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Section 1. Introduction

This Porewater Sampling and Analysis Plan (SAP), prepared for the River Mile 11 East (RM11E)
Project Area, is submitted by Cargill, Inc. (Cargill); CBS Corporation; City of Portland (City);
DIL Trust; Glacier Northwest, Inc. (Glacier NW); and PacifiCorp, collectively referred to as the
RM11E Group. This SAP was prepared on behalf of the RM11E Group by Science and
Engineering for the Environment, LLC (SEE); Dalton, Olmstead and Fuglevand, Inc. (DOF); and
GSI Water Solutions, Inc. (GSI).

This SAP is part of the RM11E Supplemental Remedial Investigation and Feasibility Study
(Supplemental RI/FS). The Final Supplemental RI/FS Work Plan for RM11E (Work Plan; GSI
and DOF, 2013) provides a detailed description of the work being conducted pursuant to the
Statement of Work (SOW) contained within the Administrative Settlement Agreement and
Order on Consent (Settlement Agreement) (U.S. Environmental Protection Agency [EPA]
Region 10, CERCLA Docket No. 10-2013-0087). The RM11E investigation supplements the
Portland Harbor Superfund Site (Portland Harbor) Draft Final Remedial Investigation Report
(Draft Final RI Report; Integral et al., 2011) and the Draft Feasibility Study Report (Draft FS
Report; Anchor QEA et al., 2012) to inform selection and design of a final remedy at the RM11E
Project Area (Integral et al., 2011; Anchor QEA et al., 2012). The submission of this SAP is in
response to EPA’s communications to the RM11E Group in September 2013 requiring the
performance of a porewater investigation as part of the data gathering effort under the Work
Plan.

The RM11E Project Area is shown in Figure 1-1. The project area lies between approximately
RM 10.9 and RM 11.6 along the east bank of the Willamette River and includes Area of Potential
Concern (AOPC) 25 (from the Draft FS for Portland Harbor) and the riverbank area to the top of
the bank.

1.1 Purpose and Objectives

The purpose of the work described in this SAP is to meet a specific data need identified in
Section 2.4 of the SOW:

Porewater and Empirical Data to Inform Cap Design: Porewater quality, hydraulic gradients,
sediment texture, and other empirical data will be collected and evaluated for input into a
sediment cap isolation (advection/diffusion) model in order to inform cap design.

This SAP is for the collection of porewater and associated sediment data for the purpose of
supporting sediment cap isolation modeling, which will inform remedy selection and cap
design. The objective of this SAP is to collect data for use as input parameters into models to
support remedial selection and design for alternatives defined in the Draft FS Report. Site
remedies that may be evaluated for RM11E included Enhanced Monitored Natural Recovery
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(EMNR), engineered cap, in situ treatment, and removal®. These evaluations will be used for
both the Recontamination Assessment and the Implementability Study, as described in the
Work Plan.

1.2 Summary of Existing Sediment Data

Extensive bedded sediment, suspended sediment, and bank soil data have been collected in the
RML1I1E Project Area. As part of the Portland Harbor RI/FS process, the Lower Willamette
Group (LWG) and the City have collected and analyzed more than 60 surface sediment grab
samples in the RM11E Project Area. Several additional surface sediment samples have been
collected by shoreline property owners to support activities such as environmental permitting
and maintenance dredging at waterfront facilities. Previous sediment investigations that have
been conducted in the RM11E Project Area are described in Section 3.3 and Section 6.2.1 of the
Work Plan. Existing sediment data are included in the LWG's Site Characterization and Risk
Assessment (SCRA) Database and the FS Sediment Database, and are discussed in the Draft
Final RI Report and Draft FS Report. New sediment data collected by the RM11E Group as part
of the Supplemental RI/FS will be documented in the forthcoming Field and Data Report, but
new data results germane to this porewater investigation have been incorporated into this SAP
where applicable.

1.3 SAP Preparation

This SAP is consistent with the approach and methodologies set forth in Appendix A (Quality
Assurance Project Plan) and Appendix C (Surface Sediment Sampling and Analysis Plan
Addendum) of the Work Plan (GSI and DOF, 2013).

The results of the Phase 1 Porewater Characterization, as described in Section 6.2.4.1 of the
Work Plan, will be presented in the Porewater Characterization Report.

1 Removal as an alternative will be evaluated both as dredging to a clean z-layer, and dredging to a
specified depth coupled with a sand cover, an engineered cap, or the addition of an amendment as part of
an engineered cap at the bottom of the dredge cut.
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Section 2. Porewater Study Design

The purpose of the porewater study is to provide additional data to inform remedy selection,
and cap design, consistent with Section 2.4 of the SOW. Polychlorinated biphenyls (PCB) in

sediments principally have defined the proposed remedial alternative footprint for RM11E in
the Draft FS Report (Anchor et al., 2012). As such, PCBs are the focus of this porewater study.

The general approach to the project involves the following key steps:

Selection of analytical tools (models) that will be used to meet project objectives.
Identification of data needs to meet the model input requirements.

Identification of sampling methods to satisfy data needs.

Ll .

Identification of sampling locations that will provide data representative of a range of
site conditions.

5. Sample collection and laboratory analysis.

Steps 1 to 4 are described in this section. Step 5 is detailed in Section 5.

2.1 Data to Inform Remedy Selection

The design of the porewater sampling program at RM11E is intended to provide measures of
the flux of PCBs within sediments, and a measure of the freely dissolved PCBs that move out of
the sediment and into the river. Selection and design of specific remedies within RM11E will
consider bulk sediment concentrations in the surface and subsurface sediments, as well as the
potential for advective and/or diffusive flux of PCBs from those sediments. The two controlling
factors to assess PCB flux are (1) site-specific partitioning constants and (2) the rate of exchange
from underlying contaminated sediments into the overlying surface sediments and to the
Willamette River.

Site-specific partitioning and rate of flux of PCBs are needed to adequately frame the models
that will inform both the Recontamination Assessment and the Implementability Study. To
define the data needed, it is first necessary to identify the models that may be used to evaluate
PCB flux including : (1) site-specific sediment to porewater partitioning constants and (2) the
rate of sediment porewater and surface water movement (flux) between sediment and overlying
surface water.

2.1.1 Remedial Design Models

The following models have been identified for use in the Recontamination Assessment and
Implementability Study: a two-carbon partitioning model to estimate the concentrations of
dissolved PCBs in porewater, and cap/amendment addition models. Each is described below.
While selection of specific models will be made as part of the Recontamination Assessment and
Implementability Study, the purpose of this SAP is to gather the data to support these models.
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1. Two-Carbon Partitioning Model for Determining Dissolved PCB Interstitial Water
Concentrations. An equilibrium partitioning model (EqP) was used in the Draft Final RI
Report to estimate flux from sediments into the overlying river water. These estimates
were based on theoretical calculations of dissolved PCBs in porewater using the bulk
sediment PCB concentration and the levels of total organic carbon (TOC).

A refinement of the EqP model, developed by EPA, is the two-carbon model (EPA,
2012a; Gschwend et al., 2011, 2013). The two-carbon partitioning model requires
measurement of PCBs in bulk sediments, PCBs in porewater, TOC, and black carbon
levels2. Collecting empirical data for these parameters through the porewater study will
allow calibration of a site-specific partitioning model. The site-specific model will allow
for a more reliable estimation of dissolved PCBs in surface and subsurface porewater
across the RM11E Project Area. The output from the two-carbon partitioning model will
be used in the Recontamination Assessment and Implementability Study to evaluate the
potential recontamination of surface sediment, monitored natural recovery, design
thickness and efficacy of a conventional cap, levels of in situ treatment (such as activated
carbon to sequester PCBs,) and the relative risks of remaining PCBs in post-dredging
residuals (Greenberg et al., 2014).

2. Cap/Amendment Addition Models. The model to evaluate conventional caps, in situ
remedy design, and efficacy for the Recontamination Assessment and Implementability
Study will be either the RECOVERY model developed by the U.S. Army Corps of
Engineers (Boyer et al., 1994; Ruiz and Gerald, 2001), or the model CAPSIM from Texas
Tech University (Lampert et al., 2012; Reible and Lampert, 2014). The RECOVERY
model is a relatively simple compartment model that principally models advective flux
by compression during cap placement and passive flux by diffusion thereafter. CAPSIM
is a more input-data-intensive model that typically is used for final design. However, it
allows for the evaluation of multiple sediment layers, active flux of contaminants from
groundwater intrusion, and a more explicit consideration of an active carbon addition.
Model selection and justification will be presented in the Recontamination Assessment
Report.

2.1.2 Inputs to the Model

Table 2-1 presents the required model parameters and their data sources for the two-carbon
partitioning model and for the two cap/amendment models under consideration. A
considerable amount of data was generated in connection with the Draft Final RI Report and the
subsequent RM11E studies (including those being conducted under the Work Plan) to develop
parameters for at least the cap/amendment models. Data that will be collected as part of this
porewater study will be considered for use in calibrating the two-carbon partitioning model.

Sediment PCB congener data, collected as part of this SAP, will allow comparison to PCB
porewater congener data and also will be used to evaluate correlations between congeners and
Aroclors measured in the RM11E Project Area. Likewise, data on the proportion of black

2EPA (2012a) defines black carbon as “A form of carbon produced by the burning of biomass and fossil
fuels that can accumulate in sediments. This form of carbon has a large affinity for hydrophobic
contaminants of concern (COC) and can substantially reduce bioaccessibility and bioavailability.”
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carbon, as a proportion of the TOC values previously reported, are lacking and will be collected
in this porewater study.

For the cap/amendment models, parameter data needs for sediment, surface water, and general
system properties (e.g., surface area being modeled, water flow through the site) can be met
with the existing information (Table 2-1). Groundwater data are being collected under the
Upland Groundwater and Bank Soil SAP (Appendix B to the Work Plan) and will be evaluated
in the Recontamination Assessment and Implementability Study. Data not currently available
include PCB partitioning and PCB porewater concentrations, both of which will be addressed
through this porewater study.

Maximum and minimum groundwater seepage (flux) rate(s) will be estimated based on a
standard approach that uses the hydraulic gradients (i) between upland wells and the
Willamette River (taking seasonal maximum and minimum gradients and diurnal tidal
variation into consideration) and an estimated range of hydraulic conductivity values (k) from
geologic samples from the shoreline wells and sediments collected in the area. A version of this
method (Lampert and Reible steady-state model, 2009) was used to evaluate capping in the
Portland Harbor FS. Seepage velocity will be calculated by multiplying gradient and hydraulic
conductivity. Mass flux will be estimated by multiplying seepage velocity by porewater
concentration.

Based on this evaluation, the data needs identified for this porewater study are:

e Concentrations of dissolved PCB congeners in porewater
¢ Concentrations of PCBs in bedded sediments as both Aroclors and congeners3
e Concentrations of TOC and black carbon in bedded sediment

e Concentrations of dissolved PCB congeners in surface water immediately above the
sediment porewater sampling locations

e Concentrations of dissolved PCB congeners in surface water immediately upstream of
the porewater sampling locations

While not a specific data need per se, estimated concentrations of dissolved PCBs based on the
EqP model used for the Draft Final RI Report will be compared to the measured PCB
concentrations in porewater based on the sum of all congeners, and then compared to the
estimates made using the calibrated two-carbon partitioning model. If advective flux is
observed, existing subsurface sediment data will be used to calculate subsurface porewater
concentrations and as model inputs for subsurface sediment concentrations.

The associated field and analytical activities to address these data needs are detailed in Section
4.

3 Bulk sediment samples will be collected as close as practicable to the porewater sampler. In discussions
with MIT it was decided that collecting a core at the time of passive sampler deployment could impact
the sediment column close to the passive sampler (leaving a hole in the bedded sediment), and thus could
compromise the porewater sampler exposure evaluation. This study will collect that sample at the time of
passive sampler retrieval.
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2.2 Sampling Methods

The RM11E porewater sampling will employ passive samplers developed at the Massachusetts
Institute of Technology (MIT). Passive samplers are capable of sorbing hydrophobic organic
compounds and have been demonstrated to be effective in quantifying PCBs in porewater at a
number of EPA sites (EPA, 2012b; Greenberg et al., 2014) ), including recent work on the Lower
Duwamish Waterway (Gschwend et al., 2013; HDR et al., 2013). Cleaned, inert sheets of
polyethylene (PE) are placed into rigid frames and a passive sampling device is pushed into the
sediment. In nature, organic carbon is the dominant sorption phase of hydrophobic organic
compounds such as PCBs (EPA, 2012). While there are many mass transfer processes that
control desorption of PCBs into porewater, and then sorption into a passive sampler, a large
body of research has demonstrated that plastic samplers such as PE act essentially as another
carbon sink, and that the PCBs will come into equilibrium between the three phases: sediment
carbon, dissolved in porewater, and in the passive sampler (Mayer et al., 2014).

If left sufficiently long in the sediment, until steady-state conditions exist, the PE will equilibrate
with the PCBs in porewater. However, for highly chlorinated PCBs, this can take months or up
to a year or longer (Tomaszewski and Luthy, 2008; Gschwend et al., 2012a; Ghosh et al., 2014).
To facilitate the use of a shorter PE exposure period, while still being able to calculate the PCB
concentration at equilibrium, performance reference compounds (PRC) will be impregnated
into the PE. These PRCs are essentially internal standards whose loss from the PE is used to
correct for the samplers' incomplete equilibration with the sediments (Fernandez et al., 2009).
For this porewater study, these PRCs will be stable isotope-labeled or deuterated forms of the
congeners with similar partitioning coefficients (log Kow) as the target congeners.

The data collection is intended to reflect remedial design conditions. Chemical isolation design
requires consideration of advective loading from subsurface sediment to surface sediment and
from surface sediment to surface water, both of which are driven in part by the groundwater
flux rate through the sediment. A controlling remedial design condition for groundwater flux is
the period when the river is at its lowest stage, such that the hydraulic head in groundwater
between the upland and the river is greatest. The low river stage for the Willamette River
normally occurs during August through November each year, and is, if practicable, the
preferred time to collect porewater data (Figure 2-1).

2.3 Porewater Sampling Program

2.3.1 Defining the Sampling Area

The sampling area is a subset of the overall RM11E Project Area and was established with
consideration of the following (Figure 2-2):

e Comprehensive Benthic Risk Area identified in Draft FS Report

e Alternative F Remedial Action Level footprint in the Draft FS Report

¢ Engineered Cap and In-Situ Treatment Areas identified in Draft FS Report
e Availability of paired Surface-Subsurface Previous Sampling Locations

e Surface and subsurface concentrations of PCBs and TOC

Porewater Sampling and Analysis Plan Page 6
River Mile 11 East - Portland, Oregon May 2014



Porewater inert-samples will be collected from an area with a wide range of PCB concentrations
in surface and subsurface sediment. Therefore, the results from this study will allow for the
assessment of porewater as a potential source of recontamination in other locations within the
RM11E Project Area.

2.3.1.1 Comprehensive Benthic Risk Area

The Draft FS Report identifies a near shore area of benthic concern between approximately RM
11.25 and RM 11.50. For RM11E, this is, in part defined by bioassays, but also by the EPA
guidelines for assessing benthic risk for contaminants of concern (COC). For RM11E, PCBs
represent the principal COC that defines this Comprehensive Benthic Risk Area (shown as a
hatched area in Figure 2-2). The porewater sampling area generally is contained within the
Comprehensive Benthic Risk Area for the RM11E Project Area because it represents a known
area of benthic concern.

2.3.1.2 Alternative F Remedial Action Level Footprint and Engineered Cap and In Situ Treatment
Areas

The Work Plan states that Alternative F from the Draft FS Report will be used as a conservative
footprint for the alternative analysis. Alternative F is defined by the 75 micrograms per
kilogram (ug/kg) PCB Remedial Action Level (RAL), and the Draft FS Report identified
engineered capping and in situ treatment as integrated remedial alternatives for RM11E in areas
located primarily beneath and behind the Glacier NW and Cargill docks (Figure 2-2). For the
purpose of the RM11E study, in situ treatment will be considered to be part of an engineered
capping remedy as it involves introducing sorbent amendments such as activated carbon
(AC) into contaminated sediments. Porewater data collected over a range of physical and
chemical conditions are intended to inform design and potential recontamination of both
engineered caps and in situ treatment areas. Consequently, the porewater sampling area
includes the engineered cap and in situ treatment areas shown in Figure 2-2 and is congruent
with the Comprehensive Benthic Risk Area.

2.3.1.3 Paired Surface-Subsurface Previous Sampling Locations with Elevated PCBs

To understand the nature of potential flux of PCBs from subsurface contaminated sediments, it
is beneficial to place porewater sampling stations at existing sediment sampling locations with
both surface and subsurface measurements of PCBs in sediment. Stations with elevated PCB
surface sediment concentrations are presented in Figure 2-3, and those with elevated subsurface
sediment concentrations in Figure 2-4.

Several paired surface and subsurface sediment PCB measurements are located within the
Comprehensive Benthic Risk Area, in the 75 pg/kg RAL, and in the vicinity of the Draft FS
Report-identified integrated engineered cap and in situ treatment footprints. Table 2-2 presents
sampled locations within the 75 pg/kg RAL footprint, including the physical (grain size, total
solids, TOC) characteristics and total PCB concentrations. To generate a wide range of
measured porewater data for calibrating the partitioning and cap models, these existing
sediment data were used in Section 2.3.2 to select porewater sampling stations located across a
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range of PCB sediment concentrations, TOC concentrations, and estimated porewater
concentrations4.

2.3.2 Porewater Sampling Stations

Figure 2-1 shows the proposed porewater sampling stations. Generally, the stations are
numbered from downstream to upstream (left to right in Figure 2-1) and from onshore to
offshore. The factors considered for their selection are presented in Table 2-3 and are discussed
on the basis of the grab (G) and core (C) pairings. Three stations are arrayed in a transect along
the Draft FS Report-identified integrated engineered cap/in situ treatment area (RM11E-PW002,
RM11E-PWO003, and RM11E-PW006), and in two transects extending offshore: RM11E-PW003,
RM11E-PW004, RM11E-PW005 and RM11E-PW002, RM11E-PW001. With the exception of
RM11E-PWO001, all of these data were collected in the 2009 sediment sampling event (Table 2-3).
The data for RM11E-PW001 were collected in 2007, with a re-collection of the surface sediment
sample in 2013. The bulk sediment data are of sufficient recency and quality to be used in this
study.

Sampling stations are presented in Table 2-3 and described below.

2.3.2.1 RM11E-PW001

This station is located at the paired surface/subsurface sediment sampling locations RM11E-
G079 and LWG-UG02/UC02. RM11E-PWO001 is within the Comprehensive Benthic Risk Area,
but is an area targeted for removal in the Draft FS Report. The station is represented by two
surface grab samples at approximately the same location, but at different concentrations; 5,900
ng/kg at UGO2 from the Draft FS Report, and 2,200 pg/kg at G079 from the recent
Supplemental Sediment Sampling. The TOCs are low (<0.5 percent) at both intervals, and the
corresponding PCB porewater concentrations (Cpw-s) are the highest estimated within the
RM1I1E Project Area. Subsurface PCB concentrations are non-detect. This station provides a
high total PCB value (> 2,000 pg/kg) with a low TOC, which will provide useful data for
calibration of the two-carbon partitioning model. Furthermore, it would be expected that any
flux of dissolved PCBs into the overlying water column would be solely from the surface
sediment.

2.3.2.2 RM11E-PW002

This station is located at the paired surface/subsurface sediment sampling locations RM11E-
G022/C019. RM11E-PWO002 is within the Comprehensive Benthic Risk Area and is located in an
area identified for possible in situ treatment in the Draft FS Report. While not indicated in the
Draft FS, capping may also be possible in this area. PCB concentrations in the upper 1.5 meters
are relatively low (178 to 340 pg/kg), and higher at 1.5 to 2.0 meters below mudline (bml) (6,200
ng/kg). TOC averages approximately 2 percent through the sediment column, and in the

4 Porewater concentrations were estimated in Table 2-3 (EPA, 2012a) based on total PCB concentrations,
TOC, and the same octanol-water coefficient used in the Bioaccumulation Modeling Report (Kow = 6.14)
(Windward, 2009). Individual PCB congeners that were not detected were not included in the total PCB
porewater estimation. Consistent with EPA guidance and the Draft Final RI Report, calculating EqP
porewater concentrations require a detectable PCB and > 0.2 percent TOC. Where either of those
conditions did not exist, the PCB porewater concentrations were not calculated.
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surface intervals the calculated C,w (18.3 - 36.1 nanograms/liter [ng/L]) is near the PRG for
ecological receptors (RAO7 - Table 2-4) of 14 ng/L. In the 1.5- to 2.0-meter interval, the Cp,w is
868 ng/L, and at 5 ng/L in the lowest interval. Data from this station will be used to represent
conditions where dissolved PCBs may be advecting into surface-sediment porewater from the
elevated PCBs in subsurface sediment. These data may indicate whether the higher levels of
TOC in the sediment column effectively sequester PCBs, which may be indicated by lower flux
into the overlying surface water.

2.3.2.3 RM11E-PW003

This station is located at the paired surface/subsurface sediment sampling locations RM11E-
G026/ C022. RM11E-PWO003 is within the Comprehensive Benthic Risk Area and is located in an
area identified for potential in situ treatment in the Draft FS Report. Capping may also be
possible in this location. PCB concentration levels are relatively high in the surface sediment
(1,400 ug/kg), lower in the middle section of the subsurface sediment column (30.9 to 90.5
centimeters [cm] at 370 pg/kg), and elevated in the deepest segment down to 140 cm (1,500
ng/kg). TOCs range from 1.35 to 1.91 percent; the calculated C,w is highest in the surface
interval (217 ng/L) and lower below. Data from this station will be used to represent conditions
where PCBs may be advecting into surface-sediment porewater from the elevated dissolved
PCBs in subsurface sediment.

2.3.2.4 RM11E-PW004

This station is located at the paired surface/subsurface sediment sampling locations RM11E-
G027/C023. RM11E-PW004 is within the Comprehensive Benthic Risk Area, and outside of the
Draft FS Report-designated cap or in situ treatment area. This location was selected because of
its relatively low PCB surface sediment concentration (133 pg/kg), with elevated PCB
concentrations in the subsurface sediments (650 to 3,300 pg/kg) down to approximately 3
meters bml. TOC and estimated Cpy, are low (0.46 percent and 57.2 ng/L) at the surface interval,
and are higher at depth (0.86 to 1.6 percent TOC and 105 to 802 ng/L). Data from this station
will be used to represent conditions where dissolved PCBs may be advecting into surface-
sediment porewater from the elevated PCBs in subsurface sediment. With the low TOC level in
surface sediments, flux measured in the overlying surface water may be attributable to flux
from the subsurface sediments.

2.3.2.5 RM11E-PWO005

This station is located at the paired surface/subsurface sediment sampling locations RM11E-
G028/C024. RM11E-PWO005 is outside of the Comprehensive Benthic Risk Area, but is within
the 75 ng/kg total PCB RAL in the region targeted in the Draft FS Report for removal. It has a
relatively moderate surface sediment PCB concentration (373 ng/kg) and low subsurface
contamination levels (<4 .4 ng/kg TOC is 1.4 percent in the surface sediment, but less than 0.1
percent in the lower intervals). Cpw is estimated at 49 ng/kg in the surface, but cannot be
estimated for the lower intervals. This station provides an intermediate total PCB value (less
than 500 png/kg) within the range of data needed for calibration of the two-carbon partitioning
model. Furthermore, it would be expected that any flux of dissolved PCBs into the overlying
water column would be solely from the surface sediment.
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2.3.2.6 RM11E-PW006

This station is located at the paired surface/subsurface sediment sampling locations RM11E-
G033 and C029. This station is within the Comprehensive Benthic Risk Area, and was identified
as a possible in situ treatment site in the Draft FS Report. It is also a potential site for capping.
PCB concentrations at the surface are 2,000 pg/kg and then are non-detect to a depth of at least
4 meters. The TOC is low (0.46 percent), and the estimated Cpy is 908 ng/L. This station
provides a high total PCB value (> 1,000 pg/kg) with a low TOC, which will provide data for
calibration of the two-carbon partitioning model. Furthermore, it would be expected that any
flux of dissolved PCBs into the overlying water column would be solely from the surface
sediment.

2.3.2.7 RM11E-PWO007 - Upriver Reference Location

This station, will be located at the previous upstream surface sediment sampling location
RM11E-C043. This station (sediment, porewater, and surface water) may provide insight on
which PCB congeners are contributed by upstream sources. Data from this station will provide
an upriver measure of dissolved porewater PCBs in a relatively uncontaminated (non-detected
at 1.7 pg/kg) area, and also as a measure of the upriver concentrations of dissolved PCBs in the
overlying water (Figure 2-1). The in-sediment analytical data from the upstream station should
also serve a second function in defining the lower boundaries (lowest PCB congener
concentration) for the two-carbon partitioning model.

2.4 Preliminary Remediation Goals as Design Inputs

Additional inputs to the porewater study design are the remedial action objectives (RAO) and
preliminary remediation goals (PRG) that are being developed for Portland Harbor. Table 2-4
shows the PCB RAOs and PRGs applicable to this porewater study (as provided by EPA to the
LWG on March 3, 2014). To the extent practical, bulk sediment analytical reporting limits
should be below the lowest sediment PRG of 4 ng/kg, while the porewater measurements
should target a total PCB reporting limit of 0.0064 ng/L. Reporting limits are discussed further
in Section 5.

Porewater Sampling and Analysis Plan Page 10
River Mile 11 East - Portland, Oregon May 2014



Section 3. Project Organization

This section summarizes the organizational structure, responsibilities, and resources employed
to support this SAP, including field activities, laboratory services, data validation, data
management, and reporting.

3.1 Team Organization and Responsibilities

This SAP will be implemented by a team of consultants and subcontractors that will be retained
by DOF. DOF is the primary common consultant retained by the RM11E Group and will
contract principally with SEE and GSI to accomplish this work

3.1.1 Project Manager (PM)

Paul Fuglevand, PE (DOF), is the senior Project Manager (PM). In this role, he will provide
general oversight of the work and will be the point of contact for the RM11E Group. Paul will
work closely with SEE and GS], as discussed below, and other project staff members to ensure
that the project objectives are achieved. Principal deviations from the SAP will not be made
without prior approval from the PM.

The PM generally is responsible for the following;:

e Oversee the planning and implementation of all field sampling efforts in accordance
with this SAP.

e Coordinate with the Field Director (FD) to address any field problems and approve
deviations from this SAP.

¢ Communicate with the RM11E Group regarding the schedule, performance, and any
anticipated deviations from sampling and analysis activities.

3.1.2 Field Director (FD)

Tim Thompson (SEE) is the Technical Project Lead (TPL) for the porewater investigations. He
will serve as the lead scientist and FD for all sampling activities. He will report directly to the
PM and coordinate with other project staff members. The FD generally is responsible for the
following:

e Direct the planning and implementation of all field sampling efforts, including
arranging for necessary sampling equipment and overseeing the operations of vessel
subcontractors (described below).

e Mobilize for field work and direct all aspects of the sampling to ensure that the
appropriate procedures and methods are used in accordance with this SAP.

e Coordinate closely with the PM, Sampling and Analysis Coordinator (SAC), and field
staff members to address any field problems, deviations from this SAP, or emergencies
that may arise.
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e Function as the Field Safety Officer and ensure that the sampling activities adhere to the
Health and Safety Plan (HSP).

e Track the schedule and performance of the sampling and analysis activities according to
this SAP in direct coordination with the PM.

The FD will work closely with the PM and SAC to fulfill the listed responsibilities and may be
assisted at times by other project staff members.

3.1.3 Sampling and Analysis Coordinator (SAC)

Erin Carroll Hughes (GSI) will be the SAC and will work closely with the PM and FD. The SAC
generally is responsible for the following;:

e Coordinate with the owners of waterfront properties with active working docks, marine
operations, and vessel traffic to ensure that, to the extent possible, the consultant team’s
access to these properties will not interfere with the normal activities conducted at these
properties, and will accommodate periodic operational and security limitations resulting
from these operational activities.

¢ Receive and maintain copies of field documentation and laboratory chain-of-custody
forms.

e Assist the FD in tracking the schedule and performance of the sampling and analysis
activities according to this SAP.

e Assist with sampling efforts.
e Assist with safety operations.

e Assist with investigation-derived waste (IDW) management and ensure that it is
removed in a timely manner from properties owned and/or operated by RM11E Group
members.

The SAC may be assisted at times by the FD, PM, and other project staff members.

3.1.4 Field Support

Subcontractors anticipated to be used to support this work are listed below by work type:

¢ Ballard Marine Construction (BMC). Commercial divers from BMC will be used to: (1)
conduct an initial pre-deployment field reconnaissance of the proposed porewater
sampling locations; (2) place the porewater samplers at predetermined locations; and (3)
after approximately 60 days, retrieve the porewater samplers and take surface sediment
cores at the same locations where the samplers were retrieved.

o  Willamette Cultural Resources Associates, LTD. (Willamette CRA). David Ellis of
Willamette CRA and his team will provide cultural resource monitoring services, as
necessary, during sample processing (see Section 4.5).

3.1.5 Data Validation and Management Support

The data validation and data management subcontractors are listed below by work type:
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e Pyron Environmental, LLC. Mingta Lin of Pyron Environmental will serve as Chemical
Quality Assurance (QA) Manager responsible for laboratory coordination and oversight,
and will conduct the quality review of analytical data. The Chemical QA Manager will
be the final arbiter of any data qualifiers that may be needed to the laboratory-reported
result. A data validation report will be written for the project, and will be included in the
appendices of the final report. Mr. Lin previously worked with SEE, ALS Environmental
(ALS), and MIT on the Lower Duwamish porewater sampling program, and is familiar
with the methods, QA and quality control (QC) requirements, and the data validation
procedures for this PE sampling.

e Data Management (GSI). GSI will assign a Data Manager (DM) who will maintain the
project database, and will coordinate directly with the PM, FD, SAC, Chemical QA
Manager, and primary contract laboratory, as needed. Validated laboratory results will
be provided as electronic deliverables to the DM by the Chemistry QA Manager. The
DM will coordinate with the Chemistry QA Manager to determine the appropriate
database structure, verify the satisfactory electronic transfer of validated data, maintain
the integrity of the database, and oversee all data queries and reporting.

3.1.6 Senior Chemist

Dr. Philip Gschwend, along with his staff at MIT, will participate in the project as the Senior
Chemist for conducting the porewater sampling at RM11E. He will serve as an advisor for the
preparation of the passive samplers, on how to impregnate the samplers with PRCs, and aid in
the interpretation of the results. The methods being used for this project were developed by his
laboratory at MIT. He will coordinate with the primary contract laboratory, to prepare the
passive samplers, impregnate the samplers with PRCs, and aid in the interpretation of the
results. In addition, a subset of collected field sediment samples and passive samplers will be
sent to MIT as part of the project QC program as a check on the reliability and accuracy of the
analytical method. The accuracy of porewater measures in assessing PCBs is expected to be
similar to those reported by Gschwend et al. (2011).

3.1.7 Laboratory Services

ALS, of Kelso, Washington, is the primary contract laboratory and will perform chemical
analyses on the passive samplers and the sediment samples collected. Jeff Christian will serve as
the Laboratory Project Manager to oversee laboratory performance in accordance with the
QAPP Addendum (Appendix A of the Work Plan). He has served as ALS’s (formerly Columbia
Analytical Services) project manager for a number of sediment characterizations conducted by
DOF and SEE, and is familiar with the analytical objectives of this project. ALS is a certified by
the National Environmental Laboratory Accreditation Program; method certifications for the
laboratory are included in Appendix A of the Work Plan.

3.2 Regulatory Oversight

Regulatory oversight will be provided by EPA. Sean Sheldrake is the site Remedial Project
Manager (RPM) for EPA and he may be supported at times by other technical staff members
and consultants. As the lead agency for all activities related to site assessment for the Portland
Harbor RI/FS, EPA will oversee implementation of the activities associated with the RM11E
Settlement Agreement and SOW and coordinate feedback on deliverables from other agencies

Porewater Sampling and Analysis Plan Page 13
River Mile 11 East - Portland, Oregon May 2014



and the tribes that are overseeing the work to be performed by the RM11E Group. As noted in
Section 4.5 of this SAP, a Field Change Request form will be submitted to Sean Sheldrake via
email if sample locations need to be moved more than 10 meters from the initial target. Contact
information for these requests is:

Sean Sheldrake, Unit Diving Officer, RPM
EPA Region 10, 1200 Sixth Ave., Suite 900
Seattle, WA 98101
sheldrake.sean@epa.gov

3.3 Health and Safety

The primary hazards for the sampling event are physical hazards associated with the river
environment and working on a vessel with heavy and mobile equipment in and around
working docks and marine operations with frequent vessel traffic. Diving for sediment sample
collection also requires careful adherence to safety procedures and a diving-specific HSP
prepared by the diving contractor. The field crew will exercise sound field judgment and
practices to maintain a safe working environment during sample collection and all other field
activities. The field crew will comply with HAZWOPER regulations under 29 CFR 1910.120,
exercise due care to maintain the integrity of in-water structures, avoid interfering with marine
operations and other activities conducted at and around the working docks, and comply with
all operational and security limitations, as directed by the FD and the vessel operator.

GSI prepared a project-specific HSP (Appendix D of the Work Plan) for sediment grab
sampling. BMC prepared a diver HSP for under-dock sediment sampling. Both HSPs
incorporated EPA review comments. Those approved plans will be used as appropriate in the
development of supplemental HSPs for the Porewater SAP activities for the field staff and
divers. The HSPs for the Porewater SAP will be submitted to EPA at least 6 weeks before the
planned mobilization for porewater sampling.

As noted above, the FD will function as the Field Safety Officer during the field work and will
coordinate with the diver Field Safety Officer to determine the limits of safe practice and
operating conditions during field activities. The FD will confirm that field personnel have up-
to-date 8-hour HAZWOPER refresher safety training and medical monitoring, if required. The
FD will lead the safety meeting at the beginning of the field work and daily safety briefings each
morning before beginning field activities. The FD also will provide a safety briefing to any new
participant involved in the field activities.
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Section 4. Field Activities to Support Porewater
Sampling

This section describes the activities to support porewater sampler placement and retrieval, as
well as the collection of surface sediment samples (30 cm bml) from the porewater sampling
locations upon retrieval. As noted previously, the field methods and analyses are similar to
those employed on the Lower Duwamish Waterway in Seattle, Washington (Gschwend et al.,
2013; HDR et al., 2013). An overview of the field placement of passive samplers in the Lower
Duwamish Waterway in 2012 is posted on the EPA Region 10 Dive Unit Web site.5

4.1 Overview of the Porewater Sampling Approach

For the RM11E porewater sampling, the passive samplers will be impregnated with the PRCs at
ALS’s laboratory at Kelso, Washington, and mounted into the sampling frame just before
deployment. Each frame will have 50 x 10 cm strips of PRC-labelled PE. At each sampling
location, two passive sampling devices (PSD) will be deployed, approximately 8 inches apart.
Divers will install the samplers at the selected sampling locations, to a target depth of 30 cm
bml, leaving 20 cm of the PE extending above the mudline in the overlying surface water. The
sampler will be left to interrogate the sediment and overlying water for approximately 60 days.

At the time of retrieval, prior to removal of the sampler, a 40- x 10-cm-diameter core will be
inserted between the two PSDs at each station, and then the PSDs will be removed. Once the
PSDs are removed and secured on the support vessel, the core will be extracted. The PE frame
itself will be labeled, wrapped in foil, and stored on ice for transport. Likewise, the collected
cores will be capped and labeled in the field; both the PE and collected sediment will be
transported in separate ice-filled coolers to ALS’s laboratory at Kelso, Washington, for further
processing.

At ALS, the PE will be removed from each frame and cut initially into two sections: the
sediment (lower 30 cm) section and the surface water (upper 20 cm) section. These sections will
be further cut into 5-cm-wide longitudinal strips thereby creating and making available
replicate sediment and surface water samples representing the full depth profile available for
analysis or archiving at each station. The individual strips will be wrapped in aluminum foil,
labeled, and placed into labeled jars at ALS. For each sampling location, the PE will be extracted
and analyzed for the 209 PCB congeners, as well as the 5 PRC congeners. The PE from at least
two locations will be sent to MIT for confirmation sampling analysis.

The collected sediment cores provided to ALS will be extruded, logged, photographed, and
composited for analysis of total solids, grain size, PCB Aroclors, PCB congeners, TOC, and black
carbon (Table 4-1). Only the top 30 cm of sediment in the core tube will be collected for analysis.

5 http:/ /www.epa.gov /region10/pdf/diveteam/duwamish passive sampling 2013.pdf
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Methods for laboratory analyses are discussed in Section 5. The remainder of this section covers
field activities.

4.2 Sample Location and Sample Designations

Sampling locations are presented in Table 2-3 and Figure 2-2. Sampling locations include six
onsite RM11E locations, and one upriver location, with one field replicate for a total of eight sets
of analyses at ALS. The number and type of chemical analyses are presented in Table 4-1. The
location and identification of each sample are presented in Table 4-2. Location identifications for
these stations are noted as RM11E-PW for “porewater” and are numbered 001 - 007 (e.g.,
RM11E-PWO007). The field replicate currently is targeted for collection at station RM11E-PW004
and as such would be designated as PW504. The field replicate station may change based on
sediment characteristics and/or physical obstructions encountered during sampling. Sample
identification number (ID) are further delineated as “PWP” for porewater sample, “PWW” for
the overlying surface water passive sample, and “PWG” for the grab sediment sample. For the
MIT confirmation samples, “b” is added to the sample designation. For example, RM11E-
PWWO0O05b is the surface water passive sample from station 5.

The specific sampling and analyses scheme is provided in Table 4-3.

4.3 Navigation and Sample Locating

This Porewater SAP incorporates by reference the Sediment Sampling SAP Addendum
(Appendix C of the Work Plan) Section 3.2 on Navigation Sampling and Station Locating.
Appendix C of the RM11E Work Plan describes the navigation equipment and procedures,
which are consistent with those previously employed for previous sediment sampling. This
includes both horizontal and vertical measures of station position. In addition, this Porewater
SAP includes a Standard Operating Procedure (SOP) for Diver-Placement and Retrieval of
Passive Samplers and Co-located Sediment Samples (Attachment 3). The FD will coordinate
safety, navigation, positioning, and communication with the divers during placement and
retrieval. A copy of the SOPs, which contain more detailed information on sample location and
positioning, will be on board the sampling vessel throughout deployment, retrieval, and
sediment sampling activities.

4.4 Field Porewater Reconnaissance Survey

A pre-deployment field reconnaissance and initial trial placement of the passive samplers was
conducted on May 2, 2014. The intent of the reconnaissance survey was to determine whether
the gravel, sand, and anthropogenic materials found during the 2009 grab sampling and coring
would either prevent effective sampler insertion or, alternatively, damage the PE during
placement and retrieval.

Prior to undertaking the reconnaissance survey, modifications to the sampler and procedures
described in the March 3, 2014, draft SAP and SOP were made. Modifications were based upon
EPA comments dated April 3, 2014, and the RM11E Group response to comments dated April
17, 2014, which was discussed with EPA in a conference call on April 22, 2014. EPA
acknowledged the RM11E Group Response to EPA Comments on April 24, 2014. These changes
included modifying the sampler size, adding of a detachable diver-operated hammer assembly
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to assist installation of the PE sampler into the substrate, and adding a removable stainless-steel
cover over the PE to protect the sampler during insertion. Those modifications were
incorporated into the Passive Sampling SOP (Attachment 3) and were implemented during the
reconnaissance survey.

The results of the reconnaissance survey are presented in Attachment 4. Placement and
retrieval of the passive samplers were tested at the three inshore stations where anthropogenic
debris was observed during the 2009 sampling: RM11E-PW002, RM11E-PW003, and RM11E-
PWO006. Successful insertion and retrieval was achieved at all three locations, with no tears or
other visible stress in the PE sheets.

The results of the reconnaissance survey indicate that these methods will be suitable for
successful deployment and retrieval of the passive samplers in the RM11E Project Area.

4.5 Field Deployment and Retrieval Methods

Field deployment and retrieval methods are documented in the Passive Sampling SOP
(Attachment 3). Those methods were developed following the SOPS developed by MIT for
passive sampler deployment (Gschwend et al., 2012b). The detailed procedures for PE sampler
deployment, retrieval, and collection of the co-located sediment sample at retrieval are covered
in Sections 6 through 9 of the Passive Sampling SOP (Attachment 3) and briefly summarized
below. The relevant portions of the Passive Sampling SOP (Attachment 3) will be reviewed at
the start of each day’s dive operations with the field and dive team.

Health and safety procedures for diving onsite were developed by BMC for the reconnaissance
survey, and followed during field deployment. Passive samplers will be pre-loaded with the
PCB PRCs at ALS following the ALS SOP for Preparing Polyethylene (PE) Passive Samplers and
PCB Congener Performance Reference Compounds Loading (Attachment 5). The FD will load
the PE into the passive sampling device at ALS, wrap each sampler individually in aluminum
foil, and bring the passive samplers to the site in an ice-filled cooler

Two passive samplers will be deployed and separately anchored at each station. This
replication is in part to ensure against the potential loss of a sampler, and to ensure adequate
sample for replication and archive. The potential for sampler loss necessitates a different
deployment and anchoring approach for the relatively protected inshore stations, versus those
stations offshore of the docks within the river. These differences are noted below, and in detail
in the Passive Sampling SOP (Attachment 3).

e For the three inshore stations (RM11E-PW002, RM11E-PW003, and RM11E-PW006), the
passive samplers will be tethered to either dock pilings or other suitable structures. Two
tether lines per sampler will be deployed.

e For the three locations that are offshore on the riverward side of the Glacier dock
(RM11E-PWO001, RM11E-PW004, and RM11E-PWO005, two anchor lines per sampler will
be deployed and attached to sediment anchors.

e For each offshore station, pingers (Benthos ALP365 Pinger) will be attached to the
samplers to assist in location and retrieval at the end of the exposure period.
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e Upstream location RM11E-PWO007 is exposed to river currents, but it is anticipated there
will be a tether point (potentially onshore) for the anchor line. If no tether point is
available, the samplers will be anchored to the sediment and equipped with a pinger for
future location.

e Buoys will not be attached to the lines to minimize any possibility of public interference
with the samplers.

At each location, the passive sampler(s) will be taken out of the ice-filled cooler, fitted into the
insertion assembly, fitted with stainless steel covers, and attached via a carabiner to a weighted
tag line. The tag line serves two purposes: (1) to provide an additional anchor to secure the
sampler frames during deployment and (2) to help locate the sampler again at the end of the
deployment period. The sampling area is an active shipping area with vessels docking regularly
at both the Glacier NW and Cargill docks. The offshore tag lines will need to be anchored using
a shore anchor, or similarly constructed anchor, driven into the sediment.

The divers will be equipped with underwater video and surface communications. To the extent
practicable, the sample location will be established by the differential global positioning system
(dGPS) on board the vessel. An anchored tag line will be dropped to the river floor at the
established station coordinates, and the diver will follow that line down to the sediments to
drive the samplers. Once on bottom, the diver will operate to minimize disturbance of the
surface sediment. The FD will view the general sample location on video, look for areas of soft
sediment and minimal debris, and coordinate the selection of the actual sampling location with
the diver. If the diver is required to move the location, the line anchor will be moved to the
actual sampling location, and a new coordinate fix will be taken.

Sample locations will be maintained within 10 meters (approximately 30 feet) of the proposed
locations in Table 4-2 and target areas with comparable sediment characteristics to satisfy the
rationale and objectives for the sample. If sample locations must be moved more than 10 meters
from the initial target, a RM11E Group representative will call and/or e-mail the EPA Remedial
Program Manager (RPM) to discuss proposed field changes. If the RPM cannot be reached, the
RM11E Group representative will call and/or e-mail the Project Manager for EPA’s oversight
contractor, CDM, to discuss proposed field changes. A Field Change Request form will be
submitted via e-mail as a followup to any sampling location changes (see Attachment 1 for an
example). Decisions to relocate samples and new sampling coordinates will be recorded in the
field logbook.

After a sampling location is confirmed, the diver will manually insert the passive sampler 30 cm
into the sediment and then remove the stainless steel PE covers. The passive sampler insertion
assembly has a built-in stop so that the sampler cannot penetrate deeper than 30 cm. Should the
diver be unable to successfully insert the sampler, it will be withdrawn and inspected. If the
stainless steel PE protective plates are still in place, the diver may proceed with a second
insertion attempt. If the protective plates are not in place the diver will inspect the PE for any
rips or tears. If the diver notes any rips or tears in the PE membrane before or during insertion,
sample deployment must be aborted and a new sampler obtained in order to proceed.

The on-board field staff will record the time of sampling, dGPS coordinates, diver observations
during placement, mudline elevation, and depth of sampler penetration into the sediment.
Upon successful insertion of the first passive sampler, a second sampler will be lowered to the
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diver. The second sampler will be inserted approximately 8 inches apart (two diver-gloved fist-
widths), parallel to the first sampler. After insertion of the samplers, the diver will secure the
tag lines to anchors, or tether the lines to fixed piling or other suitable in-water structure.

After approximately 60 days, the dive/field team will return to the sampling locations to
retrieve the passive samplers, as further described in the Passive Sampling SOP (Attachment 3).
For the inshore stations (RM11E-PW002, RM11E-PW003, and RM11E-PW006), and the upriver
station (PW007), the tag line previously secured to a piling or other tie-point will be located, and
the diver will follow the line to the samplers. For the offshore stations (RM11E-PW001, RM11E-
PWO004, and RM11E-PW005), the passive samplers will be located using a hand-held pinger
locator (Benthos DPL-275).

Before pulling out the passive sampler, the diver will measure the length of the PE exposed to
the water (i.e., the portion of the PE above the sediment surface), and report it to the FD who
will record that in the field notebook The diver will then push the sediment core sampler. Care
will be taken by the diver to ensure:

e That the core is driven between the two PE samplers approximately 2 inches (2 diver-
gloved fingers) from each sampler

e That the core drive is strictly vertical in order to not contact and potentially damage the
PE sheets

o That the integrity of the sediment stratigraphy for core logging at the laboratory is
preserved

The diver will communicate to the on-board field staff the approximate length of core drive,
which will be recorded in the field notebook. After driving the sediment core sampler, it will
remain in place until the diver removes and secures the passive samplers and then notifies the
support team that the passive sampler may be lifted to the surface via the tag line. Once those
are secure on the boat, the diver may withdraw the sediment sampler, placing a cap over the
bottom and top of the core tube immediately after removal from the sediment. The sediment
sampler is then secured to a tag line, and raised to the boat.

Onboard, the passive samplers will be rinsed immediately with deionized water and rubbed
with a clean Kimwipe™ to remove any adhering sediment. The general condition of the passive
sampler will be noted in the field log (e.g., intact, tears in the PE, biofouling, presence of oil), the
sample’s ID will be recorded onto the sampler sleeve, and then the entire sampler will be
wrapped in aluminum foil. The station ID will be recorded again with an indelible marker on
the aluminum foil, along with the date and time. The passive sampler then will be placed into
the ice-filled cooler for transport to ALS in Kelso, Washington, for processing and analysis.

Sediment core samples collected also will have the station ID recorded onto the sample tube;
this can be scratched directly onto the tube. The penetration depth will be again confirmed with
the diver, and the amount of material retained in the core tube will be measured and recorded
in the field log. Minimum acceptable recovery requirements will follow the SOP Section 8-10.
The core lids will then be secured with duct tape, and the sample ID, date, and time will be
written using an indelible marker onto the taped lids with an arrow indicating the direction to
the surface of the sediment. “TOP” will be written onto the taped lid indicating the sediment
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surface. These secured cores then will be placed upright into the ice-filled cooler for transport
and processing and analysis at ALS.

The samples must remain in the custody of the FD or SAC at all times during the transport to
and processing at ALS.

4.6 Post-Processing PE Samplers

All post-processing will be done by the FD and SAC at ALS” Kelso, Washington, facility. At
ALS, the sampler first will be photographed, and then the PE will be removed from the frame.
The PE surface will then be wiped and rinsed free of surface particles and coatings. This may
include a brief (<1 minute) wiping with a hexane-soaked Kimwipe® (or equivalent) to remove
oily or tarry exterior staining. If still wet, the PE surface will be blotted dry with a clean wipe.
The PE is then cut with a clean razor blade initially into two sections as shown in Table 4-3: the
sediment section (lower 30 cm) and the surface water (upper 20 cm) section. These segments
will be further cut longitudinally into widths of 5 cm by 20 or 30 cm long for the water exposure
and sediment exposures, respectively.¢ To immediately analyze the samples, the cut PE will be
placed into labeled jars. Samples to be archived will be re-wrapped into clean aluminum foil
envelopes, labeled, rolled, and then inserted into a 1-liter clean borosilicate jar. A separate label
will be affixed to the outside of the jar. The sampling labels will note the sample ID, date of
sampling, personnel processing the sample, and analyses to be run or archived. A small
quantity of laboratory-grade water will be placed into the passive sample jar to prevent
dehydration. The amount of laboratory-grade water added to the sample jar will be recorded.

