stock standard is 250 pg/mL, Restek 567649, or
equivalent.

7.5.2.2 The surrogates are Toluene-dg, 4-Bromofluorobenzene «the®™ GC/MS Tuning
Standard), 1, 2-Dichloroethane-d,, and Dibromofluoromethane™ Stock standard is
2500 pg/mL, Restek 567650, or equivalent.

7.5.2.3 Prepare a 250 ug/mL I1S/SS standard by diluting 5.0 mL ‘ef'sstock internal standard
(250 pg/mL) and 5.0 mL stock surrogate standard (250Q jig/mL) to a final volume
of 50.0 mL of Methanol in a Class A volumetric.

7.5.3 Bromoform Breakdown Check: Purchase 50 g neat Bromoform from Sigma-Aldrich
241032-50G, or equivalent.

7.5.3.1 Prepare a 20 pg/L standard by adding 0.02 g &f the neat Bromoform standard to
1000 mL reagent water.

7.5.4 Second-Source Standards for Initial Calibration Standard (ICV): The ICV is a
second-source standard that contains all thew8260 compounds. Prepare as for the
primary standard with the only differencé being that the vendor numbers have a “.sec”
on the end of the number.

Sodium bisulfate or Trisodium phosphate for soil sample preservation. See SOP 5035

/ NV05-108.

Sample Collection, Preservation,Shipment and Storage

Sample Min. b Holding Time
Matrix Container Sample,‘Q- Preservation From Collection | Reference
Size A, to Analysis '
Water” 3 x 40-mL 40 mL pH < 2 with Hydrochloric acid. 14 days, 7 days SW846
VOAs Cool 0-6°C, No headspace. if not acidified. Chapters 2
(Optional: Keep in dark. and 4
TSP) If Chlorine residual present, add
0.008% NayS,0s.
Low-con- | 2 pre-weighed 59 0-6°C, 5 mL preservative'
centra- vials, stirring
tion Soil bar
2 EnCores™ 0-6°C, Add 5 g sample and 5
mL preservative to pre-weighed
vial with stirring bar within 48
hours of collection
High con- | 2-oz. glass® or 5gor 0-6°C, Add 1 mL Transfer to VOA
centra- 25 g Encore™ 25¢ Methanol/gram soil within 48 hours,
tion Soil then 14 days

'0.2 gram sodium bisulfate or Trisodium phosphate/mL reagent water

?2-Chloroethyl vinyl ether degrades in acid-preserved samples; its analysis requires a non-preserved

vial.

If analyzing a sample for combined purgeable halocarbons, aromatics, Acrolein, and

Acrylonitrile, analyze the sample within 7 days. Alternatively, collect at least 2 separate vials for
analysis: one vial preserved to pH 4-5 with HCI for Acrolein and Acrylonitrile, and a second vial for
the other analytes preserved to pH <2 with HCI.
3See SOPs 5030 / NV05-107 for waters and 5035 / NV05-108 for soils/solids, including the soil
freezing option, with or without water.
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Analysis Method Sample Storage | Holding Times from Date and Time of Collection
MeOH Addition | Shipping | Extraction | Analysis

Wisconsin VOC Soils | VOC vial Immediately 4 days 21 days 21 days

Brass Tube within 2 hours 4 days 21 days 21 days

EnCore™" within 48 hours | 40 hours | 21 days 21 days

9.0

Quality Control

The laboratory maintains a formal quality assurance program and records«¢o document the quality
of the data generated.

9.1 Sample QC: The following QC is run every batch of no more than 20 samples:
QC Check Frequency Acceptance vrrective Action?
‘ Criteria’ N
Method blank | One per analytical No analytes Correct ptoblem then re-prep® and analyze method

prep batch and after
calibration (see
Section 9.2)

detected > %2 RL
or MDL, whichever
is greater

blanksand,all"'samples processed with the contaminated
blankyf target > 10x blank, report but qualify.

LCS* for all One® per prep batch | See LIMS® Re-prep® and analyze the LCS and all samples in the

analytes affected analytical batch. If high and samples are ND,

using the report. If low, re-prep. If the LCS exceeds the upper

primary control limit AND a sample from that batch is greater

standard. than the RL, re-prep and re-analyze the batch. If the
LCS exceeds the upper control limit AND the sample
from that batch is less than the RL, the data is
acceptable to report.

