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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 removal1. 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 
RM11E 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: 

1. Selection of analytical tools (models) that will be used to meet project objectives. 

2. Identification of data needs to meet the model input requirements. 

3. Identification of sampling methods to satisfy data needs. 

4. 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 

                                                      
2 EPA (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: 

• Concentrations of dissolved PCB congeners in porewater 

• Concentrations of PCBs in bedded sediments as both Aroclors and congeners3 

• Concentrations of TOC and black carbon in bedded sediment 

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

• 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): 

• Comprehensive Benthic Risk Area identified in Draft FS Report 

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

• Engineered Cap and In-Situ Treatment Areas identified in Draft FS Report  

• Availability of paired Surface-Subsurface Previous Sampling Locations 

• Surface and subsurface concentrations of PCBs and TOC 
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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 (µg/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 µg/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 µg/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-PW003, 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-PW001, 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-PW001 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 
µg/kg at UG02 from the Draft FS Report, and 2,200 µg/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 
RM11E Project Area. Subsurface PCB concentrations are non-detect. This station provides a 
high total PCB value (> 2,000 µg/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-PW002 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 µg/kg), and higher at 1.5 to 2.0 meters below mudline (bml) (6,200 
µg/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 Cpw (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 Cpw 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-PW003 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 µg/kg), lower in the middle section of the subsurface sediment column (30.9 to 90.5 
centimeters [cm] at 370 µg/kg), and elevated in the deepest segment down to 140 cm (1,500 
µg/kg). TOCs range from 1.35 to 1.91 percent; the calculated Cpw 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 µg/kg), with elevated PCB 
concentrations in the subsurface sediments (650 to 3,300 µg/kg) down to approximately 3 
meters bml. TOC and estimated Cpw 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-PW005 

This station is located at the paired surface/subsurface sediment sampling locations RM11E-
G028/C024. RM11E-PW005 is outside of the Comprehensive Benthic Risk Area, but is within 
the 75 µg/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 µg/kg) and low subsurface 
contamination levels (<4 .4 µg/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 µg/kg in the surface, but cannot be 
estimated for the lower intervals. This station provides an intermediate total PCB value (less 
than 500 µg/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 µg/kg and then are non-detect to a depth of at least 
4 meters. The TOC is low (0.46 percent), and the estimated Cpw is 908 ng/L. This station 
provides a high total PCB value (> 1,000 µg/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-PW007 – 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 µg/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 µg/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 11 
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 GSI, 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: 

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

• 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: 

• 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). 

• 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. 

• 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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• Function as the Field Safety Officer and ensure that the sampling activities adhere to the 
Health and Safety Plan (HSP).  

• 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: 

• 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. 

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

• Assist with sampling efforts. 

• Assist with safety operations.  

• 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.   

• 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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• 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. 

• 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 
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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.  

 

 

 

mailto:sheldrake.sean@epa.gov
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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  

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-PW007). 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-
PWW005b 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-
PW006.  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).  

• 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. 

• For the three locations that are offshore on the riverward side of the Glacier dock 
(RM11E-PW001, RM11E-PW004, and RM11E-PW005, two anchor lines per sampler will 
be deployed and attached to sediment anchors. 

• 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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• Upstream location RM11E-PW007 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. 

• 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-
PW004, 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:   

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

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

• 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.6 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. 
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pieces of debris will be removed and noted in the field logbook. The sediments will be mixed to 
visible uniformity7, 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: 

• Porewater  

o PCB congeners (including PCB PRCs) extracted from passive samplers  

• Sediment  

o Total solids (TS) 

o Grain size 

o TOC 

o PCB congeners 

o PCB Aroclors 

o 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: 

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

• 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.  

• 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.  It is 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: 

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

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

• 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: 

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

• 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: 

• 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 

• 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):  

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

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

• 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. 

• This will be followed by the unique station ID. For this study, the first unique station 
will be designated 0001.  
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• 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:  

• RM11E-PWP001: A porewater sample from Station 001.  

• RM11E-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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Data Source

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 1 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)

Fraction Organic Carbon
Surface sediment
Subsurface sediment layer(s)

Fraction Black Carbon
Surface sediment
Subsurface sediment layer(s)

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

Flow through (m3/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 (µg/L) Portland Harbor RI

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

Table 2-1.  Two-Carbon EqP and Cap Model Parameters  
and Data Source

Model Parameters
Contaminant Properties

RM11E Database
2012 Supplemental Data
Porewater Study Data
RM11E Database
2012 Supplemental Data
Porewater Study Data
RM11E Database
2012 Supplemental Data
Porewater Study Data

Subsurface Water 

System Properties

Surface Water Column
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Data Source

Table 2-1.  Two-Carbon EqP and Cap Model Parameters  
and Data Source

Model Parameters
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 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/m2/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.  