4.7 Sediment Core Sample Processing

Processing of the diver-collected cores also will occur at ALS in Kelso, Washington, by the FD
and SAC. Before processing, each core tube will be measured to establish the acquisition
(recovery) as measured by the amount of material retained in the tube. The diver-noted
penetration, along with the acquisition measure, will be recorded as percent recovery on the
core log.

It is anticipated that these short cores will be able to be extruded onto a clean sheet of aluminum
foil for logging and compositing. The time, date, personnel present, sediment type, stratigraphic
features, and presence or absence of any visible contamination will be recorded in the core log
for each core. In addition, photographs of each core will be taken. Each core photograph will
include a label denoting station, time and date, and a scale (tape measure) showing depth bml.
Each core will be examined by a senior sediment scientist who is familiar with site conditions,
and those observations will be recorded in a sediment coring log.

Only the top 30 cm of the cored material will be placed into a decontaminated stainless-steel
bowl for homogenizing. Rock larger than coarse gravel (16 millimeters), large organisms, and

6 If the mudline at the time of retrieval as measured by the diver is higher or lower than when the
sampler was installed, the analyzed sections will need to be adjusted in the laboratory. If sediment has
accreted, the section that is above the original 30 cm sediment exposure will be cut out separately and
archived, but not analyzed. Where erosion has occurred, the new section exposed to the water will be
excised and archived, and the sediment-exposed PE segment adjusted accordingly.

Porewater Sampling and Analysis Plan Page 20
River Mile 11 East - Portland, Oregon May 2014



pieces of debris will be removed and noted in the field logbook. The sediments will be mixed to
visible uniformity?, and subsamples from this homogenate then will be transferred into the
appropriate containers for individual analyses. The samples required and the jar size are
presented in Table 4-4.

4.8 Sample Handling, Custody, and Transport

This study will follow the handling, chain-of-custody, and transport requirements defined in
the RM11E Focused Sediment Characterization SAP (GSI, 2009) and summarized in Section 3.4
of the Sediment Sampling SAP Addendum (Appendix C of the Work Plan). Transfer of both the
passive samples and the sediment samples to ALS at Kelso, Washington, will occur after
completion of the post-processing by the FD and SAC.

4.9 Cultural Resource Monitoring

David Ellis and Matt Goodwin of Willamette CRA have been retained to oversee potential
cultural resources found in the RM11E Project Area. David has provided training to GSI field
staff to define what kinds of artifacts and deposits require examination and documentation by a
professional archaeologist. A Willamette CRA archaeologist was present during the initial
Supplemental RI/FS sampling conducted in November 2013 to inspect surface sediment grab
samples. No sensitive prehistoric or historic artifacts were found during this sampling or
previous RM11E sediment sampling conducted in this area. This archaeologist will be on-call
during logging and processing of diver-collected surface sediment samples at the laboratory. If
archaeologically sensitive prehistoric or historic artifacts are discovered at this time, the FD will
contact the archeologist and follow the procedures described in the Inadvertent Discovery Plan
(Attachment 2 of this SAP). All personnel will follow Oregon State Historic Preservation Office
guidelines for known sites and isolated finds (Oregon Revised Statute [ORS] 358.905-358.955) or
sites along scenic waterways (ORS 390.805-390.925).

7 Visible uniformity means a homogenous mixture of color, texture, density, and particle density that is
free of any clay clasts
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Section 5. Laboratory Analyses

This section: (1) describes the chemical parameters to be analyzed, (2) identifies analytical
laboratories and analytical methodologies, (3) defines data quality goals, and (4) specifies
analytical data reporting and validation requirements. Except as noted in this Porewater SAP,
all laboratory QA and QC procedures will follow those prescribed in Section 3 of the Quality
Assurance Project Plan Addendum (Attachment A) of the Work Plan. Significant deviations
from these procedures will be documented in the Porewater Characterization Report.

5.1 Chemical Analyses

The analytical approach for this sampling event corresponds to the project objectives stated in
Section 2. The analytical parameters include:

e Porewater

0 PCB congeners (including PCB PRCs) extracted from passive samplers
e Sediment

0 Total solids (TS)

0 Grain size

o TOC

0 PCB congeners

o0 PCB Aroclors

0 Black carbon

The analytical schedule for each sample location is summarized in Table 4-1 and detailed in
Table 4-3.

5.2 Porewater Samplers

The analytical methods for the passive samplers have been developed at ALS with assistance
from MIT. The analytical methods at ALS were developed generally following the MIT-
developed SOPs procedures for passive sampling listed below:

e Passive PE Sampling in Support of In Situ Remediation of Contaminated Sediments:
Standard Operating Procedure for polyethylene device (PED) Preparation (Gschwend et
al., 2012b)

e Passive PE Sampling in Support of In Situ Remediation of Contaminated Sediments:
Standard Operating Procedure for PE Analysis (Gschwend et al., 2012c)
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The ALS SOP for sampler preparation and PRC loading is substantively similar to the MIT SOP,
with modification noted for PRCs used and reporting limits as described below. ALS" SOP is
presented in Attachment 5 of this SAP. The ALS SOP for analysis of the PE by EPA Method
1668C is presented in Attachment 6 of this SAP.

Chemical analyses run on the PE sheets include the following:

¢ PRC Loading Validation: During the preparation of the passive sampling device for
field deployment and before field deployment, a single piece of the PRC-loaded PE will
be extracted for each sample location set and analyzed at ALS in Houston, Texas, to
validate initial PRC loading concentrations. Select PCB congeners in Table 5-1 will be
used as PRCs. PRC confirmation will be done by EPA Method 1668c (see below);
recovery standards employed by ALS also are listed in Table 5-1.

e PCB Congeners in the Field-Samplers: Passive samples will be extracted using
methylene chloride and run by EPA Method 1668c at ALS in Houston, Texas. This
method uses high-resolution gas chromatography/high resolution mass
spectrophotometry. Itis commonly referred to as high resolution GC/MS. Attachment 6
to this SAP is the ALS SOP for conducting PCB congener analyses by EPA Method
1668c. Samples will be cut into longitudinal strips as discussed in Section 4.6, and
analyzed as noted in Table 4-3. The anticipated method detection limit (MDL), method
reporting limit (MRL), and QC parameters for the 209 PCB congeners in PE are
presented in Table 5-2. Split samples sent to MIT will be run by high-resolution gas
chromatography/low-resolution mass spectrometry (HGRC/LRMS) (Gschwend et al.,
2012c). This method is commonly referred to as low-resolution GC/MS.

5.3 Sediment Analyses

Specific sample preparation and analytical methods for each of the analytes are summarized in
Table 5-4. These are described briefly below.

5.3.1 Conventionals

All sediment will be analyzed by ALS in Kelso, Washington, for a limited set of conventional
analytes including total solids, TOC, and grain size. The analyses of these parameters will
follow respective protocols specified in the following documents:

o EPA Test Methods for Evaluating Solid Waste (SW-846).Third Edition and Revised Update
IIA. Office of Solid Waste and Emergency Response, Washington, D.C. April 1998.

e EPA Methods for Chemical Analysis of Water and Wastes (MCAWW) EPA /600/4-79-020,
Revised March 1983.

e PSEP Recommended Protocols for Measuring Conventional Sediment Variables in Puget Sound,
Puget Sound Water Quality Authority, March 1986.
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5.3.2 PCB Aroclors and Congeners

Analyses of PCB Aroclors in sediment will be performed by ALS in Kelso, Washington, while
PCB congeners will be performed by ALS in Houston, Texas. The PCB homologues and
congeners analyses at ALS will follow the protocols below:

o EPA Method 8082A Polychlorinated Biphenyls (PCBs) by Gas Chromatography, February
2007.

e EPA Method 1668C - Chlorinated Biphenyl Congeners in Water, Soil, Sediment, Biosolids, and
Tissue by HRGC/HRMS, April 2010.

PCB congener (EPA Method 1668C) data will be evaluated and reported down to the MDL.

Samples sent to MIT will be prepared using solvent extraction with an accelerated solvent
extraction system (ASE) followed by HRGC/LRM -SIM.

5.3.3 Black Carbon

The analysis of black carbon will be performed by ALS in Phoenix, Arizona, following the
protocols below:

e Standard Operating Procedure for Sample Preparation for Black Carbon (Soot) in Sediment by
Chemothermal Oxidation Pretreatment and Combustion/ Thermoconductivity or Infrared
Detection. CAS SOP 9/20/2010. (Attachment #7 to this SAP).

5.3.4 Standard Reference Material

Standard Reference Material (SRM) analyses are required for parameters at a frequency of one
analysis per 20 samples or one analysis per preparation batch, whichever is more frequent.
Specific SRM should be used for respective type of analysis, as specified below:

¢ National Institute of Standards and Technologies 1941b for TOC
e SRM-911 for PCB Aroclors

The acceptance range for SRM recovery is 20 percent of the certified 95 percent confidence
interval. Any corrective actions necessary will be taken in accordance with recovery outliers per
the U.S. Department of Defense (DOD) Quality Systems Manual, Appendix DoD-B (DOD, 2010).

5.4 Laboratory QA/QC Procedures

Laboratory QA /QC procedures are defined in Appendix A of the Work Plan, which follows the
use of standard EPA methods and other accepted methods and standard analytical procedures
for the target analytes. Analytical methods and QC measurements and criteria will be based on
current Contract Laboratory Program and SW-846 requirements, and EPA guidance. The
parameters used to evaluate data quality are listed in Table 5-5. For sediments, the ALS MDLs
and MRLs are given in Table 5-6, with accuracy and precision control criteria listed in Table 5-7.
Finally, the data quality goals for PCB congeners in sediments are presented in Table 5-8.
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Additional laboratory methods, QA procedures, and QA/QC requirements for the sampling as
well as data validation procedures are included in the QAPP Addendum (Appendix A of the
Work Plan).

5.5 Archived Samples

Both PE samples and sediment samples for each station will be archived according to the
conditions listed in Table 4-4. Upon receipt of validated data, all archived samples will be
disposed of by ALS.
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Section 6. Data Management

Data management protocols for both field data and electronic data will be consistent with those
used throughout the Supplemental RI/FS and the previous RM11E Focused Sediment
Characterization (GSI, 2009a, 2009b, 2010a). The objective is to provide consistent, accurate, and
defensible documentation of data quality, and incorporate data management protocols used for
the Portland Harbor RI/FS (Integral, 2007), RM11E Focused Sediment Characterization, and
Downtown Portland Sediment Characterization (GSI, 2009c).

Data generated in the field will be documented and managed as described in the RM11E
Focused Sediment Characterization SAP (GSI, 2009a) and Section 7 of the Work Plan. Significant
deviations from those documents, as well as key components worthy of restatement, are
described in this section.

6.1 Field Data Management

6.1.1 Field Documentation

Field activities and observations will be documented in field logbooks during implementation
of the sampling activities. Field forms describing the sediment characteristics will be completed
for all sediment samples. Chain-of-custody forms will be maintained as part of the field records.
Examples of field data sheets and forms are provided in Attachment 1 of this SAP.

The field records will be kept in the project file as a permanent record of the sampling or field
measurement activities. All field records will be copied, scanned, and/or entered into an
electronic spreadsheet to create an electronic record for the project file. QA reviews by the FD or
SAC will check for electronic/hard copy consistencies and identify anomalous values or
erroneous entries.

6.1.2 Sample Identification

All samples will be assigned a unique ID consisting of five components that will indicate the
sampling event, type of study, type of sample, station ID, and field QC sample type (if
applicable):

e The first component is “RM11E,” identifying the data as belonging to the RM11E Project
Area.

e The second component begins with a “PW”, designating the porewater study.

e The third component will be either a “P” indicating a PE porewater exposure, a “W”
indicating a PE overlying water exposure, or a “G,” representing the diver grab surface
sediment sample type.

e This will be followed by the unique station ID. For this study, the first unique station
will be designated 0001.
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e The final component identifies the QC sample type. For split samples, a number of 500
will be integrated with the station number of the original sample. For equipment rinsate
blanks, a number of 900 will be integrated with the station number.

Examples of the unique sample identifiers are shown in Table 4-2 and below:
e RMI11E-PWP001: A porewater sample from Station 001.
e RMI11E-PWG502: Duplicate grab sediment sample from Station 002.

6.2 Electronic Data Management

The electronic field data will be incorporated into the project database by the DM. Management
of electronic data files is described in Section 7 of the Work Plan and data from this and the
other supplemental investigations will be managed in accordance with those guidelines.
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Section 7. Schedule and Reporting

The schedule for deliverables is presented in Table 7-1. A pre-deployment field reconnaissance
took place in conjunction with the under-dock sediment sampling on May 1 and 2, 2014. The
findings of the reconnaissance and modifications to the sampling technique have been included
in this SAP

As discussed in Section 2.2 the preferred time to collect porewater data from sediment at
RM11E is when the river is at its lowest stage, which normally occurs during August through
November each year (Figure 4-1). Based on these seasonal fluctuations, the placement of the
passive samplers currently is scheduled to occur in early August 2014 (Table 7-1). Timing of the
placement of samplers, to the extent practicable, will be timed to avoid potential periods of non-
typical sediment disturbance in the RM11E Project Area, such as dredging or dock repairs.

Passive samplers will be deployed for a period of approximately 60 days. This deployment
schedule is longer than that used previously on the Lower Duwamish Waterway, but based on
those data; Dr. Gschwend recommended a longer exposure period to allow for better
equilibration and porewater measurements for the Willamette River program. Actual
deployment and retrieval times may vary from the 60-day target based on vessel traffic
considerations at the Glacier NW and Cargill docks.

Based on an anticipated deployment in early August 2014, samplers will be retrieved in early
October 2014. Chemical analyses will take 30 days; validated data then would be expected 3
weeks after that. The draft Porewater Characterization Report will be delivered to EPA within
90 days of retrieval of the samplers.

Reporting will be consistent with that described in Section 9.4 of the Work Plan. The Porewater
Characterization Report will document field activities and analytical results from the porewater
investigation and describe any deviations from this SAP. The Porewater Characterization
Report also will include the evaluations described in Section 6.2.4 of the Work Plan for the
Phase 1 Porewater Characterization and compare the measured porewater data from this study
with (1) calculated porewater values from the two-carbon partitioning model and (2) estimated
porewater PCB concentrations using the same Equilibrium Partitioning approach used in the
Draft Final RI Report and the Draft FS Report. The capping models will be developed separately
as part of the RM11E Implementability Study.

As discussed in Section 2.1.1, porewater data and associated modeling will be used in the
Recontamination Assessment and Implementability Study to evaluate the potential
recontamination of surface sediment, monitored natural recovery, design thickness and efficacy
of a conventional cap, levels of in situ treatment (such as activated carbon to sequester mobile
PCBs), and the relative risks of remaining PCBs in post-dredging residuals. To appropriately
consider the findings of the porewater sampling program in the Recontamination Assessment
and Implementability Study, those draft reports will be submitted 60 days after submission of
the Porewater Characterization Report.
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Table 2-1. Two-Carbon EqP and Cap Model Parameters

and Data Source

Model Parameters

Data Source

Contaminant Properties

Contaminant

PCBs

Sediment-water partitioning coefficients

Porewater Study

Water Diffusivity

Porewater Study

Flux of PCBs sediment surface to overlying water

Porewater Study

Flux of subsurface PCBs to surface sediments *

Porewater Study

Estimated diffusive flux rates

Porewater Study

Contaminated Sediment

Depth of surface layer

Portland Harbor RI

Depth(s) of contaminated sediment layer(s)

RM11E Database

Surface sediment area

RM11E GIS-calculated

Subsurface sediment area(s)

RM11E GIS-calculated

Contaminant Concentrations

Surface sediment

Subsurface sediment layer(s)

RM11E Database
2012 Supplemental Data
Porewater Study Data

Fraction Organic Carbon

Surface sediment

Subsurface sediment layer(s)

RM11E Database
2012 Supplemental Data
Porewater Study Data

Fraction Black Carbon

Surface sediment

Subsurface sediment layer(s)

RM11E Database
2012 Supplemental Data
Porewater Study Data

System Properties

Suspended solids concentration in water (g/m3)

Portland Harbor RI

Sediment porosity

RM11E Recontamination
Assessment

Sediment particle density

RM11E Recontamination
Assessment

Wind speed

Portland Harbor RI

Resuspension velocity

RM11E Hydrodynamic Study

Burial velocity

RM11E Hydrodynamic Study

Settling velocity

RM11E Hydrodynamic Study

Surface Water Column

Flow through (m>/y)

Portland Harbor RI

Residence time, year

Portland Harbor RI

Project surface area

RM11E GIS-calculated

Project water depth

RM11E Bathymetric Data

Concentration of contaminant in surface water (ug/L)

Portland Harbor RI

Subsurface Water

Hydraulic Gradient

RM11E Recontamination
Assessment

Hydraulic Conductivity (by sediment layer)

RM11E Recontamination
Assessment

Effective Porosity (by sediment layer)

RM11E Recontamination
Assessment

Darcy Velocity

RM11E Recontamination
Assessment

Average Linear Groundwater Velocity

RM11E Recontamination
Assessment

Page 1 of 2
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Porewater Sampling and Analysis Plan
River Mile 11 East

Table 2-1. Two-Carbon EqP and Cap Model Parameters May 2014
and Data Source
Model Parameters Data Source
Contaminant concentration in upland groundwater wells RM11E Supplemental RI/FS
Advective flux of contaminants to surface sediments Porewater Study
Estimated advective flux rates Porewater Study
Active Cap Properties
Active Cap Layer thickness TBD
Cap Materials -Granular (G) or Consolidated Silty/Clay (C) TBD
Active Cap consolidation depth TBD
Underlying sediment consolidation due to cap placement TBD
Porosity TBD
Particle Density TBD
Active Layer Loading kg/m“/cm TBD
Kd in active layer Porewater Study
Depth of Interest, z- from cap-water interface Porewater Study
Fraction organic carbon at depth of interest Porewater Study
Sediment/Conventional Cap Properties
Contaminant Pore Water Concentration Porewater Study
Conventional Cap layer fraction organic carbon TBD
Colloidal Organic Carbon Concentration TBD
Conventional Cap Placed thickness TBD
Conventional Cap Consolidation Depth TBD
Conventional Cap Layer Thickness TBD
Cap Materials -Granular (G) or Consolidated Silty/Clay (C) TBD
Conventional Cap Layer Porosity TBD
Conventional Cap Layer Particle Density TBD
Conventional Cap Layer Diffusion Coefficient TBD

Note:

1 If advective flux is observed, existing subsurface sediment data would be used to calculate subsurface porewater
concentrations and as model inputs for subsurface sediment concentrations.

GSI| Water Solutions, Inc. and
Page 2 of 2 Science and Engineering for
the Environment, LLC.



Porewater Sampling and Analysis Plan

River Mile 11 East

May 2014
Table 2-2. Physical Characteristics and Total PCB Concentrations of Select Sediment Samples.
Sample Location Conventionals Grain Size Total PCBs
Proposed . . Samplin Tota! Total Percent Fines s
Porgwater Sample Name Depth Class Location Sl Coordinates® Elevation | River Mile [Sample Date IntervaF:I (Cgr]n) organic solids (clay + silt) Total PCBs” | Qualifier
Location ID Name carbon
Northing Easting Start | End pct pct pct ug/kg
LW3-UG02 Surface Sediment uGo02 689302.7147 [ 7643999.701 -40 11.2 1/31/2007 0 23 0.36 79.5 3.66 6000 JT
PwW001° LW3-UC02-B Subsurface Sediment uco2 689306.2653 | 7644001.036 -40 11.2 2/7/2007 30 90 0.11 79.6 0.99 2.2 uT
LW3-UC02-C Subsurface Sediment uco2 689306.2653 | 7644001.036 -40 11.2 2/7/2007 90 216 0.16 86.9 1.39 2 uT
RM11E-G022 Surface Sediment G022 689344.289 | 7644176.022 -23 11.3 5/7/2009 0 21 2.03 60.8 375 180 JT
RM11E-C019-C  |Subsurface Sediment C019 689335.281 | 7644172.393 -28 11.3 5/21/2009 | 91.4 | 152.4 1.96 59.8 - 340 T
PW002 RM11E-C019-D Subsurface Sediment Co019 689335.281 | 7644172.393 -28 11.3 5/21/2009 | 152.4 | 213.4 2.1 59.1 63.2 9000 T
RM11E-C019-B  |Subsurface Sediment C019 689335.281 | 7644172.393 -28 11.3 5/21/2009 | 30.5 | 91.4 1.92 57.8 57.1 210 T
RM11E-C019-E Subsurface Sediment Co019 689335.281 | 7644172.393 -28 11.3 5/21/2009 213 301 2.65 61 -- 75 T
RM11E-G026 Surface Sediment G026 689248.567 |7644329.234 -16 11.3 5/8/2009 0 17 1.35 56.5 33.8 1400 JT
PW003 RM11E-C022-B Subsurface Sediment Cc022 689257.569 | 7644334.365 -15 11.3 5/20/2009 305 | 914 1.67 66.9 -- 390 JT
RM11E-C022-C  |Subsurface Sediment C022 689257.569 |7644334.365 -15 11.3 5/20/2009 | 91.4 | 140 1.91 61.6 55.4 2800 T
RM11E-G027 Surface Sediment G027 689168.259 | 7644261.375 -43 11.3 5/8/2009 0 22 0.4 67 -- 140 JT
RM11E-C023-B  |Subsurface Sediment C023 689165.162 |7644265.515 -42 11.3 5/21/2009 | 30.5 | 91.4 0.86 74.8 9.3 4300 T
PWO004 RM11E-C023-C Subsurface Sediment c023 689165.162 | 7644265.515 -42 11.3 5/21/2009 91.4 | 152.4 1.17 68.1 -- 2100 T
RM11E-C023-D  |Subsurface Sediment C023 689165.162 |7644265.515 -42 11.3 5/21/2009 | 152.4 | 213.4 1.62 64.9 - 2200 JT
RM11E-C023-E Subsurface Sediment Cc023 689165.162 | 7644265.515 -42 11.3 5/21/2009 | 213.4| 301 1.29 63.9 28.7 670 T
RM11E-G028 Surface Sediment G028 689072.902 |7644163.446 -51 11.3 5/8/2009 0 28 14 65.3 17.8 380 JT
RM11E-C024-B Subsurface Sediment co024 689065.852 | 7644169.518 -51 11.3 5/27/2009 305 | 914 0.06 79.3 0.73 1 uT
PWO005 RM11E-C024-C  |Subsurface Sediment C024 689065.852 | 7644169.518 -51 11.3 5/27/2009 | 91.4 | 152.4 0.04 79.2 - 8.4 T
RM11E-C024-D Subsurface Sediment Cco024 689065.852 | 7644169.518 -51 11.3 5/27/2009 | 152.4 | 213.4 0.06 84.9 -- 1 uT
RM11E-G033 Surface Sediment G033 689004.644 |7644579.379 -47 11.4 5/13/2009 0 25 0.46 67.1 8.58 2000 JT
RM11E-C029-B Subsurface Sediment C029 689005.433 | 7644581.765 -22 114 6/23/2009 305 | 914 0.84 64.1 62.9 1.3 uT
RM11E-C029-C  |Subsurface Sediment C029 689005.433 | 7644581.765 -22 11.4 6/23/2009 | 91.4 | 152.4 0.45 69.9 - 1.3 uT
PW006 RM11E-C029-D Subsurface Sediment C029 689005.433 | 7644581.765 -22 114 6/23/2009 | 152.4 | 213.4 0.89 65.8 -- 1.3 uT
RM11E-C029-E  |Subsurface Sediment C029 689005.433 | 7644581.765 -22 11.4 6/23/2009 | 213.4 | 304.8 1 67.4 - 13 uTt
RM11E-C029-F Subsurface Sediment C029 689005.433 | 7644581.765 -22 114 6/23/2009 | 304.8 | 396.2 0.45 68.4 -- 1.3 uT
RM11E-C029-G [Subsurface Sediment C029 689005.433 | 7644581.765 -22 11.4 6/23/2009 | 396.2 | 436 0.26 67.5 - 1.3 uT
-- LW3-G776 Surface Sediment G776 689693 7643560 -39 111 12/5/2007 0 22 0.75 66.2 14 2700 JT
- LW3-UGO01 Surface Sediment uGo1 689712.7928 [ 7643655.366 -22 11.1 2/1/2007 0 19 1.12 71.3 4.88 320 NJT
-- RM11E-C010-A (R2) |Surface Sediment C010-R2 689650.969 | 7643668.096 -50 111 5/22/2009 0 30 1.73 76.7 21.2 100 T
- RM11E-G006 Surface Sediment G006 689808.294 |7643449.952 -48 11.1 5/5/2009 0 12 1.95 67 - 230 JT
-- RM11E-G008 Surface Sediment G008 689807.121 | 7643609.54 -15 111 5/6/2009 0 17 3.06 44.8 32.8 35 JT
- RM11E-G010 Surface Sediment G010 689647.586 |7643468.155 -52 11.1 5/6/2009 0 20 0.32 83.6 - 10 JT
-- RM11E-G013 Surface Sediment G013 689650.365 | 7643666.758 -47 111 6/15/2009 0 17 1.27 82.3 -- 94 JT
- RM11E-G076 Surface Sediment G076 689723.505 |7643543.729 -42 11.1 10/31/2013 0 25 0.974 69.7 8.99 110 T
-- RM11E-C010-B Subsurface Sediment C010-R2 689650.969 | 7643668.096 -50 111 5/22/2009 305 | 914 2.25 78 -- 63 T
- RM11E-C010-C  |Subsurface Sediment C010-R2 689650.969 | 7643668.096 -50 11.1 5/22/2009 | 91.4 | 152.4 0.17 74.8 - 11 JT
-- RM11E-C010-D Subsurface Sediment C010-R2 689650.969 | 7643668.096 -50 111 5/22/2009 | 152.4 | 169 0.05 88.1 -- 1 uT
GSI| Water Solutions, Inc. and
Science and Engineering for
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Porewater Sampling and Analysis Plan

River Mile 11 East

May 2014
Table 2-2. Physical Characteristics and Total PCB Concentrations of Select Sediment Samples.
Sample Location Conventionals Grain Size Total PCBs
Proposed . . Samplin Tota! Total [Percent Fines s
Por:water Sample Name Depth Class Location S Coordinates® Elevation | River Mile [Sample Date IntervaF:I (Cgr]n) organic solids (clay + silt) Total PCBs” | Qualifier
Location ID Name carbon
Northing Easting Start | End pct pct pct ug/kg

- LW3-G777 Surface Sediment G777 689429 7643780 -39 11.2 12/5/2007 0 21 0.17 84.1 1.68 57 JT
-- RM11E-C012-A Surface Sediment Cc0o12 689614.395 | 7643820.979 -37 11.2 5/20/2009 0 30.5 1.35 68.3 - 98 JT
- RM11E-G015 Surface Sediment G015 689614.385 | 7643820.976 -36 11.2 6/16/2009 0 29 1.57 67.4 27 120 T
-- RM11E-G019 Surface Sediment G019 689411.595 | 7643927.274 -44 11.2 6/16/2009 0 23 0.81 76.8 - 110 T
- RM11E-G020 Surface Sediment G020 689313.605 | 7643838.02 -55 11.2 5/7/2009 0 27 0.2 86 -- 91 JT
-- RM11E-G065 Surface Sediment G065 689449.982 | 7644061.258 -12 11.2 6/18/2009 0 28 1.24 60.8 - 170 JT
- RM11E-C012-B  [Subsurface Sediment Co012 689614.395 | 7643820.979 -37 11.2 5/20/2009 305 | 914 1.82 66.5 30.5 160 T
-- RM11E-C012-C Subsurface Sediment Cc0o12 689614.395 | 7643820.979 -37 11.2 5/20/2009 91.4 | 152.4 0.21 88.4 - 5.7 T
-- RM11E-C012-D Subsurface Sediment C012 689614.395 | 7643820.979 -37 11.2 5/20/2009 152.4 | 2134 0.07 86 - 1 uT
-- RM11E-C012-E Subsurface Sediment Cc0o12 689614.395 | 7643820.979 -37 11.2 5/20/2009 213 274 0.02U 82.7 - 1.3 uT
-- LW3-G778 Surface Sediment G778 689191 7644130 -38 11.3 12/5/2007 0 22 0.4 74.8 6.01 580 T
-- LW3-G779 Surface Sediment G779 688958 7644450 -41 11.3 12/5/2007 0 23 0.43 79.1 4.77 200 JT
-- LW3-GCA11E-C00 |Surface Sediment GCAl11E 689225.7872 | 7644252.526 -22 11.3 12/6/2007 0 24 0.81 64 6.58 6600 JT
- LW3-GCRSP11E (Surface Sediment GCRSP11E | 689209.5283 | 7644357.169 -12 11.3 10/18/2007 0 12 1.13 64.1 24.2 11 T
-- RM11E-G023 Surface Sediment G023 689279.58 |7644091.381 -51 11.3 5/7/2009 0 17 0.51 69.5 - 1000 JT
- RM11E-G024 Surface Sediment G024 689175.117 | 7643998.105 -52 11.3 5/7/2009 0 20 0.36 78.2 4.67 77 JT
-- RM11E-G025 Surface Sediment G025 689032.375 | 7643983.176 -52 11.3 5/8/2009 0 25 1.4 63.5 - 96 JT
- RM11E-G029 Surface Sediment G029 689157.349 | 7644476.222 -33 11.3 5/12/2009 0 19 1.18 69.4 5.95 2300 JT
-- RM11E-G030 Surface Sediment G030 689066.829 | 7644394.977 -51 11.3 5/8/2009 0 20 0.89 65.6 - 190 JT
- RM11E-G066 Surface Sediment G066 689066.88 | 7644539.042 -27 11.3 6/18/2009 0 23 0.99 68.8 18.8 350 JT
-- RM11E-G067 Surface Sediment G067 689290.948 | 7644246.88 -22 11.3 6/15/2009 0 26 0.33 71 8.31 56 T
- RM11E-G082 Surface Sediment G082 689107.134 | 7644280.414 -35.2 11.3 10/31/2013 0 20 0.626 69.3 4.81 910 T
-- RM11E-G036 Surface Sediment G036 688889.563 | 7644708.497 -23 114 6/15/2009 0 25 1.4 64.9 17.4 1300 JT
- RM11E-G037 Surface Sediment G037 688803.942 | 7644574.373 -56 114 5/13/2009 0 28 1.1 64.2 -- 110 JT
-- RM11E-G039 Surface Sediment G039 688796.273 | 7644755.595 -23 114 6/15/2009 0 28 0.61 70.5 18.8 22 JT
-- RM11E-G064 Surface Sediment G064 688687.254 | 7644823.096 -27 114 6/15/2009 0 15 0.59 85.5 - 1600 JT
- RM11E-C033A Surface Sediment CO033A 688819.388 | 7644600.851| -53.65 114 6/4/2009 0 30.5 19 61.3 -- 190 uT
-- RM11E-G043 Surface Sediment G043 688577.551 | 7644827.386 -48.15 114 7/26/2009 0 30 1.77 53.4 - 16.3 JT

Notes:

1. Northing and easting coordinates exist in the following coordinate system: NAD 83 Oregon State Plane North Zone, International Feet.

2. "Total PCBs" reflect total PCB congener results where available, and total PCB Aroclor results where congener analysis was not conducted. Analyte group totals follow the FS data summation as described in Appendix R of the Draft FS report for the Portland Harbor (Anchor QEA et al.,

2012). Calculated totals are the sum of all detected concentrations, and non-detected results are included in the summation at one-half the method detection limit (MDL). If none of the analytes is detected for a given sample, then the highest MDL is used for the summation.

3. Sample LW3-UGO02 was collected by the Lower Willamette Group. Sample RM11E-G079 was collected in 2013 from approximately the same location. Both station results are reported here.

Acronyms:

PCB = Polychlorinated biphenyl U = The material was analyzed for, but was not detected. The associated numerical value is the sample quantitation limit.

TOC = Total Organic Carbon J = The associated numerical value is an estimated quantity.

ug/kg = micrograms per kilogram T = The associated numerical value was mathematically derived (e.g., from summing multiple analyte results such as Aroclors, or calculating the average of multiple results for a single analyte).

-- No Data
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Table 2-3. Location and Rationale for Porewater Sampling Locations. Stations presented from downstream to upstream.

Porewater Sampling and Analysis Plan

Proposed Previous . Total PCB Sum PCB Comprehensive In-Situ Subsurface
Porewater Sample Sample Coordinates® Previous Sample | Sample | Start Depth | End Depth Aroclors | TOC (%)| Aroclor C,, Benthic Risk Tregtment/ Removal Total PCE.;
Location ID | Locations Code Date (cm) (cm) e )2 L) Area Engineered Concentration
Hg/kg (ng/L) Cap >1,000 pg/kg
UG02 | 689302.7 | 7643999.7 LW3-UG02| 1/31/2007 0 23 6000 | JT | 0.36 34171
. G079 689302.8 | 7644009.5 RM11E-G079| 10/31/2013 0 23 2300 | JT | 0.491 936.1
PW001 UC02 | 689306.3 | 7644001.0 LW3-UC02-B| 2/7/2007 30 90 22 |UT| 041 | not calculated Yes No ves No
UC02 | 689306.3 | 7644001.0 LW3-UC02-C| 2/7/2007 90 216 2 |UT| 0.16 | notcalculated
G022 689344.3 | 7644176.0 RM11E-G022| 5/7/2009 0 21 180 | JT| 2.03 183
6893353 | 7644172.4| RMI11E-C019-B| 5/21/2009 31 o1 210 | T | 1.92 22.7
PW002 co1o 6893353 | 7644172.4| RMI11E-C019-C| 5/21/2009 o1 152 340 | T | 1.96 36.1 No Yes No Yes
6893353 | 7644172.4| RMI11E-C019-D| 5/21/2009 152 213 9000 | T | 21 868.2
6893353 | 7644172.4| RMI11E-CO19-E| 5/21/2009 213 301 75 | T | 2.66 55
G026 689248.6 | 76443292 RM11E-G026| 5/8/2009 0 17 1400 | JT| 1.35 216.7
PW003 022 689257.6 | 7644334.4| RMI11E-C022-B| 5/20/2009 31 o1 390 | JT| 1.67 46.7 Yes Yes No Yes
689257.6 | 7644334.4| RMI11E-C022-C| 5/20/2009 91 140 2800 | T | 1.91 164.1
G027 689168.3 | 76442614 RM11E-G027| 5/8/2009 0 22 140 |JT| 04 57.2
6891652 | 7644265.5| RMI11E-C023-B| 5/21/2009 31 o1 4300 | T | 0.86 801.7
PW004 023 6891652 | 76442655| RMI11E-C023-C| 5/21/2009 o1 152 2100 | T | 1.17 214.3 Yes No Yes Yes
6891652 | 76442655| RMI11E-C023-D| 5/21/2009 152 213 2200 | JT| 1.62 2295
6891652 | 7644265.5| RMI11E-C023-E| 5/21/2009 213 301 670 | T | 1.29 104.9
G028 689072.9 | 7644163.4 RM11E-G028| 5/8/2009 0 28 380 |JT| 14 49.05
C024 689065.9 | 7644169.5| RMI11E-C024-B| 5/27/2009 31 o1 10 |UT| 0.06 | notcalculated
PWO005 No No Yes No
C024 6890659 | 7644169.5| RMI1E-C024-C| 5/27/2009 91 152 84 | T | 004 | notcalculated
C024 6890659 | 7644169.5| RMI1E-C024-D| 5/27/2009 152 213 1 _|UT| 0.6 | notcalculated
G033 689004.6 | 76445794 RM11E-G033| 5/13/2009 0 25 2000 | JT | 0.46 908.4
C029 6890054 | 7644581.8 | RMI11E-C029-B| 6/23/2009 31 91 13 |UT| 084 1.0
C029 6890054 | 7644581.8 | RMI1E-C029-C| 6/23/2009 91 152 13 |UT| 0.5 | notcalculated
PW006 C029 6890054 | 7644581.8 | RMI1E-C029-D| 6/23/2009 152 213 13 |UT| 0.89 | not calculated Yes Yes No No
C029 6890054 | 7644581.8 | RMI11E-C029-E| 6/23/2009 213 305 13 |UT| 1 | notcalculated
C029 6890054 | 7644581.8 | RMI11E-C029-F| 6/23/2009 305 396 13 |UT| 0.45 | notcalculated
C029 6890054 | 7644581.8 | RMILE-C029-G| 6/23/2009 396 436 13 |UT| 0.26 | notcalculated
PW007 C043 687388.4 | 7645488.7 | RMI11E-C043-A| 5/19/2009 0 30 17 |UT| 6.23 | not calculated
(Reference) | Co043 687388.4 | 7645488.7| RMI11E-C043-B| 5/19/2009 31 95 1 _|UT| 083 |notcalculated Proposed Upstream Reference Area
Notes:

1. Northing and easting coordinates exist in the following coordinate system: NAD 83 Oregon State Plane North Zone, International Feet.
2. Total PCB Aroclors were calculated using the FS data summation rules as described in Appendix R of the Draft FS report for the Portland Harbor (Anchor QEA et al., 2012). Calculated totals are the sum of all detected concentrations, and non-detected results are included
in the summation at one-half the method detection limit (MDL). If none of the analytes is detected for a given sample, then the highest MDL is used for the summation.
3. EPA Guidance for calculating EqP porewater concentrations (C,,,) requires a detectable PCB and > 0.2% TOC. Where either of those conditions existed, the C,,, was not calculated
4. Only the detected Aroclor concentrations were used to estimate the C,,, for each individual congener expected to be in the RM11E sediments, and then summing those individual congener porewater concentrations.
5. Sample LW3-UG02 was collected by the Lower Willamette Group. Sample RM11E-G079 was collected in 2013 from approximately the same location. Both station results are reported here.

Acronyms:

PCB = Polychlorinated biphenyl
TOC = Total Organic Carbon
ug/kg = micrograms per kilogram
ng/L = nanogram/Liter

Page 1 of 1

U = The material was analyzed for, but was not detected. The associated numerical value is the sample quantitation limit.
J = The associated numerical value is an estimated quantity.
T = The associated numerical value was mathematically derived (e.g., from summing multiple analyte results such as Aroclors, or calculating the average of multiple results for a single analyte).

River Mile 11 East

May 2014
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Porewater Sampling and Analysis Plan
River Mile 11 East

May 2014
Table 2-4. Portland Harbor Superfund Site Preliminary
Remediation Goals (EPA Recalculation March 2014)
Preliminary Remediation Action Objectives (RAOS) Total PCBs' PRG
Sediment (ng/kg)

RAO 1 — Human Health Sediments: Reduce to acceptable levels human
health risks from exposure to contaminated sediments resulting from

incidental ingestion of and dermal contact with sediments, and comply with 370
identified ARARs.

RAO 2 — Human Health Biota Ingestion: Reduce to acceptable levels human

health risks from indirect exposures to COCs through ingestion of fish and 6

shellfish that occur via bioaccumulation pathways from sediment and/or
surface water and comply with identified ARARSs.

RAO 5 — Ecological Sediments: Reduce to acceptable levels the risks to
ecological receptors resulting from the ingestion of and direct contact with 64
contaminated sediments and comply with identified ARARSs.

RAO 6 — Ecological Biota (Prey) Ingestion: Reduce to acceptable levels risks
to ecological receptors from indirect exposures through ingestion of prey to
COCs in sediments via bioaccumulation pathways from sediment and/or
surface water and comply with identified ARARS.

31

Water (Surface and Groundwater) (ng/L)

RAO 3 — Human Health Surface Water: Reduce risks from COCs in surface
water at the Site to acceptable exposure levels that are protective of human
health risks from ingestion of, inhalation of, and dermal contact with surface 0.0064
water; protect the drinking water beneficial use of the Willamette River at the
Site; and comply with identified ARARS.

RAO 4 — Human Health Groundwater: Reduce to acceptable levels human
health risks resulting from direct exposure to contaminated groundwater and 500
indirect exposure to contaminated groundwater through fish and shellfish
consumption, and comply with identified ARARS.

RAO 7 — Ecological Surface Water: Reduce risks from COCs in surface water
at the Site to acceptable exposure levels that are protective of ecological
receptors based on the ingestion of and direct contact with surface water and
comply with identified ARARS.

14

RAO 8 — Ecological Groundwater: Reduce to acceptable levels the risks to
ecological receptors resulting from the ingestion of and direct contact with
contaminated groundwater and indirect exposures through ingestion of prey
via bioaccumulation pathways from groundwater, and comply with identified
ARARs.

Notes:

1. "Total PCBs" reflect total PCB congener results where available, and total PCB Aroclor results where congener analysis
was not conducted.

Acronyms:

PCB = Polychlorinated biphenyl
ug/kg = Micrograms per kilogram
ng/L = nanogram/Liter
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Table 3-1. Project Contact Information

Porewater Sampling and Analysis Plan

River Mile 11 East
May 2014

Contact/Company

Title

E-Mail Address

Phone Number

Paul Fuglevand, DOF

Project Manager

pfuglevand@dofnw.com

425-827-4588

Tim Thompson, SEE

Technical Lead and Field Director

tthompsonseellc@gmail.com

206-418-6173

Dr. Phil Gschwend, MIT

Lead Chemist

pmgschwe@mit.edu

617 253-1638

Erin Carroll Hughes, GSI

Sampling and Analysis Coordinator

echughes@gsiws.com

503-239-8799

Mingta Lin

Data Validation
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Porewater Sampling and Analysis Plan

River Mile 11 East

. . May 2014
Table 4-1. Sampling Media, Number of Samples, and Analyte Groups
Number of Samples
Data Needed to Address the Associated Field and Analytical
Objectives Actions PCB PCB ; q Black
Conventionals
Congeners Aroclors Carbon
Performance Reference Compound 8 B B B
Confirmation
Quantify PCB congener levels in
sediment porewater.
* Onsite porewater samples (6)
* Onsite field replicate (1) 8 - - -
* Upriver porewater sample (1)
Quant_lfy PCB congeners in * Onsite porewater samples (6)
overlying surface water o ;
. . * Onsite field replicate (1) 8 -- -- --
immediately above porewater :
. * Upriver porewater sample (1)
sample location.
* Onsite porewater samples (6)
Bulk sediments analyses * Onsite field replicate (1) 8 8 8 8
* Upriver porewater sample (1)

Notes:

1. Conventionals = Total Solids, Total Organic Carbon, Grain Size
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Porewater Sampling and Analysis Plan
River Mile 11 East

May 2014
Table 4-2. Sample Coordinates, Location ID, and Sample ID
Location ID Grab/pore Sample Location i Sample Matrix Sample ID
Pair Northing Easting Latitude Longitude
PE Porewater RM11E-PWP001
RM11E-PW001 U%%Z?Uaggz 689302.7 7643999.7 45536728 -122.678338 |PE Surface Water | RM11E-PWWO001
Sediment RM11E-PWG001
PE Porewater RM11E-PWP002
RM11E-PW002 | G022/C019 689344.3 7644176.0 45,536855 -122.677654 |PE Surface Water | RM11E-PWW002
Sediment RM11E-PWG002
PE Porewater RM11E-PWP003
RM11E-PW003 | G026/C022 689248.6 7644329.2 45.536604 -122.677047 |PE Surface Water | RM11E-PWWO003
Sediment RM11E-PWG003
PE Porewater RM11E-PWP004
RM11E-PW004 | G027/C023 689168.3 7644261.4 45.,536379 -122.677303 |PE Surface Water | RM11E-PWWO004
Sediment RM11E-PWG004
PE Porewater RM11E-PWPO005
RM11E-PWO005 | G028/C024 689072.9 7644163.4 45.53611 -122.677675 |PE Surface Water | RM11E-PWWO005
Sediment RM11E-PWG005
PE Porewater RM11E-PWP006
RM11E-PWO006 | G033/C029 689004.6 7644579.4 45,535954 -122.676045 |PE Surface Water | RM11E-PWWO006
Sediment RM11E-PWG006
PE Porewater RM11E-PWPO0O0O7
RM11E-PWO007 Co043 687388.4 7645488.7 45.53159 -122.672328 |PE Surface Water | RM11E-PWWO007
Sediment RM11E-PWG007
PE Porewater RM11E-PWP504
RM11E-PW504 ¢ | G027/C023 689168.3 7644261.4 45.,536379 -122.677303 |PE Surface Water | RM11E-PWW504
Sediment RM11E-PWG504

Notes:

1. Northing and easting coordinates exist in the following coordinate system: NAD 83 Oregon State Plane North Zone, International Feet.
2. Latitude and longitude coordinates exist in the following coordinate system: “WGS 1984, decimal degrees”

3. Sample RM11E-PW504 will be a field replicate of sample RM11E-PW004. .
GSI Water Solutions, Inc. and

Science and Engineering for
the Environment, LLC.
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Table 4-3. Specific Samples, Analyses, Assigned Lab and Station Labelling

Porewater Sampling and Analysis Plan

. Original Portion of Sampler for Analysis 1 .
Location ID Grab/Core Pair Sample Method e i) Analyses Laboratory Labeling
0-20 [ t RM11E-PWWO001
cm n wazer PCB Congeners by EPA 1668C ALS
~ 0-30 cm in sediment RM11E-PWP001
3 PE Sampler 1 0-20 cm in water RMLLE-PWWO0O01b
S in wax PCB Congeners by HRGC/LRM -SIM MIT
IS 0-30 cm in sediment RM11E-PWPO001b
— o
S Q 0-20 [ t . RM11E-PWWO001
g -] PE Sampler 2 cm in water Archive 2 PE subsamples ALS
a k= 0-30 cm in sediment RM11E-PWP001
@
o PCB Aroclors, Black Carbon, Conventionals ALS RM11E-PWG001
o . . .
O Bulk Sediment Core Sample 0-30 cm in sediment . . ; .
Black Carbon CTO-375; Total Organic Carbon; MIT RM11E-PWG001b
PCB Congeners by HRGC/LRM -SIM
0-20 [ t RM11E-PWWO002
o cm n wazer PCB Congeners by EPA 1668C
N S 0-30 cm in sediment RM11E-PWP002
S O PE Sampler -
N 0-20 cm in water . ALS RM11E-PWWO002
= N - - Archive 2 PE subsamples
o S 0-30 cm in sediment RM11E-PWP002
Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG002
0-10cmi t RM11E-PWWO003
« Ll "_q wa gr PCB Congeners by EPA 1668C
N 0-30 cm in sediment RM11E-PWP003
S 3] PE Sampler 0-20 cm in water RM11E-PWWO003
S © _ : Archive 2 PE subsamples ALS
a N 0-30cm in sediment RM11E-PWP003
)
Bulk Sediment Core Sample  |0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals 2 RM11E-PWG003
0-20 [ t RM11E-PWWO004
cm 1h water PCB Congeners by EPA 1668C ALS
0-30 cm in sediment RM11E-PWP004
Q PE Sampler 1 0-20 cm in water RM11E-PWWO004b
< S . - PCB Congeners by HRGC/LRM -SIM (MIT) MIT
8 o 0-30 cm in sediment RM11E-PWP004b
= N 0-20 cm in water Field Replicate (PW504) RM11E-PWW504
o o PE Sampler 2 . - )
o 0-30 cm in sediment Archive 1 PE subsample ALS RM11E-PWP504
Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG004
Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals MIT RM11E-PWGO004b
o w 0-20 cm in water RM11E-PWW504
S S o) l<T: PE Sampler PCB Congeners by EPA 1668C
Q 8 o % 0-30 cm in sediment ALS RM11E-PWP504
= NI
o o ]
O

Bulk Sediment Core Sample

0-30 cm in sediment

PCB Aroclors, Black Carbon, Conventionals

RM11E-PWG504
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Table 4-3. Specific Samples, Analyses, Assigned Lab and Station Labelling

Porewater Sampling and Analysis Plan

. Original Portion of Sampler for Analysis 1 .
Location ID Grab/Core Pair Sample Method e i) Analyses Laboratory Labeling
0-20 i t RM11E-PWWO005
N om ?n a gr PCB Congeners by EPA 1668C
T} o 0-30 cm in sediment RM11E-PWP005
S O PE Sampler -
5 0-20 cm in water . ALS RM11E-PWWO005
= Q : _ Archive 2 PE subsamples
o 8 0-30 cm in sediment RM11E-PWPO0O05
Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG005
0-10cm i t RM11E-PWWO006
o om I water PCB Congeners by EPA 1668C
© S 0-30 cm in sediment RM11E-PWP006
= O PE Sampler -
) 0-10cm in water . ALS RM11E-PWWO006
= P - - Archive 2 PE subsamples
o 8 0-30cm in sediment RM11E-PWP006
Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWGO006
0-10cm ||j watgr PCB Congeners by EPA 1668C RM11E-PWWO007
N~ 0-30 cm in sediment RM11E-PWPOO7
o Cc043 PE Sampler -
e 0-20 cm in water . ALS RM11E-PWWO007
= (reference) _ _ Archive 2 PE subsamples
o 0-30 cm in sediment RM11E-PWPOO7
Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG007
Notes:

1. Laboratory QA replicates are not identified on this table

2. Conventionals include total solids, total organic carbon, and grain size

Acronyms

ALS = ALS Laboratories

MIT = Massachusetts Institute of Technology

HRGC/LRM-SIM = High Resolution Gas Chromatography/Low Resolution Mass Spectrophotometry - Selected lon Monitoring. This method is commonly referred to as low resolution GC/MS.