MS/MSD One per batch per Seeg’'LIMS None (LCS is used to determine if data is acceptable).

using the matrix, if insufficient

primary sample for MS/MSD,

standard then analyze a

LCS/LCSD.
Surrogate Every sample, spike, "\ See LIMS Check system, re-analyze, re-prep’, may qualify. If
standard, and blank. %recovery is high and the sample is ND, it is acceptable

to report. If low, re-prep and rerun. If the surrogate %
recovery exceeds the upper control limit AND a sample
is greater than the RL, re-prepare and re-analyze the
sample. If the surrogate % recovery exceeds the upper
control limit AND the sample is less than the RL, data is
acceptable to report. If the surrogate % recovery is
lower than the lower control limit, re-prepare the sample.
OH VAP requires all surrogates to be in control;
otherwise, the samples must be re-prepared and re-
analyzed

pH check All water samples. pH <2or > 11 If the pH is > 2 but less than 11, comment the data and
LIMS.

Residual Each sample. Residual chlorine If the residual chlorine is positive, then comment the

chlorine must be negative. data, and LIMS.

check

(North

Carolina

samples only)

"This is a summary of the acceptance criteria.
“All abnormalities must be noted in LIMS.
%I unable to re-prep the samples because of insufficient sample volume or holding time has expired, place a comment

in LIMS.
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“ All AZ, MA, TX, and WV samples require a LCS duplicate in each batch.
® See Section 16 for South Carolina LCS acceptance criteria and Minnesota Ethanol acceptance criteria.

A Method Blank is run with each analytical batch. The blank is carried through all stages of
the sample preparation and measurement using the appropriate blank matrix (reagent water
or sand).

A Laboratory Control Sample (LCS) is included with each analytical batch. The LCS
consists of an aliquot of a clean (control) matrix (reagent water or sandgsimilar to the sample
matrix and of the same weight or volume. The LCS is spiked with the/same analytes from the
primary source.

Matrix LCS Preparation v | Final
O

Concentration

Water Add 50 pL of the primary so.urce standard to 50.0 | 50 — 5000 ug/L

mL reagent water in a Class A volumetric flask.

Low-concentration Soil | Add 5 pL of the primary source\standard to a | 50 - 5000 pg/kg

VOA vial containing 5.0 g%sand and 5 mL
preservative and a stirringdar.

High-concentration Soil | Add 50 pL of the primary sourc€e standard to 50.0 | 50 - 5000 ug/kg

(analyzed as waters) mL reagent water in a,Class A volumetric flask.

Matrix Spike/Matrix Spike Duplicate: Doclmenting the effect of the matrix includes the
analysis of at least one matrix spike/matrix spike duplicate pair for each batch.

Matrix MS/MSD Pﬁm&n Final

Concentration

Water Batch Add 43 pyof*the primary source standard to the | 50 — 5000 ug/L

client'sySample in VOA vials.

Low-concentration Soil | Add 5 L of the primary source standard to a VOA | 50 - 5000 pg/kg

Batch vial centaining 5 g preserved client sample (with

stireing bars).

High-concentration Soil (Add 1.0 mL of the Methanol-extract-of-client- | 50 - 5000 ug/kg

Batch (analyzed as sample and 50 pL of the primary source standard
waters) and dilute with reagent water in a 50-mL, Class A
volumetric.

Surrogate standards: The analyst monitors both the performance of the analytical system

and the effectivehess of the method in dealing with each sample matrix by spiking each

sample, QA/QC standard, and blank with surrogate compounds which are not expected to be

affected by method interferences. The surrogate and internal standards are prepared

together as described in Section 7.

e The IS/SS standard mix (250 ug/mL each) is added by the autosampler (nominally 1 L)
during all analyses with the exception of the calibration.

Purge Volume, mL | Concentration of IS/SS Standards in Sample, ug/L
5 50
10 25

pH Check: The analyst must document that each sample has a pH < 2 or = 11 by checking
with narrow-range pH paper. The pH check is performed after sample analysis to avoid
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contamination and creation of a headspace in the sample vials. Record as pH <2 or >2 or >

11.

¢ Residual Chlorine Check: The analyst must document the presence/absence of residual
chlorine in North Carolina samples by checking with residual chlorine test strips.

9.2 Instrument QC
Italicized information is unique to 8260C.

QC Check Frequency Acceptance Criteria’ / /Corrective Action’
a. Check of Prior to initial Refer to criteria for Tune criteria Retupe the instrument and
mass spectral calibra-tion or verify (instrument maintenance
ion intensities, i. | Continuing may be needed).
e., BFB Tune calibration

verification, every 12
hours.

b. Bromoform

At beginning of daily

< 0.5 pg/L Bromomethane; < 0.5 jug/L

Re-condition or replace trap.

Break-down sequence. Chloromethane Re-calibrate.