Active Cap Properties
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Table 2-2. Physical Characteristics and Total PCB Concentrations of Select Sediment Samples.
Grain Size

Total 
organic 
carbon

Total 
solids

Percent Fines 
(clay + silt) Total PCBs2 Qualifier

Northing Easting Start End pct pct pct ug/kg
LW3-UG02 Surface Sediment UG02 689302.7147 7643999.701 -40 11.2 1/31/2007 0 23 0.36 79.5 3.66 6000 JT

LW3-UC02-B Subsurface Sediment UC02 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 UC02 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 37.5 180 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
RM11E-C019-D Subsurface Sediment C019 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 C019 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

RM11E-C022-B Subsurface Sediment C022 689257.569 7644334.365 -15 11.3 5/20/2009 30.5 91.4 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
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 C023 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 1.4 65.3 17.8 380 JT

RM11E-C024-B Subsurface Sediment C024 689065.852 7644169.518 -51 11.3 5/27/2009 30.5 91.4 0.06 79.3 0.73 1 UT
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 C024 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 11.4 6/23/2009 30.5 91.4 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
RM11E-C029-D Subsurface Sediment C029 689005.433 7644581.765 -22 11.4 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 -- 1.3 UT
RM11E-C029-F Subsurface Sediment C029 689005.433 7644581.765 -22 11.4 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 11.1 12/5/2007 0 22 0.75 66.2 14 2700 JT
-- LW3-UG01 Surface Sediment UG01 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 11.1 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 11.1 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 11.1 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 11.1 5/22/2009 30.5 91.4 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 11.1 5/22/2009 152.4 169 0.05 88.1 -- 1 UT

PW004

PW005

PW006

Proposed 
Porewater 

Location ID
Sample Date

PW002

PW003

Sample Location

PW0013

Conventionals Total PCBs

Sample Name Depth Class Location 
Name

Sample Coordinates1
Elevation River Mile

Sampling 
Interval (cm)
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Table 2-2. Physical Characteristics and Total PCB Concentrations of Select Sediment Samples.
Grain Size

Total 
organic 
carbon

Total 
solids

Percent Fines 
(clay + silt) Total PCBs2 Qualifier

Northing Easting Start End pct pct pct ug/kg

Proposed 
Porewater 

Location ID
Sample Date

Sample Location Conventionals Total PCBs

Sample Name Depth Class Location 
Name

Sample Coordinates1
Elevation River Mile

Sampling 
Interval (cm)

-- 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 C012 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 C012 689614.395 7643820.979 -37 11.2 5/20/2009 30.5 91.4 1.82 66.5 30.5 160 T
-- RM11E-C012-C Subsurface Sediment C012 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 152.4 213.4 0.07 86 -- 1 UT
-- RM11E-C012-E Subsurface Sediment C012 689614.395 7643820.979 -37 11.2 5/20/2009 213 274 0.02 U 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 GCA11E 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 11.4 6/15/2009 0 25 1.4 64.9 17.4 1300 JT
-- RM11E-G037 Surface Sediment G037 688803.942 7644574.373 -56 11.4 5/13/2009 0 28 1.1 64.2 -- 110 JT
-- RM11E-G039 Surface Sediment G039 688796.273 7644755.595 -23 11.4 6/15/2009 0 28 0.61 70.5 18.8 22 JT
-- RM11E-G064 Surface Sediment G064 688687.254 7644823.096 -27 11.4 6/15/2009 0 15 0.59 85.5 -- 1600 JT
-- RM11E-C033A Surface Sediment C033A 688819.388 7644600.851 -53.65 11.4 6/4/2009 0 30.5 1.9 61.3 -- 190 UT
-- RM11E-G043 Surface Sediment G043 688577.551 7644827.386 -48.15 11.4 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. 

3.  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 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.
µg/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

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.
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Table 2-3.  Location and Rationale for Porewater Sampling Locations.  Stations presented from downstream to upstream.

Proposed 
Porewater 

Location ID

Previous 
Sample 

Locations

Previous Sample 
Code

Sample 
Date

Start Depth 
(cm)

End Depth 
(cm) TOC (%)

Sum PCB 
Aroclor Cpw 

(ng/L)3,4

Comprehensive 
Benthic Risk 

Area

In-Situ 
Treatment/ 
Engineered 

Cap

Removal

Subsurface 
Total PCB 

Concentration 
>1,000 µg/kg

UG02 689302.7 7643999.7 LW3-UG02 1/31/2007 0 23 6000 JT 0.36 3417.1
G079 689302.8 7644009.5 RM11E-G079 10/31/2013 0 23 2300 JT 0.491 936.1
UC02 689306.3 7644001.0 LW3-UC02-B 2/7/2007 30 90 2.2 UT 0.11 not calculated
UC02 689306.3 7644001.0 LW3-UC02-C 2/7/2007 90 216 2 UT 0.16 not calculated
G022 689344.3 7644176.0 RM11E-G022 5/7/2009 0 21 180 JT 2.03 18.3

689335.3 7644172.4 RM11E-C019-B 5/21/2009 31 91 210 T 1.92 22.7
689335.3 7644172.4 RM11E-C019-C 5/21/2009 91 152 340 T 1.96 36.1
689335.3 7644172.4 RM11E-C019-D 5/21/2009 152 213 9000 T 2.1 868.2
689335.3 7644172.4 RM11E-C019-E 5/21/2009 213 301 75 T 2.65 5.5

G026 689248.6 7644329.2 RM11E-G026 5/8/2009 0 17 1400 JT 1.35 216.7
689257.6 7644334.4 RM11E-C022-B 5/20/2009 31 91 390 JT 1.67 46.7
689257.6 7644334.4 RM11E-C022-C 5/20/2009 91 140 2800 T 1.91 164.1