PCB = Polychlorinated biphenyl
PE = Polyethylene
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Porewater Sampling and Analysis Plan

River Mile 11 East

May 2014

Table 4-4. Container and Preservation Requirements, Holding

Times for Samples
Container
Minimum T ()
i Description i i
Parameter Sample Size FI:resgrvatlon H_?_.Idmg
) _ VielTE equirements ime
Container
(mL)
Sediment Conventionals
L 16-o0z glass o o
Grain size 100 g or HDPE 480 4°C £ 2°C 6 months
o + o
Total Organic Carbon 30¢g 4°C£2°C 14 days
-20°C + 2°C 6 months
-] o + o
Total Black Carbon 309 8-0z glass or 240 acxzc 14 days
HDPE -20°C + 2°C 6 months
o + o
Total Solids 30¢g 4°C£2°C 14 days
-20°C + 2°C 6 months
Sediment Chemistry
Total Polychlorinated o 4 90
Biphenyls (PCBs) as 100 g 8-0z glass 480 acx2°C 14 days
Aroclors
-20°C £ 2°C 1 year
_ - o + o
Low-Level PCBs (209 100 g 8-0z amber 240 4°C £ 2°C 14 days
congeners) glass -20°C £ 2°C 1 year
Passive Sampler Testing
Performance Reference
Compounds 100 mg Polyethylene
Sheet 4°C £ 2°C 1 year
Low-Level PCBs 100 m ee
(209 congeners) 9
Archive
Sediment Chemistr - °C+2°
e y 250 mL One (1) 8-0z 480 4°C £ 2°C 14 days
Archive glass -20°C £ 2°C 1 year
PE PCB Chemistry Polyethylene o o
Archive 100 mg Sheet - 4°C +2°C 1 year

Notes:

1. Recommended minimum field sample sizes for one lab analysis. Actual volumes to be collected have been increased

to provide a margin of error and allow for retests.

2. HDPE - high density polyet|

hylene

3. During transport to the lab, samples will be stored on ice.

4. For every sample location, an 8-0z container is archived for any potential analysis/re-analysis deemed necessary.
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Porewater Sampling and Analysis Plan
River Mile 11 East

May 2014
Table 5-1. Range of Properties of *C-labelled PCB Congeners

Used as Performance Reference Compounds and Recovery
Standards

Labelled Congener ler(;nrit:j;s Cﬁ;gir;r log Kow | log Ko l0g Kpe.w

Performance Reference Compounds

*C,,-2,4"-DiCB 2 8 5.10 4.72 4.81
13¢,,-2,4,4-TriCB 3 28 5.67 5.05 5.38
¥C,,-2,2',4,4'-TetraCB 4 47 5.85 5.23 5.62
13¢c,,-2,3,4' 5-TetraCB 4 70 6.2 5.40 5.91
*C,,-2,2',3,4,5-PentaCB 5 97 6.29 5.74 6.00
3¢,,-2,3,3',5,5'-PentaCB 5 111 6.76 5.60 6.24
¥C,,-2,2',4,4'5,5-HexaCB 6 153 6.92 6.06 6.81
13¢,,-2,2'3,3'5,5'6-HeptaCB 7 178 7.14 6.24 6.85
Recovery Standards

°C,,-2,5-DICB 2 9 5.06 4.67 4.77
13¢,,-2,2'5,5'-TetraCB 4 52 5.54 5.20 5.55
13C12-2,2’,4,5,5’-PentaCB 5 101 6.38 5.64 6.18
°C,,-2,2',3,4,4',5-HexaCB 6 138 6.86 6.19 6.82
°Cy,-2,2',3,3,4,4',5,5-OctaCB 8 194 7.80 6.96 7.15

Notes:

Log Kow (octanol-water partitioning coefficient) values from Hawker and Connell, 1988
Log Koc (organic carbon-water partitioning coefficient) values from Hansen et al., 1999
Log Kpe-w (polyethylene-water partitioning coefficient) values from Ghosh et al., 2014

GSI Water Solutions, Inc. and
Science and Engineering for
Page 1 of 1 the Environment, LLC.



Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgp(_)rtiljg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0
(ng/g PE) T (gl ’ ’ Difference ’
PCB 1 2051-60-7 | 0.2 0.5 4.173 1.34E-02 50-150 50-150 50 -
PCB 2 2051-61-8| 0.01 | 0.03 4.403 3.95E-04 - - - -
PCB 3 2051-62-9| 0.2 0.5 4.403 8.90E-03 50-150 50-150 50 -
PCB 4 13029-08-8| 0.4 1 4.363 1.84E-02 50-150 50-150 50 -
PCB 5 16605-91-7( 0.03 0.1 4,733 4.62E-04 - - - -
PCB 6 25569-80-6| 0.03 0.1 4.770 4.25E-04 - - - -
PCB 7 33284-50-3| 0.05 0.1 4.780 8.30E-04 - - - -
PCB 8 34883-43-7| 0.3 1 4,733 5.55E-03 - - - -
PCB 9 34883-39-1| 0.05 0.1 4773 8.43E-04 - - - -
PCB 10 33146-45-1] 0.05 0.1 4.553 1.40E-03 - - - -
PCB 11 2050-67-1] 0.3 3 4,993 2.54E-03 - - - -
PCB 12 2974-92-7 | 0.08 0.3 4,933 8.75E-04 - - - -
PCB 13 2974-90-5| 0.08 0.3 5.003 7.45E-04 - - - -
PCB 14 34883-41-5| 0.08 0.3 4,993 7.62E-04 - - - -
PCB 15 2050-68-2 | 0.5 0.1 5.013 4.37E-03 50-150 50-150 50 -
PCB 16 38444-78-9] 0.1 0.3 4.873 1.34E-03 - - - -
PCB 17 37680-66-3| 0.2 0.5 4,963 2.45E-03 - - - -
PCB 18 37680-65-2| 0.5 1 4,953 5.57E-03 - - - -
PCB 19 38444-73-4] 0.1 0.3 4,733 1.85E-03 50-150 50-150 50 -
PCB 20 38444-84-7] 0.5 1 5.283 2.48E-03 - - - -
PCB 21 55702-46-0] 0.1 0.5 5.223 7.48E-04 - - - -
PCB 22 38444-85-8| 0.2 0.5 5.293 1.15E-03 - - - -
PCB 23 55720-44-0] 0.1 0.5 5.283 6.51E-04 - - - -
PCB 24 55702-45-9] 0.1 0.5 5.063 1.08E-03 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgpgrtipg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

[ A2 - (ng/L) ’ ’ Difference ’
PCB 25 55712-37-3] 0.1 0.5 5.383 5.17E-04 - - - -
PCB 26 38444-81-4] 0.2 0.5 5.373 8.47E-04 - - - -
PCB 27 38444-76-7| 0.2 0.5 5.153 1.05E-03 - - - -
PCB 28 7012-37-5| 0.5 1 5.383 1.97E-03 - - - -
PCB 29 15862-07-4| 0.2 0.5 5.313 9.73E-04 - - - -
PCB 30 35693-92-6] 0.5 1 5.153 3.52E-03 - - - -
PCB 31 16606-02-3| 0.4 1 5.383 1.55E-03 - - - -
PCB 32 38444-77-8] 0.2 0.5 5.153 1.41E-03 - - - -
PCB 33 38444-86-9| 0.1 0.5 5.313 6.08E-04 - - - -
PCB 34 37680-68-5| 0.2 0.5 5.373 7.41E-04 - - - -
PCB 35 37680-69-6| 0.2 0.5 5.533 5.86E-04 - - - -
PCB 36 38444-87-0] 0.2 0.5 5.593 5.11E-04 - - - -
PCB 37 38444-90-5| 0.3 1 5.543 9.31E-04 50-150 50-150 50 -
PCB 38 53555-66-1| 0.2 0.5 5.473 6.73E-04 - - - -
PCB 39 38444-88-1] 0.2 0.5 5.603 5.61E-04 - - - -
PCB 40 38444-93-8| 0.3 1 5.373 1.27E-03 - - - -
PCB 41 52663-59-9| 0.3 1 5.403 1.19E-03 - - - -
PCB 42 36559-22-5| 0.2 0.5 5.473 5.05E-04 - - - -
PCB 43 70362-46-8| 0.2 1 5.463 7.75E-04 - - - -
PCB 44 41464-39-5| 0.5 1 5.463 1.64E-03 - - - -
PCB 45 70362-45-7] 0.1 0.5 5.243 7.14E-04 - - - -
PCB 46 41464-47-5| 0.3 0.5 5.243 1.43E-03 - - - -
PCB 47 2437-79-8 | 0.5 1 5.563 1.30E-03 - - - -
PCB 48 70362-47-9] 0.2 0.5 5.493 6.43E-04 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgpgrtipg Met_hqd Detect_ion - Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Compeue
Analyte CAS No. -
ML | MRL Log K Cu % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

(ng/g PE) - (ng/L) ’ ’ Difference ’
PCB 49 41464-40-8| 0.3 1 5.563 7.52E-04 - -- - -
PCB 50 62796-65-0| 0.2 0.5 5.343 6.81E-04 - -- - -
PCB 51 68194-04-7] 0.1 0.5 5.343 5.67E-04 - -- - -
PCB 52 35693-99-3| 0.5 1 5.553 1.33E-03 - -- - -
PCB 53 41464-41-9| 0.2 0.5 5.333 6.97E-04 - -- - -
PCB 54 15968-05-5| 0.3 1 4,923 3.58E-03 50-150 50-150 50 -
PCB 55 74338-24-2] 0.3 1 5.823 4.51E-04 - -- - -
PCB 56 41464-43-1| 0.3 0.5 5.823 3.76E-04 - -- - -
PCB 57 74472-33-6] 0.3 1 5.883 3.93E-04 - -- - -
PCB 58 41464-49-7| 0.3 1 5.883 4.25E-04 - -- - -
PCB 59 74472-33-6] 0.2 0.5 5.663 3.26E-04 - -- - -
PCB 60 33025-41-1] 0.3 1 5.823 4.89E-04 - -- - -
PCB 61 33284-53-6] 0.4 1 5.753 7.51E-04 - -- - -
PCB 62 54230-22-7] 0.2 0.5 5.603 3.74E-04 - - - -
PCB 63 74472-34-7] 0.4 1 5.883 4.58E-04 - - - -
PCB 64 52663-58-8| 0.2 0.5 5.663 3.80E-04 - - - -
PCB 65 33284-54-7] 0.5 1 5.573 1.27E-03 - - - -
PCB 66 32598-10-0| 0.4 1 5.913 4.89E-04 - - - -
PCB 67 73575-53-8| 0.4 1 5.913 4.58E-04 - - - -
PCB 68 73575-52-7| 0.4 1 5.973 3.99E-04 - - - -
PCB 69 60233-24-1] 0.3 1 5.753 4.86E-04 - - - -
PCB 70 32598-11-1| 0.4 1 5.913 5.19E-04 - - - -
PCB 71 41464-46-4| 0.3 1 5.693 6.08E-04 - - - -
PCB 72 41464-42-0| 0.4 1 5.973 4.26E-04 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgpgrtipg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

[ A2 - (ng/L) ’ ’ Difference ’
PCB 73 74338-23-1] 0.2 1 5.753 3.97E-04 - - - -
PCB 74 32690-93-0| 0.4 1 5.913 5.19E-04 - - - -
PCB 75 32598-12-2| 0.2 0.5 5.763 2.59E-04 - - - -
PCB 76 70362-48-0| 0.4 1 5.843 6.10E-04 - - - -
PCB 77 32598-13-3| 0.4 1 6.073 3.59E-04 50-150 50-150 50 -
PCB 78 70362-49-1] 0.4 1 6.063 3.68E-04 - - - -
PCB 79 41464-48-6| 0.4 1 6.133 3.13E-04 - - - -
PCB 80 33284-52-5| 0.5 1 6.193 2.89E-04 - - - -
PCB 81 70362-50-4] 0.5 1 6.073 3.80E-04 50-150 50-150 50 -
PCB 82 52663-62-4| 0.3 1 5.913 3.97E-04 - - - -
PCB 83 60145-20-2] 0.6 1 5.973 5.85E-04 - - - -
PCB 84 52663-60-2| 0.3 1 5.753 5.30E-04 - - - -
PCB 85 65510-45-4] 0.3 0.5 6.013 2.43E-04 - - - -
PCB 86 55312-69-1| 0.4 1 5.943 4.28E-04 - - - -
PCB 87 38380-02-8| 0.4 1 6.003 3.72E-04 - - - -
PCB 88 55215-17-3] 0.3 1 5.783 4.94E-04 - - - -
PCB 89 73575-57-2] 0.5 1 5.783 7.83E-04 - - - -
PCB 90 68194-07-0| 0.6 3 6.073 5.07E-04 - - - -
PCB 91 68194-05-8| 0.3 1 5.843 4.31E-04 - - - -
PCB 92 52663-61-3| 0.3 1 6.063 2.59E-04 - - - -
PCB 93 73575-56-1] 0.6 1 5.753 9.71E-04 - - - -
PCB 94 73575-55-0| 0.3 1 5.843 4.31E-04 - - - -
PCB 95 38379-99-6| 0.6 1 5.843 7.90E-04 - - - -
PCB 96 73575-54-9] 0.5 1 5.423 1.98E-03 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgpgrtipg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

[ A2 - (ng/L) ’ ’ Difference ’
PCB 97 41464-51-1| 0.4 1 6.003 3.72E-04 - - - -
PCB 98 60233-25-2| 0.6 1 5.843 7.90E-04 - - - -
PCB 99 38380-01-7| 0.6 1 6.103 4.34E-04 - - - -
PCB 100 39485-83-1| 0.6 1 5.943 6.27E-04 - - - -
PCB 101 37680-73-2| 0.6 3 6.093 4.84E-04 - - - -
PCB 102 68194-06-9| 0.6 1 5.873 7.37E-04 - - - -
PCB 103 60145-21-3] 0.6 1 5.933 6.71E-04 - - - -
PCB 104 56558-16-8| 0.6 1 5.523 1.72E-03 50-150 50-150 50 -
PCB 105 32598-14-4] 0.3 0.5 6.363 1.19E-04 50-150 50-150 50 -
PCB 106 70424-69-0| 0.4 1 6.353 1.55E-04 - - - -
PCB 107 70424-68-9| 0.3 0.5 6.423 9.44E-05 - - - -
PCB 108 70362-41-3| 0.7 3 6.423 2.55E-04 - - - -
PCB 109 74472-35-8| 0.4 1 6.193 2.40E-04 - - - -
PCB 110 38380-03-9| 0.6 3 6.193 3.85E-04 - - - -
PCB 111 39635-32-0| 0.6 3 6.473 2.02E-04 - - - -
PCB 112 74472-36-9| 0.6 3 6.163 4.29E-04 - - - -
PCB 113 68194-10-5| 0.6 3 6.253 3.35E-04 - - - -
PCB 114 74472-37-0] 0.3 1 6.363 1.30E-04 50-150 50-150 50 -
PCB 115 74472-38-1] 0.6 3 6.203 3.76E-04 - - - -
PCB 116 18259-05-7| 0.3 0.5 6.043 2.26E-04 - - - -
PCB 117 68194-11-6| 0.3 0.5 6.173 1.68E-04 - - - -
PCB 118 31508-00-6] 0.5 1 6.453 1.67E-04 50-150 50-150 50 -
PCB 119 56558-17-9| 0.4 1 6.293 1.91E-04 - - - -
PCB 120 68194-12-7| 0.4 1 6.503 1.18E-04 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgpgrtipg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

[ A2 - (ng/L) ’ ’ Difference ’
PCB 121 56558-18-0| 0.5 1 6.353 2.33E-04 - - - -
PCB 122 76842-07-4] 0.3 1 6.353 1.33E-04 - - - -
PCB 123 65510-44-3| 0.4 1 6.453 1.32E-04 50-150 50-150 50 -
PCB 124 70424-70-3] 0.7 3 6.443 2.43E-04 - - - -
PCB 125 74472-39-2] 0.4 1 6.223 2.24E-04 - - - -
PCB 126 57465-28-8| 0.4 1 6.603 8.73E-05 50-150 50-150 50 -
PCB 127 39635-33-1| 0.7 3 6.663 1.52E-04 - - - -
PCB 128 38380-07-3] 0.3 1 6.453 1.06E-04 - - - -
PCB 129 55215-18-4] 0.5 1 6.443 1.89E-04 - - - -
PCB 130 52663-66-8| 0.4 1 6.513 1.07E-04 - - - -
PCB 131 61798-70-7| 0.3 1 6.293 1.53E-04 - - - -
PCB 132 38380-05-1| 0.3 1 6.293 1.53E-04 - - - -
PCB 133 35694-04-3| 0.4 1 6.573 1.14E-04 - - - -
PCB 134 52704-70-8] 0.3 1 6.263 1.77E-04 - - - -
PCB 135 52744-13-5| 0.3 1 6.353 1.22E-04 - - - -
PCB 136 38411-22-2] 0.2 0.5 5.933 2.63E-04 - - - -
PCB 137 35694-06-5| 0.8 3 6.543 2.15E-04 - - - -
PCB 138 35065-28-2| 0.5 1 6.543 1.50E-04 - - - -
PCB 139 56030-56-9| 0.5 1 6.383 2.07E-04 - - - -
PCB 140 59291-64-4] 0.5 1 6.383 2.07E-04 - - - -
PCB 141 52712-04-6] 0.2 0.5 6.533 6.59E-05 - - - -
PCB 142 41411-61-4| 0.8 3 6.223 4.64E-04 - - - -
PCB 143 68194-15-0| 0.3 1 6.313 1.58E-04 - - - -
PCB 144 68194-14-9| 0.4 1 6.383 1.76E-04 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgpgrtipg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

[ A2 - (ng/L) ’ ’ Difference ’
PCB 145 74472-40-5| 0.8 3 5.963 8.71E-04 - - - -
PCB 146 51908-16-8| 0.5 1 6.603 1.12E-04 - - - -
PCB 147 68194-13-8| 0.5 1 6.353 2.00E-04 - - - -
PCB 148 74472-41-6] 0.8 3 6.443 2.88E-04 - - - -
PCB 149 38380-04-0| 0.5 1 6.383 1.86E-04 - - - -
PCB 150 68194-08-1| 0.8 3 6.033 7.65E-04 - - - -
PCB 151 52663-63-5| 0.3 1 6.353 1.22E-04 - - - -
PCB 152 68194-09-2| 0.6 3 5.933 7.00E-04 - - - -
PCB 153 35065-27-1] 0.3 1 6.633 7.57E-05 - - - -
PCB 154 60145-22-4] 0.3 1 6.473 9.25E-05 - - - -
PCB 155 33979-03-2] 0.9 3 6.123 6.40E-04 50-150 50-150 50 -
PCB 156 38380-08-4| 0.3 1 6.893 4.16E-05 50-150 50-150 50 -
PCB 157 69782-90-7| 0.3 1 6.893 4.16E-05 50-150 50-150 50 -
PCB 158 74472-42-7] 0.3 0.5 6.733 4.62E-05 - - - -
PCB 159 39635-35-3| 0.9 3 6.953 9.75E-05 - - - -
PCB 160 41411-62-5| 0.5 1 6.643 1.19E-04 - - - -
PCB 161 74472-43-8] 0.9 3 6.793 1.41E-04 - - - -
PCB 162 39635-34-2| 0.9 3 6.953 9.75E-05 - - - -
PCB 163 74472-44-9] 0.5 1 6.703 1.04E-04 - - - -
PCB 164 74472-45-0] 0.4 3 6.733 6.47E-05 - - - -
PCB 165 74472-46-1] 0.9 3 6.763 1.55E-04 - - - -
PCB 166 41411-63-6| 0.3 1 6.643 6.83E-05 - - - -
PCB 167 52663-72-6] 0.3 1 6.983 2.86E-05 50-150 50-150 50 -
PCB 168 59291-65-5| 0.3 1 6.823 4.89E-05 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Rgpgrtipg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

[ A2 - (ng/L) ’ ’ Difference ’
PCB 169 32774-16-6] 0.4 1 7.133 2.94E-05 50-150 50-150 50 -
PCB 170 35065-30-6] 0.4 1 6.983 4.16E-05 - - - -
PCB 171 52663-71-5|] 0.9 3 6.823 1.39E-04 - - - -
PCB 172 52663-74-8] 1.0 3 7.043 8.60E-05 - - - -
PCB 173 68194-16-1] 0.9 3 6.733 1.71E-04 - - - -
PCB 174 38411-25-5| 0.5 1 6.823 7.14E-05 - - - -
PCB 175 40186-70-7| 1 3 6.883 1.24E-04 - - - -
PCB 176 52663-65-7] 1 3 6.473 3.28E-04 - - - -
PCB 177 52663-70-4] 0.4 1 6.793 5.64E-05 - - - -
PCB 178 52663-67-9| 0.6 1 6.853 7.72E-05 - - - -
PCB 179 52663-64-6| 0.6 1 6.443 2.07E-04 - - - -
PCB 180 35065-29-3| 0.4 1 7.073 2.96E-05 - - - -
PCB 181 74472-47-2] 1 3 6.823 1.50E-04 - - - -
PCB 182 60145-23-5] 1 3 6.913 1.22E-04 - - - -
PCB 183 52663-69-1] 1 3 6.913 1.22E-04 - - - -
PCB 184 74472-48-3] 1 3 6.563 2.74E-04 - - - -
PCB 185 52712-05-7] 1 3 6.823 1.50E-04 - - - -
PCB 186 74472-49-4] 1 3 6.403 4.05E-04 - - - -
PCB 187 52663-68-0|] 0.5 1 6.883 6.22E-05 - - - -
PCB 188 74487-85-7| 0.6 1 6.533 1.69E-04 50-150 50-150 50 -
PCB 189 39635-31-9| 0.5 1 7.423 1.70E-05 50-150 50-150 50 -
PCB 190 41411-64-7| 0.6 1 7.173 3.86E-05 - - - -
PCB 191 74472-50-7] 1 3 7.263 5.73E-05 - - - -
PCB 192 74472-51-8] 1 3 7.233 6.14E-05 - - - -
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

May 2014

Rgpgrtipg Met_hqd Detect_ion » Labeled
Limits in Limit (MDL) in LCS MS/MSD Precision
Polyethylene Porewater Clpeline
Analyte CAS No. -
MR | MRL Log K Cw % Recovery|% Recover F;Sritelz\;? % Recover
- 0 0 0

[ A2 - (ng/L) ’ ’ Difference ’
PCB 193 69782-91-8| 0.4 1 7.233 2.05E-05 - - - -
PCB 194 35694-08-7| 0.4 1 7.513 1.30E-05 - - - -
PCB 195 52663-78-2] 1 3 7.273 5.73E-05 - - - -
PCB 196 42740-50-1| 1 3 7.363 4.66E-05 - - - -
PCB 197 33091-17-7] 0.6 3 7.013 6.07E-05 - - - -
PCB 198 68194-17-2] 0.5 1 7.333 2.32E-05 - - - -
PCB 199 52663-75-9] 0.5 1 6.913 6.11E-05 - - - -
PCB 200 52663-73-7| 0.6 3 6.983 6.50E-05 - - - -
PCB 201 40186-71-8| 1 3 7.333 5.11E-05 - - - -
PCB 202 2136-99-4 1 3 6.953 1.23E-04 50-150 50-150 50 -
PCB 203 52663-76-0] 1 3 7.363 4.77E-05 - - - -
PCB 204 74472-52-9] 1 3 7.013 1.09E-04 - - - -
PCB 205 74472-53-0] 1 3 7.713 2.18E-05 50-150 50-150 50 -
PCB 206 40186-72-9| 1 3 7.803 1.77E-05 50-150 50-150 50 -
PCB 207 52663-79-3] 1 3 7.453 3.96E-05 - - - -
PCB 208 52663-77-1] 1 3 7.423 4.34E-05 50-150 50-150 50 -
PCB 209 2051-24-3| 0.4 1 7.893 4.80E-06 50-150 50-150 50 -
PCB 1L 15-140 15-140 - 15-150
PCB 3L 15-140 15-140 - 15-150
PCB 4L 30-140 30-140 - 25-150
PCB 15L 30-140 30-140 - 25-150
PCB 19L 30-140 30-140 - 25-150
PCB 37L 30-140 30-140 - 25-150
PCB 54L 30-140 30-140 - 25-150
PCB 77L 30-140 30-140 - 25-150
PCB 81L 30-140 30-140 - 25-150
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Table 5-2. Data Quality Goals for PCB Congeners in Polyethylene

Porewater Sampling and Analysis Plan
River Mile 11 East

Reporting Method Detection
Limits in Limit (MDL) in Lcs | mMsmsD | Precision | _l-@beled
Polyethylene Porewater Clpeline
Analyte CAS No. -
MEL | MRL Log K Cu % R % R F;e|atIV(: % R
pe-w 6 Recovery|% Recovery ercen 6 Recovery

(ng/g PE) (ng/L) Difference
PCB 104L 30-140 30-140 -- 25-150
PCB 105L 30-140 30-140 -- 25-150
PCB 114L 30-140 30-140 -- 25-150
PCB 118L 30-140 30-140 -- 25-150
PCB 123L 30-140 30-140 -- 25-150
PCB 126L 30-140 30-140 -- 25-150
PCB 155L 30-140 30-140 -- 25-150
PCB 156L 30-140 30-140 -- 25-150
PCB 157L 30-140 30-140 -- 25-150
PCB 167L 30-140 30-140 -- 25-150
PCB 169L 30-140 30-140 -- 25-150
PCB 188L 30-140 30-140 -- 25-150
PCB 189L 30-140 30-140 -- 25-150
PCB 202L 30-140 30-140 -- 25-150
PCB 205L 30-140 30-140 -- 25-150
PCB 206L 30-140 30-140 -- 25-150
PCB 208L 30-140 30-140 -- 25-150
PCB 209L 30-140 30-140 -- 25-150
PCB 28L 40-125 40-125 -- 30-135
PCB 111L 40-125 40-125 -- 30-135
PCB 178L 40-125 40-125 -- 30-135

Acronyms:

Cw = Concentration in Water

L = Labeled

LCS = Laboratory Control Sample
Log Kpe-w = polyethylene-water partitioning coeft PCB = Polychlorinated biphenyl
PE = polyethylene

MDL = Method Detection Limit
MRL = Method Reporting Limit
MS/MSD = Martix Spike/Matrix Spike Duplicate
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Porewater Sampling and Analysis Plan
River Mile 11 East

May 2014
Table 5-3. Sample Preparation and Analysis Method Summary for Sediment Samples !
Preparation
Analyte Method Procedure Analytical Method Procedure
Total Solids SW160.3 Oven dry SW160.3 Gravimetric
Total Organic Carbon Plumb 1981 Acid pretreatment Plumb et al ., 1981 Combustion; colormetric titration
Black Carbons Gustafsson 1997 Dry & Grind to 60 mesh Gustafsson 1997 Combustion; IR
Grain Size PSEP Oven dry PSEP 1986 Sieves and pipette
SW3546 Microwave extraction
SW3665A Sulfuric acid cleanup
PCB Aroclors SW3630C Silica gel cleanup SW8082A GC/ECD
SW3660B Sulfur cleanup
SW3541 Automated Soxhlet Extraction
PCB Congeners . EPA1668C HRGC/HRMS
SW3640A Gel permeation chromatography

Notes:

ALS SOP No. GEN- GEN- BLACK C SOOT PREP, September 20, 2010

EPA 1668C - Method 1668C: Chlorinated Biphenyl Congeners in Water, Soil, Sediment, Biosolids, and Tissue by HRGC/HRMS, USEPA, April 2010.
GC/ECD - Gas chromatography/electron capture detector

HRGC - High resolution gas chromatography

HRMS - High resolution mass spectrometer

PSEP 1986 - Puget Sound Estuary Program (PSEP) Recommended Protocols for Measuring Conventional Sediment Variables in Puget Sound, Puget Sound Water Quality
Authority, March 1986.

SIM - Selective ion monitoring
SW Methods - USEPA Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Third Edition , 1998.
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Porewater Sampling and Analysis Plan

Table 5-4. Parameters Used to Evaluate Data Quality

River Mile 11 East
May 2014

Data Quality Indicators

QC Parameters

Precision

RPD values of:

(1) LCS/LCS Duplicate

(2) MS/MSD

(3) Field Duplicates

Accuracy/Bias

Percent Recovery (%R) or Percent Difference (%D) values

of:

(1) Initial Calibration and Calibration Verification

(2)LCS

(3B)MS

(4) Surrogate Spikes

Results of:

(1) Instrument and Calibration Blank

(2) Method (Preparation) Blank

(3) Trip Blank

(4) Equipment Rinsate Blank

Representativeness

Results of All Blanks

Sample Integrity (CoC and Sample Receipt Forms)

Holding Times

Comparability

Sample-specific reporting limits

Sample Collection Methods

Laboratory Analytical Methods

Completeness

Data qualifiers

Laboratory deliverables

Requested/Reported valid results

Sensitivity

MDLs and MRLs

Notes:
LCS - Laboratory Control Sample

MS/MSD - Matrix spike/matrix spike duplicate
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Porewater Sampling and Analysis Plan

River Mile 11 East
May 2014

Table 5-5. Laboratory Method Detections, Method Reporting

Limits for Sediment Analyses

Lab Limits
Analytes CAS # MDLs MRLs
Conventional Inorganic Parameters (mg/kg)
Total Solids -- -- 0.10%
Total Organic Carbon -- 0.02% 0.05%
Black Carbon -- 0.01% 0.01%
Grain Size -- 0.10% 0.10%
PCBs Aroclors (pg/kg)
Aroclor 1016 12674-11-2 2.1 10
Aroclor 1221 11104-28-2 2.1 10
Aroclor 1232 11141-16-5 2.1 10
Aroclor 1242 53469-21-9 2.1 10
Aroclor 1248 12672-29-6 2.1 10
Aroclor 1254 11097-69-1 2.1 10
Aroclor 1260 11096-82-5 2.1 10
Aroclor 1262 37324-23-5 2.1 10
Aroclor 1268 11100-14-4 2.1 10

Notes:

MDL = method detection limit
mg/kg=milligram per kilogram
MRL = method reporting limit
ug/kg=microgram per kilogram.

MRLs and MDLs are based on 2011 performance audits conducted by ALS.

PCB = Polychlorinated biphenyl
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Porewater Sampling and Analysis Plan
River Mile 11 East
May 2014

Table 5-6. Accuracy and Precision Control Criteria for Chemicals in Sediments

Surrogate Spike Matrix
Analytical Accuracy LCS Accuracy Spike Precision (RPD or
Analyte Method (% Rec.) 2 (% Rec.) (% Rec.) %RSD)

Conventional Inorganic Parameters

Solids, Total SW160.3 NA NA NA <20

Total Volatile Solids PSEP NA NA NA <20

Total Organic Carbon PSEP NA 80-120 75-125 %RSD=<20

Grain Size PSEP NA NA NA %RSD<20

Black Carbon Gustafsson NA 80-120 75-125 <20
PCB Aroclors

Aroclor 1016 SW8082 NA 53-100 53-100 <40

Aroclor 1260 SW8082 NA 58-112 58-112 <40

Decachlorobiphenyl SW8082 35-119 NA NA NA

Tetrachloro-m-xylene SW8082 33-143 NA NA NA
Notes:

1. Listed surrogate spike, precision, and accuracy control limits based on in-house performance statistics of ALS Inc. The values are subject to change
as the laboratory is updating the control limits per EPA requirements.
2. % Rec. = Percent recovery

LCS = Laboratory Control Sample
PCB = Polychlorinated biphenyl
PCB = Polychlorinated biphenyl
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Table 5-7. Data Quality Goals for PCB Congeners in Sediments

Porewater Sampling and Analysis Plan
River Mile 11 East

MDL MRL LCS MS/MSD Precision Labeled
Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery
PCB 1 2051-60-7 8 20 50-150 50-150 50 --
PCB 2 2051-61-8 0.4 1 -- -- -- --
PCB 3 2051-62-9 9 20 50-150 50-150 50 --
PCB 4 13029-08-8 17 50 50-150 50-150 50 --
PCB5 16605-91-7 1 5 -- -- -- --
PCB 6 25569-80-6 1 5 -- -- -- --
PCB 7 33284-50-3 2 5 -- -- -- --
PCB 8 34883-43-7 12 50 -- -- -- --
PCB 9 34883-39-1 2 5 -- -- -- --
PCB 10 33146-45-1 2 5 -- -- -- --
PCB 11 2050-67-1 10 100 -- -- -- --
PCB 12 2974-92-7 3 10 -- -- -- --
PCB 13 2974-90-5 3 10 -- -- -- --
PCB 14 34883-41-5 3 10 -- -- -- --
PCB 15 2050-68-2 18 50 50-150 50-150 50 --
PCB 16 38444-78-9 4 10 -- -- -- --
PCB 17 37680-66-3 9 20 -- -- -- --
PCB 18 37680-65-2 20 50 -- -- -- --
PCB 19 38444-73-4 4 10 50-150 50-150 50 --
PCB 20 38444-84-7 19 50 -- -- -- --
PCB 21 55702-46-0 5 20 -- -- -- --
PCB 22 38444-85-8 9 20 -- -- -- --
PCB 23 55720-44-0 5 20 -- -- -- --
PCB 24 55702-45-9 5 20 -- -- -- --
PCB 25 55712-37-3 5 20 -- -- -- --
PCB 26 38444-81-4 8 20 -- -- -- --
PCB 27 38444-76-7 6 20 -- -- -- --
PCB 28 7012-37-5 19 50 -- -- -- --
PCB 29 15862-07-4 8 20 -- -- -- --
PCB 30 35693-92-6 20 50 -- -- -- --
PCB 31 16606-02-3 15 50 -- -- -- --
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Porewater Sampling and Analysis Plan
River Mile 11 East

Table 5-7. Data Quality Goals for PCB Congeners in Sediments
MDL MRL LCS MS/MSD Precision Labeled
Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery
PCB 32 38444-77-8 8 20 -- -- -- -
PCB 33 38444-86-9 5 20 -- - - -
PCB 34 37680-68-5 7 20 -- - - -
PCB 35 37680-69-6 8 20 -- - - -
PCB 36 38444-87-0 8 20 -- - - -
PCB 37 38444-90-5 13 50 50-150 50-150 50 --
PCB 38 53555-66-1 8 20 -- -- -- -
PCB 39 38444-88-1 9 20 -- -- -- -
PCB 40 38444-93-8 12 50 -- -- -- -
PCB 41 52663-59-9 12 50 -- -- -- -
PCB 42 36559-22-5 6 20 -- - - -
PCB 43 70362-46-8 9 50 -- - - -
PCB 44 41464-39-5 19 50 -- -- -- -
PCB 45 70362-45-7 5 20 -- - - -
PCB 46 41464-47-5 10 20 -- -- -- -
PCB 47 2437-79-8 19 50 -- -- -- -
PCB 48 70362-47-9 8 20 -- - - -
PCB 49 41464-40-8 11 50 -- -- -- -
PCB 50 62796-65-0 6 20 -- - - -
PCB 51 68194-04-7 5 20 -- - - -
PCB 52 35693-99-3 19 50 -- -- -- -
PCB 53 41464-41-9 6 20 -- - - -
PCB 54 15968-05-5 12 50 50-150 50-150 50 --
PCB 55 74338-24-2 12 50 -- -- -- -
PCB 56 41464-43-1 10 20 -- -- -- -
PCB 57 74472-33-6 12 50 -- -- -- -
PCB 58 41464-49-7 13 50 -- -- -- -
PCB 59 74472-33-6 6 20 -- - - -
PCB 60 33025-41-1 13 50 -- -- -- -
PCB 61 33284-53-6 17 50 -- -- -- -
PCB 62 54230-22-7 6 20 -- - - -
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Porewater Sampling and Analysis Plan
River Mile 11 East

Table 5-7. Data Quality Goals for PCB Congeners in Sediments
MDL MRL LCS MS/MSD Precision Labeled
Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery
PCB 63 74472-34-7 14 50 -- -- -- --
PCB 64 52663-58-8 7 20 -- - - -
PCB 65 33284-54-7 19 50 -- -- -- --
PCB 66 32598-10-0 16 50 -- -- -- --
PCB 67 73575-53-8 15 50 -- -- -- --
PCB 68 73575-52-7 15 50 -- -- -- --
PCB 69 60233-24-1 11 50 -- -- -- --
PCB 70 32598-11-1 17 50 -- -- -- --
PCB 71 41464-46-4 12 50 -- -- -- --
PCB 72 41464-42-0 16 50 -- -- -- --
PCB 73 74338-23-1 9 50 -- -- -- --
PCB 74 32690-93-0 17 50 -- -- -- --
PCB 75 32598-12-2 6 20 -- - - -
PCB 76 70362-48-0 17 50 -- -- -- --
PCB 77 32598-13-3 17 50 50-150 50-150 50 --
PCB 78 70362-49-1 17 50 -- -- -- --
PCB 79 41464-48-6 17 50 -- -- -- --
PCB 80 33284-52-5 18 50 -- -- -- --
PCB 81 70362-50-4 18 50 50-150 50-150 50 --
PCB 82 52663-62-4 13 50 -- -- -- --
PCB 83 60145-20-2 22 50 -- -- -- --
PCB 84 52663-60-2 12 50 -- -- -- --
PCB 85 65510-45-4 10 20 -- -- -- --
PCB 86 55312-69-1 15 50 -- -- -- --
PCB 87 38380-02-8 15 50 -- -- -- --
PCB 88 55215-17-3 12 50 -- -- -- --
PCB 89 73575-57-2 19 50 -- -- -- --
PCB 90 68194-07-0 24 100 -- -- -- --
PCB 91 68194-05-8 12 50 -- -- -- --
PCB 92 52663-61-3 12 50 -- -- -- --
PCB 93 73575-56-1 22 50 -- -- -- --
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Porewater Sampling and Analysis Plan
River Mile 11 East

Table 5-7. Data Quality Goals for PCB Congeners in Sediments
MDL MRL LCS MS/MSD Precision Labeled
Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery
PCB 94 73575-55-0 12 50 -- -- -- --
PCB 95 38379-99-6 22 50 -- -- -- --
PCB 96 73575-54-9 21 50 -- -- -- --
PCB 97 41464-51-1 15 50 -- -- -- --
PCB 98 60233-25-2 22 50 -- -- -- --
PCB 99 38380-01-7 22 50 -- -- -- --
PCB 100 39485-83-1 22 50 -- -- -- --
PCB 101 37680-73-2 24 100 -- -- -- --
PCB 102 68194-06-9 22 50 -- -- -- --
PCB 103 60145-21-3 23 50 -- -- -- --
PCB 104 56558-16-8 23 50 50-150 50-150 50 --
PCB 105 32598-14-4 11 20 50-150 50-150 50 --
PCB 106 70424-69-0 14 50 -- -- -- --
PCB 107 70424-68-9 10 20 -- -- -- --
PCB 108 70362-41-3 27 100 -- -- -- --
PCB 109 74472-35-8 15 50 -- -- -- --
PCB 110 38380-03-9 24 100 -- -- -- --
PCB 111 39635-32-0 24 100 -- -- -- --
PCB 112 74472-36-9 25 100 -- -- -- --
PCB 113 68194-10-5 24 100 -- -- -- --
PCB 114 74472-37-0 12 50 50-150 50-150 50 --
PCB 115 74472-38-1 24 100 -- -- -- --
PCB 116 18259-05-7 10 20 -- -- -- --
PCB 117 68194-11-6 10 20 -- -- -- --
PCB 118 31508-00-6 19 50 50-150 50-150 50 --
PCB 119 56558-17-9 15 50 -- -- -- --
PCB 120 68194-12-7 15 50 -- -- -- --
PCB 121 56558-18-0 21 50 -- -- -- --
PCB 122 76842-07-4 12 50 -- -- -- --
PCB 123 65510-44-3 15 50 50-150 50-150 50 --
PCB 124 70424-70-3 27 100 -- -- -- --

Page 4 and 8

May 2014

GSI| Water Solutions, Inc. and
Science and Engineering for
the Environment, LLC.



Porewater Sampling and Analysis Plan
River Mile 11 East

Table 5-7. Data Quality Goals for PCB Congeners in Sediments
MDL MRL LCS MS/MSD Precision Labeled
Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery
PCB 125 74472-39-2 15 50 -- - . .
PCB 126 57465-28-8 14 50 50-150 50-150 50 --
PCB 127 39635-33-1 28 100 -- - . ~
PCB 128 38380-07-3 12 50 -- - - ~
PCB 129 55215-18-4 21 50 -- - - ~
PCB 130 52663-66-8 14 50 -- - - ~
PCB 131 61798-70-7 12 50 -- - - ~
PCB 132 38380-05-1 12 50 -- - . -
PCB 133 35694-04-3 17 50 -- - - ~
PCB 134 52704-70-8 13 50 -- - - ~
PCB 135 52744-13-5 11 50 -- - - ~
PCB 136 38411-22-2 9 20 -- - . ~
PCB 137 35694-06-5 30 100 -- - - ~
PCB 138 35065-28-2 21 50 -- - - ~
PCB 139 56030-56-9 20 50 -- - - ~
PCB 140 59291-64-4 20 50 -- - - ~
PCB 141 52712-04-6 9 20 -- - . ~
PCB 142 41411-61-4 31 100 -- - - ~
PCB 143 68194-15-0 13 50 -- - - ~
PCB 144 68194-14-9 17 50 -- - - ~
PCB 145 74472-40-5 32 100 -- - - ~
PCB 146 51908-16-8 18 50 -- - - ~
PCB 147 68194-13-8 18 50 -- - - ~
PCB 148 74472-41-6 32 100 -- - - ~
PCB 149 38380-04-0 18 50 -- - - ~
PCB 150 68194-08-1 33 100 -- - . ~
PCB 151 52663-63-5 11 50 -- - - ~
PCB 152 68194-09-2 24 100 -- - - ~
PCB 153 35065-27-1 13 50 -- - . -
PCB 154 60145-22-4 11 50 -- - - ~
PCB 155 33979-03-2 34 100 50-150 50-150 50 --
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Porewater Sampling and Analysis Plan
River Mile 11 East

Table 5-7. Data Quality Goals for PCB Congeners in Sediments
MDL MRL LCS MS/MSD Precision Labeled
Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery
PCB 156 38380-08-4 13 50 50-150 50-150 50 -
PCB 157 69782-90-7 13 50 50-150 50-150 50 -
PCB 158 74472-42-7 10 20 -- - -- -
PCB 159 39635-35-3 35 100 - - - -
PCB 160 41411-62-5 21 50 -- - -- -
PCB 161 74472-43-8 35 100 - - - -
PCB 162 39635-34-2 35 100 - - - -
PCB 163 74472-44-9 21 50 -- - -- -
PCB 164 74472-45-0 14 100 - - - -
PCB 165 74472-46-1 36 100 - - - -
PCB 166 41411-63-6 12 50 -- - -- -
PCB 167 52663-72-6 11 50 50-150 50-150 50 -
PCB 168 59291-65-5 13 50 -- - -- -
PCB 169 32774-16-6 16 50 50-150 50-150 50 -
PCB 170 35065-30-6 16 50 -- - -- -
PCB 171 52663-71-5 37 100 - - - -
PCB 172 52663-74-8 38 100 - - - -
PCB 173 68194-16-1 37 100 - - - -
PCB 174 38411-25-5 19 50 -- - -- -
PCB 175 40186-70-7 38 100 - - - -
PCB 176 52663-65-7 39 100 - - - -
PCB 177 52663-70-4 14 50 -- - -- -
PCB 178 52663-67-9 22 50 -- - -- -
PCB 179 52663-64-6 23 50 -- - -- -
PCB 180 35065-29-3 14 50 -- - -- -
PCB 181 74472-47-2 40 100 - - - -
PCB 182 60145-23-5 40 100 - - - -
PCB 183 52663-69-1 40 100 - - - -
PCB 184 74472-48-3 40 100 - - - -
PCB 185 52712-05-7 40 100 - - - -
PCB 186 74472-49-4 41 100 - - - -
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Porewater Sampling and Analysis Plan
River Mile 11 East

Table 5-7. Data Quality Goals for PCB Congeners in Sediments

MDL MRL LCS MS/MSD Precision Labeled

Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery

PCB 187 52663-68-0 19 50 -- - -- -
PCB 188 74487-85-7 23 50 50-150 50-150 50 -
PCB 189 39635-31-9 18 50 50-150 50-150 50 -
PCB 190 41411-64-7 23 50 -- - -- -
PCB 191 74472-50-7 42 100 - - - -
PCB 192 74472-51-8 42 100 - - - -
PCB 193 69782-91-8 14 50 -- - -- -
PCB 194 35694-08-7 17 50 -- - -- -
PCB 195 52663-78-2 43 100 - - - -
PCB 196 42740-50-1 43 100 - - - -
PCB 197 33091-17-7 25 100 - - - -
PCB 198 68194-17-2 20 50 -- - -- -
PCB 199 52663-75-9 20 50 -- - -- -
PCB 200 52663-73-7 25 100 - - - -
PCB 201 40186-71-8 44 100 - - - -
PCB 202 2136-99-4 44 100 50-150 50-150 50 -
PCB 203 52663-76-0 44 100 - - - -
PCB 204 74472-52-9 45 100 - - - -
PCB 205 74472-53-0 45 100 50-150 50-150 50 -
PCB 206 40186-72-9 45 100 50-150 50-150 50 -
PCB 207 52663-79-3 45 100 - - - -
PCB 208 52663-77-1 46 100 50-150 50-150 50 -
PCB 209 2051-24-3 15 50 50-150 50-150 50 -
PCB 1L - - - 15-140 15-140 - 15-150
PCB 3L - - - 15-140 15-140 - 15-150
PCB 4L - - - 30-140 30-140 - 25-150
PCB 15L - - - 30-140 30-140 - 25-150
PCB 19L - - - 30-140 30-140 - 25-150
PCB 37L - - - 30-140 30-140 - 25-150
PCB 54L - - - 30-140 30-140 - 25-150
PCB 77L - - - 30-140 30-140 - 25-150
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Table 5-7. Data Quality Goals for PCB Congeners in Sediments

Porewater Sampling and Analysis Plan

River Mile 11 East
May 2014

MDL MRL LCS MS/MSD Precision Labeled

Analyte CAS No. Compound
Relative %
(ng/Kg) % Recovery % Recovery Difference % Recovery
PCB 81L -- -- -- 30-140 30-140 -- 25-150
PCB 104L -- -- -- 30-140 30-140 -- 25-150
PCB 105L -- -- -- 30-140 30-140 -- 25-150
PCB 114L -- -- -- 30-140 30-140 -- 25-150
PCB 118L -- -- -- 30-140 30-140 -- 25-150
PCB 123L -- -- -- 30-140 30-140 -- 25-150
PCB 126L -- -- -- 30-140 30-140 -- 25-150
PCB 155L -- -- -- 30-140 30-140 -- 25-150
PCB 156L -- -- -- 30-140 30-140 -- 25-150
PCB 157L -- -- -- 30-140 30-140 -- 25-150
PCB 167L -- -- -- 30-140 30-140 -- 25-150
PCB 169L -- -- -- 30-140 30-140 -- 25-150
PCB 188L -- -- -- 30-140 30-140 -- 25-150
PCB 189L -- -- -- 30-140 30-140 -- 25-150
PCB 202L -- -- -- 30-140 30-140 -- 25-150
PCB 205L -- -- -- 30-140 30-140 -- 25-150
PCB 206L -- -- -- 30-140 30-140 -- 25-150
PCB 208L -- -- -- 30-140 30-140 -- 25-150
PCB 209L -- -- -- 30-140 30-140 -- 25-150
PCB 28L -- -- -- 40-125 40-125 -- 30-135
PCB 111L -- -- -- 40-125 40-125 -- 30-135
PCB 178L -- -- -- 40-125 40-125 -- 30-135
Acronyms:
L = Labeled MS/MSD = Martix Spike/Matrix Spike Duplicate

LCS = Laboratory Control Sample
MDL = Method Detection Limit
MRL = Method Reporting Limit

ng/Kg = nanogram/kilogram

PCB = Polychlorinated biphenyl
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Porewater Sampling and Analysis Plan
River Mile 11 East

. . May 2014
Table 7-1. Schedule for Project Deliverables
Activity Work Product Schedule

. . Draft Porewater SAP March 4, 2014
Porewater Sampling and Analysis Do to EPA Toam:
Plan Final Porewater SAP May 23, 2014

Draft HASP June 22, 2014 - 6 weeks ahead of expected passive sampler placement
Porewater SAP HASP o hASe Due 10 EPA Team:
30 days after receipt of EPA Team comments on the draft

Passive Sampler Placement None Targeted for early August 2014*
Passive Sampler Retrieval None Targeted for mid-October*

Due to EPA Team:
Porewater Field Sampling and 90 days after PED Retrieval
Data Report Final Porewater Report Due to EPA Team:
30 days after receipt of EPA Team comments on the draft
Due to EPA Team:
60 days after submission of the Draft Porewater Report to EPA
Due to EPA Team:
30 days after receipt of EPA Team comments on the draft

Draft Porewater Report

Draft Implementability Report

Implementability Study
Final Implementability Report

Draft Recontamination Due to EPA Team:
Recontamination Evaluation Assessment R.epo.rt 60 days after submission of the Draft Porewater Report to EPA
Final Recontamination Due to EPA Team:
Assessment Report 30 days after receipt of EPA Team comments on the draft

Notes:

1. Passive sampler placement will target a period when the Willamette River stage is at its lowest and is currently scheduled to occur in early August 2014. Passive sampler retrieval will
occur approximately 60 days after placement. The target passive sampler placement date is targeted for late August 2014 through mid-October but the actual installation and retrieval
schedule is contingent upon vessel traffic considerations at the Glacier NW and Cargill Docks.