Check

Minimal five- Initial calibration 8260B: SPCCs average RF %,0.30 or 0.1 | Correct problem then repeat
point initial prior to sample depending on the compound and %RSD initial calibration.

calibration for analysis. Perform for RFs for CCCs < 30% and‘all other

all target instrument re- target analytes %R8D for RF < 15%.

analytes. calibration once per | r*>0.990 or r > 0:995, Re-calculate low

Single-point year minimum. point; must be withih 30% true.

surrogate 8260C: Minimum-RF for initial and

calibration continuing calibration varies by analyte

(see Calibration“standards below). RSD <
20% each targét. r* = 0.990 or r > 0.995.
Up to{10%'of targets may exceed these
criteriaw, If4Ising linear regression, re-fit
lowest calibration point. It must be £ 30%
or're-calculate.

Initial calibration
verification
(ICV), must be
from a second
source

Immediately
following each initiaf
calibration.

All analytes within 30% of expected value.
Problematic compounds may be within
40%.

Correct problem then repeat
initial calibration. ICV must be
run prior to reporting samples.

Continuing Daily, beforersample | 8260B: CCCs: <20% difference (when Correct problem then repeat
Calibration analysis and every using RFs) or drift (when using least CCV (re-calibrate if necessary)
Verification 12 hours,of:analysis | squares regression). and re-analyze any samples
(Ccv) time. SPCCs: minimum RF. processed with that CCV. If
All other target compounds < 30%, except | the CCV is high and the
for specific compounds which may have a | sample is ND, it is acceptable
% difference < 40%. to report.
8260C: All targets of interest < 20%. Up
to 20% of targets may exceed this
criterion. Common targets meet minimum
RF.
Continuing After each CCV. <% RL or MDL, whichever is greater. Correct problem, repeat.
Calibration
Blank
Internal Every sample, Retention time +30 seconds from retention | Inspect mass spectrometer
Standards® standard and blank. | time of the mid-point std. in the ICAL. and GC for malfunctions;

EICP area within -50% to +100% of most
recent ICAL mid-point std.

mandatory re-analysis of
samples analyzed while
system was malfunctioning.

Retention time
window
calculated for

Each sample.

Relative retention time (RRT) of the
analyte within 0.06 RRT units of the RRT
of the internal standard.

Correct problem then re-
analyze all samples analyzed
since the last retention time
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QC Check Frequency Acceptance Criteria’ Corrective Action”
each analyte check.
MDL verification | Minimum yearly. Detectible. Re-evaluate MDL standard
(MDLV) used and MDL; see Technical
Director.

" This is a summary of the acceptance criteria.

2 All abnormalities must be noted in LIMS.

3Target compounds associated with failed internal standards must be re-analyzed (undiluted, if possible) if additional
sample is available; if not available, qualify data in LIMS.

e BFB Tuning and Breakdown Check:

e BFB Tuning: At the beginning of each 12-hour analytical shift anehprior to the analysis of
samples or calibration standards, inject 50 ng or less ef“ihe* 4-Bromofluorobenzene
standard into the GC/MS system (1 pL of 250 pg/mL standard /50 mL reagent water,
purged at a 1:10 split for a 25 ng on the column)s~ (BFB is one of the surrogate
compounds.) The resultant mass spectra for the BFB must meet the tuning criteria below
before sample analysis begins.

Option
1

Option

Option

BFB (4-Bromofluorobenzene) Mass Intensity Criteria

m/z Required Intensity (relative,dbundance)

50 15 to 40% of m/z 95

75 30 to 60% of m/z 95

95 Base peak, 100% relative abundance

96 5 to 9% of m/z 95

173 Less than 2% of mfz 174

174 Greater than=50% of m/z 95

175 5 to 9% ofim/z174

176 Greater'than 95% but less than 101 % of m/z 174
177 5 to 9%6f m/z 176

Three options are_available for acquiring the spectra for reference to meet the BFB
tuning requirements:
It is recommended that each initial tune verification utilize the “Autofind” function and be
set up to look™at™the apex + 1 scan and average the three scans. Background
correction is _required prior to the start of the peak but no more than 20 scans before.
Background_Cerrection cannot include any part of the target peak. Sometimes the
instrument dees not always correctly identify the apex on some peaks when the peak is
not perfectly) shaped. It is acceptable to manually identify and average the apex peak +
1 scan and’background correct.
The scan across the peak at one half peak height may be averaged and background-
corrected.
A single scan at the apex (only) may also be used for the evaluation of the tune.
Background correction is still required.

Note: It is acceptable to adjust parameters within the specifications set by the
manufacturer or the analytical method to properly tune the instrument. If the tune
verification does not pass it may be necessary to clean the source or perform additional
maintenance. Document any maintenance in the instrument log. Excessive adjusting
(more than two tries) without clear documentation is not allowed. No more than
two consecutive tunes may be attempted. Perform necessary maintenance.
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¢ Note: All subseq