G027 689168.3 7644261.4 RM11E-G027 5/8/2009 0 22 140 JT 0.4 57.2
689165.2 7644265.5 RM11E-C023-B 5/21/2009 31 91 4300 T 0.86 801.7
689165.2 7644265.5 RM11E-C023-C 5/21/2009 91 152 2100 T 1.17 214.3
689165.2 7644265.5 RM11E-C023-D 5/21/2009 152 213 2200 JT 1.62 229.5
689165.2 7644265.5 RM11E-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 1.4 49.05
C024 689065.9 7644169.5 RM11E-C024-B 5/27/2009 31 91 1.0 UT 0.06 not calculated
C024 689065.9 7644169.5 RM11E-C024-C 5/27/2009 91 152 8.4 T 0.04 not calculated
C024 689065.9 7644169.5 RM11E-C024-D 5/27/2009 152 213 1 UT 0.06 not calculated
G033 689004.6 7644579.4 RM11E-G033 5/13/2009 0 25 2000 JT 0.46 908.4
C029 689005.4 7644581.8 RM11E-C029-B 6/23/2009 31 91 1.3 UT 0.84 1.0
C029 689005.4 7644581.8 RM11E-C029-C 6/23/2009 91 152 1.3 UT 0.45 not calculated
C029 689005.4 7644581.8 RM11E-C029-D 6/23/2009 152 213 1.3 UT 0.89 not calculated
C029 689005.4 7644581.8 RM11E-C029-E 6/23/2009 213 305 1.3 UT 1 not calculated
C029 689005.4 7644581.8 RM11E-C029-F 6/23/2009 305 396 1.3 UT 0.45 not calculated
C029 689005.4 7644581.8 RM11E-C029-G 6/23/2009 396 436 1.3 UT 0.26 not calculated
C043 687388.4 7645488.7 RM11E-C043-A 5/19/2009 0 30 1.7 UT 6.23 not calculated
C043 687388.4 7645488.7 RM11E-C043-B 5/19/2009 31 95 1 UT 0.83 not calculated

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

3. EPA Guidance for calculating EqP porewater concentrations (Cpw) requires a detectable PCB and > 0.2% TOC.  Where either of those conditions existed, the Cpw was not calculated
4. Only the detected Aroclor concentrations were used to estimate the Cpw 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 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.
µg/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). 
ng/L = nanogram/Liter

Total PCB 
Aroclors 
(µg/kg)2

Yes

Sample Coordinates1

Yes NoNo Yes

No YesYes

YesYes

No YesYes NoPW0015

PW006

PW005

C022
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C019PW002

PW004

PW003

No

Yes

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. 
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PW007 
(Reference)

Yes

Proposed Upstream Reference Area

Page 1 of 1

GSI Water Solutions, Inc. and

 Science and Engineering for

 the Environment, LLC.



Porewater Sampling and Analysis Plan 

River Mile 11 East

 May 2014

Preliminary Remediation Action Objectives (RAOs) Total PCBs1 PRG

Sediment (µg/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 
identified ARARs.

370

RAO 2 – Human Health Biota Ingestion: Reduce to acceptable levels human 
health risks from indirect exposures to COCs through ingestion of fish and 
shellfish that occur via bioaccumulation pathways from sediment and/or 
surface water and comply with identified ARARs.

6

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

64

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 
water; protect the drinking water beneficial use of the Willamette River at the 
Site; and comply with identified ARARs.

0.0064

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

500

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:  

Acronyms:
PCB = Polychlorinated biphenyl
µg/kg = Micrograms per kilogram

ng/L = nanogram/Liter

Table 2-4.  Portland Harbor Superfund Site Preliminary 
Remediation Goals (EPA Recalculation March 2014)

1. "Total PCBs" reflect total PCB congener results where available, and total PCB Aroclor results where congener analysis 
was not conducted.
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Table 3-1.  Project Contact Information

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 360-867-9543

Laboratory Project Manager E-Mail Address Phone Number

ALS Life Sciences Division/
Environmental Jeff Christian Jeff.Christian@alsglobal.com 360-501-3316

Oversight Remedial Project Manager E-Mail Address Phone Number

Environmental Protection 
Agency (EPA) Sean Sheldrake sheldrake.sean@epa.gov 206-553-1220

Page 1 of 1

GSI Water Solutions, Inc. and

Science and Engineering for

the Environment, LLC.

(b) (6)



Porewater Sampling and Analysis Plan 

River Mile 11 East

May 2014
Table 4-1.  Sampling Media, Number of Samples, and Analyte Groups

Performance Reference Compound 
Confirmation 8 -- -- --

• Onsite porewater samples (6)
• Onsite field replicate  (1)
• Upriver  porewater sample (1)

8 -- -- --

Quantify PCB congeners in 
overlying surface water 
immediately above porewater 
sample location.

• Onsite porewater samples (6)
• Onsite field replicate  (1)
• Upriver  porewater sample (1)

8 -- -- --

Bulk sediments analyses
• Onsite porewater samples (6)
• Onsite field replicate  (1)
• Upriver  porewater sample (1)

8 8 8 8

Notes:

1. Conventionals = Total Solids, Total Organic Carbon, Grain Size

Quantify PCB congener levels in 
sediment porewater. 