GS| Water Solutions, Inc. and
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Willamette River Stage

Porewater Sampling Analysis Plan
River Mile 11 East
Portland, OR
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2013 Willamette River Stage

Average Willamette River Stage (2007-2012)

Portland Harbor Water
Level Datums

Notes:

OHWM = Ordinary High Water Mark, refers to
upper edge of the riverbank and defines the
elevation beyond which inundation by the river
is limited to extreme flow events, which occur
approximately every 5 years.

MHWM = Mean High Water Mark, refers to the
elevation defining the shoreline boundary of the
Portland Harbor Superfund Site and is based on
DEQ memorandum dated July 9, 2003 to EPA
regarding the upland/in-water boundary for the
Superfund Site (DEQ 2003b).

MLWM = Mean Low Water Mark, refers to the
average approximate average low water height.

Sampling Period = approximate time of the year

to collect groundwater samples during a lower
river stage height.
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FIELD CHANGE REQUEST (FCR) FORM

Project Name: River Mile 11 East, Supplemental RI/ES Investigation

FCR Number: FCR Date:

Prepared for: Sean Sheldrake, EPA

Summary:

Description of Proposed Modification:

Reasons for Modification:

Schedule Impacts:

Submitted by:

Project Manager: Date:

Approved by:
EPA Representative: Date:




Sediment Core Drive Log

Job:

Job No:

Field Reps:

Contractor:

Core Location:

Date: Time:

Attempt #: Accept/Reject

Sample Method:

Proposed Coordinates
N: E:
Mudline:

Core Drive;

Actual Coordinates

N: E:
Mudline:
Core Drive: Core Recovery:

L
P

Tide Measurements (Datum: )
Time/Height:
DTS Boat: DTS Lead Line:
Time/Height:
Mudline Elevation:
Description: Measurement (to nearest 0.1 foot):

(free fall, fingers inverted, vibration needed to drive/extract,

estimation of density, debris encountered, slopes, refusal,
mudline conditions, drive action, etc.) Avg. % Recovery:
................ Avg. % Compaction:

A =
B =
C, =
D =

Total Drive: Length Recovered:

Notes:

Description
at Cuts:

f./fieldforms/sedimentcoredrivelog
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CORE LOG

Project: RM11E Porewater Sampling |Station ID: Location: Portland, OR Page _ of
|Latitude: Longitude: Name of Driller: Drilling Firm:
Time: Date: Core Type : Core Size: 4" OD Aluminum; 3.75" ID
Mudline: Elevation Datum: Penetration: Acquisition:
i Tenakidgnt o Tioweeloighil Percent Recovery; Accept/Reject:  Accept Reject
JDate Logged: Time Logged: Name of Core Logger:
Depth Sampling
: USCS group name, color, grain size range, minor constituents, plasticity, odor, sheen, moisture content, texture, wethering,
(unit) uscs Munsel PID Sample Sample | cementation, geclogic interpretation, etc
Caolor Depth Mumber




Chain of Custody Record & Laboratory Analysis Request
Science and Engineering for the Environment LLC

4401 Latona NE

Seattle, WA 98105

®SEET

206-418-6173 Seience & Engineering for the Environment
Lab Assigned Number:
ab Assigned Rumber Turn-around Requested: Normal Date:
Client Company: Phone: Page: of
Client Contact:  Tim Thompson 206-418-6173 No. of Cooler
Coolers: Temps:
Client Project Name: Analysis Requested Notes/Comments
: - = = o
Client Project #: 3 k=i K=} 4 =
g samplers:  SEE, GIS = = =] s| € S 9)
n &) =] o |m S < =4
(=} o » ; S ] < g
= = = a c| x D
. . No. c 2 m S =] £ s
Sample ID Date Time Matrix . O 2 o o| & 2
Containers a m O

Comments/Special Instructions Relinqushed by (Signature)

Received by (Signature)

Relinquished by (Signature)

Received by (Signature)

printed Name  11M Thompson Printed Name Printed Name Printed Name
company SEE Company Company Company
Date & Time Date & Time Date & Time Date & Time




Attachment 2

Inadvertent Discovery Plan

Porewater Sampling and Analysis Plan
River Mile 11 East - Portland, Oregon May 2014



Attachment 2

Plan and Procedures for the Inadvertent Discovery of Cultural

Resources and Human Skeletal Remains
RM11E Project Area, Portland, Oregon

The RM11E Participation Group plans to conduct surface sediment sampling concurrent with
porewater sampling efforts as part of the Supplemental Remedial Investigation and Feasibility
Study (RI/FS). This work is being conducted pursuant to the Statement of Work (SOW)
contained within the Administrative Settlement Agreement and Order on Consent (Settlement
Agreement) (U.S. Environmental Protection Agency [EPA] Region 10, CERCLA Docket No. 10-
2013-0087). These investigations are supplementary to the RI/FS for the Portland Harbor
Superfund Site and are targeted to facilitate selection and design of a final remedy at the RM11E
Project Area.

The following Inadvertent Discovery Plan (IDP) outlines procedures to follow, in accordance
with state and federal laws, if archaeological materials or human remains are discovered.

Introduction

Cultural resources are extremely important to our Tribal nations and to our state’s sense of
identity and history. Tribal cultural resources can include ceremonial artifacts and objects at
burial sites. The locations of burials and their associated human remains are also of great
importance to the traditions and identity of Tribes. Properties that contain cultural resources are
of critical significance to Tribal nations. Therefore, it is extremely important that identification
and protection of cultural resources be considered carefully in planning for any ground-
disturbing activities at a site.

The Cultural Resource Monitoring River Mile 11 East Focused Sediment Characterization, Willamette
River, Portland, Multnomah County, Oregon identified a moderate to high likelihood that
archaeologically sensitive artifacts exist onsite (SWCA, 2010). Previous RM11E sediment
investigations found numerous historic debris, which consisted of a mix of fragments including
brick, nails, unknown metal, glass, ceramics, wood and plastic as well as recent anthropogenic
debris mixed in with river sediments of sand, gravel, and silt. The debris appeared to be the
result of a large amount of land-derived debris and fill pushed into the Willamette River
channel during shoreline demolition events and historic structures at sites. No prehistoric
archaeological materials or evidence of intact subsurface prehistoric cultural deposits were
observed during the course of previous work.

Inadvertent Discovery Plan
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This document provides guidelines should someone discover a cultural or archaeological
resource onsite. It is important that workers onsite comply with applicable state and federal
laws protecting these cultural resources.

Recognizing Cultural Resources

A cultural resource discovery could be prehistoric or historic. Examples include:

¢ An accumulation of shell, burned rocks, or other food related materials,
* Bones or small pieces of bone,

* An area of charcoal or very dark stained soil with artifacts,

» Stone tools or waste flakes (i.e. an arrowhead, or stone chips),

* Clusters of tin cans or bottles, logging or agricultural equipment that appear to be older
than 50 years,

* Buried railroad tracks, decking, or other industrial materials.

When in doubt, assume the material is a cultural resource.

Inadvertent Discovery Plan Procedures

Due to the potential to encounter archaeologically sensitive artifacts in the RM11E Project Area,
David Ellis of Willamette Cultural Resources Associates, LTD. (Willamette CRA) and his team
will be retained to oversee potential cultural resources found on the Site during surface
sediment sampling activities. Mr. Ellis has provided training to GSI field staff to define what
kind of artifacts and deposits require examination and documentation by an archaeologist. A
Willamette CRA archaeologist was present during the initial Supplemental RI/FS sampling
conducted in November 2013 to inspect surface sediment grab samples. No sensitive
prehistoric or historic artifacts were found during this sampling or previous RM11E sediment
sampling conducted in this area. This archaeologist will be on-call during logging and
processing of diver-collected surface sediment samples at the laboratory.

If archaeologically sensitive prehistoric or historic artifacts are discovered when the
archaeologist is not on site (i.e., on-call), the following steps will be taken:

STEP 1: STOP WORK. If any ALS, SEE, or GSI employee, contractor or subcontractor believes
that he or she has uncovered a cultural resource that requires examination by an archaeologist
at any point in the project, processing of the sample in question must stop.

STEP 2: NOTIFY MONITOR. The Field Director will notify the project archeologist to examine
the material in question. If the archeologist determines that the artifact(s) and/or deposits
require formal documentation, they will follow the IDP procedures listed below and inform
ALS, SEE or GSI staff when/if sampling activities may resume.

Inadvertent Discovery Plan
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STEP 3: NOTIFY GSI PROJECT MANAGEMENT. If the project archeologist initiates the IDP
procedures listed below, the Field Director should notify the senior Project Manager who will
subsequently inform the RM11E Participation Group of the status of such activities. If deemed
appropriate by the project archeologist and the Project Manager, sample processing activities
may recommence on other samples while awaiting the results of the applicable IDP
consultations.

The following presents specific IDP procedures for the RM11E site.

e If any previously unidentified archaeological materials are encountered, processing of the
sample in question shall stop immediately, and the Field Director will notify the project
archaeologist. The project archeologist will follow State Historic Preservation Office (SHPO)
guidelines for known sites and isolated finds (ORS 358.905-385.955 or sites along scenic
waterways (ORS 390.805-390.925).

e Ifisolated artifacts (designated by SHPO as less than 10 artifacts of non-diagnostic quality)
are recovered, sample processing may continue.

e If human remains or funerary objects are encountered the Oregon State Police, SHPO, and
the appropriate tribes will be notified in accordance with Oregon state laws and regulations
(ORS 97.740-97.760; State Executive Order Number 96-30). The Multnomah County Medical
Examiner will also be notified if human remains are encountered.

0 If human remains are encountered, they should be treated with dignity and respect
at all times. Cover the remains with a tarp or other materials (not soil or rocks) for
temporary protection in place and to shield them from being photographed. Do not
call 911 or speak with the media.

e If faunal (bone) material is observed in a sample and is clearly not fish or bird bone, the
project archeologist immediately will contact a supervisory archaeologist with osteological
training to determine if the bone is human or animal. Work will be halted until the
osteological determination has been made.

Documentation of Archaeological Materials

All artifacts collected from samples will be analyzed, catalogued and temporarily curated.
Ultimate disposition of cultural materials will be determined in consultation with SHPO, or any
other applicable tribes and agencies.

All archaeologically sensitive prehistoric or historic cultural material discovered during project
activities will be recorded by a professional archaeologist on a form using standard techniques.
Site overviews, features, and artifacts will be photographed; stratigraphic profiles and
soil/sediment descriptions will be prepared for subsurface exposures. Discovery locations will
be documented on scaled site plans and site location maps.

Archaeological discoveries will be documented and reported to SHPO, other potential federal
agencies, and any potentially affected tribe(s). If no cultural resources are encountered, the

Inadvertent Discovery Plan
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project archeologist will sign a compliance certification and summarize all observations for
inclusion in the Field Sampling and Data Report.

Finds of incidental debris that do not warrant formal documentation will be provided to
Willamette CRA for review.

References

SWCA Environmental Consultants, 2010. Cultural Resource Monitoring Rive mile 11 East Focused
Sediment Characterization Willamette River, Portland, Multnomah County, Oregon. April
2010. Prepared for GSI Water Solutions, Inc.
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SOP Code: SEE-PS Deployment
Revision 2
Version Date: 5/21/2014

Standard Operating Procedures for
Diver-Placement and Retrieval of Passive Samplers and Co-located
Sediment Samples

1. SCOPE AND APPLICATION

This standard operating procedures (SOP) document presents detailed descriptions of
methodologies for divers to follow during the placement and retrieval of passive samplers and
collection of co-located sediment samples for the River Mile 11E (RM11E) supplemental
remedial investigation/feasibility study (RI/FS). The purpose of this document is to provide a
clear set of protocols for the field and dive team to review and follow in order to ensure data of
sufficient quality and consistency are collected to meet project objectives described in the
Porewater Sampling and Analysis Plan (SAP). This SOP includes procedures for a
reconnaissance survey to test and confirm the sampling methodology will be successful in the
field conditions at the site.

2. METHOD SUMMARY

Porewater samplers consist of pre-fitted 10 x 50 cm polyethylene (PE) strips mounted into
aluminum sampling frames. A photo showing the passive sampling device (PSD) assembly is
shown in Figure 1. Divers will install the samplers at the selected sampling locations, to a
target depth of 30 cm below mud line (bml), leaving 20 cm of the PE extending above the
mudline in the overlying surface water. The sampler will be left to interrogate the sediment and
overlying water for approximately 60 days. At the time of retrieval, the divers will first insert a
40 x 10 cm diameter core approximately 2 inches away from the PSD location, and then
remove the PSDs from the sediment bed. The core will then be withdrawn with a cap placed
over the bottom of the tube. The PSD, complete with the polyethylene strip still inside, will be
brought to the surface, initially cleaned of mud, labeled, wrapped in aluminum foil, and stored
on ice for transport to the laboratory. The collected cores will be capped and labeled in the
field. The PE and collected sediment will be transported in separate ice filled coolers to ALS’s
laboratory in Kelso, Washington for further processing.
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g, PRE-DIVE BRIEFING

3-1 Review the Ballard Marine Construction (BMC) Dive, and Health and Safety Plans (HSP)
with the dive team.

3-2 Review the current day activities and associated portions of the RM11E passive sampling
SOP with the dive team at the start of each day’s dive operations.

3-3 Inspect the sampling equipment to ensure it will function properly.

3-4 Verify that the diver has the required gear.

3-5 Verify that the underwater video equipment and communication equipment is operating.
3-6 Verify that the dGPS is operating correctly, and reporting at least three satellite signals.

3-7 Review the method to establish the sample location (below) and water depth on the river
bed below the dock (such as measurement from pilings).

""!'SEE Page 2 of 12
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NAVIGATION

4-1  All sample locations will be established using a differential global positioning system

4-4

4-5

(dGPS). Navigation and recording of site coordinates will be in Oregon State Plan North
coordinates. A check of the dGPS will occur by taking a reading at either the inside corner
upstream (approximately SE) of the Glacier Dock, or the inside downstream corner
(approximately NE) of the Cargill Dock. The dGPS reading will be taken at the same
location at the beginning and end of each sampling day, and recorded in the field log book.
Navigation accuracy will be £ 3 ft. If multiple dGPS are onboard, the units will be checked
against one another and have an accuracy of + 3 ft. If the dGPS readings are not consistent,
the Field Director will make a determination as to which unit will be used to locate
stations. Justification for that decision will be recorded in the Field Logbook.

Target sampling stations are identified in Table 2-3 of the SAP. The boat will navigate to
the fixed coordinates of each location, and lower an anchor attached to line onto the
position immediately below the dGPS antenna. To the extent practical in the moving river
current, the line will be drawn vertical and the position again confirmed with the dGPS.
The position will be recorded in the field log book and on the PSD Log.

It is preferable that the boat remain on station using an anchor or a shoreline tie off. Live-
boat operations are permitted, but only within the safety parameters defined in the BMC
HSP.

The diver will enter the water and slowly proceed down the anchor line to the river bed,
taking care to minimize disturbance of the sediment.

The Field Director (FD) onboard the boat will view the general sample location on video,
look for areas of soft sediment and minimal debris, and coordinate the selection of the
actual sampling location with the diver. Observations on the target sampling location will
be recorded in the field sampling log.

If the diver is required to move the location, the line anchor will be moved to the actual
sampling location, and a new coordinate fix will be taken. The sample location may be
moved within 10 meters (approximately 30 feet) of the location identified in Table 1. The
rationale for moving the location, along with the new coordinates is recorded in the field
notebook and onto the PSD Log.

If sample locations must be moved more than 10 meters from the initial target, the FD will
contact the EPA Remedial Program Manager (RPM) to discuss proposed field changes. If
the RPM cannot be reached, the FD will call and/or e-mail the Project Manager for EPA’s
oversight contractor CDM, to discuss proposed field changes. A Field Change Request
form will be submitted via e-mail as a follow up to any sampling location changes (see
Attachment 1).

"!_ SEE Page 3 of 12
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5-2

5-3

5-4

5-5

5-6

5-8

SOP Code: SEE-PS Deployment
Revision 2
Version Date: 5/21/2014

RECONNAISSANCE SURVEY PROCEDURES

The scope and objective for the reconnaissance survey is presented in Section 4.4 of the
Porewater SAP. The reconnaissance survey was completed on May 2, 2014. The methods
used during that survey are documented in this SOP because subsequent sections reference
these procedures.

Navigation and underwater confirmation of the target location are as described in Section 4
of this SOP.

A PSD fitted with blank polyethylene (PE) sheeting will be lowered to the diver on a
clipped line after confirmation of the sampling location.

The diver’s helmet cam will be operational throughout dive-portion of the reconnaissance
survey. The video from the procedure will become part of the record for the
reconnaissance survey.

At the confirmed target location, the diver will report the general bottom conditions (e.g.,
sediment type, presence of debris) to the surface team. The diver will install the PSD
parallel to the flow of the river, by pushing or hammering the device into the sediments up
to the fixed stop legs on the sampler, which are preset to allow 30 cm of PE exposure to
surface sediment and 20 cm exposure to the overlying water. The PSD will be driven at a
slow, steady rate; the process of insertion should take 0.5 - 1 minute. The diver may gently
rock the sample device if resistance is encountered. During the PSD placement, the diver
will communicate with the boat to describe the degree of ease/difficulty associated with the
push, and whether refusal is encountered prior to completion. This information is recorded
into the field log notebook.

Should refusal be encountered prior to full sampler insertion, the diver will gently
withdraw the sampler and inspect the PE for any rips or tears. If a rip or tear is present, a
new sampler will be lowered to the diver for a second attempt. Results of the initial
insertion attempt are recorded in the field log and onto the PSD Log.

In the event of refusal, the diver, in communication with the FD, will visually examine the
area again in an approximately 1 m arc, targeting a location that at the surface appears to be
free of debris and rubble. The diver will then repeat Steps 5-3 and 5-4 for a total of three
attempts at a target location. If all three attempts are unsuccessful, this will be noted in the
field log, and the reconnaissance team will proceed to the next location.

Upon successful placement, the diver will carefully remove the stainless steel covers from
both sides of the PSD, and clip them to the carabineer connected to the boat line. After
removal of the covers, one minute is allowed to elapse to allow for the sediment to
consolidate around the device. If possible, a photograph or video will be taken. The
sampling device will then be withdrawn by slowly pulling the frame vertically from the

"!_ SEE Page 4 of 12
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sediment. If necessary, a gentle rocking motion may be used to assist in the release of the
frame. Upon withdrawal, the diver will note any tears or rips in the PE to the surface team,
and then signal the surface team to bring the PSD assembly to the surface. The diver will
remain at the sampling location until confirmation by the surface team that there are no rips
or tears to the PE.

5-9 Once the diver and sampling device are safely on-board, the FD will again inspect the PE
for rips or tears, note those in the log book, and take a photograph of the sampler.

5-10 The reconnaissance team can then weigh anchor, and proceed to the next location and
repeat Steps 5-1 through 5-8. A sampler with intact PE can be used at the next test station.

6. FIELD PLACEMENT OF PASSIVE SAMPLING DEVICES

6-1 The scope and objective for the field deployment of the passive sampling devices is
presented in Section 4.5 of the Porewater SAP.

6-2 The diver’s helmet cam will be operational throughout the dive-portion of the field
placement. The video from the procedure will become part of the Porewater
Characterization Report.

6-3 Porewater samplers fitted with PE that have been impregnated with PCB performance
reference compounds (PRC) will arrive from the laboratory wrapped in aluminum foil and
ready for deployment. All personnel handling the PE samplers must be attired in Level D
personal protective gear and wear new nitrile gloves for each sampler at all times. Care
should be taken to avoid any contact with the polyethylene film in the frame.

6-4 Navigation and underwater confirmation of the target location are as described in Section 4
of this SOP.

6-5 The FD will take the sampler and fit it into the hammer assembly shown in Figure 1. Each
sampler should arrive at the station fitted with the PE, and with the stainless steel PE-
protective plates in place. Should for any reason those plates come off, or need to be put
onto another sampler, Figure 2 shows generally how those are placed onto the sampler.
The FD is responsible for ensuring that the plate covers, and the entire passive samplers are
correctly assembled and ready for deployment.

6-6 The diver will enter the water and occupy the location on the river bed indicated by the
anchor line as the sampling site. Once on the anchor, the passive sampling assembly will
be carefully lowered down to the diver. Until the sampler is secure in the sediment, the PE
sampler will be attached via a carabineer to a weighted tag line secured to the sample boat.

"!_ SEE Page 5 of 12
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At the confirmed target location, the diver will report the general bottom conditions (e.g.,
sediment type, presence of debris) to the surface team. The diver will insert the PSD
assembly into the sediment, parallel to the flow of the river, and push or hammer the
sampler into the sediments up to the fixed stop legs on the hammer assembly, which are
preset to allow 30 cm of PE exposure to surface sediment and 20 cm exposure to the
overlying water. The sampler should be driven at a slow, steady rate; the process of
insertion should take 0.5 - 1 minute. The diver may gently rock the sample device if/when
resistance is encountered. During the insertion, the diver will communicate with the boat to
describe the degree of ease/difficulty associated with the push, and whether refusal is
encountered prior to completion. This information is recorded into the field log notebook.
After successful insertion, the diver will pull the two (2) protective plates, and pull the pin
to release the hammer assembly from the sampler. It may be necessary for the diver to
hold the sampler in place while removing the hammer assembly.

Should refusal be encountered prior to full sampler insertion, the PSD will be gently
withdrawn and inspected to determine if the protective plates are still in place. If the plates
are in place, the diver may proceed with a second attempt at sample deployment. If the
plates are not in place, the diver will inspect the PE for any rips or tears. If the diver
observes any rips or tears in the PE membrane, sample deployment with that device will be
aborted and a new PSD lowered to the diver in order to proceed. Results of the initial
insertion attempt are recorded in the field log and onto the PSD Log.

If it is necessary to locate an alternate location to place the samplers, the diver, in
communication with the FD, will visually inspect the area again in an approximately 1 m
arc, targeting a location that at the surface appears to be free of debris and rubble. The
diver will then repeat Steps 6-6 through 6-8 for a total of three attempts at a target location.
The maximum radius from the target location that can be used without confirmation with
EPA is 10 m.

If all three attempts fail, and the sample locations must be moved more than 10 meters
from the initial target, the FD will contact the EPA Remedial Program Manager following
the procedures listed in Step 4-7.

Upon successful insertion of the sampler, the FD will record the date, the time, and the
coordinates of the sample location in the field log and on the PSD Log. Individual pictures
from the diver helmet cam of each location will become part of the Porewater
Characterization Report.

After successful deployment of the PSD, a second sampling assembly will be lowered to
the diver. The second sampler will be inserted approximately 8 inches (two fist-widths)
from the first sampler following the procedures in Step 6-7.

Once a successful sampler-insertion has been achieved, the weighted tag line secured to
the boat will be released to the diver. Two tag lines will be attached to each sampler and
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each tag line will be attached to an anchor point. At the inshore stations (PW002, PW003,
and PWO006), the tag lines will be secured to the nearest piling or other suitable tie-point.
For the offshore stations (PW001, PW004, and PWO005) the diver will secure the tag lines
parallel to the flow of the river into the sediment using a shore anchor, or similar-
constructed anchor. The tag lines serve two purposes: to provide anchorage to secure the
sampler frame to the river bed during deployment, and to help locate the sampler again at
the end of the deployment period. For all the offshore stations, a Benthos ALP365 Pinger
will be attached to one of the samplers to assist in the location and retrieval of samplers.
For the up-river station (PWO007), the preferred method will be to secure the sampler via
lines to a fixed upland or in-river structure. If a secure structure is not available, that
station will also be secured with anchored tag lines.

Upon successful insertion of the sampler, the FD will record the date, time, measured
water depth, any issues related to sampler placement, and sample coordinates in the field
log and on the PSD Log.

Upon completion, the dive/field team may then proceed to the next sampling location.

"!_ SEE Page 7 of 12
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7, RETRIEVAL OF PASSIVE SAMPLING DEVICE

7-1 The scope and objectives for the field retrieval of the passive sampling devices is presented
in Section 4.5 of the Porewater SAP.

7-2 The diver’s helmet cam will be operational throughout the dive-portion of the passive
sampler retrieval. The video will be become part of the Porewater Characterization Report.

7-3 Porewater samplers are fitted with PE that has been impregnated with PCB PRCs. All
personnel handling the PE samplers must be attired in Level D personal protective gear and
wear new nitrile gloves for each sampler. Care must be taken to (1) use only one pair of
gloves per passive sampling unit, (2) to minimize contact with the polyethylene strip in the
sampler, and (3) to prevent any contact between the sampled sediment and the polyethylene
sheets.

7-4 The procedures for navigation and target station location are as described in Section 4 of
this SOP.

ﬂi_,.SEEI Page 8 of 12
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The dive boat will return to the station coordinates recorded at the time of sampler
placement. Navigating with the dGPS, an anchored line will be dropped onto the station
coordinates as close as practicable to the station location.

For the inshore stations (PW002, PW003, and PW006), and the upriver station (PW007),
the tag line previously secured to a piling or other tie-point will be located, and the diver
will follow the line to the samplers, and proceed with Steps 7-10 through 7-13, and then the
sediment sampling described in Section 8 of this SOP.

For the offshore stations (PW001, PW004 and PW005), the passive samplers will be
located using a hand-held pinger locator (Benthos DPL-275). Prior to entering the water
the FD will check to confirm the locator is (1) working, and (2) that a signal from the
sampler is being received

For the offshore stations the diver will enter the water with the hand-held pinger locator
(Benthos DPL-275), and descend down the anchor line to the approximate sediment
location. It is expected that the diver will be able to locate the sampler by sound. In the
event the diver is able to quickly locate the sampler, they can proceed with sampler
retrieval, as described below.

In the event the diver cannot locate the tied tag line for the inshore stations, or the sampler
by sound for the offshore stations, the diver will proceed to conduct a search arc from the
estimated location to locate the sampler tag line. The diver will swim in 180° search arcs
in approximately 3 ft intervals out from the station location anchor line. Visibility is
expected to be low during this search; the diver has the option of using a common garden
hand rake to pull through the sediment to snag the tag line.

Upon location of the tag line and sampler, the diver will first proceed to pull out the tag
line anchors from the sediment (or release the tag line from the tie-point), and float the line
to the surface. It may be necessary to use a small lift bag to bring the tag line to the
surface. The diver must confirm that the tag line is still attached to the sampler, and the
boat crew must confirm that the tag line is securely fixed on the deck before the sampler
may be pulled from the sediment. This is to ensure the sampler will not accidentally float
away during retrieval.

The diver will measure the distance from the mudline to the top of the exposed PE frame,
and report that distance to the FD, who will record that measure in the field notebook.

Prior to extracting the PSD, the sediment core sampler will be driven in between the two
PSDs following the procedures defined in Steps 8-5 through 8-7. Care must be taken by
the diver to ensure that (1) the core is driven between the two PSD samplers
approximately two inches (2 diver-gloved fingers) from each sampler, and (2) that the
core drive is strictly vertical in order to not contact and potentially damage the PE sheet,

"!_ SEE Page 9 of 12
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and (3) that the integrity of the sediment stratigraphy for core logging at the laboratory is
preserved.

Once the core sampler is in place, the passive sampling frames may then be withdrawn
(one at a time) by slowly pulling the frame vertically from the sediment. If necessary, a
gentle rocking motion may be used to assist in the release of the frame. Upon withdrawal,
the diver will note any tears or rips in the PE to the surface team, and then notify the
support team that the sampler may be lifted to the surface via the tag line. The diver will
remain at the sampler location to complete collection of the sediment core, as described in
Section 8 of this SOP.

Once the passive porewater sampler is onboard, it will be processed according to the
procedures described in Section 9 of this SOP.

All samples from a site (PE and sediment) must be labeled, secured, properly packed, and
placed into an ice cooler according to the procedures in Section 9 of this SOP, before the
field crew may move to the next location.

SEDIMENT CORE COLLECTION

Retrieved sediment cores may have contaminated mud on the exterior of the sample tube
when they reach the surface. All boat personnel handling sediment core samplers must
wear new nitrile gloves at all times.

The procedures for navigation and target station location are as described in Section 4 of
this SOP.

The diver’s helmet cam will be operational throughout the dive-portion of the field
placement. The video from the procedure will become part of the Porewater
Characterization Report.

The sediment core sample will be collected by the diver from between the passive
porewater sampler location as described previously in Step 7-12.

A tag line will be clipped to the sediment core sampler, and carefully lowered to the diver.
The hand-core samplers will be constructed of pre-cleaned 10 cm (4-inch) diameter
aluminum barrels approximately 45 cm in length, and fitted with a bottom core-catcher.
The tag line will remain clipped to the sampler throughout coring and retrieval.

The diver will push the sample tube into the sediment between the two PE samplers as
described previously in Step 7-12. The desired sample depth is 30 cm (12 inches) below the
mudline; the diver should attempt to push the core barrel 40 cm into the sediment. As
required, the diver may gently rock the sampler back and forth, and if necessary, hammer
the tube into the sediment if significant resistance is encountered.

"!_ SEE Page 10 of 12
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Once the core has been advanced to the minimum acceptable depth of 30 cm below
mudline, the diver will so indicate and the FD will record the time of sample collection in
the field notebook and on the sample collection log.

Prior to proceeding with the core withdrawal, the passive samplers will be removed and
secured as described previously in Step 7-13.

The diver will then withdraw the core sampler, placing caps over the open core barrel on
the top and bottom of the tube, and signal the support boat that the core may be pulled to
the surface. The diver will make careful note of where the core collection hole in the
sediment is, and wait at the location until the FD indicates that a successful sample has
been collected.

Once the core is on board, any excess water in the core barrel is decanted, and the amount
of material retained in the core tube is measured and recorded in the field log. Recovery is
defined as the amount of sediment retained (acquisition) in the core tube divided by the
amount the core tube penetrated into the sediment column (penetration). The minimum
acceptable recovery is 30 cm.

In the event that insufficient material is retained, the contents of the core barrel will be
discarded, the core barrel cleaned, and lowered back to diver for a second attempt. The
second drive will be two inches (two diver fingers) upstream of the original location. If a
third attempt is needed, the third drive will be made two inches downstream of the original
location. Up to three attempts will be made, at which time the EPA RPM will be contacted
to discuss further options for sediment collection.

For each core attempt, the station name, latitude/longitude, time of collection, depth to
mudline, the river elevation at the time of collection and depth of penetration are noted in
the field log.

Once the core barrel is onboard, it will be handled according to the procedures described
in Section 9 of this SOP.

All samples from a site (PE and sediment) must be labeled, secured, properly packed, and
placed into an ice filled cooler according to the procedures in Section 9 of this SOP before
the field crew may move to the next location.

FIELD PROCESSING OF PE SAMPLERS AND SEDIMENT CORES

Once onboard the boat, the PE in the samplers will be immediately rinsed with laboratory
reagent-grade water and rubbed with a clean Kimwipe™, and at least one additional rinse

"!_ SEE Page 11 of 12
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to remove as much adhering sediment as possiblel. All personnel handling the PE samplers
must be attired in Level D personal protective gear and wear new nitrile gloves for each
sampler.

The PE sampler will be photographed, and the general condition of the PE will be noted in
the field log (e.g., intact, tears in the PE, biofouling, presence of oil, etc.).

The sample’s identification number will be recorded onto the sampler sleeve, and then the
entire sampler will be wrapped in aluminum foil. The station identification number will be
recorded with an indelible marker on the aluminum foil, along with the date and time.

The PE sampler will then be placed into the ice filled cooler for transport to ALS in Kelso,
WA for processing and analysis.

Sediment core samples collected will also have the station ID recorded onto the sample
tube; this can be scratched directly onto the tube. The core lids will be secured with duct
tape, and the sample 1D, date and time will be written using an indelible marker onto the
taped lids with an arrow indicating the direction to the surface of the sediment. “TOP” will
be written onto the taped lid indicating the sediment surface.

These secured cores will then be placed upright into an ice filled cooler for transport to
ALS.

The samples must remain in the custody of the FD or SAC at all times during the transport
to, and during processing at ALS.

! Additional cleaning of the PE will occur at the laboratory to remove all remaining sediment, prior to analysis.

"!_ SEE Page 12 of 12
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DAILY ACTIVITY REPORT

Report # 1 DATE _ May 2, 2014 S M TWTH E S

Field Investigation Manager: Tim Thompson

WEATHER Bright Sun Partly Cloudy Overcast Rain Shnow
TEMPERATURE °F <32° 32-45° 45-60° 60-70° 70-85° >85°
WIND Still Mod. High
HUMIDITY Dry Mod. Humid
RIVER STAGE:
Time 15:00| 15:15| 15:30| 15:45| 16:00| 16:15| 16:30| 16:45| 17:00| 17:15| 17:30| 17:45| 18:00
USGS Morrison Bridge (ft) 8.01| 7.98| 7.94| 7.9| 7.86| 7.82| 7.78| 7.76| 7.72| 7.73| 7.71| 7.67| 7.67
NAVD 88 (ft) 13.06| 13.03| 12.99| 12.95| 12.91| 12.87| 12.83| 12.81| 12.77| 12.78| 12.76| 12.72| 12.72
TASK: O Industrial Area Soils O Industrial Area Groundwater O Surface Water M Sediment O MIS

SUBCONTRACTORS/VISITORS ON SITE: Erin Carroll Hughes, GSI; Justin Siewert, BMC; Mike Wright, BMC; Steven
Crouchley, BMC (Diver); Shane Veentjer, BMC; Shawn Oliveira, CDM; Tim Thompson, SEE.

EQUIPMENT ON SITE: Ballard Marine Construction vessel

WORK PERFORMED (INCLUDE ANY SAMPLES COLLECTED):

On Board at 1530 hours. Conducted the pre-dive briefing per the Standard Operating Procedures and a
Health and Safety briefing.

Diver-Placement and Retrieval of Passive Samplers and Co-located Sediment Samples (SOP). This
included an overview of sampling locations and methods for the BMC crew plus GSI and CDM, as well as
focused training for the diver on the operation of the modified passive sampling device (PSD) per the changes
listed in the April 17, 2014 EPA Response to the SAP. These changes, and photographs of the sampling
equipment as modified, are presented in Attachment 1 and Figure 1.

Navigation. Navigation was conducted according to the procedures listed in the SOP, with the exception that
the check of the dGPS at the inside corner upstream (approximately SE) of the Glacier Dock, or the inside
downstream corner (approximately NE) of the Cargill Dock did not occur. As noted below under Quality Control
Activities, there were three identical dGPS units onboard, all reporting within 1 ft. of each other. Therefore, the
additional navigation check was not thought necessary for this reconnaissance survey. All reconnaissance
stations were on location; the diver did not deviate from the targeted location.

PWO003 Successful drive of the PSD with no tears or other visible stress in the PE sheets. Diver reported
shallow silt with ¥2” gravel. Hammer required for sampler placement, with some bowing of the stainless steel PE
covers reported by diver, but remained principally in place. Insert time was 30 seconds; allowed 60 seconds to
elapse after pulling the PE covers before removing the sampler from the sediment. See additional information
on sample description log.

PWO006 Successful drive of the PSD with no tears or other visible stress in the PE sheets. Prior to sampling
additional care was taken with the PE covers to ensure they were installed correctly. Diver reported bottom
conditions of silt, rip rap, twigs and sticks. PSD pushed in manually approximately 2", and then hammered into
the sediment the remaining length. PE plate covers remained in place with no bowing. Insert time was 45
seconds, allowed 60 seconds to elapse before removing the sampler from the sediment. Cycle time for diver
(away, installation, return) was 8 minutes. See additional information on sample description log.

PWO002 Successful drive with no tears or other visible stress in the PE sheets. Diver reported principally
woody debris and sediment. Insert time not noted; will plan on getting those later from diver video. Photo
taken and shown as Figure 3. Diver Cycle Time 7 minutes. See additional information on sample description
log.

PWO001 Had planned to add this fourth station. Anchored barges and worked toward locating dive location.
Location is offshore in the river channel, and between the current and then the increasing winds, along with
rapidly approaching darkness, elected not to make this additional attempt.
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QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS)

e Three Trimble GeoXH — GeoExplorer 2008 Series - dGPS units onboard. All units reported the same location
within an accuracy of 1 ft.

e Lead line depth taken at each station, Water depths corrected to USGS Willamette River Gage depths, and then
converted to NAVIDS88.

HEALTH AND SAFETY LEVELS AND ACTIVITIES: Tailgate Meeting Held
e H&S Briefing conducted prior to undertaking PSD reconnaissance. This was the second briefing of the day for
the field crew: the additional meeting was necessitated by the addition of T. Thompson
PROBLEMS ENCOUNTERED/CORRECTION ACTION TAKEN:
* No problems of significance encountered — all went well.

SPECIAL NOTES:

e No significant changes to the PSD SOPs or Porewater SAP, other than those listed here, are necessary.
Revisions to the SAP will be incorporated into the Final SAP
TOMORROW'S EXPECTATIONS:
o File report with the RM11E Group and with EPA

ATTACHMENTS:
Attachment 1

Site Description Logs and Photos

PREPARED BY: Tim Thompson

SIGNATURE: Filed electronically.
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ATTACHMENT 1: Changes to the March 3, 2014 Reconnaissance Survey Procedures

1.

Changes to the Passive Sampling Device - Figure 1 of the SOP showed a general schematic
of the Passive Sampling Device (PSD). The basic design has been modified to accommodate a
polyethylene (PE) sheet that is 10 cm wide by 50 cm in length. In addition, the PSD was modified
to be able to be coupled to a detachable diver-operated hammer, a depth-stop built into the diver-
operated hammer, as well as to have removable stainless steel protective covers over the PE
sheeting.

Figure 1 below on the left shows the assembled PSD with hammer (A), covers (B) and depth stop
(C). Figure 1 on the right shows the PSD post-retrieval with the PE intact. The depth guide (C) is
more clearly seen in this photograph. Figure 2 shows the placement of the stainless-steel cover
over the PE prior to sampling deployment.

Changes to Placement and Retrieval of the Passive Sampling Device - Procedures in the
field generally followed those listed in Section 5 of the SOP: Reconnaissance Survey Procedures.
The changes to the PSD necessitated a complete re-write for Procedures 5-5 and 5-8. The
revised procedures, which were implemented in the field, are as follows:

5-5 At the confirmed target location, the diver will report the general bottom conditions
(e.g., sediment type, presence of debris) to the surface team. The PSD assembly is
lowered to the diver on a clipped line. The diver will insert the PSD Assembly into the
sediment, parallel to the flow of the river, and push or hammer the PSD into the
sediments up to the fixed stop legs on the sampler, which are preset to allow 30 cm of PE
exposure to surface sediment and 20 cm exposure to the overlying water. The sampler
should be driven at a slow, steady rate; the process of insertion should take 0.5 - 1
minute. The diver may gently rock the sample device if/iwhen resistance is encountered.
During the insertion, the diver will communicate with the boat to describe the degree of
ease/difficulty associated with the push, and whether refusal is encountered prior to
completion. This information is recorded into the field log notebook.

5-8 Upon successful insertion, the diver will first remove the stainless steel covers from
both sides of the PSD, and clip those to the carabineer connected to the boat line. After
removal of the covers, one minute is allowed to elapse to allow for the sediment to
consolidate around the device. If possible, a photograph or video will be taken. The
sampling device will then be withdrawn by slowly pulling the frame vertically from the
sediment. If necessary, a gentle rocking motion may be used to assist in the release of
the frame. Upon withdrawal, the diver will note any tears or rips in the PE to the surface
team, and then signal the surface team to bring the PSD assembly to the surface. The
diver will remain at the sampling location until confirmation by the surface team that there
are no rips or tears to the PE.
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Figure 2. Stainless Steel PE Cover
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PWO003 Sample Description Log

Proposed Coordinates Actual Location

N: 689248.6 | E: 7644329.2 N: 689250.69 E: 7644325.54
Measured Depth = -13.4 ft River Height = 12.3 ft
Corrected Elevation (NAVDS8 ft) = -0.57

Description: Shallow silt sitting on 1/4” gravel. Required hammer to push in PSD — approximately 30
seconds till PSD inserted to stops. Steel cover plates bowed out during drive, but readily removed.
Inspection at removal by diver did not indicate any tears or rips. Confirmed once sampler retrieved on-
board.

,".‘u- W ™
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PWO006 Sample Description Log

Reporting Date: 5/13/2015
Page 6

Proposed Coordinates

Actual Location

N: 689004.6

| E: 7644579.4

N: 688997.94

E: 7644586.21

Diver In Water: 16:51

Diver On Board: 16:59

Measured Depth = -36.9 ft

River Height = 12.77 ft

Corrected Elevation (NAVDS8S ft) = -24.7

Description: Silt, rip rap, river rock, twigs and sticks. Approximately 2” push by hand, and then

approximately 45 seconds of hammer till PSD inserted to stops. Steel cover plates remained intact
during placement. Inspection at removal by diver did not indicate any tears or rips. Confirmed once
sampler retrieved on-board.
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PW002 Sample Description Log

Proposed Coordinates Actual Location

N: 689344.3 E: 7644176.0 N: 45.53686 Lat E: 122.67765 Lon
N: 689344.1 OSP E: 7644177.6 OSP
Diver In Water: 17:45 Diver On Board: 17:52
Measured Depth = -17.3 ft River Height = 12.72 ft
Corrected Elevation (NAVD88 ft) - 4.58

Description: Woody debris, sediment. Inspection at removal by diver did not indicate any tears or rips.
Confirmed once sampler retrieved on-board.

Note: GSI was recording in Latitude/Longitude, while SEE was using Oregon State Plane Coordinates
(OSP). The Latitude/Longitude for this station was entered into the log book, and then converted to OSP
North coordinates
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SCOPE AND APPLICATION

1.1.

L2.

1.3.

This method describes a procedure for preparing and handling polyethylene (PE)
films that will be cut into strips and used in polyethylene devices (PEDs) to passively
sample hydrophobic organic compounds (HOCs) in environmental media.

This method generates PE that can be deployed within PEDs for passive sampling of
HOCs in atmospheric, aqueous, or sediment-porewater systems.

PE that is prepared by this method is suitable for laboratory or in situ field
deployment.

SUMMARY OF METHOD

2.1. A known mass of low density polyethylene (LDPE) sheet (usually ~1-3 g) is cleaned
by sequentially extracting with methylene chloride, methanol, and ultrapure water
in a closed glass vessel.

2.2.  Clean PE is equilibrated with performance reference compounds (PRCs) dissolved in
water or methanol-water (see Appendix 1 for possible PRCs).

2.3. Prepared PE is stored in contaminant-free, sealed, glass vessels.

2.4.  Shortly before deployment, the PE is cut into strips and transported to the field
wrapped in clean aluminum foil.

2.5, In the field, the PE is exposed to the environmental medium of concern, The HOCs
in the medium diffuse into the PE, while PRCs diffuse out.

INTERFERENCES

PE is susceptible to contamination from atmospheric vapors and contact with surfaces (e.g.,
worker hands), so it must remain in clean sealed vessels until deployment.

APPARATUS AND MATERIALS

4.1.
4.2.
4.3.

4.4,

Extraction vessels: 1-L glass bottles or screw capped jars (foil-lined lids).
Storage vessels: bottles with glass stoppers or amber jars (foil-lined lids).
Bottle/jar tumbler, shaker table, bottle roller, or equivalent.

Low density polyethylene (LDPE): commercial grade, large sheet at 25um (1 mil) or
other thickness as specified by the Statement of Work (SOW). The thickness is
chosen to be strong enough to withstand stresses during deployment (e.g.,
insertion into sediment), but thin enough to exchange a significant fraction (e.g.,
>20%) of its PRCs during the deployment time to be used.
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4.5. Food grade aluminum foil (solvent cleaned to remove any organic residue from foil
production).
4.6.  Stainless steel forceps.
4.7.  Teflon (or similar non-contaminating material) cutting board.
REAGENTS
5.1.  Methylene chloride, CH2CI2, pesticide grade or equivalent.
5.2. Methanol, CH30H, pesticide grade or equivalent.
5.3.  Organic-free reagent water (as defined in SW-846 Chapter 1).
5.4, Research grade PRCs certified 98+% pure.

Note: Specific standard materials, concentrations, solvents, and solvent purity requirements
will be determined based upon the target HOCs of concern for the particular application.

PRESERVATION AND HANDLING

6.1.  Clean PE should be stored in clean sealed glass vessels.

6.2.  Until deployment, prepared PE (PE loaded with PRCs) is stored in sealed glass
containers with a few mL of organic-free reagent water added to maintain 100%
relative humidity within the storage vessels (minimizing sorptive losses of PRCs to
glass vessel walls).

6.3. Laboratory and field personnel should wear nitrile or latex gloves whenever
handling clean PE.

6.4. Methylene chloride-rinsed, stainless steel forceps and scissors are used when
manipulation of clean PE is required.

6.5. Methylene chloride-rinsed, aluminum foil is used to cover any surface that clean PE
may encounter.

PROCEDURE

7.1. Polyethylene Cleaning Procedure: LDPE is purchased from hardware/painting stores

in large sheets (‘dropcloth or plastic tarp’ material) with thickness of 25um (1 mil)
or as specified in the SOW, depending on the user's need for strength (choose
thicker) and desire to use short deployment times (use thinner). The sheet is cut
into strips sized for environment and frames to be used as specified in the SOW.
The dimensions of the PE strips can range significantly, depending on the
organization conducting the field work and the associated SOW. An organic solvent
cleaning sequence is then used to prepare the PE. This process ensures that
extractable oligomers, plasticizers, and contaminating organic chemicals are
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7.2.

7.3.

removed from the PE prior to use. All extractions are performed sequentially in the
same container.

7.1.1. Methylene chloride is placed into the extraction vessel, and the PE strips are
immersed in the container for 24 hours to enable time for diffusive
transfers out of the PE. The initial methylene chloride extract is discarded
and a second methylene chloride extraction is performed for 24 hours. The
second methylene chloride extract is discarded and replaced by methanol in
order to remove methylene chloride from the PE. Methanol immersion is
also done for 24 hours. The initial methanol extract is discarded and
followed by a second methanol soak for 24 hours. Finally, the second
methanol extract is discarded and the PE undergoes three 24-hour soaks
with organic-free reagent water (within the same extraction vessel) to
remove residual methanol from the PE.