Data Needed to Address the 
Objectives

 Associated Field and Analytical 
Actions

Number of Samples

PCB 
Congeners

PCB 
Aroclors Conventionals 1 Black 

Carbon
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Table 4-2. Sample Coordinates, Location ID, and Sample ID

Northing Easting Latitude Longitude
PE Porewater RM11E-PWP001
PE Surface Water RM11E-PWW001
Sediment RM11E-PWG001
PE Porewater RM11E-PWP002
PE Surface Water RM11E-PWW002
Sediment RM11E-PWG002
PE Porewater RM11E-PWP003
PE Surface Water RM11E-PWW003
Sediment RM11E-PWG003
PE Porewater RM11E-PWP004
PE Surface Water RM11E-PWW004
Sediment RM11E-PWG004
PE Porewater RM11E-PWP005
PE Surface Water RM11E-PWW005
Sediment RM11E-PWG005
PE Porewater RM11E-PWP006
PE Surface Water RM11E-PWW006
Sediment RM11E-PWG006
PE Porewater RM11E-PWP007
PE Surface Water RM11E-PWW007
Sediment RM11E-PWG007
PE Porewater RM11E-PWP504
PE Surface Water RM11E-PWW504
Sediment RM11E-PWG504

Notes:  

-122.677047

-122.678338

RM11E-PW002 G022/C019 689344.3 7644176.0 45.536855 -122.677654

RM11E-PW001 G079 and 
UG02/UC02 689302.7 7643999.7 45.536728

RM11E-PW003 G026/C022 689248.6

Location ID Grab/Core 
Pair

Sample Location 1,2 Sample Matrix Sample ID

7644329.2 45.536604

-122.676045

RM11E-PW007 C043 687388.4

45.536379 -122.677303

RM11E-PW005 G028/C024 689072.9 7644163.4 45.53611 -122.677675

RM11E-PW004 G027/C023 689168.3 7644261.4

RM11E-PW006 G033/C029 689004.6 7644579.4 45.535954

3. Sample RM11E-PW504 will be a field replicate of sample RM11E-PW004.

RM11E-PW504 4 G027/C023 689168.3 7644261.4 45.536379 -122.677303

7645488.7 45.53159

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” 

-122.672328
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Table 4-3.  Specific Samples, Analyses, Assigned Lab and Station Labelling

Location ID Original 
Grab/Core Pair Sample Method Portion of Sampler for Analysis

(5cm widths) Analyses 1 Laboratory Labeling

0-20 cm in water RM11E-PWW001
0-30 cm in sediment RM11E-PWP001
0-20 cm in water RM11E-PWW001b
0-30 cm in sediment RM11E-PWP001b

0-20 cm in water RM11E-PWW001

0-30 cm in sediment RM11E-PWP001
PCB Aroclors, Black Carbon, Conventionals ALS RM11E-PWG001

Black Carbon CTO-375; Total Organic Carbon; 
PCB Congeners by HRGC/LRM -SIM MIT RM11E-PWG001b

0-20 cm in water RM11E-PWW002
0-30 cm in sediment RM11E-PWP002
0-20 cm in water RM11E-PWW002
0-30 cm in sediment RM11E-PWP002

Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals  RM11E-PWG002
0-10cm in water RM11E-PWW003
0-30 cm in sediment RM11E-PWP003
0-20 cm in water RM11E-PWW003
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 cm in water RM11E-PWW004
0-30 cm in sediment RM11E-PWP004
0-20 cm in water RM11E-PWW004b
0-30 cm in sediment RM11E-PWP004b
0-20 cm in water RM11E-PWW504
0-30 cm in sediment 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-PWG004b

0-20 cm in water RM11E-PWW504

0-30 cm in sediment RM11E-PWP504

Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG504

PE Sampler 1

PE Sampler 2

ALSArchive 2 PE subsamples

PW
00

1
PW

00
3

G
02

6/
C

02
2

PE Sampler
PCB Congeners by EPA 1668C

PW
00

2

G
02

2/
C

01
9

PE Sampler
PCB Congeners by EPA 1668C

ALS
Archive 2 PE subsamples

G
07

9 
an

d 
U

G
02

/U
C

02

ALS

PCB Congeners by HRGC/LRM -SIM  (MIT) MIT

Field Replicate (PW504)
Archive 1 PE subsample ALS

PCB Congeners by HRGC/LRM -SIM MIT

Archive 2 PE subsamples

PE Sampler 1

PE Sampler 2 ALS

PCB Congeners by EPA 1668C ALS

Bulk Sediment Core Sample 0-30 cm in sediment

ALS

PW
50

4

G
02

7/
C

02
3

FI
EL

D
 

R
EP

LI
C

AT
E

PE Sampler PCB Congeners by EPA 1668C

PW
00

4

G
02

7/
C

02
3

PCB Congeners by EPA 1668C
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Table 4-3.  Specific Samples, Analyses, Assigned Lab and Station Labelling

Location ID Original 
Grab/Core Pair Sample Method Portion of Sampler for Analysis

(5cm widths) Analyses 1 Laboratory Labeling

0-20 cm in water RM11E-PWW005
0-30 cm in sediment RM11E-PWP005
0-20 cm in water RM11E-PWW005
0-30 cm in sediment RM11E-PWP005

Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG005
0-10cm in water RM11E-PWW006
0-30 cm in sediment RM11E-PWP006
0-10cm in water RM11E-PWW006
0-30cm in sediment RM11E-PWP006

Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG006
0-10cm in water RM11E-PWW007
0-30 cm in sediment RM11E-PWP007
0-20 cm in water RM11E-PWW007
0-30 cm in sediment RM11E-PWP007

Bulk Sediment Core Sample 0-30 cm in sediment PCB Aroclors, Black Carbon, Conventionals RM11E-PWG007

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

Acronyms
ALS = ALS Laboratories PCB = Polychlorinated biphenyl

MIT = Massachusetts Institute of Technology

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

PW
00

5

G
02

8/
C

02
4

PE Sampler
PCB Congeners by EPA 1668C

ALS
Archive 2 PE subsamples

ALS
Archive 2 PE subsamples

1. Laboratory QA replicates are not identified on this table

PE = Polyethylene

PW
00

7

C043
(reference)    

PE Sampler
PCB Congeners by EPA 1668C

ALS
Archive 2 PE subsamples

Notes:

PW
00

6

G
03

3/
C

02
9

PE Sampler
PCB Congeners by EPA 1668C
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Container Volume 
(mL)

Grain size 100 g 16-oz glass 
or HDPE 480 4°C ± 2°C 6 months

4°C ± 2°C 14 days
-20°C ± 2°C 6 months
4°C ± 2°C 14 days

-20°C ± 2°C 6 months
4°C ± 2°C 14 days

-20°C ± 2°C 6 months

4°C ± 2°C 14 days

-20°C ± 2°C 1 year
4°C ± 2°C 14 days

-20°C ± 2°C 1 year

Performance Reference 
Compounds 100 mg

Low-Level PCBs 
(209 congeners) 100 mg

4°C ± 2°C 14 days
-20°C ± 2°C 1 year

Notes:

2.  HDPE - high density polyethylene
3.  During transport to the lab, samples will be stored on ice.  

4.  For every sample location, an 8-oz container is archived for any potential analysis/re-analysis deemed necessary.

1 year

Archive

Sediment Chemistry 
Archive (4) 250 mL One (1) 8-oz 

glass 480

PE PCB Chemistry 
Archive 100 mg Polyethylene 

Sheet --- 4°C ± 2°C

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.

--- 4°C ± 2°C 1 year

Sediment Chemistry

Total Polychlorinated 
Biphenyls (PCBs) as 
Aroclors

100 g 8-oz glass 480

Low-Level PCBs (209 
congeners) 100 g 8-oz amber 

glass 240

Passive Sampler Testing

Polyethylene 
Sheet

Table 4-4.  Container and Preservation Requirements, Holding 
Times for Samples

Sediment Conventionals

Parameter
Minimum 

Sample Size 
(1)

Container 
Description (2)

Preservation 
Requirements

Holding 
Time

Total Organic Carbon 30 g

8-oz glass or 
HDPE 240Total Black Carbon 30 g

Total Solids 30 g
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Labelled Congener Number 
Chlorines

Congener 
Number

log Kow log Koc log Kpe-w

13C12-2,4’-DiCB 2 8 5.10 4.72 4.81
13C12-2,4,4’-TriCB 3 28 5.67 5.05 5.38
13C12-2,2’,4,4’-TetraCB 4 47 5.85 5.23 5.62
13C12-2,3’,4’,5-TetraCB 4 70 6.2 5.40 5.91
13C12-2,2',3’,4,5-PentaCB 5 97 6.29 5.74 6.00
13C12-2,3,3’,5,5’-PentaCB 5 111 6.76 5.60 6.24
13C12-2,2’,4,4',5,5’-HexaCB 6 153 6.92 6.06 6.81
13C12-2,2’3,3’5,5’6-HeptaCB 7 178 7.14 6.24 6.85

13C12-2,5-DiCB 2 9 5.06 4.67 4.77
13C12-2,2’5,5’-TetraCB 4 52 5.54 5.20 5.55
13C12-2,2’,4,5,5’-PentaCB 5 101 6.38 5.64 6.18
13C12-2,2’,3,4,4’,5’-HexaCB 6 138 6.86 6.19 6.82
13C12-2,2’,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

Performance Reference Compounds

Recovery Standards

Table 5-1.  Range of Properties of 13C-labelled PCB Congeners 
Used as Performance Reference Compounds and Recovery 
Standards
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Table 5-2.  Data Quality Goals for PCB Congeners in Polyethylene

LCS MS/MSD Precision Labeled 
Compound

MDL MRL

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 4.773 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 -- -- -- --

Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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

LCS MS/MSD Precision Labeled 
Compound

MDL MRL
Analyte CAS No.

Reporting 
Limits in 

Polyethylene

Method Detection 
Limit (MDL) in 

Porewater

(ng/g PE)
Log Kpe-w 

Cw 

(ng/L)
% Recovery % Recovery

Relative 
Percent 

Difference
% Recovery

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 MDL = Method Detection Limit
L = Labeled MRL = Method Reporting Limit
LCS = Laboratory Control Sample MS/MSD = Martix Spike/Matrix Spike Duplicate
Log Kpe-w = polyethylene-water partitioning coeff PCB = Polychlorinated biphenyl

PE = polyethylene
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Table 5-3.  Sample Preparation and Analysis Method Summary for Sediment Samples

Analyte
Preparation 

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
SW3630C Silica gel cleanup
SW3660B Sulfur cleanup
SW3541 Automated Soxhlet Extraction 

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

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

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

PCB Congeners EPA1668C HRGC/HRMS

PCB Aroclors SW8082A GC/ECD
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Data Quality Indicators QC Parameters
RPD values of:
(1) LCS/LCS Duplicate
(2) MS/MSD
(3) Field Duplicates
Percent Recovery (%R) or Percent Difference (%D) values 
of:
(1) Initial Calibration and Calibration Verification
(2) LCS
(3) MS
(4) Surrogate Spikes
Results of:
(1) Instrument and Calibration Blank 
(2) Method (Preparation) Blank
(3) Trip Blank
(4) Equipment Rinsate Blank
Results of All Blanks
Sample Integrity (CoC and Sample Receipt Forms)
Holding Times
Sample-specific reporting limits
Sample Collection Methods
Laboratory Analytical Methods
Data qualifiers
Laboratory deliverables
Requested/Reported valid results