7.1.2. The cleaned PE is stored in organic-free reagent water in the extraction
vessel until further processing.

7.1.3. Record documentation of the decontamination process using the laboratory
bench sheet included in Appendix A.

Polyethylene Preparation with Performance Recovery Compounds (PRCs): PRCs are
loaded into the clean PE prior to its field deployment by utilizing either aqueous
(Fernandez et al. 2009) or 80:20 methanol:water equilibrations (Booij et al., 2002).
Depending on the hydrophobic organic compounds of interest, PRCs should be
chosen which mimic mass transfer phenomena governing exchanges during field
deployments. It is important to avoid adding PRCs that the analytical laboratory
already uses as surrogate or injection standards. PRC loading is performed by
placing the PE in pre-cleaned glass vessels containing known PRC solutions made
up in organic-free reagent water with or without pesticide-grade methanol,
depending on whether aqueous or methanol:water loading is done. The PE user
should estimate the expected accumulation of target compounds in the passive
sampler and seek to load with similar levels of PRCs to facilitate the eventual
chemical analyses. Sufficient PRC equilibration time during this PE preparation step
is necessary to ensure uniform PE loading across the entire PE thickness. Hence, a
thicker PE sheet is more robust for field use, but takes longer to load with PRCs.

Isotopically labeled compounds are useful internal standards when Gas
Chromatography-Mass Spectrometry (GCMS) is the method of separation and
detection. For example, C13-labeled PCBs are effective methodological standards
for PE passive sampling. One subset of compounds distributed across the range of
PCB Congeners to be assessed should be used as PRCs, while another set is used
as surrogate (recovery) compounds during later analysis of field-deployed PE. In
addition, a third set is used as internal standards for instrumental analysis. Similar
sets of labeled compounds should be used for other compound classes (e.g. PAHs,
Dioxin/Furans, etc.). The appropriate labeled isotopes will be incorporated into the
associated project SOW.

Note: if PE samples are eventually to be analyzed at a third party laboratory, PRC choices
must be made so as not to conflict with recovery and injection standards used by that
laboratory.
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7.4.

7.5.

7.6.

7.7.

7.8.

7.9.

As subsequent analysis (e.g., GCMS) is best achieved with both PRCs and target
HOCs present at like concentrations in the PE extracts, the optimal concentration
level of the PRC loaded into the PE is dependent on the environment in which the PE
is to be deployed. For example, if a target HOC is expected to occur in the water or
pore water near 1 ng/L levels, one can use that compound's LDPE-water partition
coefficient (e.g., Fernandez et al., 2009; Lohmann, 2012) to estimate the expected
levels in the PE after deployment:

The appropriate concentrations for the loading solution will be incorporated in the
project SOW.

Agueous PRC Loading: A solvent-cleaned and dried glass container is filled with
ultrapure water that has been spiked with known concentrations of PRCs. A known
mass of pre-cleaned PE is then added and weighted to insure complete PE
submersion. The vessel is agitated to remove any air pockets adhering to the
submerged PE. Equilibration times vary for different PRC/PE thickness
combinations and the PE-water phase ratio. For PCBs, use at least 30 days to insure
homogeneous distributions of the PRCs throughout the entire thickness of the PE
film unless faster equilibration has been confirmed. Confirmation can be done by
time course measures of PRC concentrations in the PE or by showing that
concentrations of PRCs are the same for films of different thicknesses, but the
same masses. Generally, PE is stored in the PRC solution until it is to be deployed.

Methanol-Aided PRC Loading: A solvent-cleaned and dried glass container is filled
with an 80:20 mixture of pesticide grade methanol and ultrapure water that has
been spiked with known concentrations of PRCs. A known mass of pre-cleaned PE
is then added and weighted to insure complete submersion. The vessel should be
agitated to remove any air pockets adhering to the submerged PE. Equilibration
times vary for different PRC/PE thickness combinations and the PE-solvent phase
ratio, but typically this step is completed within 7 days since methanol swells the PE
and thereby speeds PRC diffusion into the polymer sheet (Booij et al., 2002).
Generally, the PE is stored in the PRC solution until shortly before it is to be
deployed. Before deployment, the PRC-loaded PE is rinsed with ultrapure water, and
then it is soaked in ultrapure water for 24 h to remove methanol from the PE. This
methanol leaching step is repeated twice to insure complete methanol removal.

Record information related to the PRC loading to document the entire process
using the bench sheet included in Appendix B.

PE and PED Storage and Shipment

7.9.1. Prepared PEDs in their foil envelops may be stored a few days at ambient
temperature prior to deployment. Freezing or excessive heat should be
avoided to minimize the likelihood of changing the polymer crystallinity. It
is recommended that PEDs be hand carried or shipped in a timely fashion
(Overnight or Next Day if possible) to minimize chances sampler
contamination or damage.

7.9.2. If PE is to be shipped to another location for PED assembly, the PE strips are
individually sealed in pre-cleaned glass vials that contain a little water (~1
mL). Freezing during shipping should be avoided, but PE strips should be
shipped to maintain a temperature of 4+2°C.
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8. QUALITY CONTROL

8.1. PRC Loading Validation: Representative samples of prepared PE should be
collected, extracted, and analyzed prior to field deployment to validate that the PRC
concentrations are consistent with their intended loadings, and these standards
have uniform concentrations in a batch of PE.

8.2. Target HOC Blanks: Subsamples of prepared PE commensurate in size with the
planned environmental PE samples as defined in the project SOW should be
collected, extracted, and analyzed prior to field deployment to demonstrate that
other substances have not contaminated the PE which would contribute to
interfering background for the target HOCs.

9. METHOD PERFORMANCE

9.1. PRC data obtained from PE check samples collected from representative parts of the
prepared PE should be consistent within about 10% (i.e. 100 x standard deviation /
mean).

9.2. Target HOC concentrations should be undetectable in the prepared PE (e.g., < 1
ng/g PE assuming 100 mg PE subsamples).

REFERENCES

10.1. Adams, R.G., Lohmann, R., Fernandez L.A., MacFarlane, J.K., and Gschwend, P.M.,
Environmental Science and Technology; 2007, 41, 1317-1323.

10.2. Booij, K, Smedes, F., van Weerlee, E.M., Chemosphere 2002, 46, 1157-1161.

10.3. Fernandez, LA, MacFarlane, J.K., Tcaciuc, A.P., and Gschwend, P.M., Environmental
Science and Technology; 2009, 43, 1430-1436.

10.4. Hawker DW and Connell DW., Environmental Science and Technology; 1988, 22,
382-387.

10.5. Lohmann, R. MacFarlane, J.K., and Gschwend, P.M.; Environmental Science and
Technology; 2005, 39, 141-148.

10.6. Lohmann, R. Environmental Science and Technology; 2012, 46, 606-618.
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ALS Environmental, Inc.

Polyethylene (PE) Cleaning sheet

Analyst:

PE dimensions

Date:

Start time/Date

Initial Methylene Chloride soak

Second Methylene Chloride soak

Initial Methanol soak

Second Methanol soak

Initial Water soak

Second Water soak

Third Water soak

Comments:

End time/Date

R:\OLC\benchsheets\generic-2
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ALS Environmental, Inc.

PRC Loading Sheet

Analyst: Date:

Aqueous or Methanol-Aided PRC Loading:
Batch ID :

PE Dimensions:

Number of PE Strips per Liter:

PRC Loading Solution Information
Stock Standard ID:

Stock Standard Concentration (ug/L):

Stock Standard Expiration:
Aliguot of Stock Standard (mL):

Final Volume (mL):

Concentration in PRC Loading Solution (ug/L)

PE I.D. Start Time Start Date End Time End Date

Witness:

Comments:

R:\OLC\benchsheets\generic-2
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CHLORINATED BYPHENYL CONGENERS IN WATER, SOIL, SEDIMENT, BIOSOLIDS, AND

1)

TISSUE BY ISOTOPE DILUTION

Forward

1.1 This procedure s currently undergoing a major revision. Until such time that the
revision is complete, the analytical procedures outlined in the attached document reflect
current laboratory practice, with the exception that the laboratory is currently
monitoring the primary ion for Dichlorobyphenyis, which greatly reduces contribution of
PFK interference. This change will be reflected in the new revision.

1.2 The sample preparation, extraction, and purification techniques are currently addressed
in individual extraction and cleanup Standard Operating Procedures, which supersede
this document.

1.3 All references to Columbia Analytical Services, Inc. (CAS, CAS/Houston) refer to ALS
Environmental - Houston HRMS.

W, Partof the ALS Croup  An ALS Company

| www.alsglobal.com

MICHT SOLUETIONS
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Dilution HRGC HRMS

SOP Code: HMS-1665B

\()P Revi \-1L‘11 No,; |

\O!’ Date: OR137T0 (changes effective U8/06:1 1)

bUP Section(s) Atlected by Change: Sections 11.1.22.11.2.1.3

Desenpuon of Chimgee:

LI 2.2 Prior o any sample manipulation. the sample container is allowed (o reach ambicni
temperature: this is monitored hy the cessation of condensation on the sample container. Following the
sample warning, mark the sample meniscus on the sumple container using the Diamond Scribe toal or
black permanent marker: chlorine measurements may be done at this tme.

 LL2.1.3 Transfer the sample to the 4 gallon extraction vessel.Add 60 ml ol dichloromethane ia the
spiked sample m the 'y gallon extraction vessel. Vent the vapors under a fume hood by shaking tora few
seconds then unsealme he cap. Repeat this process unul pressure no longer butlds in the vessell Extiuct

| the sample by shaking the jar manually or on an awtomatic shaker for 3 minutes. Allow the layers o
separate for a mimmum of 10 nuinutes and transfer the dichloromethane layer (bottom) into an
appropriaiely labeled 230mL jar. [Fan emulsion faver torma, employ mechanicul technmigques (ulirasone
bath, centrifugation) to complete the phase separation.

Reuson(s) for Changers):
These changes refiect technically-sound practice, and are required by the method as minimum sample
PrOTEssIng sleps.

Changes) Submitted by: FB | Date: 9/6:1 1

Approvals:

T-.-Lhnn. i Reviewer Ngnature: / A U & Date: 9564 |
QA PN Signature: -.\./i'{‘ﬂ, l}'& Dﬂ'“- (e L4
Du.pa:um.m %upu.n 1507 \f] inager blulmturc Date:

Changeis) EfTeetive Date: 0800711
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f oy .
o 181 bl T PLELTARE TR R A R



Columbia
— ﬁ‘.l]di}_’il{-.’ei.‘;ﬂ.:l"u'l'.;-_-'_.

SOP CHANGE FORM

SUE Titler Method 1605 Apalyvsis of Polveblornated Bipheny! Congeners by Fhigh Resolution Gos

Chromatography, High Resolution Mass Spectrometry (HRGC HRMS)
SOP Code: THMS-1668A

SO Reyision Noc J

SOP Date: 08200180 (effeetive D819 L)

NSO sectiongsy Adtected by Change: Sections 11,122, 11,202 112103, 11,2004

Desenption of Change:

P
|

PLE222 Poos o any sample mimipulation, the sample container is allowed to reach ambient

temperature, this is monitored by the cessatian of condensaltion on the simpie container, Transfer the

aample to e Ve pall extrrction vessel Mark the volume on the ' gal, estraction vessel with o

permanent marker at the sample meniscus.

F1.2.1.2 Spike Loml of the Marix standard spiking solution at Sngsml. (Table 3) into the [ ONDLOS
ahynots Record this addition on the beneh sheet. These will serve as both the precision and sconrasy (o)
the bateh. Pollowing addion of both Labeled and Matwrix stimdard spiking solutions, allow the sanples

(o eepualibrate Tar one hour.

FE21 3 Add 60 mL of dichioromethane to the spiked saumple i e © o gal extraction vossed, Voot i
capors tider i lume hooed by shaking for a few seconds then unscaling the cap. Repeat this process annl
pressure s longer butlds in the vessel Exrraet the sample by shaking the jar manvally or on an
automatic shiker tor 3 minutes, Alow the fayers (o separate Tor aonimninmim ol 1O minutes and tansie
the dichloromethane laver ibottom) into an appropriately labeled 250mL pr 1 an emulsion Bover toms
ciploy mechanical eehniques tultrasome bath, centriiigation) o complete the phuase separation
Piu2o0od Bepon seciion §0.2,1.0 bwive o give aiolad exietiion voiuie o 18t mi of diciioranie G,
Fullowing extraction. remove any exeess water from the dichloromethance portion by swirlime the
simmple extract and removing the wuter that collects on top

| Reasont <) for Changetsk

hese chanues reflect wechnicallv-sound prictice, ind are reguired by the mcthod as minimam sampl

Processing sieps.

Claneers) Submined by: B Dt 5 1941}

Diastributicn: Original filed with ortging SOP Photacopy attached to cach contralled cops



Approvals:

Drate: 81U 1]

.....L.c. / -
fechmicn] Reviewer Signature: N Al LA,

QA PM Signature: £, dn ¢.c -el;_.._-._ Uhf’.wy‘\— - ~ Date: Elial v
Department Supervisor Manager Signature: ﬂ'((( Dine: L2477

Chaineets) Effective Date: 8}\2,'5\ @

Distabution: Ooieial liled with ociginal SOP Photocopy attached to cach controlicd copy

AL g Boomy o tHad Jimi



[ Columbia
Analytical Service:

SOP CHANGE FORM

SOP Tile: Method TansA: Chlorinated Biphenyl Congencrs i Water. Soil, Sediment Brosalids, and
Tissues by Isotope Dilution HRMS
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SOP Revision Nos 4
SO Dhate: S 131

SO Sectiomts) Attected by Change: 12,3

Deseriptian of Clinge:

A minimum. mintal calibranon must be performed evers one vear. Initial calibrations are not dsed i
anver e vear s passed sinee the analysis of the initial calibration standards making up the calibration
usedl Tor sumple-QU analyses. Calibration may be required sooner if instrument performance dictates,
Aso to claritv, inital calibrations are required fallowing any installation of a new GO column o when
AS source mumtenance is performed (e.o. source cleaning).

Reasonts) tar Chanee{s):

Recent evaluation of historical data indicates that mstrument calibrations oflen do noi remain siable for
fonger periods of time such as 224 years. 1t is acknowledged that dioxin, PCB, and stmilar compaounds
exhibit greater stubility that most other environmental tirget compounds, but other factors can nnpaci
cadibragzon stabilits n addinion 10 campumind stability,

Change(s)y Submiticd by: Jetf Christian Date: 81401
Approyals:

Technical Reviewer Signature: JeIT Chirlstian Date: 81 ]

(‘..J\_i_,\] SR -&/V_LL._',(;,L\ o, '“Wﬁ) - Dt _&)_\Ci Ly
Deparmment Supervisor Vianager Sighature: ¢ ;2; S L c; Lale: g//j:/j/

]

Chimgeis)y | rh-a'millciie: '-%J.'l'. 24|\

¥

Distribution: Original filed with origimal SOP Photocapy attached 10 cach controllen cop



[S Columbia
Analytical Services

SOP CHANGE FORM

sS0p l‘il!u Method 1668 Analya:s of Polychlgrrnaled Biphenyl Congers by High Resolulion Gas
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SOP Code: HMS-1668A

SO Revision No.: 4

<‘.t H’ l)ulu R20/2 u[u

| sor :sc\.lmn(sl \llm.md by Chdn--r, 124,124.2,124.3-12.4.6

| Deseription of Change:

| 124-
System and Laboratory Performance — Al the beginning ol cach | 2-hour shift during wihich
analyses are perlermed. GC/MS system performance and calibration are verified for all native
PCBs und labeled compounds. For these tests, analysis of the CS-3 calibration verification
(VER) standard (Table 3} and the diluted combined 209 congener solution (Table 3) must be
used to verify all performance criteria. The beginning and end of the 12-howr perood shitt i
defined by the beginning and ending mass specrromeicr resolving povwer clicck, The imasy
spectromeler resolving power check s followed by the diluted 209 congener solution and the
rewiine calibration check (CS-3), respectively. Adjustment and/or recalibration must be
performed untl all performance eriteria are met. Only afier all performance criteria are met nus
samples, blanks, IPRs. and OPRs (LCSs) be analyzed,

24 2 hecames 12,421, and 12.4.2 reads Calibrarion Verification
Scctivis 124 3 through 12.4.6 became 12.4.2.2 through 12.4.2.5 respectively,

| fusert Figures w Figure 3a and 3h. rennmber subsequent figures respeetively

_ — o — — —— e —_ —

- E——
- Reason(s) Tor Change(s):
_ Change s in response to NCAR20110412, requiring a more definitive discussion ol the | 2-hour pertod.
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FIGURE 3a
ANALYTICAL SEQUENCE FOR A TYPICAL I2-HOUR SHIFT
Time Analvsis
Begining of 1 2-hr shifi PFK HRMS Tune
Dilured 209 Concener Solution
Beginming US3
Method B3 lank
Samples and Baieh QC

fond of 1 2-hr shift PFK [IRMS Tune

Disictbution: Original filed with origmal SOP Photocopy attached (o cach controlled cop
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FIGURE 3b
ANALYTICAL SEQUENCE FOR A TYPICAL [2-HOUR SHIFT
Time Analysis
Beginning ol 1™ §2-hr shifi PFK TIRMS Tune
Diluted 20% Congener Salution
Beginming OSN3
Method Blank
Samples and Batch QC
Closing CS3
End of [ 12-hr shuft Beginning of 2 | 2-hy shifi_ PFK HRMS Tune
INhuted 209 Congener Solution
Method Blank
Samples and Bateh QC

I'nd of 2™ | 2-haour shitl - PUK FIRMNS Tune

Distihution: Origimal Oled with orgimal SOP Photocopy attached 1o cacls controlled copy
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| SOP Coder HMS-1668A

| SOP Revision Mo 3
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{ SOP Date: 08 1320 (eltective 08/.20/10)

| SOP Section(s) Aflected by Change: 11.2.2.1-11.2.2.3, 11.2.32, 11.2.4.1-11.2.4.3

Description of Change:

Distribution: Original filed with original SOP
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11.24.2

Spiking will now vecur privr w wising solid and tissue samples with sodiwm sulfite.

Add 10-20g anhydrous sodium sulline ta cach thimble containing the
sample and mix thoroughly to evenly distribule the sodium sullawe. i
mixture 15 not free-flowing, contmue to mix i sodiun sulfute until o
free-Howing consisteney cun be obtained.

Spike 1.OmE of the Labeled standard spiking solution at 102000 il
( I'uble 3) into each sample and cach QC aliquot. Record thrs addition an
the bench shect.

Spike 1.0OmL of the Matrix standard spiking solution at Sngeoml. ¢ Fahle
3)anto the LOS/DLCS aliquots. Record this additton on the beneli sheel.
These will serve as both the precision and accuracy for the bach.

Rather than adding sample spiking solution to a clean thimble, inaaeind
add sample to a ¢clean beaker to record weight. Add 10-20e sidinm
sullate and mix thoroughly to evenly distnibute the sodium sultuae, [0 1he
misture is nor free-tflowing, continue to mix in sodium suliie unie o
free-flowing consistency can be obtatned. Spike 1.OmL ol the Labeled
standard spiking solution at 10-20ng mL (Tuble 3). Recard the sindand
addition on the bench sheet. Transfer sample to ASE cell. Top withy
sodium sullate.

Add 20-30g anhydrous sodium sullate to each thimble containmye the
sample and mix thoroughly to evenly distribute the sodiw sulfate, 1
mixture is not bee-flowing, contnue to mix in sodium sulfate ol o
free-Hlowing consistency can be abtamed.

Spike 1.OmL of the Labeled standard spiking solution at 10-20ny ml.
{Table 3) into each sample and cach QC aliquot. Record this adidition o
the bench sheet. If lipid determination is 10 be performed on o saniple.
Photocopy attached to each controlled cops



Changets) Submitted by: Andrew Biddle

spike 2.0mL ol the Laheled standard spiking solution. mstead.

[1.24.3 Spike 1.OmL of the Maltrix standard spiking selution a Sng ml o luble
3y ino the LOS'DLCS ahquots. Record this addition on the hencli sheol
These will serve as both the precision and accuruey for the batch

Reasonts tor Change(s):
Alter some recentinyestigatuon. the EPA ORCR released a memo recommending than the recenils
- updated linguage in some EPA 3300 series methods regarding standard addition should not be followed

| and that addition of labeled standards 1o solid samples should oceur following mixiure with sodiim

sulfate to minimize potential low pereent recovery issues.
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SOP Code: HMS-1668A

Revision: -l

Version Date: 08/13/10
Standard Operating Procedure for

Chlorinated Biphenyl Congeners in Water, Soil, Sediment, Biosolids and Tissue by Isotope

Dilufon HRGC/HRMS

SCOPE AND APPLICATION

1.1

1.3

1.4

1.5

1.6

1.7

This SOP is for deternmunation of polychlonnated biphenyl congeners (PCBs) in water.
soil. sedunent. biosolids, tissue. and other sample matrices by high resolution gas
cliromarography/high resolution mass spectrometry (HRGC HRMS) utilizing LPA
Method 1668 Revision A

Tlie PCBs that can be determuned by tlus SOP are the 12 polychilorinated bhiphenvls
(PCBs) designated as toxic by the World Health Orgamization (WT10) plus the remaining
197 PCBs. approxunately 125 of which are resolved adequately on un SPB-Octyl gas
chromatographic cohu to be determied as mdividual congeners. [he reminng
approxnuately 70 congeners are determined as mixmres of 1somers tco~ehutions). [he list
of 209 PCBs 1s given i Table 1.

The 12 PCBs designated as toxic by WHO and the earhiest and latest eluted congener at
each chlorination level are determmed by the isotope dilution quantitanion techmque: the
remaming cougeners are determined by the internal standard quantitation rechnique.

This SOP allows determination of the PCB toxicity equivalent (TLQ) for the toxicy i a
sample using toxicity equuvalence factors (TEFs). This SOP also allows estimation of
homolog totals by level of chlormation and estimation of total PCBs m a siple by
sunnuation of the concentrations of the PCB congeners and congener grou)s

This SOP 15 for use i data gathering and monitormg associated with the Clean Water
Act. the Resource Conservation and Recovery Act. the Compreliensive Euvironmental
Response. Compensation and Liability Act. and the Safe Drinking Water Act. EPA
Merhod [668A is based on a compilation of methods from the technical Iiterature and vu
EPA Method 1613.

The detection lnnits and quantitation levels m this procedure are usually dependent on
the level of interferences and laboratory backgroimd levels rather than instnunental
hmitations. The estiunated method detection linuts are the levels at which the PCBs can
be determined with laboratory contamination present.

EPA Method 1668A is “performance based.” CAS Houston is permitted fo modiiy the
procedure to overcome interferences or lower the cost ol measurements, provided that all
performance criteria ave wet. The requivements for establislung procednral equivalency
are given in Section 13.] and CAS Houston's mudifications are detailed w Section 21,
Any modification of EPA Method [668A. beyond those expressly penmitted. shall be
cousiclered a major modification subject to application and approval of alternate fest
procedures under 40 CFR [36.4 and 136.5.

Page 3 ot 84
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SOP Code: HMS-1668A
Revision: 4
Version Date: U8 13/10

METHOD SUMMARY

Flow charts that summarize procedwres for sample preparation. exrraction. and analvsis are given
m Figure 1 for aqueous and sohid samples and Figure 2 for tissue sanples, with additional
wodifications as wentioned m Section 21

2.1

]
=]

2:3

2.4

I
'h

Extraction

2.1 Aqueous sowples (samples coutaimng less than one percent solidsy - Stable
tsotopically labeled analogs of the toxies and labeled earliest aud latest level of
chlortnation (LOC) PCBs are spiked iuto the saniple aliquot. The sample is
extracted using a modified separatory fiumel exiraction and concentrated for clean
up.

2.1.2  Solid. senu-solid. and multi-phase samples (excluding ussue) - The labeled
compounds are spiked into saniple material that corresponds to approxunately 5g
on a dry weight basis. For snmples with hieh moisture content. the amount of wet
weight material to add the labeled compounds to would necessarily be greater
than Sg. All samples are homogewmzed properly and extracted m o Soxbhlet
extraction apparatus or Accelerated Solvent Extracter (ASE). The extract is
concentrated for clean up.

[
—
o

Fish and other tissue - An aliquot of tissue sufficient enongh to provide sample
for PCB and lipid analysis 1s homogenized and spiked with labeled compounds
The sample s nuxed with anhydrous sodnuu sulfate and extracted for 16-24 howrs
using a |:1 dichloromethane/lexane solutiou in a Soxhlet extraction appararus.
The extract is split; with one aliquot concentrated for elean up and the other
concentrated for lipid detenmmnation (1f applicable).

After extraction. a labeled clean up standard is spiked into the exrract which 1s then
cleaned 1p using back-extraction with sulfuric acid and/or base. and silica gel or Flousil
chromatography.

After clean up. the extract is concenrrated to 20pL. Immediately prioc to mjection,
labeled injection internal siandards are added to each exnact and an aliquot of the extract
is injected into the gas chiromatograph (GC). The analytes are separated by the GC and
detected by a high resolution (10.000) mass spectrometer. Twvo exact m z's are
monitored at each level of chlornation throughout a pre-deternuned retention time
window

An individual PCB congener is identified by comparing the GC retention tine and 1om-
abundance ratio of two exact m'z’s with the corresponding retention fime of an autheniie

standard and the theoretical or acquired ion-abundance ratio of the two exact m''s.

Quantitative analysis 1s performed in one of two ways nsing selected iou current prolile
(SICP) areas:
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5.1 For the toxies and the earliest and latest level of chlornination CBs (Toxies 1.0 1,
the GC/MS is muiti-pont calibrated and the concentration 1s determined using the
1sotope dilution technique.

-3

13
;JT
I

For all other congeners, the GC/MS 1s calibrated at a single concentration and the
concentriations are deternined using the intermal standard technique.

[ R]
A
ad

For the labeled congeners, the GC/MS 1s calibrated using replicates at a single
concentration and the concentrations of these labeled compounds are deterimned
using the mternal standard techmque.

2.6 The quality of analysis 1s assured through reproducible calibration and testing of the
extraction. clean up and GC/MS systems.

DEFINITIONS

3.1 Abbreviations

MoCB Mouochlorinatedbiphenyl

DiCB Dichlornatedbiphenyl

TiCB = Tnehlorinatedbiplienyl

fle=ey Tefrachloratedbiphenyl

PeCB = Peutachiorinatedbiphewnyl

HxCB = Hexachlorinatedbiphenyl

HpCB - Heptachlornnatedbiphenyl

OcCB = Octac¢hlorwmatedbiphenyl

NoCB = Nopachlorinatedbiphenyl

DeCB Decachlorinatedbiphenyl

PCB = Polychlonmatedbiphenyl

PFK - Perfluorokeroserne

cs Clean up standard

LS = Labetled standard

IS = Internal injection standard

HRGC = High-reselution gas cliromatography
HRMS * High-resolution mass spectromeny
TEF = Toxucity equivalence factor

TEQ = Toxicity equivalent

3.2 Polychlorinatedbiphenyls (PCBs)- compounds that contain from 1 to 10 chlorine
atomns. resulting iu a total of 209 compounds determned by tlus procedure. The 209
PCBs are listed n Table 1.

3:3 Isomer — compoiinds having the same pumber and type of clilorine atows. but substututed
mn different positions.
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3.6

3.7

3.8

3.9

3.10
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Labeled Standard — an 1sotopically labeled analog that i1s added to all samples. mcluding
merhod blank- and quality control sampics. before extraction. They are used along with
wesponse factors to ueasure the concentratious of the congeners. The labeled Toxtes LOC
standard conceutrations are listed i1 Table 3.

Calibration Solutions - solutions containing known amounts of unlabeled PCBs and
labeled standards, histed mx Table 5. The set of 5 solutions 1s used to determine the
mstrument response of the unlabeled analytes relative to the C13-labeled standards. A
sixth calibration solution contains all 209 congeners and 1s used for calibration of all
compounds pot contained i the 3 poiut curve

Internal Standard Solution — a solution contauung the mitermal myection standards that
are added to the exiract after final concentration for HRGC.TIRMS analysis ro deternune
the recovery efficiencies acliieved for the C13-labeled standards. Concenfration- we
listed 1 Table 3,

NMatrix Spike Solution — a solution of native (unlabeled) Toxics/T.OC PCB- 1hat are
spiked into the laboratory control saiuples prior to extraction o wounitor method
performance. Coucentiations are hsted in Table 3.

Clenn Up Standard Solution — a solution contaunng C13-labeled compounds that 1s
spiked to the extract prior to clean up to measnre the efficiency of the clean up procedure.
Concentrations are histed w Table 3.

Method Blank (NB) — represents the backgronnd contributions from glassware.
extraction and clean up solvents. An MB is spiked with a solution of C13-labeled
standards, extracted, cleaned np, and analyzed by HRGC/HRMS in exactly the same
manner as the test samples.

Calibration Verification Standard (VER) — The wid-powut calibiation ~tandard (¢ >-3)
that 1s used to venify calibrahion (Table 3).

Estimated Detection Limit (EDL) - The smuple specific estimated detection L
(I'DL) 1s the concentration of a given analyte required to produce a signal with a peak
Leight of at least 2.5 tunes the background signal level.

INTERFERENCES

4.1

Selvents, reagents. glassware. and other satple processmg hardware may yield artifacts.
elevated baselines, and/or lock-mass suppressiou causwg mismterpretation of
chromatograins. Specific selection of reagents aud purification of solvents by disnllation
in all-glass svstems may be required. Where possible. reagents are cleaned by exiraciion
or solvent rinse. Environmentally abundant PCBs have been shown to be very dithenlr to
completely eliminare from the laboratory af levels lower than the EDLs.
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The use of lugh purity reagents and solvents can be used to mininuze interference
problems. Solveat lots are tested for the absence of PCBs prior to use by the [aboratory
Disposable glassware is used whenever possible. Reusable glassware must be cleaned
according to the procedures in the SOP for Wasliing Glassware, SMO-WASH.

Interferences co-extracted from samples will vary considerably from source 1o source.
depending on the diversity of the site being sampled. Interfering compounds may be
present at concenfrations several orders of magmtude lugher than the PCBs. The mos!
frequently encountered interferences are chlorinated dioxins and dibenzofurans, methoxy
biphenyls. hydroxydiphen¥l ethers, benzylphenyl ethers. brominated diphenvl ethers.
polynuclear arowatics, polychlorinated naplithalenes. and pesticides. Because very low
levels of PCBs are measured by this procedure. the elimination of interferences s
essential. The clean up steps given 1n Section 1.3 can be used to reduce or eliunnate
these interferences and thereby pernuit reliable determination of the PCBs at the levels
mdicated m Table 2.

A lugh resolution captllary colwun (SPB-Qctyl) 1s used for this procedure; however. no
kuowi smgle column can resolve all isomers. Mauy compounds coelute with other
compounds of sinuwlar n1'z’s. Deternunation of which compounds coelute 15 performed by
the injection of the calibration standard containing all 209 congeners. Confirmation can
be perforiued on an alternate columa (DB-1); however, tlus process is not undertaken
commonly by (' AS/Houston and 15 only available to be perfonned by request frow the
client.

., SAFETY

‘S
—

The toxicity or carcinogenicity of each chemucal used in this procedure has not been
precisely determived: however, each compound should be treated as a potential health
hazard. Exposure to these compounds should be reduced to the lowest possible level.

5.1.1 PCBs have been tentatvely classified as known or suspected human or
mammahian carcinogens. Ou the basis of the available toxicelogical and physical
properties of the PCBs. pure standards shonld be handled only by bighly tramed
personnel thoroughly famuliar with handling and cantionary procedures and the
assoctaied risks.

]
p—
2

[t 1s reconunended that the laboratory purchase dilute standard solutions of the
analytes mn this procedure. However, if pnmary solutious are prepared, they musl
be prepared 1n a hood. and a NIOSH/MESA approved toxic gas respirator must be
worn when high coucentrations are handled.

The laboratory will ensure that all analysts receive adequate safety trannng priov to
working with the chemicals and componuds associated with 1his ruethod.

The solvents aud acids in use m the laboratory inay be liazardous and should be treated as
such. See the Environnental Health and Safen Manual, CHP (Chenmical Hyaiene Plan).

Section 5. for more 1formation.
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54 Disposable gloves. apron or lab coat. safety glasses or mask, and a fiuue hood must be
used. During analytical operations that may give nise to a2erosols or dusts, personnel
should wear respirators equipped with activated carbon filters. Eye protection must be
worn while workiig with exposed samples or pire analytical standards Latex gloves are
couwmonly used (o reduce exposire of the hands,

hn
rh

Waste Handling - Good technique mcludes mimnimizing contammated waste. Plastic bag
liwers should be used m waste cans. Janitors and oiber personnel should be tramed 1 the
safe handling of waste.

3.6 Low-level contanunation is always a possibility for HRGC THIRMS analysis due to the
chemical properties of dioxans/furans and the low resolution of the 1nstruments. To
eliunnate this contanunation. it may be necessary to install activated carbou filters and
perform hexane wipes on counfers and hood surfaces u-ed for sample processing.

SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE

6.1 The client shall collect aqueons samples wr amber glass coutawers and colleet solid
samples m wide month containers following conventional sampling practices.

6.2 Aqueous Samples

6.2.1 To remove any residual chlorne i aqueous samples. add approximately §0mg
sodium thiosulfate per liter of water. To verify its absence, measure the chlorine
presence with an mdicator strip accurate down to 0.05ppm. or 0.05mg .. Repeat
process until chlorne 15 completely removed

6.2.2  The client shall ensure aqueons samples are mamtained i the dark at - 6"C from
the tune of collection until receipt at the faboratory. If the sample will be frozen.
allow roow for expanston. Store in the dark at ~67C.

6.3 Selid, Mixed-phase, Semi-solid, and Oil Samples, Excluding Tissue — The chient shall
ensure solid, semi-solid. oily. and nuxed-phase samiples are mamtained m the dark at
<6°C from the time of collection until receipt at the laboratory. Store solid. semt-solicl.
otly, and nuxed-phase sawples 1 the dark at -10°C.

6.4  Fish and Other Tissue Samples

6.4.1 Fish may be cleaned. filleted. or processed i other ways w the field. such that the
laboratory may expect to receive whole fish. fish fillets. or other tissues ton
analysis,

6.4.2 Collect fish, wrap i alunuuum foil, and maiutain at <0°C from the tune of
collection until receipt at the laboratory, to a maxunum tune of 24 hows. If a
louger transport time is necessary. freeze the sample. Ideally. fish should be
trozen upon collection and shipped to the laboratory under dry ice.
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643 Freeze tissue samples upon receipt at the laboratory and maintain m the dak ot
-20 1o -10°C unul prepared.

Holding Times

6.5.1 There are no demonstrated maxnnum holdmg tiunes associated with the PCBs in
aqueous, solid, semi-solid, tissue. or other sample matrices, If stored in the dark at
0-6°C. aqueous samples may be stered for up to one year. Sunlarly. if stored in
the dark at -20 to -10°C. solid. senu-solid, mulu-phase, and tissue samples may be
stored for up to oue year.

0.5.2  Store smuple extracis m the dark at 0-6°C watil analyzed. If extracts are stored at
0-6°C. sanmple extracts may be stoved for up to one year

Samples are usuallv shipped trow the client to the lab by a staudard slupping serviee such
as UPS. Federal Express. DHL., or USPS.

Samples are logged m to CAS LIMS aud labeled for tracking thwough the laboratory. A
cooler receipt form is filled out. cataloging any non-conformances associated with the
receipt of the sample containers. See the SOP for Saniple Receiving, SMO-WET, for a
more detailed explanation.

Before extraction. a visual inspection of a sample is done. Aqueous sainples deened fo
have ~1% solids are filtered unless otherwise specified by the chieut. Sohd <amples are
Liomogemzed thoroughly prior to aliquofting. See the SOP ftor Subsampling anid
Compositing Aqueous and Seii Samples, WET-SSMP. for more mfonpation.

APPARATUS AND EQUIPMENT

7.1

Gas Chromatograph/High-Resolution Mass Spectrometer/Data System
{GC/HRNMIS/DS) - The GC must be equipped for temperature programuung. All required
accessories must be available, such as syrimges. gases, and capillary colunws.

7.1.1  GC Injection Pout - The GC injection port must be designed for capillary
columns. The use of splitless wjection techniques 1s recommended. On columm
lul injections can be used on the 30m SPB-Octyl colnmn, The use of a moving
needle injection port 1s also acceptable. The use of a 2pl. mjection 1s acceptable:
however, analysts must remain consistent throughout the analyses by using the
sanle ijection volume at all tines.

7.1.2  Gas Clhromatograph/ Mass Spectrometer (GC/MS) Interface — The GC M5
interface compouents should withstand 350°C. Cold spots or active surfaces
{adsorption sites) i the GC/MS mterface can canse peak tathng and peak
broadening. {t is reconunended that the GC column be fitted directly into the nins
spectrometer lon source without beimg exposed to the 1omziag eleciron beaun.
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Mass Spectromneter — 28-40eV electron impact iomzation. must be capable ot
selectively moniforing a minimim of 22 exact wyz’s at bigh resolution ( +10.000)
durmg a period less than 1.5 seconds. and must mieet all of the performance
specifications in Section 12.1.2,

Data Svstem - A dedicaled data svstem is nsed to control the rapid multiple-ion
monitoring process and to acquure the data. Quantitation data (peak areas or peak
heights) and selected 1on monitoring (SIM) displays of mtensities of each 1wn
signal bemg mouitored. mcluding the lock-mass 1on as a function of ruue. must be
acquured during the analyses and stored. Quantitations are reported based upon
computer generated peak areas. It 1s also recommended to have a data system
capable of switching te different sets of 1ons (descriptors) at specified tines
during the GC/HRMS acquisition. The data system can provide hard copies of
wdividual ion chromatograws for selected gas chromatographic tune mtervals. [i
can also acquire mass spectral peak profiles and provide hard copies of peak
profiles to demonstrate the required resolving power. The data system can perit
the ieasurement of noise at the base line.

Micromass MassLynx (Version 4.1) 1s used to obtaiu all data frow the HRMS
systemr. CAS/Houston employs the following HRGC HRMS systems:

7.1.5.) An Agilent 6890N GC with a CTC A200S Autosampler intertaced (o a
Micromass Autospec Ultima HRMS.

7.1.5.2 An Agilent 6890N GC with a CTC A200S Autosawpler mterfaced to a
Micromass Autospec Ultuna HRMS.

7.1.5.3 An Agilent 7890A GC with a CTC A2008 Autosampler wterfaced to a
Micromass Autospec Prenner HRMS.

7.1.54 An Aglent 7890A GC with a CTC A200S Autosawpler interfaced to a
Micromass Autospec Pretuier HRMS.

72 GC Columns

7.2,

I

I3

Isomers way be unresolved so long as they have the same TEF and response
factor and so long as these nnresolved 1somers are wquely resolved from all
other congeners. For example, the SPB-Octyl colunm aclieves mnque GC
resolution of all toxics except congeners with congener munbers 156 and 157
This isomeric pair is uniquely resolved from all other congeners and these
congeners bave the same TEF and response factor.

CAS/Houston uses the SPB-Octyl column (Supelco. 24218-U).

7.2.2.1 The retention time for decachlorobiphenyl (DeCB. PCB 209) must be
greater than 55 nunutes.
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7.2.2.2  The column must uniquely resolve congeners 34 from 23 and 87 from

182. and congeners 156 and 157 must co-elute witlun 2 seconds af the
peak maximum. Unique resolution means a valley height less than 10
of the shorter of the two peaks that result when the diluted combined
209 congener solution 15 analyzed. See Figures 3 and 4.

7.2.2.3  The column wmust be replaced wheu any of the criteriain 7.2.1-7222
are not mer,

NOTE: The SPB-Octyl colunm is subject to rapid degradation when exposed t:»
oxygen. The analyst should exclude oxygen from the carner pas should elimnnate
aw leaks. and should cool the mjector. columm. and wansfer line before openng
the colunw to the atnosphere, For further information on precluding vxidation,
contact the column manufachuer.

Soxhlet/ASE Apparatus — The laboratory will be equipped wilh a macro and 'or micro
soxhlet apparanus. CAS/Houston uses a series of four (4) Combo Mantles (Glas-Col,
100D RI30012, with Glas-Col. 104A RL3612 controllers) and a series of twenty-four
(29) individual manties (Glas-Col. TM 106, with Glas-Col 1044 PLI20 PowrTiol and
PL-312 and PL-3122 MiniTrol controllers) for the soxhlet apparatus. The combination
mantles are designed tor 250ml, flasks (24/40. VWR, 89000-330). soxhlets {21710 and
45/30. HGT Scientificy. and condensers (45/30. HGF Scientific). The mdividual mantles
are designed for S00mL {lasks (24/40. VWR, 89000-334). soxhlets (24,40 and 55 50.
HGF Scientific), and condensers (35/50, HGI Scientific). The coudensers are connected
to a chiller capable of maintaimng a chilled temperature to ensure proper solvent reflux.
Additionally. 1f an ASE apparams (Dionex, ASE200) is to be employed. 1t must be
capable of being pre-programumed to allow for automatic sample extraction at
temperature and pressure settings unique to the extraction solvent. Other EPA approved
extractors mayv be used instead.

Miscellaneous Equipment and Materials - The followmg hist of items does not
necessarily constitute an exhaustive compeudiiun of the equipinent needed for this
analytical method.

741 Balances capable of accurately weighing to 0.001g (Denver. XI* Series 300.
Mettler. AT100, and Mettler Toledo. PG603-5)

7.4.2  Centrifuge (Clay Adams Dynac, 0101)

7.4.3 Drying oven (VWR Utility Oven, Model 130507 and Blue M Electric. C48350Q)

744 250wl polypropyleue beaker (Fisher. 01-291-5)

7.4.5  20mL scintillation vials (VWR. 66022-004)

7.4.6 Laboratory fume hoods

7.4.7 Pipets, disposable. serological. [0ml. (Fisher. 13-676-3.1D)

7.4.8 Pipet tips. 2-200ul. and 10-1000uL (Eppendort. 022492039 and 022492055,
respectively)

749 Commercial food preparation machine (Hobart. HCM62)

7.4.10 PTFE boiling chips (VWR. 36397-103)
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NOTE. Teflon boiling clups may float i methyleue chioride. may not work in the
presence of any water phase. and may be penetrated by nonpolar vreanic
compounds.

7.4.11 Glass fiber filters. Whatman hlter grade (varyiug sizes and particle relenfion)

7.4.12 2-lter screw top clear jars (C&G Contamers. LEW06:12000)

7.4.13 Rotary cvaporator with a temperature conrolled water bath (Buchi. Rotavapor R-
200 with Heafing Bath B-490 and Rotavapor 20| with Heating Barth B-491)

7.4.14 Glass wool (EAD, EN-GX0090-2)

7.4.15 Jars. clear glass. 250mL. with Teflon lmed serew caps (C&G. LFAOQS2000)

7.4.16 Auro sampler vials with [50pL mserts (Restek. 24653)

7417 Glass columns - 20mm diameter x 1210 long with one tapered end (HGE
Scientific specially product)

7.4.18 Shaker (for 2L jar. Eberbach Model 6000)

7417 GC Gooseneck Splitless Liners. 2mnm mner diameter (Restek, 20797)

7.4.20 Thennowreen™ LB-2 1lumn Septa (Supelco. 20654)

74210 Autosampler Vial Cape. Seal with PTTE Liner, | luun (Supeleo. 27102-17)

7.4.22 Camier Gas. Ultza High Purity Heliun (Airgas)

7.4.23 Perfluorokerosene (PFK) Low-Boil (SynQuest, PN 1200-2-22 | g)

7.4.2% Tumbler

7.4.25 Ulhasowcator (Bransonte Ultrasonie Cleaner. SSI0R-MT)

7.4.26 Supeltex™ M-2A Ferrules 0. fuun ID (Supelco. 2247 1)

7.4.27 Nittogen Evaporator with a tenperature countrolled wuter bath (Zauntek. ZipVap
#109A Custom)

7.4.28 Muffle Fumace (Blue-M/Lindberg, LGO Element Box Fuimace. BF51812-P-BC

STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS

8.1

8.2

8.3

84

All standards, reagents, and consumable materials must be logged 1n and numbered when
delivered. Details of all dilutions of standards st also be entered into the PCB
Standards Logbook. Store standards w the dark at =6"C.

Organic-free reagent water - All references to water in this SOP refer to orgame-free
reagent water C AS/Houstou uses the water snpplied from our bottled water suppher as
the source of the organic-free reagent water used in the preparation of quality control
samples and standards.

Silica gel, high purity grade, type 60, 70-230 mesh (JT Baker, JT3405-05) — Activaie
overmght at a nunumuu temperature of 120°C. Store 11 a glass bottle sealed with a
Tetlon lined screw cap.

Silica gel impregnated with Sodinm Hydroxide — Add one part (by weight) of 1M

NaOH solution to two parts (by weight) activated silica gel in a Tetlon lined screw cap
bottle and nux with a glass rod unnl free of lumps.
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Silica gel impregnated with Sulfuric Acid — Add one pari (by weight) concentrated
sulfurte acid to two parts (by weight) activated silica gel in a Teflon lined screw cap
bottle and mux with a glass rod until free of lumps

Extraction thimbles, 43mm x 123mm and 33mm x 80mm (VWR, 28320-510 and
27730-128, respectively)

Sulfuric Acid, concentrated, ACS grade (EMD, EM-SX1244-75)

Sand, quartz (VWR, BDH0274-2 5kg)

Sodium Sullate, granular, anhydrous (EMD, EM-SX0760E-20) - Activate tor a
nunimun of one hour at a temperature of 400°C, Store in a glass bottle sealed with a

Teflon lmed serew cap.

8.9.1 Fill ceranue crucibles with sodiun sulfate and place m the muffle furnace. Add 5-
102 sand to an empty crucible and place 1 the mutfle furnace.

o0
=]
12

The temperature prograni is set to ramp up to 400°C (hen hold that temperature
for four hours. Stan the program by holding the P button unul “Par 47 appears
on the controller. Press “Run/Hold.” To cancel a program, press the up and down
arrows simultaneously. At the end of the program the fiunace will cool by
convection.

§.9.3  When the sodium sulfate is ready to remove. transfer 1t to 2-liter jars and label
them with the preparation date, analyst name. and lot number of the sodium
sulfate. Make an entry into the Semi-Volatile Na>SOy4 Preparation Loghook
contanung the preparation date, analyst name. quantity prepared. sodinm sulfate
lot munber, and whether the run passed or failed (as mdicated by a color change
m the sand from gray to pink/orange).

§.9.4 If the sodium sulfate has a noticeable grayish cast, it must be discarded.

Sodium Chloride, analytical reagent grade, 5 percent (w/v) in water (VWR,
VW6430-5)

Sodium Hydroxide, IN (VWR, 3222-4)
Florisil, 60-100 mesh (Sigma-Aldrich, 220744-250G)
Solvents

8.13.1 Methylene Chioride - 99.9% nnnnnum Assay (HPLC Grade, EMD.
TXEMDXO0831-1CA)

8.13.2 Hexane - 99.9% onmmumum Assay (HPLC Grade. EMD. TXEMH0296-1CA)

8133 Nonane — 99.9% minuunm Assay (HPLC Grade. Sigima. N29406-500mL)

8.13.4 Toluene - 99.9% wuniuum Assay (HPLC Grade. EMD. TX0737-1)
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5.13.5 Acetone - 99.9% mmmum Assay (HPLC Grade. EMD. AX01 16-1)

Standards Suppliers

8.14.1

8.14.2

Cambnidee Isolope Laboratontes (CIL)  Primary standards supplier

Wellington Laboratories  Secondary standards supplier

Purchase, Receipt, and Handling of Standards

8.15.]

-

§.15.3

8155

8.15.6

All standards purchased from CAS/Houston must have an appropriate purchase
request form filled out and have approval from the Laboratory Dirvector or other
qualified individual. They must then go thirough the CAS/Corporate Purchasing
Department. Staudards are considered consumable and do not need an
Expenditure Authorization Request (EAR) even if the cost exceeds the threshold.
See the SOP for Purchasing and Approval of Vendors, ADM-PUR, tor more
intormation.

2 Upon arrival. all packages contauung high concentrations uiust be checked for

damage [f any damage ts present. cousult with CAS/Houston Envirommental
Health and Safety Officer before further steps are taken. Proper safety practices
should be followed when handling received standards.

All received standards must be assigned a PCB Standards Logbook 1dentification
number, Copy the solution description from the certificate of analvsis and attach
to the space provided for the next entry m the logbook. Include the received date
i1 the logbook. The followimg formart 1s apphed: B(PCB)[Logbook nunber |-[page
number]-[enfry number]. An example would be B3-20-1.