Sensitivity MDLs and MRLs

Notes:
LCS – Laboratory Control Sample
MS/MSD - Matrix spike/matrix spike duplicate

Completeness

Table 5-4.  Parameters Used to Evaluate Data Quality

Precision

Accuracy/Bias

Representativeness

Comparability
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MDLs MRLs

Total Solids -- -- 0.10%
Total Organic Carbon -- 0.02% 0.05%
Black Carbon -- 0.01% 0.01%
Grain Size -- 0.10% 0.10%

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:

PCB = Polychlorinated biphenyl

MRL = method reporting limit
 µg/kg=microgram per kilogram.
MRLs and MDLs are based on 2011 performance audits conducted by ALS.

Table 5-5.  Laboratory Method Detections, Method Reporting 
Limits for Sediment Analyses

Analytes CAS #

Lab Limits

MDL = method detection limit
mg/kg=milligram per kilogram

Conventional Inorganic Parameters (mg/kg)

PCBs Aroclors (µg/kg)
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Analytical
Surrogate Spike 

Accuracy 1 LCS Accuracy
Matrix 
Spike

Method (% Rec.) 2 (% Rec.) (% Rec.)

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

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:

2.  % Rec. = Percent recovery
LCS = Laboratory Control Sample

PCB = Polychlorinated biphenyl

PCB = Polychlorinated biphenyl

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

Analyte
Precision (RPD or 

%RSD)

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.

Conventional Inorganic Parameters

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

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
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 --
PCB 5 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 -- -- -- --

Analyte CAS No.

(ng/Kg)
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Table 5-7.  Data Quality Goals for PCB Congeners in Sediments

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
Difference % Recovery

Analyte CAS No.

(ng/Kg)

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

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
Difference % Recovery

Analyte CAS No.

(ng/Kg)

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

May 2014

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

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
Difference % Recovery

Analyte CAS No.

(ng/Kg)

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 -- -- -- --
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Porewater Sampling and Analysis Plan 

River Mile 11 East

May 2014

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

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
Difference % Recovery

Analyte CAS No.

(ng/Kg)

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

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
Difference % Recovery

Analyte CAS No.

(ng/Kg)

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

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
Difference % Recovery

Analyte CAS No.

(ng/Kg)

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

MDL MRL LCS MS/MSD Precision Labeled 
Compound

% Recovery % Recovery Relative % 
Difference % Recovery

Analyte CAS No.

(ng/Kg)

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 ng/Kg = nanogram/kilogram
MDL = Method Detection Limit PCB = Polychlorinated biphenyl
MRL = Method Reporting Limit
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Table 7-1.  Schedule for Project Deliverables

Activity Work Product Schedule
Draft Porewater SAP March 4, 2014

Final Porewater SAP Due to EPA Team: 
May 23, 2014

Draft HASP June 22, 2014 - 6 weeks ahead of expected passive sampler placement

Final HASP Due to EPA Team: 
30 days after receipt of EPA Team comments on the draft

Passive Sampler Placement None Targeted for early August 20141

Passive Sampler Retrieval None Targeted for mid-October 1

Draft Porewater Report Due to EPA Team: 
90 days after PED Retrieval

Final Porewater Report Due to EPA Team: 
30 days after receipt of EPA Team comments on the draft

Draft Implementability Report Due to EPA Team: 
60 days after submission of the Draft Porewater Report to EPA

Final Implementability Report Due to EPA Team: 
30 days after receipt of EPA Team comments on the draft

Draft Recontamination 
Assessment Report

Due to EPA Team: 
60 days after submission of the Draft Porewater Report to EPA

Final Recontamination 
Assessment Report

Due to EPA Team: 
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. 

Porewater Sampling and Analysis 
Plan

Porewater SAP HASP

Porewater Field Sampling and 
Data Report

Implementability Study

Recontamination Evaluation
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FIELD CHANGE REQUEST (FCR) FORM 
    

Project Name: River Mile 11 East, Supplemental RI/FS 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: 

Proposed Coordinates 

N: E: 

Mudline: 

Core Drive: 

DTS Boat: DTS Lead Line: 

Mudline Elevation: 

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

estimation of density, debris encountered, slopes, refusal, 
mudline conditions, drive action, etc.) 

() 
0 .., 
(1) 

-i 
C 
O" 
(1) 

r 
(1) 
::, 

:f 

Total Drive: Length Recovered: 

Notes: 

f:/fieldforms/sedimentcoredrivelog 

Core Location: 

Date: 

Attempt #: 

Sample Method: 

Actual Coordinates 

N: 

Mudline: 

Core Drive: 

Time: 

Accept/Reject 

E: 

Core Recoverv: 

Tide Measurements (Datum: 

Time/Height: 

Time/Height: 

Measurement (to nearest 0.1 foot): 

Avg. % Recovery: 

Avg. % Compaction: 

Description 
Section: Length: at Cuts: 

DA = 

DB = 

DC = 

Do = 

tthompson
Typewritten Text

tthompson
Typewritten Text

tthompson
Typewritten Text



CORE LOG 

Project: RM11 E Porewater Sampling Station ID: !Location: Portland, OR I 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: 

Tide Tille/Height Tide Time/Height 
Percent Recovery: Accept/Reject: Accept Reject 

Date Logged: Time Logged: Name of Core Logger: 

Depth Samplirg 

(unit) 
uses group name, oolor, grain size rarge, minor oonstituents, plasticity, odor, sheen, moisture oontent, texture, wethering, 

uses Munsel 
PIO 

Sample Sample csnentation, geologic interpretation, etc 
Color Depth Number 

----
----
----
----
----
----
----
----
----
----
----
----
----
----
----



Chain	of	Custody		Record	&	Laboratory	Analysis	Request
Science and Engineering for the Environment LLC
4401 Latona NE
Seattle, WA 98105
206-418-6173

Lab Assigned Number:

Notes/Comments

Client Project #:

Sample ID Date Time Matrix No. 
Containers

Comments/Special Instructions Relinqushed by  (Signature) Received by  (Signature) Relinquished by  (Signature) Received by  (Signature)

Date & Time Date & Time Date & Time Date & Time

Printed Name Printed Name Printed Name

Company    SEE Company Company Company

Samplers:   SEE, GIS

Printed Name     Tim Thompson
M

S/
M

SD

Client Project Name: Analysis Requested

G
ra
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e

TO
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To
ta
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ol

id
s

PC
B
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ro

cl
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PC
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Turn-around Requested:   Normal Date:   

Client Company: Phone:  Page: of       

Client Contact:    Tim Thompson 206-418-6173 No. of Cooler
Coolers: Temps:

SEELLC 
Sc,ence & Eng,neeflng far the £nWonmem 
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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.  
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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.  
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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.  

 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). 

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

 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.   

o 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. 

 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 
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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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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. 

  



3. PRE-DIVE BRIEFING 

RM 11 East Project 

Portland, OR 
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Figure-1: Porewater Sampling 
Device. (A) Hammer assembly; (8) 
PE Plate Cover; (C) Depth Stop 

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 RM l lE 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). 

~ SEELLC Page 2 of l2 
.,_ .. ,.._ 
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4. NAVIGATION 
4-1 All sample locations will be established using a differential global positioning system 

(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. 

 
4-2 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.  

 
4-3 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.  

 
4-4 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.  
 
4-5 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.  

 
4-6 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.  

 
4-7 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). 

~SEELLC 
-·----··-
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5. RECONNAISSANCE SURVEY PROCEDURES 
5-1 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.  

 
5-2 Navigation and underwater confirmation of the target location are as described in Section 4 

of this SOP.  
 
5-3 A PSD fitted with blank polyethylene (PE) sheeting will be lowered to the diver on a 

clipped line after confirmation of the sampling location. 
 
5-4 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. 

 
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 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. 

 
5-6 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. 

 
5-7 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. 

 
5-8 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 

~SEELLC 
-·----··-



SOP Code:  SEE-PS Deployment 
Revision 2 

Version Date:  5/21/2014 
 

Page 5 of 12 

  

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. 

 

~SEELLC 
-·----··-
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6-7 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. 

 
6-8 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. 

 
6-9 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.  

 
6-10 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. 

 
6-11 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.  

 
6-12 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.   

 
6-13 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 

~SEELLC 
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each tag line will be attached to an anchor point.  At the inshore stations (PW002, PW003, 
and PW006), the tag lines will be secured to the nearest piling or other suitable tie-point.  
For the offshore stations (PW001, PW004, and PW005) 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 (PW007), 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. 

 
6-14 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. 

 
6-15 Upon completion, the dive/field team may then proceed to the next sampling location.   
  

~SEELLC 
-·----··-



RM 11 East Project 

Portland, OR 

7. R ETRIEVAL OF PASSIVE SAMPLING D EVICE 

SOP Code: SEE-PS Deployment 
Revision 2 

Version Date: 5/21/2014 

Figure-2: 

Installation of PE Plate Cover 

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 nitrite 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. 

Page 8 of l2 
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7-5 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. 

 
7-6 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. 

 
7-7 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  

 
7-8 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.   

 
7-9 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 180⁰ 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. 

 
7-10 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.  

 
7-11 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.  
 
7-12 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, 
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and (3) that the integrity of the sediment stratigraphy for core logging at the laboratory is 
preserved.  

 
7-13 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. 

 
7-14 Once the passive porewater sampler is onboard, it will be processed according to the 

procedures described in Section 9 of this SOP.   
 
7-15 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. 

8. SEDIMENT CORE COLLECTION 
8-1  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. 

 
8-2 The procedures for navigation and target station location are as described in Section 4 of 

this SOP. 
 
8-3 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. 

 
8-4 The sediment core sample will be collected by the diver from between the passive 

porewater sampler location as described previously in Step 7-12.   
 
8-5 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.   

 
8-6 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.   

 

~SEELLC 
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8-7 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.   

 
8-8 Prior to proceeding with the core withdrawal, the passive samplers will be removed and 

secured as described previously in Step 7-13. 
 
8-9 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. 

 
8-10 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.   

 
8-11 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. 

 
8-12 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. 

 
8-13 Once the core barrel is onboard, it will be handled according to the procedures described 

in Section 9 of this SOP.   
 
8-14 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. 

9. FIELD PROCESSING OF PE SAMPLERS AND SEDIMENT CORES 
9-1 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 

~SEELLC 
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to remove as much adhering sediment as possible1. All personnel handling the PE samplers 
must be attired in Level D personal protective gear and wear new nitrile gloves for each 
sampler. 