Assion each standard an expiration date as noted by the suppher. Thes 15 nsually
ten years after the manufacture date. Record tlus w the standards logbook and on
the standard vial. A standard must be disposed of after tlus date unless its vahdity
can be veritied (Section 8.23).

Record the identification muuber on the received vial label. Transfer the standavd
from the received ampoule to a 2mL amber vial, keeping the supplier label intact
Seal the vial with Teflon tape. This will ensure no deterioration will cecur.

Record the identification number on the certificate of analysis received from the
supplier and sfore Hus documeutation in the “1668 Standards™ binder for funne
reference. Cerlificates ot analysis are also available through the Cerilliant
websile, CIL's manufacturer.

All solutions must be adequately labeled with the logbook identification code.
method, short solutiou description. preparation date, mitials of person perfornnug
preparation. expiratiou date. volune wnd concentration. Logbook enfries shall
include all ot the above with the addition of the list of compouents. the
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components’ logbook identification code, description and concentration. plus the
mutials of the person witnessme the dilution steps.

High-Resolution Concentration Calibration Solutions — Five nonane solutions
contaming unlabeled and carbon-labeled PCBs at kuown concentrations ure used 10
calibrate the mstrunent. A sixth solution contaiming alf 209 congeners is used to calibrute
the nstrument tor the compounds other than the toxies and earliest and latest elutmg
congeners i a chlotination level. The concentration ranges are homoloane dependent.

Labeled Standard Solution --The purchased Labeled Toxie~' LOC window-definma
stock solution 15 ciluted once with Nonane and agawm with Acetone tw make the lubeled
standard spiking solution (Table 3). Store at <6°C in the dark. All standards are assigned
avne (1) vear expiration date, not to exceed the latest expiration date of any parent
solution. All standards in Acetone are made daily.

Internal Standard Solution — The purchased labeled stock sulution 1s diluted to make o
labeled mtemal standard stock solutton. Perform an additional dilution on the stock
solution to make an interual uyection standard working soluton (Table 3), Storeat 6°C
i the dark. All standards are assigned a one (1) year expiration date. not to exceed the
latest expuration date of any parent solutiou.

Clean Up Standard Solution — The purchased labeled clean up stock sulution is used to
make the clean up sfandard stock solution Perform an additional dilution on the stock
solution to make a labeled clean np standard workung solution (Table 3). Store at - 6 C m
the dark. All standards ate assigned a one (1) year expiration date. not to exceed the latest
exprration date of any parent solution.

Matrix Spiking Solution (target compounds) - The purchased Native Toxics TOC
stock solution 1s used to make the matrix standard stock solution. Perform an additional
dilntion on the stock solution to make a matrix standard working selution (Table 2). Store
at =6°C w the dark. All standards are assigned a one (1) year expiration date. not to
exceed the latest expiration date of any parent solution. All standards m Acetoue are
made datly.

Reference Standards ate to be purchased from a supplier other than the prumary standard
supplier, All reference standards must be segregated from primary standards during
storage. Reference standards can only be nsed to venfy primary standards and may not be
used for snmples. All reference standards must be documented i the standards logbeok
tfollowing § 153 -8.15.7.

Researcl standards must be adequately labeled as such, In addition to Sec. §.15.7. all
labels for standards designated for research must also state specifically the mtended
research ta be done. along with an appropnate qualifter, such as “Tor research puposes
only.”

Expiration dates can be extended under the conditions ountlined m the CAS/Corporate
Policy for Standards and Reagenrs Expiration Dares, Septeruber 2009,
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PREVENTIVE MAINTENANCE

9.1

93

9.4

9.5

All mamtenance activities are recorded in a maintenance logbook kept for each
mstrument.

Intme punliers or scrubbers should be in place for all sources of carrier gas. The purificrs
ate selected to remiove water, oxygen. and hydiocarbons. Punfiers should be changed s
recomunended by the supplier.

Gas Chromatograph

93.1 Whenever GC maintenance is performed. care must be taken to miniwize the
introduction of air or oxygen wto rthe coluwn. Injection ports should be
wawtamed by changing the wyection port liner, seal, washer, o-ring. septun,
colun ferrule and auto sampler syringe as necessary. Liners and seals should be
changed when there 1s a problew with chrowatograpliuc performance.

9.3.2  Chppmg off a siail portion of the head of the colunw often nuproves
chromatographic perfonmance. When cutting off any portion of the colunu. mike
sure the cul is straight and without fragmentation by using the proper colunm
cutiwg rool.

62

“an

Over tume. as containinated samples are analyzed. the cohwnn will exlubit poorer
pertormance. When a noticeable decrease in column performance 1s evident and
other wamtenance options do not result i unprovement. the cohwumn should be
replaced. This 1s especially true when poor column performance ocenrs in
coujunction with contmuing calibration failures (Section 12.4)

Mass Spectrometer
9.4.1  Tune the MS as veeded to result in consisteut and acceptable periormance.

9.4.2  The source shonld be cleaned, as needed, depending on the performance of the
mstiiunent.

Preventive maintenance is performed annually by the service engineer for mstmuments
under a service contract.

RESPONSIBILITIES

10.1

It is the responsibility of the analyst lo perforn the analvsis accordiug 1o this SOP and 10
complete all documentation requued for data review. Analysis and mterpretation of the
results are performed by personnel m the laboratory who have demonstrated the ability to
generate acceptable resulis utilizing thus SOP. Tlis demonsiration s 121 accordance with
the trapung prograwt of the laboratory. Final review and ~igu-off of the data I~ perfornied
by the departnent supervisor/manager or designee,
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[ PROCEDURE FOR SAMPLE PREPARATION, EXTRACTION, CONCENTRATION
AND CLEANUP

11.1  Sample Preparation

B

11.t.2

Sample preparation mvolves modifying the physical form of the sample so that
the PC'Bs can be extracted efficiently, In general. the samples must be m a liqud
form or i the form of finely divided solids m order for efficient extractions to
take place. Table 9 lists the phases and suggested quantities for extraction of
various saiuple matrices.

For samples known or expected to contam high levels of PCBs. the smallest
sample size representative of the entire sample should be used. For all samples.
the blank. Internal Precision and Recovery (IPR). and Ongoing Precisiou and
Recovery (OPR. or LCS. Laboratory Control Sample) aliquots must be processed
through the same steps as the sawnple to check for contanunation and losses 1 the
preparalion process.

Aqueous Sample Preparation — Preparation of aqueous sawples contaming o
percent suspended solids or lesa.

L1201 Aqueous samples contaimng one percent suspeuded solids or less are
prepared using the procedute below and extracted using the extroction
techniques i Section [1.2.1. This procedure is applicable for samples
and QC ahquots.

[1.1.2.2 Transter the sample to the '*» gal. extraction vessel. Mork the onginal
level of the sample on the smnple couramer for reterence

11.1.2.3 For each batch of up to 20 sampies to be extracted in the same shift
place three 11 aliquots of reagent water mto clean ' . val. extaction
vessels. One of these will serve as the Method Blank. and the vther two
will serve as the Laboratory Coutrol Sample Duplicare Labotatory
Control Sampie (LCS/DLCS).

11.1.2.4 If filtration of aqueous samples is required, connect a porcelain Buchuer
funmel to the '» gal extraction vessel and affix an appropnate glass fibe:
filter to the funnel. Allow sample to pass through filter under a gravity
flow. If the suspended solids content is toe great to filter through the
filter. centnifuge the sample, decant. and then filter the aqueous pliase.
Extract the filter following Section i1.2.4.1-5 (hexane/dichloromethane
obtains higher recoveries than toluene) aud combine with the aqueons
extraction extract prior to cleau up.

i1.1.3 Solid Sample Preparatiou — Preparation of samples containg grearer than one

percent solids

Page 17 of 84



11.1.4

11.1.341

LL:-1.3.3

It.1.3.4

SOP Code: HMS-1668A
Revision: 4
Version Date: 051310

Solid samples contauung oue percent suspended solids or more are
prepared using the procedure below and extracred nsing the extraction
techniques w1 Sections 11.2.2 or 11.2.3. This procedure 1s applicable fo
samples aud QC aliquots.

Weigh a well-unxed nliquot of each sample sufficient to provide 5g ol
dry solids mnto a clean thumble.

For each barch ot up to 20 samples to be extracted m the same shift.
weigh thuee 5Sg aliquots of the reagent grade quartz sand (or sodium
sulfate. 1f no sand 1s available) into ¢lean thnnbles. One of these will
serve as the Method Blank. and the other two will serve as the
Laboratory Confrol Sampte/Duplicate Laboratory Control Sumple
(LCS/DLCS).

Total Solids Detenuination. Record the weight of an empty. labeled
scintillation vial on the bench sheet. Add 5-10g (wet weight) of the solid
sample to the semtillation vial and record the new. combmed weight.
Place the vial in an oven at 110+5"C for a mununum of 24 hours.
Finally, record the diy weight of the combination on the bench sheet
Calculate the percent solids using the following formula:

. W,
Sosolids = —=100
1

)

Where: w, = combined weight after drymng, i g. minus the empty vial
weight.
wy = combined weight before drymg, in 2. nunus the empty vial
weight.

Fish and Other Tissues — Most tissue saiuples are recerved previously

homogenized. If a sample 1s recerved that 1s uol. however. the portion of the
sample 1o be nsed for PCB deternunation must be estabhished and the following
procedwe used for homogenization,

11.1.4.1

11.1.4.2

11.1.4.3

Tissue samples are prepared using the procedure below and extracted
using the extraction techuiques m Section 1 1.2.4. Ths procedure 1s
applicable for samples and QC aliquots.

A minunum of 20g of tissue must be homogemzed to ensure there is
epoueh sample for PCB and lipid deternunation (with enough left over
in case re-extraction i1s necessary). Additionally. the weight should be
wereased for samples requirig additional analyses.

Howmogenize the sample according to the procedures i the SOP for
Tissue Preparation. WET-TISP. Transfer to a new. labeled sample
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contamer with a Tetlon-hned cap. Store at -207 to -10°C and 1n the dark
wntil analysis.

L1144 Wergh approxumately Sg (10g 1f hpids analysis 15 required) of the
llomogenized tissue wto a clean thunble,

I1.1.1.5 Foreach bateh of up to 20 samples to be extracted m the same sluli.
weigh thiee 5g aliquots of contaminant free tissue or cori o1l into clean
thimbles. One of these will serve as the Method Blank. and the other rwo
will serve as the Laboratory Control Sample/Duplicate Laboratory
Control Sample (LCS/DLCS).

To ensure the material used for QC' samples 15 fiee of target compounds.
bhomeowewze and extract the material followmg the steps m Sections

L L4 I-11.1.4.3 and 11.2.4. Analyze the extracts ou the HRGC/HRMIS
maclunes to verify no PCBs are present. Once deternuned. the blank
matertal can be used for QC samples. If contamination is present,
however. the entue lot of material wust be properly disposed of and
another lot obtained.

Extraction and Concentration

NOTE: The standard solution concentrations discussed befow represent the anonnt
added to samples where the defanlt final volinne 1s to be 100pL. If the final volume of the
extract 1s to be 20pL (1o aciueve better data quahty objectives), all spiking selution
concentrations must be reduced by a factor of five (3),

11.2.1 Extraction of Aqueous Samples - Aqueous samples are to be extracted usmg a
modified separatory fannel procedure. The main ditference 1s that the vessel 1 4
glass jar with a Tetlon-lined cap that is disposable. Tlus greatly reduces cios.-
contamination.

11.2.1.1 Spike 1.0mL ol the Eabeled standard spikig solntion at 10-20ng ml.
(Table 3) mto each sample and each QC aliquot. Record this addition ou
the bench sheel.

1.2

b
[

Spike 1.0ml. of the Matrix standard spiking sohution at Sng/mlL (Table
3) into the LCS/DLCS aliquots. Record this addition on the bench sheet.
These will serve as both the precision and accuracy for the batch.

11.2.1.3 Add 100mL dichloromethane to the spiked sample 1 the * - gal.
extraction vessel. Vent the vapors under a fume hood by shakmg for a
few seconds then unsealing the cap. Repeat tius process until pressure
ue longer builds m the vessel. Extract the sample by shaking the jar
wanually or on an automwatic shaker for 3 minutes. Allow the layers to
separate for a nunnuwm of 10 minutes and pipet the dichloromethane
layer (bottom) into an appropriately labeled 250mL jar. If an emnulsion
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layer forms, ewploy mechanical tecliniques (ulirasoaic bath.
centrifuganon) to complete the phase separation.

11.2.1.4 Extract the samiple with an additional 50mL aliquot of dichlorowethane.
Following extraction. remove any excess water from the
dichloromerthane portion by swirling the sample extract and renoving
the water that collects on top.

11.2.1.5 Concentrate the extract using a rolary evaporator (with heating bath ar
45-50°C) or nitrogen evaporator to a volume of approximately 15mlL. A
teluene keeper way be added at the option of the analyst. Coucentration
teclunques must be precise and the analyst must not to lef the solvent
level get too low or else risk the loss of the lighter CB compouuds.

1121

-3
fo st

Sample Volume Determination. Followiug extraction. using tap water,
refill the sample container to the hne marked m Section 11.1.2.2.
Measure the volume of this water using a calibrated graduated cvlnder
aud recotd on the extraction bench slieet.

Soxhlet Extraction of Solid Sampley - Solid sawmples are to be exiracted uswu

etther a soxhlet extraction apparanus or an Accelerated Solvemt I'xtractor (AS])
Chousing which apparatns to nse is at the discretion of the analy=t: however, the
ASE should only be used for low percent solids saniples.

11.2.2.1 Spike 1.0mL of the Labeled standard spiking solution at 10-20ng mL
(Table 3 1ato ecach sample and each QC ahiquol. Record this addifion on
the bench <heet.

i1.2.2.2 Spike 1.0mL of the Matrix standard spiking solution at 3ng/ml (Tuble
3) mto the LCS/DLCS alignots. Record this addihou on the bench sheet.
These will serve as both the precision and accuracy for the barch.

11.2.2.3 Add 10-20g anhydrous sodinm sulfate to each thimble coutaming the
sample and mix thoroughly to evenly disiizbute the sodiumn sulfate. If the
mixtire 18 not free-flowing, continue to nux m sodinm sultate until a
free-flowmg consistency can be obtained.

11.2.2.4 Traosfer thimble to soxhlet exiractor fitted with a 500l bealing flask
confaining 240mL Toluene and boiling chips. Alternatively. the nucro-
soxhlet apparatus utilizes a smaller set up, thus requuing only 125mL
Toluene and boiling clups to be added to a 250mL bouing Hask.

|1.2.2.5 Place the soxhlet apparatus onto a boiling mantle condenser

combmation and reflux ovenught (16-24 hours). Solvent st gycle 3
times per hour nunnnnm (controlfler set at “6™ or “60%:7).
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evaporator (with heating bath at 45-50°C). nitrogen evaporator. or by air
drying under the fiune hood Io a volume of approxumately [5mi.. No
keeper solvent is to be added. Concentration techniques must be precise
aud the analvst should be sure nof to let the solvent level get too low or
else 1isk the loss of the highter CB compounds.

ASE Extraction of Sohd Samples — Salid sawples are 1 be extracted usmz either

a soxhlet extraction apparatus o1 an Accelerated Solvent Lxtractor { ASE).
Choosing which apparatus to use is at the discretion of the analyst: however. the
ASE should only be used for low percent solids sawples.

CAS/Houston uses a Dionex ASE200 Extractor Other EPA approved extractors
may be used wstead.

11.2.3:1

F1:2.3.2

I):3:3:3

11236

Label stanless steel ASE cells accordingly. Add a it to ench cell and
cover with a small amount of sodiinm sulfate.

Rather than adding sample/spiking solution 1o a clean thumble, mstead
add sample to a clean beaker o record weight. Add 10-20g sodium
sullate. spike 1.0mL of the Labeled standard spiking solution at 10-
20ng/mL (Table 3), and nux thoronghly to evenly distribute 1he sodinm
sulfate. Record the standard addition on the benel sheer. If the myxnhue
ts not firee-tlowimg. continue to nux ut soduny sultate until 4 free-
flowing cousistency can be obtained. Trausfer saple to ASE cell Top
with sodium sulfate,

Label 60ml. collection vials and position both the cell and 60mlL
collection vial in corresponding locations on the rays. Double chieck
ensure all cell positions matceh then respective vial positions.

Check Toluene reservorr and fill if low. Check Nittogen level If low.
replace tank. Use safety precautions when handling the gas tanks.

To start the ASE: Press “Meuu.” “Load Method.” “Number 1.” and
“Start” on the screen. All methods and schedules are pre-programmed
based on Dionex reconunendations for the sclvents used. and can be
found in the appropriate maintenance logbook.

Coucentrate the extract using a rotary evaporator (with heating bath at
43-50°C) or nitrogen evaporator {o a voluume of approximately 15mlL.
No keeper solvent 1s to be added. ¢ oncentration techniques must be
precise and the analyst should be sure not to let the solvent level get too
low or else nsk the loss of the lightey PCB compotinds.

Soxhlet Extraction of Tissue Samples - Tissue samples are to be extracted using a

soxhlet extraction apparatus.

Page 21 ol 84



11.2.4.1

-
3=
L]

PE2

2446

SOP Code; HMS-1668A
Revision: 4
Verston Date: 08/13 10

Spike [.0ml of the Labeled standard spikmg solution at [0-20ng/ml
(Table 3) mto each sample and each QC aliquot. Record this addition on
the bench sheet. If lipid determination 1s to be performed on a sample.
spike 2.0mL of the Labeled standard spiking solution. stead.

Spike |.Oml of the Mamx standard spiking solution at 3ng ml. (Table
3) wto the LCS/DLCS aliquots. Record tlus addition on the bench sheet
These will serve as both the precision and accuracy for the baich.

Add 20-30g anhydrous sodium sulfate to each thunble containing the
sample aud mix thoroughly to evenly distribute the sodiuw sulfate. {1 the
nnxture 1s not free-flowing. contmue to nux m sodiun sulfate until a
tree-flowing consistency can be obtamed.

Transter thumble to soxlhilet extractor fitted with a 500mL boiling flask
containing boiling clups and 300wl of a 1:1 wuxture of
hexane/dichloromethane. Altematively. the micro-soxhlet apparatus
utilizes a smaller set up. thus requinng only 150mL of the 1:] mixne to
be added to a 2530mL boilg flask.

Place the soxhlet apparatus outo a boiling mantle condeunser
combmation and reflux overmight (16-24 hours). Solvent must eyele 3
tunes per hour nununnm {controlter set at 4" or “40,"').

Cool the extraction apparatus. If hipid determination i 1o be petformed.
follow these steps, else. move on to Section [1.2.4.7. Weigh one 230wl
jar and record on the bench sheet. Spht the extiact mito hwo 250mL jars
(with the extract for lipids deternunation added to the pre-weighed jar).
Be sure to split the extract- evenly so as to ensure one half of the final
extract is in each contaimer. Dry the extact in the pre-weighed jar fo
cowmplete dryness and record the weight on the beneh sheet. Caleulate
the percent hipids using the following equation:

o lipid =214 100

W,

Where: w, = weight of residue. in g. measured as the difference w the
jar prior to adding the sample and followmg concentration.
w, = weight of tissue, m g.

The uu-weighed jar and extract 1s to be used for target compound

determunation and is to be concentiated tollowing the procedure m
Section 11.2.4.7 below.
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11.2.4.7 Conceuntrate the extract usme a rotary evaporator (with heatine batl a

45-50°C) or nitrogen evaporator to a volume of approximately 15ml.. A
toluene Keeper way be added at the option of the analyst. Concentration
techniques st be precise and the analyst should be sure not to let the
solveut level get too low or else risk the loss of the lighter PCB
compounds.

113 Extract Clean Up - For some aqueouns samples and all tissue and sohd samples. back
extraction with sulfuric acid is necessary to remove the presence of wterferences. The
presence of color in an aqueous sample determines if back extraction is necessary. If it is
not. proceed civectly to the silica gel clean up procedure i Section 11.3.4. Optional clean
np procedures described 1 Sections 11.3.2-11.3.3 may be employed. Spike all samples,
meluding QC samples. with 100uL of the labeled clean np standard spiking solution at
Ong/mL (Table 3) prior to performing any extract clean up procedures.

[1.3.1 Sulfuric Acid Clean Up

[1.3.1.1 After concentiation. solvent exchange the extract by adding 60mlL.
liexane to the sawple jar. Partition the extract agamst 10mL snlfuric
acid. Shake for 20 seconds nunumun with periodic venting info a hood,
Remove and discard the acid (boftowm) laver.

11.3.1.2 Repeat the acid washmngs until no color is visible w the bexane laver. up
to a wmaximau of four washings.

11.3.1.3 Partition the extract agawst 10mL sodinn chlonde solunon and shake m
the same way as wath the acid. Remove and discard the aqueous
(bottom) layer.

11.3.1.4 Proceed with the silica gel clean up procedure.

11.3.2 Optional Soduus Hyvdroxide Clean Up

11.3.2.1 Prior to performung the silica gel clean up step. an optional base clean up
may be perfonned to remove additional interferences based on the
effectiveness of the sulfunc acid clean up or knowu sample ainx
inferterences.

[1.3.2.2 Perform aunother solvent exchange <tep by adding 60l hexane to the
10niL of solvent. Parhtion the extract against 101l of a sodium
hydroxide solutiou. Shake for 30 seconds immmuun with penodic
venting iuto a hood. Remove and discard the base (bottow) laver.

11.3.2.2 Repeat the base washings until no color 1s visible 1 the hexane layer. np
to a waxunuin of forr washings.
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Partition the extract against 10mL sodnun chlonde solution and shake in
the same way as with the base. Remove and discard the aqueons
(botrom) layer.

Proceed with the sihica gel clean up procedure

11.3.2 Opuocual Flonsil Clean Up

11331

1133,

3

11.3.3.4

Prior to perfonning the stlica gel clean up step. wn optionus Florisml clean
up niay be pertormed (o elinunate polar and nou-polar interfereuces
based on the effectiveness of the sulfuric actd cleair up or known sample
watix mnterferences,

Perforw another solveur exchange step by adding 60mL hexane to the
10mL of solvent. Add approxumately 0.5¢ activated Florisi] to the
exlract.

Voutex the sawmple for 3 nuuutes. Let sit ovenught,

Proceed with the silica gel clean up procedure.

11.2.4 Silica Gel Clean Up

11.3.4.1

11.344

"

L34

Pack the tapered glass column as follows: Insert a glass wool plug mto
the bottow of the colunui. Place 2g activated nentral silica gel o the
column. Add 6g activated socdium hydroxide wnfused silica gel. 9¢
activated sulfuric acid mfused silica gel, and 3g anhydrous sodiun
sulfate. Tap the colunn gently after each addition to settle the silica gel.
Elute with 30mL bexane. Check the column for channeling If
channeling 1s observed. discard the column. Do not tap a wetted colun.

Place the stlica gel coluuun w the claup ou the clean up apparanis Place
a clean. appropnately labeled 250ml. jar undemeath the colnn to cutch
the eluate. The colwmnn 1s now ready to load the sample extract.

Transfer the 10mL extract to the silica gel coluuw and allow the selvent
to elute until the extract level is at the 1op ol the sodw sulfate.

Rinse the 250mL jar containmg the exiract with 30ml bexane and lead
the vinsate onto the silica gel column. Allow the hexane to elute until the
solvent level 1s at the rop of the soduum sulfate.

Slowly add 30mL Lexane to the sifica zel column. allowing rhe hiexane
1o pass through the cohuwun usmg a graviry feed. Adc additienal 30mlL
portions to eacl column, as space permits. The total volume of hexane
eluant should be maximized to obtawu the PCBs most efficiently, yel uot
overfiow the 250mL jar
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11.3.5 Final Extract Concentration

11.3.5.1 Concentrate thie extract using a rotary evaporator (with heating bath at
45-50°C) or wtrogen evaporator {0 a volume of approxumately 15ml..
Transfer the extract to a clean. appropriately labeled scintillation vial
Concentrate the extract further to a volume of approximately 1.5mlL.

11.3.5.2 Trapsfer the extract quantitatively from the scintillation vial to the auto
satapler vial while slowly evaporating the extract ntilizing rhe mitivoen
evaporator. Once the entire extract has been hransferred to the auto
sawpler vial, conceutrate the extract to approximately 100uL (or 20pL if
requested).

i3
£
:.J‘l
d

The sample extract is ready to be spiked with 2l of the wterual
mjection standard at S5000ug -mL (Table 3).

12. PROCEDURE FOR HRGC/HRMS ANALYSIS AND CALIBRATION
12.1  Chromatographic/Mass Spectrometric Conditions and Data Acquisition Parameters

12.1.1 Gas Cluowatoeraph

Coluun coating: SPB-Octyl

Filui thickness: 0.25um

Column dimension: 30m x 0250w (LD
Injector temperature: 270°C

Sphitless valve rime: | min

Interface temperatwe; 295°C
Temperature program:

STAGE INITIAL  INITIAL HOLD TEMPERATURE FINAL TEMP FINAL HOLD TIME. I
TEMPRE TIME, MIN RAMP, °C/MIN e MIN

1 75 3.1 15 150 0
2 2.5 290 0

The GC conditions may be optimized for compound separation and seusitivity
Ounce optimized. the same GC conditions must be used for the analysis of all
standards. blanks, IPR. and OPR standards, and samples.

12.1.2 Mass Speclromeler

12.1.2.1 The mass spectrometer st be operated m a selected 10n monitorimg
(SIM) mode with a total eycle time (iucludmg the voltage reset time) ot
one second or less. It 1s umportant to maintain the same set of 1ons for
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both calibration and sample extract analyses. All ions iy Table 7 must be
monitored.

The recommended mass spectrometer tuning conditions are based on the
groups of menitored tous. By using a PFK molecular leak. tune the
istrument to meet the minimum required resolving power of 10.000
(10% valley) at nvz 330.9792 (PFK) or any other reference signal
between 300 and 3530. By using peak matching couditions and the PFK
reference peak. verify that the deviation between each momitored exact
/7 and the theoretical ny/z must be less than Sppm. Each lock miass
niust be monitored and must not vary by more than :£20% tluoughout tts
respective retention fime window, Variations of more than 20% mdicate
the presence of co-eluting interferences that raise the source pressure
and may siguificantly reduce the sensitivity of the mass spectrometer.

Obtaw a selected 10u current profile (SICP) at the rwo exact mz's
specified m Table 7 and at  10.000 resolving power at each LOC for the
native congeners and congener groups und for the labeled congeners,
Because uf the extensive mass range covered in each Function. 11 may
not be possible to mamtain 10,000 resolution throughont the mass range
dunng the function, Therefore, resolution must be ~8.000 throughout the
mass rainge and must be - 10.000 m the center of the mass range for ench
fimernon

12.1.3 Ion Abundance Ratios. Minunum Levels. and Sienal-to-Noise Ratios — Inject a

LpL ahquot of the CS-1 cilibration solution {Table 3) using the GC conditions in
Section 12.1.1

2 e

I

()

Measure the SICP areas for eacli congener or congener group. and
cowipute the 10n abundance ratios at the exact nuvz’s specified m Table 7.
Compare the computed ratio 1o the theoretical ratio given in Table &

All PCBs and labeled compounds wm the CS-1 standard mnst be witlun
the QC linuts in Table 8 for their respective 1on abundance ratios.
otherwise. the mass spectrometer must be adjusted and (lus test repeated
until the uy'z ratios fall within the lnnits specified. If the adjusient
alters the resolutions of the mass spectrometer, 1esolution must be
veritied (Section 12.1.2.2) prior to repeat of the rest.

Verity that the HRGC/HRMS instrument meets the estimated muinimum
levels (EMLs) i Table 2). The peaks representing the PCBs aud labeled
compounds in the C8-1 calibration standard must have signal-to-noise
(S/N) ratios >10:; otherwise, the mass spectromneter must be adjusted and
this test repeated until the mminmum levels in Table 2 are et
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NOTE: The secondary 1on of DiCB 1s mterfered by PFK and requires a
resoltion of 22.000 to resolve sufficiently. S/N for these compownds m
the CS-1 may fall below 10:1.

NOTE: CAS/Houston uses Method Reporting Limit (MRL) el of
EML when referencing the minmnun levels in Table 2.

Initial Calibration by Isotope Dilution - Initial calibration is required befove anv
sanipics cau be analvzed tor PCB coungeners. Initial cahbration is alse required 1f any
roufine calibration does not neet the required acceptance criteria. [sotope dilution i used
for calibration of the Toxies LOC PCBs. The reference compound for each native
compound 1s its labeled analog. as histed in Table 2. A tive point calibration
encompasswg the concentration range 1s prepared for each narive congener.

12.2.1 For the Toxies' LOC PCBs deternuned by isotope dilution. the relative respons
factors versus concentration w the calibration solutions 1~ comapuied over the
calibration range according to the procedures described below

12.2.2 The response of each Toxics' LOC PCBs relative to uts labeled analog s
deternuned nsmg the area respouses of both the prupary and secoudary exuct
my'z's specified in Table 7, for each calibration standard. as tollows:

(A +4%0,
’ (!.1 % ‘_sz < Qu

Where:

AL and A7 =sum of the integrated ion abundances of the quantitanion wns o
unlabeled PCBs.

A, and 4. = swm of the integrated 10n abundances of the quannitation ions tor

the labeled standayd PCBs.
= quantity of the labeled standard mjected (pe})

= quantity of the unlabeled PCB analyte injected (pa).

The R} values are dimensionless quantities: the umts used to express O, and Q,

st be the same.

12.2.3 To calibrate the analytical systew by isotope dilution. mject cahibranon standaids
CS-1 through €S-8, Use a volume idenrical to the volnne chosein in Section
[2.1.3 and the counditions mn Section 12.1.1. Compute and store the relative
response factors for each Native Toxics/LOC PCB at each couceunlation.
Cowmpute the average {mean) RRF. as follows:
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2 M
RF, =

Where:
1= The unlabeled PCB congener.
J = The mjection number (or calibration solution number: 7 = | 10 5).

12.2.4 Lineanty — Calculate the RSD of the § RRFs. If the RRF for any Natwve
Toxies/LOC PCB 1s constant (less than 20% RSD), the average RRF may be used
for that congener: othenwise. the complete calibration curve for that congener
must be used over the calibration range.

12.3  Initial Calibration by Internal Standard - [uternal standasd calibration 1s applied to
deternunation of the nattve PCBs for which a labeled compound 15 not available. 1o
determunation of the Labeled Toxies/LOC window-definiug congeners. and labeled clean
up congeners for performance tests and mtra-laboratory statistics, and to determination of
the Labeled injection wternal standards. The reference compound for each compound is
histed 1 Table 2. For the native congeners (other than the native Toxics/L.OC PCBs),
calibration is performed at a single point using the Diluted combined 209 congener
solution, For the labeled compounds, calibration 1s performed using data from the five
poits 1 the cahibration for the Nanve Toxies LOC PCBs (Section 12.2)

12.3.1 Response Factors - Internal standard calibration requires the determination of
response factors (RF) defined by the followmg equation:

= ———ﬁ-_l‘f': L : , X Qb M = ..._..{ A;" T '44': } s Q}.‘!
T+ AD)x0, YA %O,
Whiere:
4! and 4 = sum of the integrated ion abundances of the quantitation wons for

unlabeled PCBs.
and .Jé = sum of the wutegrated 1on abundances of the quantitation ions for

the labeled standard PCBs.

e -

A and 4 = sum of the integrated ion abundances of the quantitation ions the
mternal injection standards.

quantity of the labeled standard injected (pg).

iR

= quantity ot the internal mjection standard injected (pg).

3

. = quautity of the unlabeled PCB analyte injected (pe)

{

The RF, and RF values are dimensiouless quantities: the wnts used to expiess
0O, . O, and O, must be the sawe.
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To sigle-concentration calibrate the system for native PCBs other than the
Native Toxies/LOC PCBs by internal standard, inject the Diluted cotubimed 209
cougener solution. Use a volume 1dentical to the volume chosen w1 12 1.3 and the
conditions m Section 12.1 |

12.3.53 Compute and store the relative response factor (RF} for all native PCBs except
tbe Native Toxaes/LOC PCBs. Use the average (mean) respouse of (he labeled
compounds at each level of chlorination (1.OC) as the quantitaton reference. 1o a
waxmmun of 4 labeled congeners. as shown in Table 2. For the combiations of
isonieric congeners that co-elute. compute a combined RF for the co-eluted group.
For example, for cougener 122. the areas at the exact uy'z's for 104L. 114L. [ I8L
and 1231 are sununed and the total area is divided by 4 (because there are 4
congeners m the quantitation reference).

NOTE: All labeled congeners at each LOC are used as reference to reduce the
effect of an terference if a single congener 1s used as reference. Othel
quantitation references and procedures may be used provided that the results
produced are as accurate as results produced by the quantitation references and
procedures descnbed above.

12.3.4 Compute and store the relative response factor (RF) for the labeled compounds.
except 138L. For the Labeled Toxies/LOC/window-defining compounds and the
labeled clean up standards, use the peavest eluted labeled mjection wternal
standard as the quantination reference. as given in Table 2. The Labeled myjection
utemal standards are referenced to PCB 138L. as showu in Table 2.

12.3.5 If the requested analysis comprises only those PCBs contained in the Native
Toxies TOC nux. a five point calibration must be followed. Response factors
shall be calculated based on the five points for the Native Toxics/LOC. Labeled
Toxics'LOC. Labeled clean up. and Labeled wjection internal standards. It the
requiested analysis comprises PCBs other than those contained 1n the Native
Toxics/'LOC nux. a five point calibration must be followed for the Native
Toxies LOC ecompounds while a one point calibration must be followed for the
additional compownds.

12.3.6 Secondary Sowrce Verification - Iimnmediately following the analysis of the
calibration solntions. analvze another standard at the nudpomt of the calibiation.
Tlus standard nmst be obtamed from a secondary vendor, or be from a lot
indepeundent of the lot used lor the calibration solntions. Calculate the response
factors of all compounds and verify against the mnial calibration results.

12.4  Calibration Verification- Al the begimmng of each {2-hour shift dunng which analyses
are performed. GC/MS system performance and calibration are verified for all native
PCBs and labeled compounds. For these tests. analysis of the CS-3 calibration
verilication ( VER ) standard ( 1able S) and the dilured combined 209 congener solition
{Table 3) must be used to verify all performance critena. Adjustment and‘or recalibration
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st be performed until all perfornnance criteria are met. Only after all performance
critena are met may samples. blanks, IPRs, and OPRs (L.CSs) be analyzed.

t2.4.1

MS Resolution — Static resolving power checks musi be perfermed at the
begnning and end of each shift It analyses arc perfored on successive shifts.
ouly the beginning of shift check 1s required. 1t the aperating criterta cannot be
met, the problem must be correct belore analyses cau proceed. If any of the
sawmples w the previous run may be affected by poor resolution. those samples
must be reanalvzed.

[nject the VER (C'S-3) standard using the established operating conditions.

The m/z abundance ratios for all PCBs must be within the Lmuts i Table 8.
otherwise. the mass spectrometer must be adjusted untt! the m z abundance ratios
tall within the lunits spectfied when the VER i« repeated.

The GC peak represeuting each native PCB and labeled compound in the VER
standard must be present with a S/N v :[0: otherwise. the mass specrometer
must be adjusted anc the VER repeated.

Compnte the concenmation ot the Toxies. LOC PCBs by 1sotope dilution. These
concentrations are computed based on the mutial calibration data.

For each componud. compare the concentration witl the calibration verification
lmut in Table 6. It all compounds meet the acceptance critena. calibranion has
been veritied and analysis of standards and sample extracts may proceed. If.
however, any cowponnd fails its respective hut. the weasurement svstem is not
performing properly. In this event, prepare a fresh calibration standard o1 correct
the problem and repeat the resolution aud VER tests. or recahibrate. If
recalibration is necessary. recalibration for the 209 congeners must also be
performed.

Reteniion Tunes

12.4.7.1 Absolute. The absolute retention fintes of the Labeled
Toxies/LOC/window defining standard congeners w the VER wust be
within =15 seconds of the respective retention tunes m the atial
calibration.

12.4.7.2 Relative. The relative retention times of the native PCBs and labeled
compounds in the VER must be witlin their respective RRT lLumits i
Table 2.

12.4.7.3 If the absolute or relative reteution tune of any compound is not within
the Linits specified. the GC is not pertorunng properly. In this event.
adjust the GC and repeat the VER or recalibiate. or replace the GC
colunn and either verify calibration or recalibrare.
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12 4.8 GC Resolubion and Mininnun Analysis Tnue

12.4.8.1 Asa final step m the calibration verification. ject the diluted combined
209 congener solution.

12.4.8.2 The resolution and munmum analysis tinie specifications m Section
7.2.2 wust be wet for the SPB-Octyl colnmu. If these specifications are
not met. the GC analysis conditions must be adjusted until the
specifications are met, or the colwnn must be 1eplaced and the
cabibration verification test repeated. or the svstemn must be recabbiated.

12.4.8.3 After the resolution and nununum analysis tme specifications are met,
update the retention time. relative retention times. and respouse factors
for all congeners except for the response factors for the compounds rhat
are multi-point calibrated. For these compounds, the mult-pont
cahibratton data must be used.

12.5  Analysis

12.5.1 Establish the operating conditions that resulted in acceptable calibration

wd
A
t)

Add 2pL of'the labeled injection internal at 5000ug/ml (Table 3) to the 100uL
(or 20puL) sample extract immediately prior 1o injection to mnnmuze the
possibility of loss by evaporation, adsorption, or reaction.

1
'
ol

Inject IpL of the concentrated extract containing the Labeled mjection internal

standards using splitless injection. The volime injected must be identical to the

volmne used for calibration,

12.533.1 Start the GC column mitial isothermal hold upon mjection, Start MS
data collection after the solveut peak elutes.

'IJI

12.5.3.2 Monitor the exact nvz's at each LOC throughont the L.OC retention time
wincdow. Where wartanted, mouttor my/z s associates with congcners at
higher levels of chlorination to assure that fragments are not mieriering
with the nvz's for congeners at lower levels of chlorination. Alsc where
warranted, monitor wvz's assoclated with interferents expected to be
present.

12.5.3.3 Stop data collection after B3 ,2-DeCB has eluted. Retuu the coluisu o
the initial terperanre for analysis of the next extract or standard.

12.6 Identification Criteria - A PCB or labeled compound is 1dentified in a standard. blank,
or sawple when all of the citeria w this Section are met.
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The signals for the two exact mvz’s in Table 7 must be present and must maxiunze
withm the saine two scans.

The signal-to-noise ratio (S/N) for the GC peak at each exact nvz must be =2.5
for each PCB detected in a sample extract, and 210 for all PCBs in the calibration
and verification standarcs.

The ratio of the integrated areas of the two exact nvz's specified in Table 7 must
be withn the limit in Table 8.

The relative retention time of the peak for a PCB must be within the RRT QC
limits specified w Table 2 or within sinilar limits developed from calibration
data.

Because of congener overlap and the potential for interfering substances. it is
possible that all of the tdenfification critena may not be wet. It is also possible
that loss of one or wore chlornes from a Inghly chlormated congener may nflate
or produce a false concentration for a less-chlormated congener that elutes at the
sanie retention tune. If identification is ambiguous. an experienced spectromelrist
inust defermune the presence or absence of the congener.

If the critena stated above are not met. the PCB has not been i1dentified and the
result for that congener may not be reported or used tor pernutting or regulatory
cowpliance purposes. If nterferences prechide identification. a new aliquot of
sample must be extracted, further cleaned up, and analyzed.

13, QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS

13.1

L34

13.1.2

The numnmum requirements for quahity assurance consist of an witial demoustration of
laboratory capability. analysts of samples spiked with labeled cowpounds to evaluate aud
document data quality, and analysis of standards and blanks as tests of contmued
performance. Perforinance 1s compared to established performance criteria to deternune
if the results of analyses meet the performance characteristics of the procedure.

It the procedure 15 to be applied to sample matrix other than water the most appropriare
alternate reference matnx 1s substituted for the reagent water matrix 1 all performance
tests.

Eacli analyst must make an nntial demonstration of the ability 10 generate
acceptable precision and recovery with this procedure. This demonstratiou 1s
givert in Section 13.2.

In recognition of advances that are occwrning 1 analytical techuology. and to
overcome matiix interferences, the laboratory is pernutted certain options to
miprove separations or lower the costs of measurements. These options include
alternate exfraction. concentration. aud clean up procedures, and changes in
colmmns and detectors. If an analytical technique other than the techuiques
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specified m EPA Method 1668A 15 used. that techmique must hiave a specificity
equal to or greater than the specificity of the techniques m EPA Method 1668A
for the analytes of interest.

[3.1.2.1 Prior fo a modification being made to this procedure. analysts must
repeat the procedure m Section 13.2. If the detection Linuts of the
procedure will be affected by the change. the analyst 13 required to
demonstiate that the DLs are lower than one-thud the regulatorv
compliance level or one-third the EMDLs m EPA Method [668A.
whichever are greater. If calibration will be affected by the change. the
mstrument must be recalibrated per Section 12. Once it 15 demoustrated
that the meoditication produces resulis equivalent or superior to results
produced by tlus procedure as written. that modification may be used
routinely thereafter. so long as the other requirements in this procedure
are met. and this SOP 1s updated to reflect that change.

13.1.2.2 The analyst 1s required to maintain records of moditications made 1 this
procedure. This includes. at a mimmnun, results from all quality control
tests comparing the two procedures. data that will allow an mdependent
reviewer o validate each deferination by tracing the instriment outpur
to the final result, and docunentation in this procedure in the form of a
modification detatled in Section 21.

Aualyses of method blanks are requured to demonstrate freedom from
contauunation. The procedwes and critera for analysis of a method blank are
described in Sections 11 and 13.6

The analyst mnst spike all samples with labeled componds to nonitor procedual
performance. This test s described m Section 13.3. When results of these spikes
indicate arypical procedural performance for samples, the samples are diluted to
bring procedural perforimance withm acceptable linuls. Procedures for dilution are
given 1a Section 14.1.4.1,

Tle analvst must. on an ongoing basis, demoustrate through calibiation
verification and the analysis of the ongoing precision and recovery standard
{OPR; or Laboratory Control Sample, LCS) aud blauks that the analvtical svstemn
15 11 control. These procechmes are given 1n Section 13.7,

Initial Precision and Recovery (IPR) — To establish the ability 10 generate aceeptable
precision and recovery. the analysts st perform the following operations.

13.2.1

For low solids (aqueous) samples. extract. concenitate. and analvze four 11
aliquots of reagent waler spiked with 1 OmlL each of the Matrix standard spiking
solution. the Labeled standard spiking solutien. and the Labeled clean up standard
spiking solution. accordwmg to the procedures set out for [ield samwples. For an
altermative sample mairix. four aliquots of the alternative reference mafnx are
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used. All sample processing steps that are to be used for processing samples.
mcludig preparatiou, extraction, and clean up. must be meluded 1n thrs test.

13.2.2 Usmg results of the set of four analyses. compurte the average percent recovery
(X) of the extracts and the relative standard deviation (RSD) of the conceutration
tor each compound, by 1sotope dilution for PCBs with a labeled analog. and by
wternal standard for PCBs without a labeled analog and for the labeled
compoundls.

13.2.3 For each PCB and labeled compound, compare RSD aud X with the
correspondimg hunts for intial precision and recovery m Table 6. If RSD and X
for all compounds meet the acceptance criteria. system performance is acceptable
and analysis of blanks and samples may begm. If. however. any individual RSD
exceeds the precision hmit or any mdividual X falls outside the range for
recovery, system performance 1s unacceptable for that compound. Correct the
problem and repeat the test.

To assess the procedural performance on the sample matrix. the laboratory wust spike all
samples with the Labeled standard spiking solution and all sample extracts with the

Labeled clean up standard spiking solution.

13.3.1 Analyze each sample according to the procedures set forth by this SOP

,_.
ad
I-l 4

.2 Cowpute the percent recovery of the labeled congeners and the labeled clean up
congeners usmg the mtemal standard method.

,__

"l
‘ad
L]

The recovery of each labeled componnd must be within the limnts in Table 6. If
the recovery of any compound falls outside of these lmuts. procedural
performance 15 unacceptable for that compound m that sample. Addinonal clean
up procedures must then be employed to attempt to bimg the recovery withm the
norwal range. If the recovery cannot be brought within the nonmual range ater all
clean up procedures have been eniployed, water samples are diluted and smaller
amomuts of soils. sludges, sedunents. and other miatiices are analyzed.

It 1s snggested but not requured that recovery of labeled componuds from samples be
assessed and records wamntamed

13.4.1 After the aunalysis of 30 samples of a given matnx type (water. soil. sludge. pulp.
etc.) for which the labeled compounds pass the tests in Section 13.3. compute the
average percent recovery (R) and the standard deviation of the percent recovery
(Sg) for the labeled compounds only. Express the assessment as a percemt
recavery mterval fron1 R — 25g to R + 2S5z for each marrix.

13.4.2 Update the accuracy assessment for each labeled compound 1 each matrix on a
regular basis (e.g. after each five to ten new measurements).

Sample Preparation Batching Requirements
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1351 Nuwmber - The numnber of field samples in a preparation batch will not exceed
twenty (20).

13.5.2 Matrix - The matrix to be used for the quality control samples must be consistent
with the matrex of the field sawples (1.e. reagent water for aqueous matrices
quaitz sand or sodinm snifate for solid matrices. or blank tissue for tissue
marrices).

13.5.3 Reagent Lots - A single lot of each reagent used in the analysis will be used 1o
process the batch of sauples.

|3.5.4 Batch Tnue Frame - The waximmu tune between the start of processmg of the
first and last samples 1n the batch must be twenty-tour (2 1) hours.

ad
;J
e

5 Bateh QC Samples — Each preparation batch mmst contain. at a nuninum,
Method Blank (Section 13.6) to monitor laboratery froduced conramunatioy, an
LCS (Section 13.7) ro assess analysis performance (1.e. bias. ¢r accuracy). and an
additional sample to assess bateh precision. This additional <auple can be in the
torm of a DLCS (Section 13.7). an MS/DMS pan (Section 13.8). ora DUP
(Section 13.9). Batch QU samples do not count towards the maximum nmunber 1
sample allowed in a bateh (Section 13.5.1).

Method Blanks — A reference matnix Method Blank s analyzed with each ~ample bateh
to demonstrate freedom from contamination. The matnx for the MB must be stnilar 1o
the sauple matnix for the batch.

[3.6.1 Spike cuch of the Labeled standard spikung solution and €he Labeled clean up
standard spikine solutions into the MB. accordmig to the procedures set forthy
this SOP. Prepare. extract. clean up. and concentrate the MB. Analyze the blank
mnmiediately after analyses of the OPR (LCS) 1o demonstrate freedow from
contanunation and freedom from canryover.

13.6.2 Tfany PCB is found in the blank at greater than the nunuum level (MRI ) or one-
third the regulatory compliance limit. whichever is greater. or 1f anv potentially
interfering compound 1s found in the blank at the MRI. for each PCB given in
Table 2 (assumung a response factor of [ relative to the quantifation reference
Table 2 ar that level of chilorination for a potentially wterfering componnd, i.e. a
compound not Listed in this procedure), the blank must be evaluated to determine
the extent of the contamination. All sainples must be associated with an
uncontaminated MB or the data nmist be flagged on the analvtical report,

Laboratory Control Samples — A reference matrix LCS is analyzed (along with
DLCS) wrth each sample batch to dewwonstrate the bateh’s aceuracy (and precision). The
matrix for the LCS/DLCS must be sunilar to the sawmple matrx for the batch. The

LCS DLCS combination 1s 1 in lieu of an MS/DMS, unless specifically requested by
the client.
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Spike each of the Labeled standard spiking selution. Matnix standard spiking
solution, and Labeled clean up spiking solutions wto the LOS/DLCS. according
to the procedures set forth m thas SOP. Prepare. extract. clean up. and concenltrate
the LCS/DL.CS. Analyze the LCS/DLCS uumediately after analvsis of the
calibration verification and Diluted combined 209 congener solution.

For the Toxien/LOC (' Bs and labeled compounds. compare the iecovery to the
LCS Imuts given 1 Table 6. If all compounds meet the acceptance critetia.
system performance 1s acceptable and analysts of blanks and ~amples may
proceed. If. however. any individnal concentration falls utside of the ranac
givew, the extraction/conucentration processes are not being performed propurly for
that compound In this event. corvect the problew. re-prepare. extract. and clean
up tlre sample batch and repeat the LCS.

To verity perturinance for atl 209 congeners. the LUS DLCS must contan all 209
congeners over a period of 2 years. Compare the results of the 27 Native
Toxiwcs LOCs agamst the requirements in Table 6.

Matrix Spike Samples — A client may request au MS/DMS be performed on a held
sample. If requested. the MS/DMS will demonstrate the bateli’s acciracy and precision.
A DLCS 1s not requured if an MS/DMS is performed.

1381

1382

Spike each of the Labeled standard spiking solution, Matiix standard spiking
solution. and Labeled clean np spiking solutions mto the MS/DMS. according to
the procedures set forth in this SOP. Prepare. extract (being sure to propetly
homogemze the field sample such that three identical aliquots can be takeu). clean
up. and concentrate the MS/DMS. If msufficient sample size 15 received. contact
the chient for directions on how 1o proceed.

To venfy performance for all 209 congeners. the NIS/DMS must contain all 209
congeners over a period of 2 years. Compare the results of the 27 Native
Toxics'L.OCSs against the requurements in Table 6.

Field Sample Duplicates (DUP) — A client may request a DUP be performed on a field
sawple. If requested. the DUP will demonshate the bateli’s precision. A DLCS is not
required 1f a DUP 1s pertorned.

1391 Homogenize the sample and separate two identical aliquots for analysis.
Ohen. for aqueous samples requiring DUP analyses. the chient will send
a sufficient sawple amonnt to nse JL for each aliquot. Add | .0l of the
Labeled standard solution at 2-4ng'mL (Table 3). No matrix standard is
added ro either aliquot.

13.9.2  Extract and analyze according fo Section 11, Tins measurement provides
the batch '« precision (how closely the result compares with the field
sample ). The LCS acts as an accuracy fest.
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13.9.3  Evaluate the test results according to the acceptance criteria {= 50%
RPD). Sample coucentrations below five times the Method Reportmg
lunit (SxMRL) may not be significant enough to present reliable RPD
data.

13.10 Performance Evaluation Samples — Included among the samples in all batches may be

samples (blind or double blind) containing known amounis of unlabeled 2.3,7.8-
substituted PCDDs/PCDFs or other PCDD/PCDF congeners.

CAS/Houston participates m performance evaluation studies through R.T. Corp (RTC).
Solid. aqueouns. and tissue studies are performed semiannually. All studies are performed
following the guidelines of the SOP for Proficiency Testing Sample Analvsis. ADM-PTS.

14. DATA REDUCTION AND REPORTING

14.1

Calculations — A combination of OpusQuan and CAS LIMS is used to calculate
concentrations based on the mterpretation of the raw data and the preparation
information.

14.1.] Isotope Dilutien Quantitation

[4.1.1.1 By addmg a known amouut of the Labeled Toxies/LOC/window-
defming compounds to every sample prior to exmraction, correction for
recovery of the PCB can be made because the native compound and 1ts
labeled analog exlubit sipular effects upon extraction. concentration. and
gas chromatography. Relative response factors (RRFs) are used n
conjunction with the calibranon data in Section 12.2 to deternune
concentrations in the final extract, so long as labeled compound spiking
levels are constant.

14.1.1.2 Cowpute the concentrations i the extract of the Native Tox1es LOC

PCBs using the RRFs from the calibration data (Section 12.2) and
following equation:

L

(Y + 4%

Where:
C = The concentration of the PCB in the extract.
47, and A°, = The areas of the primary and secondary m/z's for the
PCB.
4% and 47, = The areas of the primary and secondary w'z's for the
labeled compound.
¢, = The conceutration of the labeled compound (Table 3).

Page 37 of 84



SOP Code: HMS-1668A
Revision: 4
Version Date: 08/13/10
RF, - Calculated wean relative response factor for the nativ
cotmpound relative to the appropriate labeled compound,

[4.1.2 Internal Standard Quantitation and Labeled Compound Recovery

14.1.2.1 Cowpute the coucentrations 1 the exiract of the native compounds other
than those 1u the Native Toxies LOC standard using 1he updated
response factors determined [rom the calibration veufication data
(Section 12.4) and of the labeled intemal standards. of the labeled clean
up standards. and of the labeled mjection wternal standards deternuned
[rom the mitial cahbration data (Section 12.3) using the following
equation:

. v 4k

e = :
b {A1J.1 '-‘f-ln J

ur
Where:
Ca = The concentration of the labeled conpound u the extract,
A';and 47, = The areas of the primary and sccondary m/z's for the
PCB.
4! and 1°,. = The areas of the primary and secondary w o~ for the
wteral standard.
(",. = The concentration of the interual standard (Table 2)

= Calculated weau relative response factor for the native

cowpound relative (o the appropriate internal standard.

14.1.2.2 Using the concentrauion i the extract determined above. compute the
percent recovery of the Labeled Toxies/LOC/wimdow-definng PCBs
and the Labeled clean up standard PCBs using the following equation.

C.
s
Recoveri(®e) = ——x 100
spiad

l4.1.3 The couceutration of a native PCB in the sample is computed using the
concentration of the compound 1o the extract and the weighvvolume of the
sample, as follows:

[('ﬂ_ =V, J

Wy,

Concentration =

Wherve:
C\,. = The concentration of the compound i the extract.
Ve = The extract final volume. 1n mL.
wv, = The sample dry weight (m kg) or volumie (in L)
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NOTE: The concentration of the cowpound i the sample shall be expressed as
ng kg for solid samples and pg/L. for aqueous samples

It the SICP area at either quantitation uyz for any congener exceeds the
calibration range of the system. dilute the sample extract by the factor necessary
to bring the coucentration within the calibration range. adjust the concentranhon of
the Labeled injection srandard to 100pe/pL i the extvact, and analyze an aliquot
of this diluted extract. It the PCBs caimot be measured reliably by isotope
dilution. analyze a simaller portion of the aqueous or solid sample. All compounds
exceeding the upper calibration limit are flagged with an E flag. Alternative
options are to reduce the sample size or split a portion of the extract prior to clean

up

14.1.4.1 To prepare a dilution. use the original analysis data to quantify the
labeled standard recoveries. These original labeled standard recoveries
will be appiied to the dilution, so that the only variable w the dilution 1s
the actual concentrations of PCBs. Dilute the original extract {note that
no additional cleau up 1s necessary) with the dilution factor tnnes the
usual quannty of internal standards. Reanalyze the diluted sample using
the labeled standard recovenes calculated from the initial analysis to
correct the diluted results for losses during the original extraction and
clean up. Calculate the results as i Section 14.1, multiplying the final
PCB concentrations by the dilution facror.

The total concentration for each homologous seties of PCBs 1s calculated by
sumnung up the concentrations of all positively identified compounds of each
homiologous series. Also. if requested. total PCBs may be reported by suuumnng
all congeners identified at all levels of chlorination.

Sample Specific Estimated Detection Lunit - The sample specific estimated
detection linut (EDL) is the concentration of a given analyte required to produce a
signal with a peak height of at least 2.5 tunes the background noise level. An EDL
i1s calculated for each PCB congener that is not identified. Two methods of
caleulation can be used. as follows, depending on the type of response produced
during the analysis of a particular sample.

14.1.6.1 For samples piving a response for both quantitation ions that are less
thau 2.5 tines the background noise level. use the expression for EDL
below. The backaround level 1s deternuned by measunng the range of
the noise (peak to peak) for the two quantitation 1ons of a parncular
PCB compound witlun an homologous series. in the window of the
SICP trace correspouding to the elution of the labeled standard (if the
cougener possesses a labeled standard) or i the window of the SICP
where the congeuer is expected fo elute by comparison with the roufine
calibration data (for those congeners that do not have a C13-labeled
standard). multiplying that noise height by 2.5, and relating the product

Page 39 of 84



14162

SOP Code: HMS-1668A
Revision: 4
Version Date: 08/13/10
to an estunated concentration that would produce 1hat peak height. Use
the formula:

where:

EDL = Estunated detection It for homologous PCBs.

H.= Sum of the height of the noise level for ench quantitation 1ou for
the unlabeled PCBs.

O = Quantity. m pg. of the labeled standard.

Hp - Sum of the height of the signal level for each quantitation ion for
the labeled standavd.

RF, = Calculated wean relative response factor for the componud.

For compounds characterized by the respouse of a signal having the
saie retention tinle as a PCB. having a S/N in excess of 2.5, and does
not meet any of the other qualitative idennitication criteria. caleulate 1he
"Estumated Maxnuwn Possible Concentration" (EAPC). with thie
exception that the variable 4 represents the siun of the area under the
smaller peak and of the other peak area calculated ustng the theoretical
chlonne 1sotope ratio.

:I:Zfl. Al —_-.-il.xl" (i- )
A

.’1: = —"‘ (fr < j;)
Fn'

Where:

Ay = Area of the first 101 used for quantitation.

A>= Area of the second 10n used for gquantitation.

f. = Calculated ion abundance vatio for the compouud.
i, = Theoretical iou abundance ratio for the componnd.

If i, = i, then use A, and adjust the value for 4, [f i = i, then nse 4; aud
adjust the value for 4. Use the second and third equations for this
adjustment.

14.1.7 The relative percent difference (RPD) of any duplicate sample resulls ave
calculated as follows:
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Where:
54,5, = Sample and duplicate samiple results.

[4.1.8 The 2.3.7.8-TCDD toxicity equivalents (TEQ/TEF) of PCBs present in the sample
are calculated, 1t requested by the data user. accordiug to the method
reconunended by the Chlorinated Dioxins Workgroup (CDWG) of 1he EPA aud
the Center for Disease Control (CDC). This method assigns a 2.3,7.8-TCDD
toxicity equivalency factor (TEF) to each of the coplanar PCBs. The 2.3.7.8-
TCDD equyvalent of the PCBs preseut in the sample 15 caleulated by sunmuing the
TEF times their concentration for each of the compounds or groups of
conpounds. The above procedure for calculating the 2.3.7. 8-TCDD toxicity
equivalents is not claimed by the COWG to be based on a thoronghly establishec
scientific foundation. The procedure. rather, represents a "consensus
recouunendation on science policy.” Since the procedure may be changed i the
furure. reporting requurements for PCB data would still include the reporting of
the analyte concentrations of the PCB congeners

Data review

14.2.1 It is the analyst’s responsibility to review analytical data to ensure that all quality
control requurements have been met.

14.2.2 Refer to the SOP tor HRMS Data Reviev and Reporting. HMS-DATARET ", for
general 1nstructions for data review.

Results are reported based on the SOP for Significant Fignres. ADM-SIGFIG

Results tor a PCB 1 a sample that bas been diluted are reported ar the least diluie level ar
which the area at the quantitation nv'z 1s within the calibration range. Results for a PCB
1w a dilution above the reported level do uot need to be processed and reviewed.

For a PCB Laving a labeled analog. report results at the least chlute level at which the
area at the quantitation uy/z is witlun the calibration range and the tabeled componnd
recovery ts withun the normal rauge for the method.

Pertorm maimal mregrations of peak areas when wterferences preclude conputerzed
calcidations. The analyst must use their professional judgment to determine where the
signal baseline is located and determine the shape of the peak fo be ntegrated. Using the
tools in OpnsQuan. the peak must be mranually mtegrated to represent a straight baseline
equuvalent fo the noise. Follow the SOP for Mannal Inregration of Clromatographic
Peaks. ADM-INT.

METHOD PERFORMANCE

15.1

Method performauce information cau be found m Method 1668A. Section 21.0.
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15.2  Method performance 15 monitored using a sample specific EDL calculation. as shown
above. Method reporting limits (MRLs) are as defined in the reference method
(Estimated Mingmum Levels, or EMLs. Table 2). MRLs have no correlatiou to the EDL.

15.3  Lwmuts of Detection (LOD) and Limits of Quautitation (LOQ) are generated and verified
according fo the requirements i the Departmeut of Defense Quality Systems Manual
{Reference 19.2).

POLLUTION PREVENTION AND WASTE MANAGEMENT

It is the laboratory’s practice to nuninize the amount of solvents, acids and reagent used fo
perform tlus method wherever feasible. Standards are prepared in volumes counsistent with
methodology and only the amount needed for routine laboratory use is kept on site. The threat
trom solvent and reagents used m this method can be mininuzed when recycled or disposed of
properly. All disposable glassware should be recycled as per the laboratory procedures. I'he
laboratory will comply with all Federal. State and local regulations governing waste
management. particularly the hazardous waste identification rules and land disposal restrictions
as spacified in the CAS EH&S Manual. Also. see the SOP fo1 Faste Disposal, SMO-
WASTDISP

CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA

Corrective action measures applicable to specific analysis steps are discussed in the applicable
section of thus SOP. Also. refer to the SOP for Corrective Action, ADM-CA, for correct
procedures for ideutifying and documenting such data. Procedures for applying data qualifiers
are deseribed in the SOP for HRMS Data Review aud Reporting. See Table 10 for exaniple
corvective actions and reqmred documentation.

17.1  Problewns associated with low standard recovenes are usually attributed to one of the
followma:

17.1.1 Extremely low recovenies of labeled standards (for samples wheye the clean up
standard recoveries are normal) indicate that extraction 15 mefficient. The cause
may alsa be aftnbuted to matix effect.

17.1.2 Low recoveries of both labeled standards and clean up standards indicate that
losses are taking place during the clean up process. Such losses may be dne to
inefficient final transfer or may be taking place during clean up. Contaminauts in
the sample extract may inferact with the silica gel and alter the retention times of
congeners ou the colummn.

17.1.3 If any of the standards are completely absent from the selected ion profile. the

possibility should be considered that addition of that standard to the sawple or
extract has not taken place. If this is the case. the sample must be re-extracted.
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17.1.4 Tf the clromatographic peak area for a standard is approxunately twice the
anticipated area, the possibility should be considered that two aliquors of that
standard have beeu added fo the sample or extract.

17.2  Low sensifivity (poor sigual-to-noise ratio) may be attributed to a number of causes.

1721 A leaking septuun nught result i losses of sample during injection. Another
consequence of a leaking septiun (or anyv leak wn the wlet system of the gas
chromatograph) is reduced flow of carrier gas. resulting in increased retention
tunes.

17.2.2 Accumulahion of particles of septum or ferrmle matenal in the injection port can
lead to adsorptive losses. Smular losses are encountered when the mjection port
or the mjection port Liner are contanunated by the residues of ‘dirty” samples.

17.2.3 A degraded column can cause peak distortion. and may also lead to adsorptive
losses. Excessive bleed of stationary phase from the colunu may result m bigh
background fevels and, consequently, elevated noise levels (thus decreasing the
signal-to-notse ratio). The problem 1s commonly restricted to the first few
centimeters of the column, and can be corrected by cutting oft 10 to 20cm of the
coluul,

17.2.4 High background levels can also be aftribirted to bleed from an inappropriate
septuw.

17.2.5 Re-tuning of the mass spectrometer might improve tlie sensitivity. or the problewm
way be due to a coutanunated 100 source, If. vver a period of tiwe. continual
mcreases m the electron multiplier voltage are necded to abtain adequate
sensitivity. then the photo multiplier may have to be replaced.

17.3  Contanunatiou problems, if they arise. should be investigaled systematically.

17.3.1 Contamunated chemicals should be discarded. If one or more additional contaiers
of the sawe fot nuwber are present in the laboratory. the additional quantity of
chemical should be evaluated for contanunation prior to use

17.3.2 Contauunated glassware should be discarded.

17.3.3 Eacli step of the preparation and aualytical procedure must be isolated to
deternune the particular step. reagent. chenucal. or piece of equipment that may
be contributing the contamination, Once 1t has been 1solated. corrective action
measures must be put in place to remove the contanunation and prevent its

reoecunence,

17.4  Problems that require corrective action are to be documented by the analyst.
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CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE
DATA

See Sechion 17.
REFERENCES

19.1 “Method 1668 Revision A: Chlorinated Biphenyl Congeners in Water. Soil, Sediment.
Biosolids and Tissue by HRGC/HRMS." USEPA. 821-R-00-02, December 1999.

19.2  DoD Qualin: Svstemns Mamuad Final Version 4.1

19.3 2003 NELAC Quality Systems Standard

TRAINING PLAN

20.1 Refer to the SOP for Documneniation of Traiming, ADM-TRANDOC. The SOP describes
the traming outline and necessary documentation (Figure 6).

20.2  Review the SOP and published method. Also review safety procedures. any instruunent
related manuals. and all related SOPs.

20.3  Following these reviews observe the procedure as performed by an experienced analyst at
a muinin of three times.

20.4  Once the analyst and tramer are comfortable with the procedure. the analyst must
perform the SOP with supervision for an extended period of tine. During this pertod. the
analyst 1s expected to trausition from a role of assisting to performing the procedure will
minimal oversight froni an experienced analyst.

I
=
th

Independently perform the SOP and complete an Initial Demoustration of Capabilities.
This study can be based on either a blind Performance Evaluation sample or four
consecuttve LCS samples. Docnment these stdies.

METHOD MODIFICATIONS

The following moditications have been made to the pubhshed method (referenced
patenthetically). These modifications olfer equivalent perfornance at a rednced cost.

21.1  Modification of separatory funnel extractiou by replacing with 2 gal. extraction jars.
Solveut volume and toral number of rinses has been reduced from 180mL and three
ruises to 150mL aud 2 ninses (Reference 19.1 Section 12.2.2).

21.2  No TSS for aqueous samples (Ref 19.1 Sec 11.2).

21.3  Addinon of ASE extraction techuique for sohd samples (Ref 19.1 Sec 12.3).

214 Soxhlet extraction also perforned for solid samples (not SDS). Sample 1s mixed
adequately with sodiun sulfate to unprove extraction efficiency (Ref 19.1 Sec 11.3).

21,5 No particle size estunation (s performed (Ref 19.1 Sec 12.3).
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21.6 A kiln s not employed by CAS/Houston for all reusable glassware cleaning (Rel 19.1
Secd )

21.7  Silica gel activated at ~120°C . No GPC. carbou. HPLC. or anthropogenic clean ups are
performed. Column packing procedure 1s slightly different {no neutral gel between
lavers). Silica gel elution 1s greater than 25ml (Ref 19.1 Sec 13}

21.8  Sullunc acid and sodium hydroxide back extraction volunies are reduced (Ref 19,1 Sec
12.5). Sodium hydroxide back extraction and florisil clean ups are optional (Ret 19 1
Secs 12.5 and 13).

21.9  Standard procedure 1s to bring final volume of extracts to 100pL rather than 20puL (Ref
19.1 Sec 12.7.7).

21.10 All extracts are stored eold al 0-6°C wstead of frozen (Ref 19.1 Sec 8.5.2).

21.11 OpusQuan 1s [united to fowr quantitation reference compounds. Therefore. all PentaCBs
are quantitated against 104L, 114L. 118L, and 123L. The pmpose of quannitating agains
wore thau one labeled staudard is to reduce the effect of interferences Quantitating
agamst four. rather than five, compounds snll has an equivaleni effect iRel 19,1 Table 2).

INSTRUMENT SPECIFIC ADDENDUN]
None.
CHANGES FRONM PREVIOUS REVISION

33.1  Section l.l  Added EPA Method reference

23.2  Sections 3.7-8 Updated.

23.3  Section 5 Updated.

23.4  Section 6.2.1 Updated.

23,5 Section 7.3 New and all foliowmng sections renumnbered.
23.6 Section 8.8  New and all following sections reuumbered.
23.7 Section 89  Updated for muffle furnace procedure.

23.8  Section [1.1.2 Updarted.

239 Section 11.1.4.5 Updated ro melude corn o1l blank matrix.
23.10 Sectiou 1.2 Updated.

23.11 Section 1.3 Updated.

23.12 Secrion 14.1.4 Updated.

23,13 Section 15 Updated.

23.14 Section 19 Updated.

23.15 Section 21  Updated.

23.16 Table 2 Updated {({ootmoie)
2317 Table 3 Updated.
ATTACHMENTS

24.1  Tables — See Appendix 1.

24.2  Figures — See Appendix 2.

Page 45 of 84



SOP Code: HMS-1668A

Revision: 4

Version Date: 08/13/10
APPENDIX 1

TABLE 1
NAMES, CONGENER NUMBERS, AND CAS REGISTRY NUMBERS FOR NATIVE AND
LABELED CHLORINATED BIPHENYL CONGENERS

IUPAC |CAS registry TUPAC [CAS registry
CB congener! number [number Labeled analog analog [number
2MeCR i 25 1-60-7 O yea-MoCB' 11| 234432-83-0)
3MoeCB 2 2051-61-8
J4-MoiH 3 238620 - MaC Y .| JRIELTT-R
2IiCR 4] 13029-98-3 " 2 RCDH 4| 234432-36- 1
2.3D1CR T Y
2306H 6| 25365-80.6
24-DICB 7| 33284-503
24-DICB! 8| 34883437
15.DiCB o] 34883.39. ", -2 5. DiCE OL| 250693.80.4
2 6-DICHE 0] 33146.45.1
LA BT c ] 2A0L6T-]
340 12| 2074927
4R i3 IUT4.90.5
3.5-DiICH 4] 34883-41.5
dAtincn 5 205(168-2 0l 4D CT 15L| 20826367-6
2. 213-TiCR 16| 38443789
T M ATICB 17 37680.-66-3
235 TR 18] 37620.65.2
L26TICR 19| Asada 74 e G- THoR L] 234432.87-2
L N e 0| 38444-84.7
234-TiCH 21 3570360
234-TICH 22| 3%444-85-3
23.5TiCB 23| 55720440
2AATICH 24|  S5T02.45.9
1.3 A-TICB 25| S8712.37.3 |
23 5-TiCR 26| 38444814
L¥60CR 271 38444767
24.4-TrCR’ i 0122375 B AP o i (I 2R 20R263-76.7
245 TiCH M| 15862074
246-TrICH 30| 35693-U%.6
L4S5TCB 3 16606-02-3
24 6-TCR 32 3Rd44-TTR
2 34-T:CR 33| 3844860
> A5TCH 3| 3768u-68-5
3.34-TCB 35| 37680-69.6
33 5.TCE 36| 28444870
3.4.5-TICR 37 38444905 N34 45T O FTL| 208263790
343TICR 3] 53555-66.) '
145 TR 30| 3I8444-88.1
22X 33-TeCR 40| 38444-u3.8
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B congener’

1ILPAC
number

CAS registry

number

Labeled analog

HTPAC

CAS registry
namber

2l ATl 4i S7663-39.9
— 2 34 TeCHB 421 36559725
3.2".3 TeCHB 43| TOR62Z-46-%
3755 TeCR? G| 41d64-30.5
2, : 3 n-'ref‘a 45 T0362-457
a6 TeCH 46]  4id4694-47-5
2 44%TeCR 37| 24377 1
23 4.5.TeChH 48| 70362-97.9 ]
2 E5.TeCRH 40| 4la6d-40-8
2346 Tel'd 0| A2TORA5.0
2.2.46-TeCB S| GRI94-04-7
2 XS TR A2 33A03-09.3 L e B A W g - MR350 3
22 E6-TeChH 531 d1484-41-9
2 26.6.TeCh 53] 15968155 O B TeCR 233432583
I LTeCH b 74338-24.2
233 4.TeCh Mo Aldbd5-1
355 TeCH 27| Mad-67R
: 3N ATl E 38 d1464-99.7
23 ¥.6-TeCB 39 Ta4T2-33%6
23A44-TeCB G0 330254141
2345 T«CH Gl 332848536
234.6.TeCH 62 34230.22.7
2345-T<Ch 03 13472347
234.0-Ta"H a4l S2AAY.SRR
2356 TR €5 32845407
2 ¥AdLTeOR! GGl 325GR- 0y
23 4.5-T<CH 67| T3575-338
2¥4ATeCH 68] T733P8.82-7
a3 6-TelB oo 60233-24-1
TX¥A5-TeCH 0 I2HGR-11-1
Y4618 Fi | Alded.dn-4
13 5.5.TeCH 2] ddsd.a2.0
235 aTeCB 3 F4338-23-
244 5.TeCB 4] 32600.03.0
244 6-TeCB 75 32508-12-2
2345708 i JORG2-4RO
3.- .4.4'-1«(.!1 -- 7F| 32508-13-3 B L3R TeCRY JOSTN-23.3
33 45-Tel'B B T3040
3IF345.7CH 790 Ji464-498-6
I 3¥S9.TeCh RO 33284.92.8
3445 Tuf"l'!" B! FIR61-50.4 U -3 4005 TeCR Hinanl-24.9
1233 4-Pel’B BIl S2o63-62-4
2>3¥5.PaCB 83| a0l45.20.2
2X3.V.6.PeCH b S26063-040-2
32X 334PeCH BS| AsSRIN-J8g
22345 PeChE 86 35312691
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IVPAC [CAS registry TUPAC [CAS registry
OB congener' number |number Labeled analog analog [number
. 3 2345Puh 87|  383%0-02-8
23 45PeC'B 8] S5215-17-3
2.2.5,4,6-FCB §9|  73573-57-2
2X 14 35.-PeCRB o) nR194-07-0
22 34.6PCB 21 68194-05-8
2.23.5,5PeCH 2] S2663-61-3
32 356.PeCB 03] 73575-36-1 ]
2 2.35.0%PeCH o FIATR-550
LY 35 6-PeCB 05 IRFTN.00.6
22 3648.PeCB 5 F35375-54.0
2.7 3 4.5PCB 97| 41464-51-1 i
223 A6-PeR U8 SO233.25.2
22345008 0091 383%0-01-7
2 AL 6 PeCB lead]  35485-83-1
2245 PelH 1ul 37680-73-2 AT AS5SPCD | 1L I04] 3394
22350 Pell) 102]  AHIOL06-2
22458 PCB Ul aolds-21-3
2T 446PCH 104  56558-16-3 N G 6-PelC I 141, 234432864
233 44Pe e 108 32508.144 "t' CAALPeCT|  10SL| 208263-62-1
233 43PCR|  106] 70424690 1
2.3.3.43.-PeCB 107 24.58-9 '
233,450 108 70362.41-3
2.33.4.6-PeCB 109 74472-35-8
23346-7CB HI0]  38380-03.%
23.3.55-PeCB Il I0633.32-0 233, 5.5-PeCE | Y1 L) 235416-29.2
23¥360-0CB L12]  74472.369
23.3. 5340.PeCB 113 6R194.10-5 !
2.3.4.4.5-PeCR 114 73472370 N L2344 5-PeCBY] 114 L] 208265.63.2
234846 PeCB T15] F4472-38-1
234506-PeCH 116] 182589.05-7
23456000 7] 6R19L1§-6
R IC s - S P18  31508-00-0 OS2 AP | N8 L TE) 30407
B e 19| S56558-17-9
2.8 A5 Sl 1201 68194.12-7
2 ¥ 4.5%-Pel"B 121 56558180
233450 122] 76842074
Bt T O 5 123 635143 "CraT AT 5PeCH 1230 J9R263.64-3
23 4,5,5-PeCB 124 70434-70-3
23450-PeCH 125 T4472-59-0
33 A445-PeCBY 136  57465-28-8 T3 3 A4S PeCBEY | 1261 J08263-634
33455 PeCB 27 39635-33-]
2.7,3.3' 4.4 -HxCB! 128  3838%0.07-3
2P AN IS5 HCB 129 55215-18-4
22353 4. 5-1xCB 130 S2663-66-8
233 aaHOR 131  61798.70-7
j 3.3 A% 36-HxCB 132]  38380-03-1
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TABLE 1 (cont.)

IUPAC [CAS registry TUPAC [CAS registry
CB congener’ number number Labeled analog analog |num ber
AX AT 5 HyCR 133  33684-04-3
5.3 56-HxCB 134 S2TE-TO-R
223X S54-HxCH [3%]  S2744-135
LAY 66-HxCH 136 38411-22-2
22345 05CH 137  35689-016-5 -
22344 5 HUx0B' A8 35065-28-2 NC. 220348 5HxCRY 1387, 20RIGA66-5
22 3446-HxCE 139]  56030-56-9
223486 H(CB 140  5929]1-64-4
225455 HxCR [41]  32712-04-4
feligi AL F U 142] 41411614
22 IASEHXCR 145]  o8104-1340
S 23486 HxTB 144]  o8104-14-9
22 3A665HCB 143 74472-40-5
22X A4 55-Ha(OB 146  51908-16-4
234 56-HeCH 197 68194138
IZ345.6-HeCB 148 74472416
2345 6-HeTR 1a9]  38380.04-0
2X3466-14xCB 150 6R194.08-1
12355800 R [31] 52663635
RS0 HsTB 152] 68194.09.2
2Y34 5.5 H 'R 153] 3%065-27-1
2X A4 S5 6-HOB 154 &0145.224
2244 66 HaUB 155]  33979.03-2 0224266 HOW | I8SL] 23443207
33334 S HxCR" 1561 AIRIRO-08-4 MC_ 23 Y44 5-HCR| 1861 208263-68-7
23344 3 HeCB 157] 69782-20.7 W23 AL S HRORT] LETL] 235416305
23344 & HCR 158 74472-42-7
23745 L HRCHE 1309]  396G35-35-3
23X 456 HeCR 160 4141 1-62-5
2533456 HCH 161]  74472-43-%
AR5 T HRCB 162]  39635-34-2
23X AI5-HWB in3]  74472-449
I3V 4.56-HCB (o] 74472450
2335 8 6-HCB 165 74472-46-]
234.456-HxUH I66]  d1d11-63-6
2334 8 S HCB" 167] 32663-72.4 O 34 ES S HCR] 167 208263-69-8
23405 6.HCOB 168 S9I191-65-5
3344 88 HetBY 59| 32774166 M 33448 SLHRCBY | 1691 | Z0R263.70.
22,3, 544 5.-HpeB' 171]  35D65-30.6
2PN A4 6-HpCH 171 S2663-T1-5
LY3INA5 S HpCH 172] S52663-T4-8
2,235 456-HpU'B 173 oBi9d-i0-1
1233 450-Hp(B 174] 3%41]-23.5
L3 5456 HpOR 173 40186-20-7
L233466-HpCR 176 52663-65-7
223 5.456-HpCH 177]  52663-70-4
223858 6-Hpoh 178] 32653-67.9 YO 2 3355 6-Hp'P]  1TBL] TR32MIV6T
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TABLE 1 (cont.)

SOP Code: HIMS-1668A
Revision: 4
Version Date: 08/13/ 10

IUPAC

CB congener! number

CAS registry

number

Labeled analog

TUPAC |CAS registry
analog [number

2233566-HpCB| 179

52663646

2,2°.3,4.4' 5.5 -HpCH’ 180

35065-29-3

2.2.3.4.4 35 6-HpCB 181 74472-47-2
2,2.3,44'5.6-HpCh 182| 60145235
2,233,445 6-HpCB 183  $2663-69-1 '
223,44 6,6-HpCB 18d] 74472483
22.34,55 6-HpCB 185 52712-05-7
2.2,3.4.5.6,6-HpCB 186] 74472-49-4
2,234,585 6-HpCB’ 187]  S2663-68-0
2,2.3.4.5.0,6-1HpCB 188]  74487.85.7 ~2,2.3,4566-HpCB| 188L] 234432.01-8
3,3.4.4'5 $-HpCB' 189  39635-31-9 C,-2.3,3,4.4 53-HpCBY|  189L| 208263-73-4
: 3,3' 4,4 .3.6-HpCR o0 41411-64-7
233,445 6.HpCB 191 74472-50-7
233455 6-HpCR 192 74472518
23.3,4.5.56-HpCB 193] 69782-91.8
3333445 5.0cCB 194] 35694-08-7] ''C,.-2.23,3 44 55-0cCB| 194L| 208263-74-5
2,.2'.3.3,4.4,5.6-0cCB’ 195 52663-78-2
22 3.3.443.56-OcCH 196  42740-50-1
2,233 4.4.6,6-0cCB 197| 33091-17-7
2.2'.3,3'.4.5,5".6-0cCB 198 8194172
2.23.3.4,5.5 6-0cCH 199 52663759
22 3. ¥ 45.66-0cCB 200|  52663-73-7
2.23.3.4,5.6,6-0cCB 01| 40186-71-8
22 3.35.5,6,6-0cCB 202 2136-994] €, 2233,5.5,6,6-0cCB| 2021 105600-26-8
2,2 3,445.5.6-0¢CB 203  52663-76-0
2.2 3,4.45,6,6-0cCH 204 74472-32-9
2.3.3,4.4'5,5.6-0cCB 203| 74472-53-0]  '0C,-2.3,5.4.4,5.5.6-:0cCB’| 205L] 234446-64-]
2,233 4.4'5,5.6-NoCB? 206| 40186-72.9] C,-2.2.3.3.4,8,5.5 6-NoCB!| 206L| J0U8263-75-6
2,2.3,3 4,4 5.6,6-NoCB 207 52663-79-3
2,2'3,5,4.5,5.6,6-NoCB 208 52663-77-1] 'C.. '4.5.5.66-NoCB'| 208L| 234432-92.9

DeCH? 209

2051-24.-3

Co-DeCB| 2001

10AGxL27.9

-3

Abbreviatouns for Chlorination Levels

MoCB NMonochlorobiphenyl
DiCB Dichlorobiphenyl
TrCB Trichlorebiphenvl
TeCB Tewachlarobiphenyl
PeCB Pentachlorobiphenyl

Labeled level of chlorination (LOC) window-definiug congener

National Qceanic and Atmospheric Adminstration (NOAA) congener of inrerest

Labeled mjection internal staudard

HpCB
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HxCB

OcCB
NoCB
DeCB

Hexachlorobiphenyl
Heptachlorobiplienyl
Qcrachlorobipheny!
Nonachlorobipheoyl
Decacllorobiphienyl



-4

Labeled clean up standard
World Health Qrgamzation (WHQ) 10xic congener

Labeled analog of WHO 1oxic congener
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SOP Code: HMS-1668A
Revision: 3
Version Date: U1/1 17110
TABLE 2
RETENTION TIMES (RT), RT REFERENCES, RELATIVE RETENTION TIMES (RRTS). ESTIMATED METHQD
DETECTION LIMITS (EMBDLS), AND ESTIMATED MINIMUM LEVELS (1:MLS)
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TABLE 2 (cont.)

SOP Code: HMS-1668A
Revision: 3
Version Date: 01/11/10

Velewlion lmit s and mimioosm levels .
Alatrix and conceniraton”™
Water Othor Fxarac
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TABLE 2 (cont.)

SOP Code: HMS-1668A

Revision: 3

Version Date: 01/11/10

Bstectian limits 2nd mialmom bevels -
Mairix and concentration’
Water Other xiract
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SOP Code: HMS-1668A

Revision: 3

Version Date: 01/11/10
TABLL 2 (cont.)

Detection Hmir e amd nrimimuam bevels -
Matrix and conceniration’™
Woater Other Extract
Windaw (e} (ng/kg) il j
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SOP Code: HMS-1668A

Revision: 3

Version Date: 01/11/10
TABLLE 2 (cont.)

Detevtion Hindve amd nabnioem fesebs -
Matrix and concentration™
Watey Other Extract
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TABLE 2 (cunt.)

SOP Code: HMS-1668A

Revision: 3

Version Date: 01/11/10

Dietewtian Hmily anl ndninam levels -
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TABLE 2 (cont.)

SOP Code: HMS-1668A
Revision: 3
Version Date; 01/11/10

Vetection lnills aned mirdmum lesels -
Matrix and concentration”
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TABLLE 2 (vont.)

SOP Code: HMS-i1668A
Revision: 3
Version Date; 01/711/10
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Water Other Extract
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TABLE 2 (cont.)

SOP Code: HMS-1668A
Revision: 3
Version Date: 01/11/10
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ALairix and concentration’™
Water Other Extract
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o L% Jon ta "l R IS UL L 14 PRSI Sl A AT DT il
[ 155 i Y T § i N s LR {5, < PEFL VS0 T 0TL ey iy | 006G L Ly b
P nl (| ‘i | ) R 0 9RK}. 0 409 IS Sl 35 L 1e vl 314 T i T L)
“ 1o~ 167l | nonG § 0% 1 0016 & L s 560 i 53 0
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TABLE 2 (cont.)

SOP Code: HMS-1668A

Revision: 3

Version Date: O1/11/10

Detection Hrsits rrd miinlmwm levels .
Matrix and concentration’”
Water Other Fxirac
<l W imdow fparli (nikal (praful.)
No.! Congener No, ™" RT Ref' | RT® RRT* RRT Hiasts” jaect” Quambation riforince” EMiL | L | FvipE | EML| EML
i) [ Sap 447 el 1357 | #5307 | 1 G000 O R ] ] u [ IRICH S
o fad T, E231 | Lenod (R R I 1] 7] S Jaed 4 Lo 20 0
| abeled compoudnmly
154 14%] KL ] } G ol O KON pit) wi.
T 138 a7 ] 1ot Ped] 57 10 £¥E1
1ol 1390 s | o1gens PR il §as,
1574 3=, s || 0y IR R v n ALl
o LTINS 1531, was || e }OEEE | AR n 1381,
4 162, 1384, 238 | mae PITRE) )T o 381
Compoumls ushiug 141 '3('.:-J.I'J.J'.i‘l'._",!:'-ﬂt{'lIlJ ax Labeled tnjectilon intermal standard
1 eongener
Iepiuchlorabiphenyls
¥ i =1 41 31 1 G o1 01 -1} A b it b2 | e H 0
3 el 1550 L PR L OO0 122, ' Pt A i3 e m
7 B L, | BL1i5 JO20% 10127 " Janl |57 LU Lang an e
i | Vs [BERE (a0 v o I E " TRRLS 19, = Vonn In Ty 5a
1 | YRR BRI B 103421 Ddon " [ECER E| I o [ A
= 178 1E8L 0e ) LTTT | 67hA: | G7E0 & 1585 1891 2 09 2 b 20
i “ 1=%1, AN R 1 HSD A | e " A &R | LoE RCHH A= Ty S
" & 183 wez | 11000 | 1090 e (i 4 m z 0
= (.54 1881 b 1d | )oMT I | VOS] | Oie i (O LDy M 1l i
C 5] 1441, S sl b HEw IR AT i
a e — T | | TR & o 0 11 M ] (00 S0
& IEX 1S (k2] b4 1A | L lLe™1 0 inl 188 18Il
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TABLE 2 (cont.)

SOP Code: HMS-1668A

Revision: 3

Version Date: 01/11/10

. Petewtion el s 2ol omicmm les els .
Mairiy and conceniration™
Woker Other Extract
el Window i ald kg {pwinal.)
na. Copaener Na. ™! RY kel | RT" | RRT" ‘ RRT lmits’ e’ Quantitatlon referenes” EMDL | EML | EMBE [ EML| EML
7 | 1881, (et 2B I Bk : B Boln bl W i " 1881, 1541 182 550 1% S ]
gt | et i | 13 i FlARR LIV 2 i IRRL, |ae] (El Ay id %) n
b 181 1381 1793 | 11238 | L] 1450 |SBL 185, M 1000 i ] 50
b B I8%1, IR 1 she [ I Bl t 1530 129
- [ el | own | risiz | visenetses| e 1H8L 150, i L W UL b
¥ I B8 | %81 EES S IR IR UR R 1 1ARE. | B
ki i | |l T | Danas ) i Jo0 U032 i) | RxE 5y 57T NTTA ] kEA g Al
T 10} (B3] O ] 1 ORI 9107 " [ECSR RG] 124 | a? Ll S
¥ 103 bl Q38 LR IR J§ BB TN " (F+ MR L
® ol 19| | saps gmatasiedl 6 I P 1% b H = 0
¥ 190193 | 84, Sode | GOiss TOTANE 262 " | B8 189)
T In 180, A | aole 362200 ¥R B I18KL. |81, ns 1000 i 100 a0
Led e | aud)a G000 4K L LKL 5oLt ([ & | W 1)
® g 159, b A [ aLs0TAves i 1584, B it | 04 15 & 5y ]
= 15 184, RHT | ok 0 wua T, | +R L |l p 11 1% 50 n
Cctuchiorobiphenyls
g 2 2L 1732 | 100064 T VT N I 0%l 112 G0 i 100 i
& m i 41 18 31 | &2 ) 0I93-) G128 H T2 20N ] LD 3 | in W
a5 i g | el | ax% 1 0330, ) 5wl n MNN0N L | i as (i H
& |o% 23] fr 5T | G 1 -1 0417 n MM
5 1 QIR wow | opnasy SRS A L i 1 %
B 197306 2021 P A | ] 998 § 04T DE3g @ bl A 132
. 020 A (B TR IR (o LK)
& i OB | 21 | s A RTELS WL bl by ) M i MU hl| o
g o ja 2L | N O O s 10351 1076 ] g s
S 1 g nsl SRR WG ENAL R {1 I Mn b | ¥ (KN 1 S
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TABLE 2 (cont.)

SOP Code: HMS-1668A

Revision; 3

Version Date: 01/11/10

Detection Haifs amd minimuim levets .
Mairix and concentration®”
Wister Other Extragt
¢l Windaw gl (ng/ks} ipaul )
Na! Caongener No. ™ RTRer' | RT* | RRI' RRT Ihnhts seci® Quantliition referones EMDL | ML | EMDE | FML| EML
] il BATH 5.1 AL e 093500283 o 0. 204, L1 1 i 10 50
M Jut LR LR I W ZOSID 0 ML, o™ QLS 43 I By
% EH ERRT 5716 | D99 oowE0 s o 004, 12 0 3" 5 0
K s asl i | Uins L e S beial 10 D 45 HO| i
™Nonachlorobiphenyls
& g e RN L) [ERTE LEREE L e 3 ke 154 Ltz in 1w )
1 m” 2081, AR | DER3 1 BT78 0 s i NIRE20MA 45 1o L | i a0
" Hin 2008, AT e O sou= § mneat] -143 pal Y A5 i 4% 180 S
Decachlorobipbeny]
W my I WL IR I 0 e, | *'.r.',zgl 4 iy | 143 | ey 14 | 0 | 0
i.abeled compounds
¥ 1%L a1 3| P TR 072750 7333 I (b4
2 14 1. 511 ER0s U ®T74- KRS ML it
v IREIR 153 | (enss 0 2§20 R o i
3] 144, a5 0y LR B £ ORRT ) B s tix el
4 1040, Al AF Fa k] U 0 Xy 8 )3 jud
2 (RE1 AT | 10087 IBUTERREET] 3 fagt
3 28 1AL, LY gy ) BARRE 0 2 R H
R nd. VAN, M 1 Kl 1 ORAN. D 5 i i
i 20, i | eeee | oraess L0sid-b 030 @ - T
Lthiobed clesim np standards
A 8L [ Ak fdt | 0N A 02058 X2 i} 2L
3 (AR 1] Tedl. <Al 1477 T | a2 ] i
1 5% i PeEl, LA T rieha PR L RS bl R
Labeded injection internad standards
_I 1 L sl J Lx '\;l Pk I | &4 g3 [ L l | l_l
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SOP Code: HMS-1668A

Revision: 3

Version Date: 0141 1/1H0
TABLE 2 (cont.)

Detection lhmits and minlewn levels .
Matrix and concenl ratlion™

Water Other Extruct

<l Window il ) (ng/kgt (prarul)

No!|  CungemerNo. ™' RT Ref' | R1® | RRT" RRT Hmlts’ {seet Quantitation reference” EMDL | EML | EMDL | EML| EME
L R4 118 1845 | Dadd L nSER-T il I8 1381

Il | %41 Saud | LSled R0 E s L m

1 i | X5k 1l | 1 oun 0 g1 0011|108 -
4 P (AL P R paTelann] 23 {380,

1. Number of chlorines on congener.

2% Suflin L™ indicutes labeled compound.

i YMultiple congeners in a box indicates a group of conpeners that co-elute or may not be adequately resolved on a 30-m SPB-Ociy! column.
Congeners included in the groap are listed as the last entry m the box

4. Retention time (R 1) reference used to lecale farget congerner.

R Retention time of tarzet congener.

6. Relative retention time {RRT) between the RT for the congener and RT tor the reference,

7. RRT himits bused an RT window,

8. RT window width necessary 1o attempt to unambiguoushy identity the congener in the prescence of other congeners.

9, I.abeled congeners that farm the quantitation reference. Areas from the exact m- 2’5 of the cangeners listed in the quantitation reference are
summed. and divided by the number ol congeners in the guamitation reference. or example. for congener 10, the arcas at the exact maz™s for
L and L5L are summed and the sum is divided by 2 thecause there ure 2 congeners in the guantitation reference ).

10, DL and EMLs VR L) with common labormtory interferences presenk according to relerence micthod 1668 A, Without interfercices,
EMDLs and EMI s (MRLsy will be. respectivels. 5 and 1 0pg L for agueous samples. 0.5 and | One ke for sail, tissue, and mixed-phase
sgmples. wd TMEs for extracts will be 0. 5pg ul.

[.]s Weongeners [TOL and 18OL are included in the calibration and spihing solution. these congeners should be used as RT and quantitatise
references,

12. For HpL extracts, the EMDL and EML concentrations must be increased by a factor of Nve {5}
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SOP Code HMS-1668A
Revision: 3
Version Date: 01/1 1710
TABLE 3
CONCENTRATIONS OF NATIVE AND LABELED CHLORINATED BIPHENYLS IN STOCK
SOLUTIONS, SPIKING SOLUTIONS, AND FINAL EXTRACTS

Soliution Concen{ralions

CB Cougener Stock Spiking Extract
(ng/mL) (ng/inl.) (ng/mnl.)
Native Toxics/LOC
1 20 50 30
3 20 5.0 S0
4 20 5.0 S0
15 20 5.0 S0
19 20 5.0 S0
3! 20 30 30
54 20 30 S0
77 20 5.0 50
81 20 5.0 SO
104 20 5.0 S0
105 20 5.0 50
114 20 5.0 S0
L8 20 5.0 50
123 20 5.0 30
126 20 5.0 30
155 20 5.0 30
156 20 5.0 50
157 20 5.0 A0
167 20 5.0 50
169 20 2.0 50
188 20 3.0 S0
189 20 5.0 50
202 20 5.0 50
205 20 5.0 30
206 20 3.0 30
208 20 3.0 50
209 20 5.0 50
Native congener mnix stock solutions
MoCB thuu TrCB 2.5
TeCB thru HpCB 50
OcCB tluu DeCB i
Labeled Toxics/LOC/window-defining
IL . 1.0 10.0 100
3L 1.0 10.0 100
4L 1.0 10.0 100
15L 1.0 10.0 100
19L [0 10.0 00
37L 1.0 10.0 100
S4L Lo 10.0 100
77L 1.0 10.0 100
SIL 1.0 10.0 100
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SOP Code: HMS-1668A

Revision: 3

Version Date: 01/1 /10
TABLE 3 (cont.)

104L 1.0 10.0 100

1050 1.0 100 100

1141 1.0 1.0 100

1181 1.0 10.0 100

123 1.0 10.0 100

1261 1.0 100 100

1551 1.0 10.0 100

1561 1.0 10.0 100

13TL B _ o | 10.0 I 100

167L 1.0 10.0 [ 100

1691, 1.0 10.0 LUD

1881 1.0 10.0 100

189L 1.0 10,0 100

021 1.0 10.0 100

2051 1.0 100 100

2061 1.0 10.0 |00

2081 1.0 10.0 100
| 209L 1.0 10.0 100
. Labeled Clean Up

28L 1.0 10.0 100
CIL 1.0 10.0 100

1781 1.0 10.0 100

Labeled Injection Inlernal

9L .0 5000 100

S2L S0 5000 100

101 L. 50 5000 100

1381 5.0 3000 100

1941 S0 SN00 100

Diluted combined 209 congener solution Solution Concentration (nganl)

Native congeners

MoCB thru TrCB 50

TeCB thiu HpCB 100

OcCB thru DeCB 150

Labeled Toxics LOC window-defining 100

Labeled Clean Up 100

Labeled Injection Infernal 100

1 Section §.20)

2 Section &, 16

i Section w17

4. Section ®. 19

. f Section 8. 18

6. Section 8,16
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SOP Code: HMS-1668A
Revision. 3
Version Date; 01/11 10
TABLE 4
COMPOSITION OF INDIVIDUAL NATIVE CB CONGENER SOLUTIONS'

AccuStandard Catalog Number

M-1668A-1 M-1668A-2 M-1668A-3 M-1668A-4 | N-1668A-3
2 | 78 161 7 117 13 86 25 [
10 | &l 153 5 111 17 116 21 3
9 | 96 130 i2 107/108 | 29 | 109/107 69 3
6 103 | 129 18 118 20 154 17 1S
§ | 95 166 24 114 16 117 42 |
14 | 88 159 23 150 65 140 64 16
1| 89 167 28 145 59 146 70 37
30 [ 92 156 22 135 10 141 102 54
27 [ H3 | 179 39 149 67 164 97 13
32 | 83 176 53 139 76 158 113 14
M [ 19 178 51 132 R0 182 123 74
26 | 87 175 73 165 3 174 134 56
31 | 8s 183 48 168 84 173 131 77
33 | 82 177 62 137 101 193 163 104
36 [ 120 171 71 160 112 130 98
3 [ 124 172 68 128 125
35 [ 106 [ 191 58 162 110
SO [ 122 [ 170 6l 157 126
45 | 105 [ 190 55 184 155
s2 [ 127 [201200 ] 60 186 138
19 [ 152 ] 204 94 187 169
75 [ 136 | 2001199 [ 100 185 188
Al [ 148 | 198 91 181 139
72 | 151 196 121 192 202
s7 | 144 195 90 197 205
63 | 143 | 194 99 199/201 208
66 | 142 ] 207 [108/109 [ 203 206
79 | 133 209
Total Nuwber of Congeners
83 | 54 | 29 | 15 , 28

L. Congeners present in each standard solution are listed in elution order for eacli level of chlonination. See Table 3 tor
concentrations of congeners in stock solntions and Table 5 for concentrations m cahbration standards.
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SOP Code;: HMS-1668A
Rewvision: 3
Version Date; 01/11/10

TABLES
CONCENTRATION OF CB CONGENERS IN CALIBRATION AND CALIBRATION
VERIFICATION STANDARDS
Solution concentration (ng/ml)
CSs-0.2 Ccs-3 —
CB congener IUPAC' [(Hi sens)?| CS-1 | €S2 | (VER) | CS4 | €85
Native Toxies/LOC
Mol 1 o 1.0 SN a0 ES) 2N
4. 8B 3 02 1.0 50 30 B T
2.2-InCB 4 &2 i 50 S Jily 20iK0)
L BT 5 15 {2 1 O AN AN 4 MUK
22> 8-TiCP 1% 2 10 5140 St A L
JAA-T1TB 37 2 (i i Su Sy AN
2.2 a6-TeCR 54 a2 (B T S BT IR
3.3.4.39-TeCB 77 0.2 10 S0 0 A0 W
3445 TelB] &) 02 I o sa 50 06 | Jow
2.24.6.0-Fe(R litd o ) il Al 400 A
233.444-PeCB 105 02 1.0 5.0 A1 S0 AN
234.45.p08] 114 3 (KD 50 S0 400 300
23445 PeCB] 115 a2 |0 <0 <0 an 000
B T B S £ 123 02 14} Ju A 400 2y
INA4 5B 120 0.2 | o 20 30 L] 20000
2244 06-HxCR 155 [ 10 S0 54 S0 2000
TANATS-HaOCB 156 0.z 14 S u S4 400 2000
23344 V.HCB 157 02 1.4 iD S 400 U
234955 -HCB 167 0.2 1.0 A8 S SN AN
AV 495 5-HOB 169 02 1.0 Ay 50 A0y N
22545 06-HpCB 158 a2 1 S0 A duu MY
2334455 H0CB 18 02 10 SN 36 ETHT S
2338965008 202 02 1.0 54 At EIe 260
233 A4S 56-0cTR] 208 02 o n A1) A0 AN
2334 55.6NeCH| 208 0.1 Lo S0 S0 0K Suwl
223D LSRG NoCB 208 02 1.0 540 50 A 2000
[xCB3 N9 0.2 10 in 0 JUd R
Tabeled Toxiew/ LOC /window -deliming
I < MCB iL 1o0 Yoo 100 100 100 (L
C =MoL 3i. 100 ] 1) 100 i T
e 2. 2-DCB 4L LIV (L) 100 Jo Y] T
”!:‘::7-4.431}&’“ 150 1o 1K) 14K 10K 1o 16
HC 2 28a-TriB|  19L [ 100 'S 1k 1 [}
'!.",;.-3_4‘4‘-1'&_11 37L 1an 100 jan 11 () (L]
ULl 2 AG-TelB] ML iy L 100 {1 Lo L
U 33 48TeCBl TIL 1o 10 100 100 KT 1)
U344 5.TeCB|  BIL o 100 1M 100 1008 1)
0,222 d6.6-PeCl| 104L 100 100 T 100 10 o0 |
23,3 4 4-PeCH| 1081, 100 1040 1o 10%) 100 100
O A3 A S5-PeCH| 1141 100 1% 100 100 LK} 1i%)
O 2 344 5-PelCB] TIRL 100 liKi HIE 10 1003 LIEA]
2 34, 4.5-PeCB| 1250 100 ¥} [ 100 1) LY
T334 S-PeCBE (261, 100 100 100 100 Tuu ey
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SOP Code: HMS-1668A
Revision: 3
Version Date: 01/11/10

TABLE 5 (cont.)

Solution concentration (ng/ml.)
CS-0.2 Cs-3 ‘
CB congener IUPAC! |(Hisens))| €S-1 [ €S2 | (VER) | ¢S4 | €85
MO, =32 44 06 -HxCB| 1550 100 100 100 ion oo 100
“ 233447 5-HuCB| 156L L 100 100 100 100 ] 1an .
Mo,13.3 34 STHRCB| 15TL 100 100 100 100) o | oo
,,._?._,3 4.4 55 HxCB| 167L 100 100 100 100 jin) o |
e -3.3'4.4 3. 5-HxCB| 1691 100 100 {00 100 100 o0 |
Y022 3,4'5.6.6-HpCR| 1881 104) 100 100 100 Jix0 |
BCLL-23.3,4,8 55 M| 1R 1063 100 100 O ({83] i)
P25 3 S A E-0eCR| 2020 100 100 100 100 104) 10
M2 3,3 44556 0eCE] 2081 L) 100 1y 100 10%) 100
Civa 2t 3344 5.8 6NeCE| 206]. 10 EERIN] o0 10 ey i)
223,53 .4.5.5.6.6-NoCR| 2081 L5 100 100 Tou 100 100
YCL.-DeCH| 2091 10H) 100 100 1030 1) 100
Lubeled clean-up
L2 44-TrCB| 281 1Chr 1000 100 100 10 {]
BC23 Y AS-PeCBl 111L 100 100 L0 | ) Y m.n_n,l__
L -2.205,8,5, 5. 6-HpCB | 17810 100 oo Lou 100 100 1)
Labeled injection internal
2 5-InCRB 91, Lusd 100 100 10300 1818 HEN
3o 22 s S TeCB| 521 100 100 100 1010 100 L
e 2 "’4 S5 PeCR| 101L 100 100 100 ol 1130 Lo
T 1:'..' A5 HxCB| 1381 L 100 100 100 L) J00
HC-2.2,35 445,57 -0eCB] 194], 100 100 100 100 100 0o |

Suffix *L* mdicates labeled compound.

Additional concentration used for calibration of high sensitiviry HRGC/HRMS systems (nor used by

CaAS/Houston),
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SOP Code: HMS-1668A
Revision: 3
Version Date: 01/11/10

TABLE 6
QC ACCEPTANCE CRITERIA FOR CHLORINATED BIPHENYLS IN VER, IPR, OPR, AND
SAMPLES'
Congener | Test couc — I L“"::Ecif::i:::““d
Congener| nmmber’ (ug/ml)* |VER'(%)| RSD (%) | X (%) | OFR (%) saumples (%)
2MoCB| 1 B 70130 | 10 | 60-140 | so-1s0
+-MoCB 3 50 70130 10 60-140 | 50-150
12-DiCB 3 50 70-130 40 60-140 | 50-150
4.4-DiCB 18 50 70130 40 60-140 | 50-150
1.26.TrCB 19 50 70-130 40 60-140 | 50-150
344-TiCB 37 50 70-110 40 60-140 | 50-150
126.6TeCB 59 50 70-130 40 60-110 | 50.150
33.4.4-TeCB 77 50 70-130 ! 60-140 | =n.150
34.4.5TeCB st S0 70-130 40 60-140 | 50-150
2.24.6.6-PCB 104 50 79130 40 60-140 | S0-150
23.3.0.4-PCB 108 20 70-130 10 60-140 | =0-150
2344 5.PeCB 114 50 70-150 40 60-140 | S0-150
2.3 4.4 5-PeCB 113 50 70-130 40 60-140 | 50-150
I34.4.5-PeCB 123 50 70-130 40 60-140 | <0-150 |
3.3 4.4 5.PeCB 126 50 0-130 0| 60-140 [ 30-130
1.2.4.9,6.6-HxCB 155 S0 M-130 10 60-190 | 50-150
2.3.3'4.4" 5-HxCB? 156 50 70-130 40 | 60-140 | 50-150
1,3,3'4.4.5-HxCB’ 157 50 70130 40 | 60140 | s0-150
237005 S HxCB 167 50 70-130 W0 | 60140 | S0-150
3.3°4.0.5 5-HxCB 169 ) 70-130 10 60-190 | 50-150
2.2 .3.4'.5.6.6'-HpCB 188 30 70-130 10 60-140 | S0-150
23,344 5,5-HpCB 159 50 70-130 10 60-140 | 50-150
2.2°3.3°5.5 66-0cCB 202 50 70-130 10 60-140 | SD-150
1.3,3'4.4'5.5' 6-0cCB 208 50 70-130 40 60-140 | S0-150
2.2.3.3 4455 6-NoCB 206 50 70-130 10 60-140 | 50-150
133,355 6.6'"NoCB 208 50 70-130 40 60-140 | 50-150
DeCB 209 50 70-130 10 60-110 | 50-150 ]
¥ -2 MoCB 1L 100 50-150 50 204135 | 15140 13150
Hyae4-MoCB 3L 100 £0-150 S0 | 20138 | 1:-1490 15-150
3¢ 1+ 2.2-DiCB 4L 100 £0.150 50 38135 | 30-140 25159
B¢ 12-4.4-DiCB 151 100 50-150 50 35.135 | 30120 25.130
P2 0 TCB 19L 100 504150 50 35135 | 30-140 254150
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SOP Code: HMS-1668A
Revision:- 3
Version Date: 01/11/10

TABLE 6 (cont.)

BC -3 44-TICB 37L 100 50-150 S0 35135 | 30-140 25.180)
3¢ 13.2.2.6.6.TeCB S4L 100 50-150 50 35-135 | 30-140 25150
13 15.3,3' 4.4 TeCB 7L 100 50-150 50 35-135 | 30-idu 25-150

By e dahad . 5-TeCB SIL 100 S0-150 50 35135 | 30-140 1598
3030 2.04.6.6'-PeCH 104L 100 50-150 50 35135 | 30-140 25150
€233 4.3-PeCB 1051, 100 50-150 S0 | 35-135 | 36140 25.150
B0 |-23.4.4 5-PeCB 114L 100 50-150 50 35135 | A0-140 25-150
1323147 5.PeCB 11sL 100 §0-150 50 35135 | 30-120 23150
BC 3445 PeCB| 1200 100 50-150 50 35-135 | 30-140 28180
 BC,33A48PCB|  126L 100 50-150 50 | 35135 | 30-140 28150
BCp 1.2 846.6-HxCB| 1550 100 50-150 50 35.135 | 30-140 25.150
Bea2334.08 HCB?| 156L 100 50-150 50 35-135 | 30-140 25.150
Bepe23aadis-HxCBY| 1L | 100 50-150 50 15-135 | 3n-140 35150
Bearadasies| 16 | 1 50.150 S0 35-135 | 30-146 25150
PGP LESHRCB] el 100 50150 50 35035 | 30140 25,150
VL 234 S0 -HpCB|  18sT 100 §0.150 50 35-135 | 30-140 2505
L2 LA A S HRCB L8aL 100 §0-150 0 35135 | 30-140 25140
B2 233 5.5.6.60eCB | 2020 100 50.150 50 35135 | 30-140 25.140
B2 83 L LS8 6-0cCB | 2050 100 0-150 0 35135 | s0-140 25.150
Boat B sesars| 2060 100 50-150 50 35135 [ 300140 25050
223 FASS6.6NCB|  JuSL 100 50-150 50 33135 [ anpn 25-150

P2 23344 8866DeCB| 2091 100 50-150 50 35138 [ 30-140 25.18

Cleasiup standard

BC, =244 TiCB L | w0 60-130 45 45-120 | 40-125 3133
BCi-23.3.55%PCB|  11IL 100 60130 45 45120 | 40-12% W-138
BCpa-2.2.2.5.55.6-HpCB|  175L I 100 60-130 45 45120 | 40-128 30-138

QU acceptance criteria for TPR. OPR, and samnples bused on a 20pL exwact fural volume.

Sutfix L7 indicates labeled compound.
See Table 5.
See Saction 12.4.

PCBs 156 and 157 are tested as the sum of rwo concentrations.
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SUBSTANCES MONITORED BY HRGC/HRMS

SOP Cade, HMS-16658A
Revision: 3
Version Date: 01/11/10

TABLE 7
SCAN DESCRIPTORS, LEVELS OF CHLORINATION, M/Z INFORMATION, AND

Function and

chlorine level n/z nvz type nv/z formula Substance

Fn-1: Cl-1 18%.0393 M s A | Cl-1 CB
190.0363 M2 e HL T Cl-1CB
200.0793 M AT | e BC, Cl-1CB
202.0766 N+2 . o s Rl & 5¢,. Cl-1 CB
218.9¥56 lock C,E; PFK

Fn-2; C1-2.3 222.0003 M e H B, Cl-2 PCB
223.9974 M+2 e o el Cl-2 PCB
225.9941 M4 BT OT, C1-2 PCB
234.0406 M i S - W ¥C,, Cl-2 PCB
2360376 M+2 Pt 2L £ 3C,, Cl-2 PCB
242.9856 lock c, F, PFK
235.9613 M ke H, ¥l Cl-3 PCRH
2579384 M+2 uer. H. ¥ Mol Cl-3 PCB

Fn-3 2559613 M b o I Cl-3 PCB

Cl-3.4,5 257.9584 M+2 WL HLTEL T Cl-3 PCH
2599534 M+4 c, 1. e ¥el, Cl1-3 PCB
268.0016 M o B BC.. CLIPCH
269.9986 Ma2 B H, 26 74 “C,, CI-3 PCB
280.9825 lock ¢, F,, PFK
289.9224 M L I e > A Cl-4 PCB
291.9194 M+2 g o R e B Cl-4 PCB
29391653 M+4 s R Cl-4 PCB
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TABLE 7 (cont.)

SOP Code: HMS-1662A
Revision; 3
Version Date: 01411410

Function and

cldorine level m/z nvz tvpe m/z formula Substance

301.9626 M o g o BC,, Cl-4 PCB
303.9597 M+2 o B LT BC, Cla PCB
323.8834 M "o, BS e, Cl-3 PCB
325.8804 M-2 i B e R Cl-3 PCB
327.8775 M+4 e 18 BOL YL Cl-3 PCB
337.9207 M+2 B, HE ¥CL ¢ e, CLAPCB
339.9178 Mo+4 e, H3 5l Yo, B¢, CI-5 PCB

Fu-4 289,922 N B B A0, Cl-4 PCR

Cl-4.3.6 291.9194 M+2 oW e M & Cl4 PCE
293.9163 M4 i 5T ¢ A L B 5 Cl-4 PCB
301.9626 M+2 REH 0L e B¢, ClaPeB
303.9597 M+ N M, VL0, "¢, CI-4 PCB
323.8834 M B0, Cl-3 PCB
325 8804 M2 O LR Cl-3 PCR
3278775 M4 e B, e R Cl-3 PCH
330.9792 lock C.Fy PFK
337.9207 N+2 S 5. Pl "C,, CI-5PCB
3399178 M-4 SO - e s Vg ) “tu €15 PCB
3398413 M2 L 7 P . PR Cl-6 PCB
361.8383 N+4 HanH 20, YOk Cl-6 PCB
363.8356 A6 Hoat, 56, Yol Cl-6 PCB
371.8817 N2 He LB PO ¥ 0] "G, L6 PCH
373.878% Ni+4 T © PR o P 8 *C, Cl-6 PCB

Fn-5 323.8834 M 0 B EE Cl-5 PCB
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SOP Code: HMS-1668A

Revision: 3
Version Date: 01/11/10

TABLE 7 (cont.)

Function and

cldorine level m/z m/z type m/z formula Substance
Cl1-3.6,7 325.8804 M+2 Be, B30, el CJ-5 PCB
327.8775 M+4 LT - P e Pk Cl-5 PCB
337.9207 N+2 % B, TG0 BC,, CI-5PCB
3399178 hUER S H 0L “¢,, CI-3 PCB
354.9792 lock CFs PFKN
359.8415 M+2 2L H 0L Cl-6 PCB
361.8383 M +4 g L - S i g = Cl-6 PCB
363 8336 M6 B H 20V Cl-6 PCB
3718817 M+2 "¢, H, "6, Yl *C,, Cl-6 PCB
373.8788 M+4 ol < M o %C,, Cl-6 PCB
393.8023 M+2 g i M Pl & Cl-7 PCB
395.7993 M+4 ue. |, ¥CL 7Ol CI-7 PCB
397.7966 M+6 e O TEL Cl-7 PCB
| 405.8428 M 2 o S W B Be, CIl-7 PCB
407.8398 Mo PCa B, L Ve B¢, Cl1-7 PCB
454.9728 QC C,.F,. PFK
Fn-6 393.8025 M+2 ue B, Y01 e Cl-7 PCB
C1-7.8.9.10 395 7993 M+4 0 By V0L, Cl-7 PCB
397.7966 M+6 et e T v Cl-7 PCB
405.8428 M+2 e L B Mo o, CL7PCB
4078398 Md e 84, V'Ol ¥C,, CI-7PCB
427.7633 M+2 e H P01 Cl-8 PCB
429.7606 NM+4 R YR CI-§ PCB
431.7576 M -6 2 W, T i CI-8 PCB
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TABLE 7 (cont.)

SOP Code: HMS-1668A
Rewvision: 3
Version Date: 01/11/10

Function and

chdorine level nvz n/z type m/z formula Substance
439.8038 M-+2 g I B e Tl o “C,, CI-8PCB
441.8008 M4 Wl Y6170, "C,, CI-8 PCB
442.9728 QC Ca B PFK
454.9728 lock ¢y, Fis PTK
161.7246 M-+2 . H, 7L E Cl-9 PCB
463.7216 N-+4 2, H, *C1,7Q, Cl-9 PCB
465.7187 M+6 “Ca N LT, Cl-9 PCB
473.7648 M2 e+ e Bk o 5C,, Cl-92 PCB
475.7619 M-+ PG H: MOL Y0, "¢, C1-9 PCB
495.6856 M2 e, ¥, 70 Cl-10 PCB
497.6826 M+ s OL 7L, CI-10 PCB
499.6797 M+6 e B B Cl-10 PCB
307.7238 M2 e, H, B Y “e, Cl-10 PCB
309.7229 Mid o 0 e ) Be,, C1-10 PCB
511.7199 Mi6 R B PoLTC, "e, C-10 PCB

Note: CAS/Houston unlizes a 7 function acquisiiion prograuL

[sotopic masses nsed for accwrate mass calculanon:

'H
I.‘C
I.‘C
SSC-I
e
I'UF

1.0078

12.0000
13.0034
349689
36.9639
18.9984
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Revision: 3

Version Date: 01/11/10

TABLE 8
THEORETICAL ION ABUJ’#I,;;J:]I\J‘?}E RATIOS AND QC LIMITS
Chilorine atoins | m/z's forming ratio | Theorefical ratio | Lower QC limit | Upper QC limit
1 mém-+2 3.13 266 360
. mAm+2) 156 1.33 .79
3 mim+3) .04 158 ] 20
4 m/(m+2) 077 LGS {).59
s (m+2)(m+4) 1.55 1.32 1.78
o {m+2)(m+4) 124 | US .43
7 (m+2)(m+4) 1.08 3,89 1.21
5 (m+2)(m+4) B84 0746 .02
9 (23 (md) 077 0.65 (1.5
2] fm+2)(m+4) & 059 079
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SOP Code: HMS-1668A
Revision: 3
Version Date: O1/1 /10
TABLE 9
SUGGESTED SAMPLE QUANTITIES TO BE EXTRACTED FOR VARIOUS MATRICES'

e | o | e

Single-phase
Dnnking water

Aquenns Growndwater <] =5 101 eml

reared wastewater

Dy soil

Solid Comipost 20 Solid 5-10g
lAsh
Waste solvent

e ganic Waste ol =] Oreanic 3-10g
Organic polymer

Tissue Eizl — Organie 5-10g
Himan adipass ) i

Dlulti-phase

ILiguid/Selid
[Wel soil
[Untreated eftlusnr

Weneous Salid Digested municipal shudge i-30 Salid S-10g
Filter calie
[Paper pulp

Orgamie solid L]_CEIIShlal hudge 1-100 Boith 5-10g
Oy waste

Liquid/Liquid
Lo-pracess effluent

Aqueours of ganie Unireaied effluem -1 Chganic Sl
[Diun waste

A queons orgamcsolid HBCER e liniR =1 Organie & solid s-1be

) Drum Waste

The quantity of sample o be extracted ts adjusted 1o provide [0g of solids (dry weight). One liter of aqueous
satuples contaimng one percent solids will contain 10g of solids. Fer aqueous samples cenlammsg greater than one
percent solids, a lesser volwne is used so that 10g of solids (dry weight) will be exmacted.

The smimple mauix may be amorphous for some samples. In general, when the CBs are in contac! with a multi-phase
system in which one of the phases is water. they will be preferentially dispersed n1 or adsorbed on the aliernate

phase because of their low solubility in water.

Aqueous samples are filtered after spiking with the labeled compounds. The filuate and the matentals rapped on the
[ilter are extracted separately, and the extracis are combined for clean up and analysis.
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TABLE 10

CORRECTIVE ACTION SUMMARY TABLE

QC Activity

Luacceptable Criteria

Recommended Coyrecrive Acrion

Documentarion

Methed Blauk

=MRL. =1/10 sample

CONC.

Analyze an wstument blank to
demouslrate mstiument is free of
possible contanunation, Evaluate
whether 2ntire sample baich must
be re-exiracred. depending on
cliert specifications.

Conecnve actions
must be documented
as a non-confority
Compounds
associated with a
value m the MB are
flagged with ‘B* on
Form 1s.

lnstrument Blank

>MRL

Detemune cause of contamunarion,
Analyze an acceptable mstimmem
blank prior to analyzing analytical
sequence.

Resohve blank issue
afore proceeding.

luitial Calibraton

+ 40% native standards

Reanalyze standards. If still

Resolve [CAL

Standards =~ 50% labeled srandards unacceprable. remake standards standards 1ssue
and reanalyze. before procesdung.
Continuing > RRF: 1+ 40% nanve and | Resanalyze standard. If still Conument in ¢ase

Calibratnon
Venfication
Standard
(CCVAVER)

4+ 50% labeled for
begzinniug cal
Ending CCAL not
required for 1668A

unacceptable. recalibrate and
reanalyze samples from last
acceprable CCV.

uaranve.

Laboratory Counel
Sample (LCS) &
Duplicate
Labotatory Control
Sample (DLCS)

30% -value=150%
~50% RSD

If LCS or DLCS out. evaluate the
labeled standardi<) asseciated with
the compound(s). If associated
labeled standards out. evaluate the
a~saciated fabeled ~imdard(s) n
the sample(s). Lf labzled
standard{s} iu the sanple(s) 1s oul.
re-exiiact the saples. else. release
the resi results,

Conupent in gase
narrative.

Labeled Standard
Recoveries

- aeceplance criteria for
all labeled standards or it
any labeled sinndard
recovery is <10%

Complete an NCAR form and ve-
extract the ~ample nsing a smaller
sanmple size.

Addan ‘RT uffix
to the end o1 the Lab
Sample 1D.
inclicating "Re-
extraction’

Recovery of labeled
standard tor
compounds

Ouwside acceprable
linis

Report values and flag results.

Flag associated
results with *Y" on
Fonn Is.

Sample Resulis

Quantified value > upper
eud of linear calibration
range,

Report values: dilute sample and
report both undiluied and diluted
test results.

Flag associated
results withi "E” on
Fonn Js.

Saple Results

Quantified value < lower
end of linear calibration
range and = EDL.

Report values and [lag resulls.

Flag asvociated
results with °F on
Form Is.

Sample Results

Compocl not detected.

Repor values and Hag results.

Flag associated
results with U’ on
Form |s.

Nalive ions

Outside 1on abundance
ratio QC Jnil

Report as EMPC

Flag assoctatad
results with K7 on
Foru }s.
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SOP Code: HMS- 16684

Revision: 3

Yersion Date: 01/11/10
APPENDIX 2

FIGURE 1
FLOW CHART FOR ANALYSIS OF AQUEOUS AND SOLID SAMPLES

Diefine Mamx

Solid

Preppar §11.1.3

Spike with Lubeled Spike with Taleled
Standards Standards

v x

Extact per 31122

Avjusous

Prepper &11.1.2

Extractper 1121
o 110y

v

Concenrrare
exhct

Sptke with Labeled
Clean up Srandards
Sulfuric Acid
Clean Up pet
§11.3.1

Opnonal
clean ups
necessary

Cleam up per
§11.320r11.3.8

Silica Gel Clean
Upper g11.34

Loncentrate per
311.3.5

)

Spike with Labeled
Internal Injection
Standards

Analvze per §12.5
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FIGURE 2

FLOW CHART FOR ANALYSIS OF TISSUE SAMPLES

Hemogemze
Sample per §11.1.4

Subsample per
§11.1.4

v

Spike with Labeled

siandlards

Extract per §11.2.4

Concentrate per
§11.24
¥
Lipids analysis per
3l1.2.4
v
Spike with Labeted
Clean up Standardsy

!

Sulfurie Acid
Clean Up per
§l1.3.1

Optional
clean ups

Na

n up per
Sl2orll33

el
—
' TR

Silica Gel Clean
Up per §11.3.4

&

Concenfrate per
§11.3.5

b

Spike with Labeled
Interual Injection

Stapdards

Analyze per 812,35
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SOP Code: HMS-1668A
Revision: 3
Version Date: 01711710
FIGURE 3
OCTYL COLUMN RESOLUTION TEST #1: SEPARATION OF CL-3 CONGENERS 34 AND
23 WITH VALLEY <40% (I.E. 100X/Y < 40%)
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SOP Code: HMS-1668A
Revision: 3
Verstan Date: 01 L 1/10
FIGURE 4
OCTYL COLUMN RESOLUTION TEST #2: SEPARATION OF CL-7 CONGENERS 187 AND
182 WITH VALLEY <40% (LE. 100X/Y < 40%)
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SOP Code; HMS-1668A
Revision: 3
Version Date: QL/11/10
FIGURE 5
CB CONGENERS AT EACH LEVEL OF CHLORINATION ON THE SPB-OCTYL COLUMN
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SOP Code; HMS-1668A
Revision: 3
Version Date: 01/11/10
FIGURE 6
FORMAT FOR A TRAINING PLAN

I.  Read and sty SOP Trainer: Trainee: Date:
2. Read Published Method Trainer: Trainee: Date:
3. Demonstrated scientific understanding of the analysis Trainer: Tramee: Date: _

Sample preparation
HR-Gas cluomatogiaphy
HR-Mass spectrometry

4. Demonstrated fanuliarity with related SOPs Traiper: Trames; Date

SOP for Analytical Batches and Aualyncal Sequences

SOP for Making Enutes mto Logbooks and onto Bench sheers
SOP for Manual Luegranon of Chromatograplue Peaks

SOP tur Significant Figures

SOP for Nonconfornuty and Comective Action Docunientation
SOP for Determuiation of Meihod Detection Limirs

5. Qbserve pertormance of SGP Trawer: Tramee: Date B

= sample preparation and sample loading

- analytical ~equence serup

- wnnial ealibration and continuing calibration verification
- sample analysis

- wolttware whoduction

- data reduction and reporting

6. Pevform SOP wath supervision Trawer:  Trawnee: Date:
= saple preparation and sawple loading
- analytical sequence sethup
- inirial ealibration and contining calibration veritication
- sample analysis
- software nse
- data reduction and reporting

7. [ndependent performauce of the SOP Lratner: Trainee: Date:

- sawple preparation and sample loading
- analytical sequence setup
- yntial calibration and coutimung calibraton verification
- sample analysis
-software proficiency
- dara reduction and reporting
- imbal demonstratiou of competeucy
[PR study
# single blind PE sample
» four consecutive LCSs

8. Lustnnent operation and mainienance Tramer:  Tramee:  Date
- autosampler
- gas chromatograpl: and capillary column installarion
- IS Specirometer
- data sysrem
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Columbia SOP No. GEN- GEN- BLACK C SOOT PREP
H i e Revision 01
Analytical Services D evision 01
Page 2 of 14

Standard Operating Procedure
for
Sample Preparation for Black Carbon (Soot) in Sediment
By Chemothermal Oxidation Pretreatment and
Combustion / Thermoconductivity or Infrared Detection

SCOPE AND APPLICATION

1.1  Black Carbon (BC) or Soot consists primarily of highly condensed carbon particles
formed from pyrolysis (incomplete combustion) of fossil fuels, biofuel, and biemass. BC
is very stable and resists oxidation via biological and chemical processes. It is considered
to be a major contributor to global warming, second only to carbon dioxide gas.

1.2  BC in sediment and soil can be determined by first pre-tréating ‘the sample using a
Chemothermal Oxidation (CTO) sample preparation procedure. to remove interfering
inorganic carbon (carbonates) and nonpyrogenic organic-carbon (NPOC). The residue is
then analyzed for Total Carbon (TC), which represents the BC in the original sample.

Total Carbon analysis is performed using a high temperature combustion Carbon or
Carbon/Hydrogen/Nitrogen (CHN) ‘analyzer at 950°C or higher. Several different
instruments can be used: Perkin Elmer model 2400-CHN analyzer, LECO Micro Truspec
CHN analyzer, LECO Macro TruSpec CHNS analyzer, or Eltra CS500 Carbon - Sulfur
analyzer.

1.3 The lower concentration range for BC is approximately 0.05% (dry wt. basis).

SUMMARY OF METHOD

A sediment sample is initially dried at 60°C and then ground to a fine powder. A 10 mg aliquot of
the dried and ground material is'sub-sampled into a silver capsule for pre-treatment prior to final
analysis for BC. The sample.is treated with hydrochloric acid to remove inorganic carbon and
then subjected to heating at 375°C in an air-purged muffle furnace to remove NPOC. The
sediment residue is then analyzed by an elemental CHN or Carbon analyzer. These instruments
employ direct combustion of the sample in ultra-pure oxygen at 935°C to 1350°C depending on
the instrument used..-The carbon is converted to the gaseous phase as carbon dioxide by the
combustion .process and quantified as a function of it’s thermal conductivity or infrared
absorption. Concentration is calculated from the mass of carbon detected after the treatment
process as a-function of the initial 10 mg sample aliquot.

Note that this SOP is intended to address the sample preparation process up to the point where the
sediment residue is ready for instrumental analysis. The quality control (QC) samples associated
with the preparation batch are defined in this SOP, but QC samples associated with the
instrumental analysis are defined in the associated SOP for that part of the process (i.e. CHN by
Combustion/Thermo-Conductivity Detection; SOP Code: TUCSON-CHN).
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C Columbia SOP No. GEN- GEN- BLACK C SOOT PREP

H : we Revision 01
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Page 3 of 14
3.0 DEFINITIONS
3.1  Analytical Protocol: Samples are analyzed in a set referred to as an analytical protocol or

3.2
3.3

3.4

3.6

sequence. Since this SOP addresses the sample preparation portion of the process only, the
protocol includes QC samples associated with the preparation only (i.e. Prep Blank,
Duplicate, and Standard Reference Materials — SRM).

Benchsheet: A form used to record the analytical protocol, sample information, and data.

DI Water: DI Water is laboratory pure water that has been passed through an initial
deionizing system followed by a polishing deionizing system (ultra-pure ‘or nanopure)
producing water that meets ASTM Type I criteria.

Prep Blank (PB): The prep blank for this method consists of carrying a/blank silver capsule
through the entire sample preparation procedure, including addition of reagents, reaction
steps, and heating/cooling steps. The purpose of the PB is to, determine the presence and
magnitude of analyte contribution from reagents, labware," other equipment, and/or
atmosphere.

Standard Reference Material (SRM): The SRM is a standard that represents the matrix of
the associated samples being analyzed. For. the purposes of this procedure, an SRM that
contains primarily carbon, half of which is BC (NIST,SRM-1650 — Truck Diesel Particulate
Matter), is used in lieu of a chemicalstandard. Te supplement it, a sediment SRM (NIST
SRM-1941 or SRM-1944) that contains a-significant amount of BC is used to accurately
represent the sample matrix.. The SRM has a.certified or documented true value associated
with it, so the analytical batch can be controlled for accuracy. The SRM is purchased from a
qualified vendor (National:Institute. of Standards and Technology — NIST). For this
analysis, the SRM is synonymous.with'a Laboratory Control Sample (LCS).

4.0 INTERFERENCES

4.1

4.2

GEN-CHN RV

NPOC is a potential positive interference that is removed by the preliminary heating at
375°C. As long as the temperature and heating time are observed, the interference is
removed.

BC values may. exhibit a high bias for samples with high concentration of carbonates that
do not fully react during the HCI pretreatment step. A more aggressive acid treatment
may be required in these situations. Particular attention should be paid to marine
sediments potentially containing shells, coral, and associated fragments.

Confidential
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H : e Revision 01
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Page 4 of 14
5.0 SAFETY
5.1  Follow all CAS safety practices as described in the CAS Safety Manual.

5.2

The toxicity or carcinogenicity of each compound or reagent used in the method has not
been precisely determined; however, each chemical should be treated as a potential health
hazard. Exposure to the compounds should be reduced to the lowest possible level. A
reference file of material safety data sheets is available to all personnel involved in these
analyses. Columbia Analytical Services also maintains a file of OSHA regulations
regarding the safe handling of chemicals specified in these procedures.

6.0 SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE

6.1
6.2

6.3

Samples can be collected in glass or plastic containers.

Environmental samples can be adversely affected by biological activity and must be
collected, preserved, and stored using appropriate precautions. Preservation for BC
consists of freezing at -20°C or refrigerating at 4+2°C.

Holding times have not been established for this.method. Samples should be handled as
detailed above to avoid degradation of the samples.

7.0  APPARATUS AND EQUIPMENT

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12

GEN-CHN RV

Oven, 103-105°C.

Muffle Furnace, 4” x 4” x 67, 375°C (with air purge capability).
Micro Balance, 1 ug sensitivity.

Analytical Balance, 0.1'mg sensitivity.

Stainless Steel Fin'~Tip Forceps.

Silver Capsules (5 X 9 mm for micro CHN analyzer).
Aluminum Capsule Block for Silver Capsules.
Ceramic Boats (for Eltra CS500).

Refrigerator, 4°C.

Freezer, -20°C.

Mortar and Pestle.

Mini Ball Mill w/Tungsten Carbide Balls.
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Page 5 of 14
8.0 STANDARDS AND REAGENTS

8.1 Standard Reference Material, NIST-1650 Truck Diesel Particulate Matter.

8.2 Standard Reference Material, NIST-1941b Baltimore Harbor Marine Sediment or NIST-
1944 New York/New Jersey Waterway Sediment.

8.3 Hydrochloric Acid (HCI), Concentrated, ACS Reagent grade.

8.3.1 1 N HCI working solution — 17 mL of HCI into 83 mL laboratory pure water.

9.0 PREVENTIVE MAINTENANCE

General preventive maintenance is required of support equipment used in-this method. Follow the
equipment manual for operation and preventive maintenance.
10.0 RESPONSIBILITIES
10.1 This SOP is intended for use by experienced analysts. It should also be used for training
of technicians and chemists in the above referenced method, and as a reference for data

reviewers for data generated by use of this.SOP

10.2  Analyst - The analyst is responsible for:

o Performing the analysis ‘according to the equipment manual, the method SOP,
QA/QC criteria, and company safety procedures.

o Properly operating and/or maintaining the equipment.
Entering the appropriate information onto the benchsheets and/or logbooks.

o Documenting and netifying the laboratory director of any operational problems or
failed QC data.

10.3 Laboratory Director - The laboratory director or his/her assignee is responsible for:

Training, scheduling, and supervising the preparation of samples.
Reviewing and approving sample data, benchsheets, and logbooks.
Reviewing the final sample preparation data for completeness.
Reviewing and maintaining the SOP for this method.
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11.0 PROCEDURE

111

11.2

GEN-CHN RV

Date:9/20/2010
Page 6 of 14

Initial Drying and Homogenization/Milling of Samples

11.1.1

11.1.2
11.1.3

11.1.4

11.1.5

11.1.6

11.1.7

Record samples to be tested on a BC Sample Preparation bench sheet form (see
Attachment A).

Transfer approximately 5-10 g of wet sediment into a suitable drying vessel.

Dry the sample at 60°C for approximately 18 hours. Remove from oven and
cool in a desiccator.

Homogenize the dried sample with mortar and pestle or ball'mill, depending on
the composition of the sample. Samples containing fine grain sand and silt, but
no pebbles, can generally be ground to a fine powder using a mortar and pestle.
However, most sediment samples will require use of mechanical milling via the
ball mill to achieve satisfactory consistency (ie. powder with consistency of
flour).

Weigh an aliquot (approximately~10 mg) of the dried and ground sample into a
silver capsule using the micro balance. Record the mass to three significant
figures (the nearest 1 ug when weighing >10 mg). For samples with high
Carbon contents (> 50 wt%) use approximately 5 mg of sample. Use the
aluminum capsule. block to hold the silver capsules. Note the position of the
capsule with the corresponding ssample identification and record it on the
original raw data sheet.

Retain the remainder of“the dried and ground sample for subsequent 105°C
moisture determination so the final result can be converted from a 60°C basis to
a 105°C basis.

The sample is now ready for hydrochloric acid treatment to remove inorganic
carbon.

HCI Treatment for Inorganic Carbon Removal

11.24

11.2.2

11.2.3
11.2.4
11.2.5

NOTE - all of the following steps must be conducted in a fume hood to
prevent exposure to HCI fumes. Proper personal protection gear including
lab coat, safety glasses, and gloves must be worn.

Add 1 to 2 drops of IN HCI to each of the samples. Observe whether
effervescence occurs and note the corresponding sample identifications.

Dry the samples at 60°C for 1 hr.
Repeat steps 11.2.2 through 11.2.3 for samples that effervesced.

The sample is now ready for 375°C heating to remove NPOC.
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NPOC Removal via 375°C Muffle Furnace Heating

11.3.1 Transfer the aluminum capsule block to the muffle furnace pre-set at 375°C.

11.3.2 Start the flow of air at 1100 mL/min (2.5 mL/min per cm3 of furnace volume).

11.3.3 Heat the sample for 18 hours, remove, and cool.

11.3.4 Crimp the silver capsule closed and fold the corners to form a cubic or rounded
package using the stainless steel forceps.
Note: No further weighing is necessary, as the sample residue in the silver capsule
represents the BC plus inert material (silica, clay, salts, etc.) in the original dried

and ground sample aliquot.

11.3.5 The sample is now ready for carbon analysis as perSOP “CHN by
Combustion/Thermo-Conductivity Detection”; SOP Code: TUCSON-CHN.

120 QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS

12.1
12.2

12.3

12.4

Preparation Blank: Analyze one PBin ten.or less samples.

Standard Reference Material: "Analyze one each of SRM 1650 and SRM 1941b (or
1944) with every ten or fewer samples. The SRMs must have recoveries of 80-120% of
the true value listed in the literature.

Duplicate Analyses: Analyze one duplicate in ten or less samples. A Relative Percent
Difference (RPD) for analyses should be less than 20%.

Any deviations of the QA/QC requirements must be documented on the benchsheet and
the Laboratory Supervisor. or. his/her designate notified prior to submitting data for
approval.

13.0 CALCULATIONS, DATA.REDUCTION AND REPORTING

13.1

13.2

GEN-CHN RV

Calculations:

13.1.1 NA.

Validation:

The data generated for the preparation of samples for BC must be reviewed and validated
for completeness. The review of results is performed as part of the instrumental analysis
performed under SOP Code: TUCSON-CHN.

Confidential



£ Columbia SOP No. GEN- GEN- BLACK C SOOT PREP
Analytical Services~ Revision 01

13.3

13.4

Date:9/20/2010
Page 8 of 14
Documentation

13.3.1 Record the start time and finish time and temperatures of the furnace and oven in
their respective logbooks.

13.3.2 Record the calibration verification of the balance in its logbook.

13.3.2 Record the information detailed on the bench sheet (see attached example).

SOP Annual Review

13.4.1 This SOP must be reviewed at least once a year to determine if'any changes are
required. This review is performed by the laboratory ‘director, laboratory
supervisor, analyst performing the method, and the QA office.

13.4.2 If changes are required then a new revision is prepared and issued according to
ADM-SOP.

13.4.3 If no changes are required, then each applicable person must document that this
SOP has been reviewed on“the front page of this SOP. A memo stating that the
SOP has been reviewed and is still in effect issued by the appropriate Supervisor.

140 METHOD PERFORMANCE

141

14.2

GEN-CHN RV

Reporting Limit

The Reporting Limit (RL) for'BC is based on a 10 mg initial dry mass and an instrument
reporting limit of 0.005'mg of carbon. The RL is calculated as follows:

%BC = (mg carbon + initial sample mass, mg) x 100
=(0.005 mg carbon +~ 10 mg) x 100
= 0.05%, Dry Wt. Basis
Method Detection Limit
For data to be reported to the MDL, determine the MDL using the following procedure.
14.2.1 An MDL study for BC is conducted by analyzing 7 or more replicates of a low
level SRM or a small mass of an SRM with known BC concentration. For

example, a 1 mg mass of SRM 1641b yields approximately 0.006 mg of BC. This
is an appropriate mass of this SRM to conduct an MDL study for BC in sediment.
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14.2.2 The MDL is calculated by multiplying the standard deviation by the Student’s t
value for n-1 degrees of freedom at the 99% confidence level (3.143 for 7
replicates).

Initial Demonstration of Capability

Before analyzing client samples for reporting purposes, the analyst must analyze four
sample/sample duplicate pairs.

14.3.1 Analyze four SRMs.

14.3.2 After analysis is completed, calculate Recovery. The recoveries of the four LCSs
must be 80-120% of the value in the literature.

Practical Range

The practical range for this method is 0.05% to 100 wt%.

Precision and Accuracy

See section 12

15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT

151

15.2

GEN-CHN RV

It is the laboratory’s practice to minimize the amount of solvents and reagents used to
perform this method wherever technically sound, feasibly possible, and within method
requirements. Reagents are prepared.in volumes consistent with laboratory use in order to
minimize the volume of reagents for disposal. The threat to the environment from
solvents and/or reagents used in-this method may be minimized when recycled or disposed
of properly.

The laboratory will comply with all Federal, State, and local regulations governing waste

management, particularly the hazardous waste identification rules and land disposal
restrictions as specified in the laboratory Safety Manual.

Confidential



C Columbia SOP No. GEN- GEN- BLACK C SOOT PREP

: : we Revision 01
Analytical Services Date:9/20/2010

Page 10 of 14

16.0 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL OR UNACCEPTABLE DATA

16.1  Corrective Action:
The corrective action process is initiated when data quality problems are observed or
suspected. These cases include incomplete documentation of sample preparation process,
deviations from the prescribed process, or omission of required QC samples.

16.2  Quality Control Failures:
Quality control failures associated with the actual sample results are handled under SOP
Code: TUCSON-CHN.

16.4 Nonconformity Documentation:
Out of control events, conditions adverse to quality, are reported, documented and
corrected. Out of control events (OOCE) may arise from the failure.of a process, human
error, non-compliance with requirements, inadequate controls, or sample matrix
problems.

16.4.1 Data quality issues must be documented on the analytical raw data and/or the data
review checklist. All appropriate. data qualifiers must be added to the final
reported results.

16.4.2 Problems that arise .from “actions. under laboratory control (incomplete
documentation, omission .of QC samples, etc.), affect more than one batch, are
more serious in nature, or are indicative of an ongoing problem are documented
on a Nonconformity and Corrective Action Form (NCAR).

16.4.3 Appendix B contains copies. of the NCAR. It is filled out by the person
identifying the event  Corrective action may require consultation with the
Department Manager, -the QA Manager, and the Laboratory Director. The
corrective action.is.then-approved by the Supervisor and/or section Manager. The
QA Manager~ gives final approval, and if necessary, provides to Project
Chemists(s) for client notification. A copy of the form is kept with the raw data,
in the project file, and the original is filed in the QA file.

170 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE
DATA

Any eventthat arises and does not conform to what is expected either by the instrument or the QC
generated. An NCAR must be filled out in order to document the corrective action measures
taken. In addition, the Laboratory Manager and/or the individual Project Chemists must be
notified.
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REFERENCES

18.1

18.2

Gustafsson, et al, Evaluation of a Protocol for the Quantification of Black Carbon in
Sediments, Global Biogeochemical Cycles, 15, 881-890, 2001.

Columbia Analytical Services, Tucson, Arizona , Standard Operating Procedure for CHN
by Combustion / Thermo-Conductivity Detection, most current version.

TRAINING PLAN

19.1

19.2

19.3

Review literature (see references Section 18). Review the SOP. Also review the
applicable MSDS for all reagents and standards used. Following these reviews, observe
the procedure as performed by an experienced analyst at least three times.

The next training step is to assist in the procedure under the guidance of an experienced
analyst. During this period, the analyst is expected to tramsition from assisting, to
performing the procedure with minimal oversight from the-experienced analyst.

Perform the initial precision and recovery (IPR) study, or initial demonstration of
capability (IDC). Summaries of the studies are reviewed and signed by the supervisor and
quality assurance program manager. Copies a e maintained in the employee’s training

file.

METHOD MODIFICATIONS

None

INSTRUMENT-SPECIFIC ADDENDUM

None

CHANGES FROM PREVIOUS REVISION

None — new SOP

GEN-CHN RV

Confidential



CS Columbia SOP No. GEN- GEN- BLACK C SOOT PREP

: : we Revision 01
Analytical Services Date:9/20/2010

Page 12 of 14

ATTACHMENTS

23.1 Appendix A — Example BC Sample Preparation bench sheet.

23.2  Appendix B - Form for documenting nonconformity.
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CS Columbia SOP No. GEN- GEN- BLACK C SOOT PREP

Appendix A
Example BC Sample Preparation Bench Sheet.

Columbia Analytical Services - Tucson, AZ Analyst:
Black Carbon (Soot) in Sediment and Soil - Chemothermal Oxidation Pretreatment Analyst:
Gustafsson, et al, 2001 Analysis Date:
Analyst Review]
Supervisor Review:
Air Dry Molsture Determination Residual Molsture Dy inati Thermo Oxidation Pretreatment
- Start Date | End Date Start Date | End Date Start Date | End Date Alr Flow
Heating Method Temp *C s e Heating Method Temp °C e Time Heating Method Temp °C Time Time: miimin
oven B0 oven 105 Muffle Fumace 375
Alr Dry Moisture Residual Moisture HC! Treatment o
Air Dry Loss| Residual Total sample Sample ermo
Cruc. EWet Cruc. & Cruc. & Wet| Cruc & Step 1 Step 2
Moisti Malsture Molstu Weight
Sample Lab Number | Cruc. Wt SxWL  Dried Sx Wt ure | cruc. wt. SxWL |Dried 8x Wt/ re Prq;d elg & oculo | BNorvesce Pretreat
a g a Wit a a a9 Wit Wil mg yes! no yes / no yes /no
Columbia Analytical Services, Inc.
3860 5. Palo Verde Rd #302
Tucson, AZ 85714
520.6733.1081 Page______of Benchsheet - Black Carbon Prepxds, 9232010
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Appendix B
Example Form for Documenting Non-Conformance.

a Columbia
Analytical Services

Columbia Analytical Services

Nonconformity and Corrective Action Report

SAMPLES/SYSTEM/JOB/CLIENT AFFECTED N&CA Report No. 2008-

NONCONFORMITY

Analysis/Event:

Instrument/System: Date:

Detailed Description of Nonconformity:

Origmator (name): Date:

Supervisor Verification: Date:

CORRECTIVE ACTION AND OUTCOME

comect the particular Nonconformity and prevent the reoccurrence of the Nonconformity.)

Detailed Descripnion: (Re-establishment of conformity must be demonstrated and-documented: Describe the steps that were taken. or are planned to be taken, to

Is the data to be flagged in the Analytical Report with an appropriate qualifier? No Yes
Person Responsible: Date:
Supervisor Verification: Date:

NOTIFICATION - CUSTOMER/CLIENT - INTERNAL/EXTERNAL

Project Chemist Notified by: Date:

Customer Notified? No  Yes If Yes, Notifier: Date:

Project Chemist/Customer Comments (Retain record, e.g. telephone record. e-mail)

ACCEPTANCE OF CORRECTIVE ACTION

Conunents:

Corrective Action(s) have been implemented. QA Pgm Mgr: Date:

GEN-CHN RV Confidential
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