 
9-2 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.). 
 
9-3 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.  

 
9-4 The PE sampler will then be placed into the ice filled cooler for transport to ALS in Kelso, 

WA for processing and analysis. 
 
9-5 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 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 surface.  

 
9-6 These secured cores will then be placed upright into an ice filled cooler for transport to 

ALS. 
 
9-7 The samples must remain in the custody of the FD or SAC at all times during the transport 

to, and during processing at ALS.  
 

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

~SEELLC 
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DAILY ACTIVITY REPORT 
 

Report #          1  DATE       May 2, 2014  S M T W TH F S 
 
Field Investigation Manager: Tim Thompson 
  

WEATHER  Bright Sun  Partly Cloudy Overcast Rain Snow 
TEMPERATURE F  <32 32-45 45-60    60-70 70-85   >85 

WIND   Still Mod. High  
HUMIDITY   Dry Mod. Humid  
RIVER STAGE:   

 
 

TASK:   Industrial Area Soils   Industrial Area Groundwater  Surface Water  Sediment  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. 

 PW003   Successful drive of the PSD with no tears or other visible stress in the PE sheets.  Diver reported 
shallow silt with ¼” 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. 

 PW006   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. 

 PW002    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. 

 PW001    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.   

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 12.72I I I I I I I I I I I I I I 
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QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS) 
 Three Trimble GeoXH – GeoExplorer 2008 Series - dGPS units onboard.  All units reported the same location 

within an accuracy of 1 ft. 
 Lead line depth taken at each station, Water depths corrected to USGS Willamette River Gage depths, and then 

converted to NAVID88. 

HEALTH AND SAFETY LEVELS AND ACTIVITIES:   Tailgate Meeting Held 
 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:  

 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:   
 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.   
 

2. 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/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.  
 
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. 
  



RM 11 E Porewater Sampling Reconnaissance 
RM11E Group 

Figure 1: Passive Sampling Device Assembly 

Figure 2: Stainless Steel PE Cover 
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PW003 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 (NAVD88 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. 
 

 
 
 

 
  

I 
I 
I 

f 

I 
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PW006 Sample Description Log 
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 (NAVD88 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 

N:  689344.1 OSP 
E:  122.67765 Lon 
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 
 
 
 

 

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

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

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

2. SUMMARY OF METHOD 

2.1. A known mass of low density polyethylene (LOPE) 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. 

3. 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. 

4. APPARATUS AND MATERIALS 

4.1. Extraction vessels : 1-L glass bottles or screw capped jars (foil-lined lids). 

4.2. Storage vessels: bottles with glass stoppers or amber jars (foil-lined lids). 

4.3. Bottle/jar tumbler, shaker table, bottle roller, or equivalent. 

4.4. Low density polyethylene (LOPE): commercial grade, large sheet at 25µm (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. 

R I R G I R 



A STANDARD OPERATING PROCEDURE 

SOP No.: SOC - PE/PRC 
Revision: 0 
Effective: 5/12/2014 
Page 3 of 8 

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. 

5. REAGENTS 

5.1. Methylene chloride, CH2Cl2, pesticide grade or equivalent. 

5.2. Methanol, CH3OH, pesticide grade or equivalent. 

5.3. Organic-free reagent water (as defined in SW-846 Chapter l ). 

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. 

6. 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 l 00% 
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. 

7. PROCEDURE 

7.1. Polyethylene Cleaning Procedure: LDPE is purchased from hardware/painting stores 
in large sheets ('dropcloth or plastic tarp' material) with thickness of 2 5µm (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 

R I R G I R 
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STANDARD OPERATING PROCEDURE 

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. 

 

7.2. 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.    

 

7.3. 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. 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: 

 

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

project SOW. 

 

7.6. Aqueous 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. 

 

7.7. 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.   

 

7.8. Record information related to the PRC loading to document the entire process 

using the bench sheet included in Appendix B. 

 

7.9. 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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8.1. 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. 

 

 

 

9.1. 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). 

 

 

 

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. 

8. QUALITY CONTROL 

9. METHOD PERFORMANCE 
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Appendix A – Bench Sheet for PE Decontamination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



R:\OLC\benchsheets\generic-2

Polyethylene (PE) Cleaning sheet

Analyst:  ____________________________________________          Date:  _____________________________

Start time/Date End time/Date

Comments:  ______________________________________________________________________________

_______________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Third Water soak

Initial Methanol soak

Second Methanol soak

Initial Water soak

Second Water soak

ALS Environmental, Inc.

PE dimensions

Initial Methylene Chloride soak

Second Methylene Chloride soak
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Appendix B – Bench Sheet for PRC Loading 

 



R:\OLC\benchsheets\generic-2

Analyst:  ____________________________________________          Date:  _____________________________

Aqueous or Methanol-Aided PRC Loading:

Number of PE Strips per Liter: 

PRC Loading Solution Information

Stock Standard ID:

Stock Standard Concentration (ug/L):

Stock Standard Expiration:

Aliquot of Stock Standard (mL):

Final Volume (mL):

Concentration in PRC Loading Solution (ug/L)

Start Time Start Date End Time End Date

Witness:

Comments:  ______________________________________________________________________________

_______________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

PRC Loading Sheet

ALS Environmental, Inc.

PE Dimensions:

Batch ID :

PE I.D.
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Environ mental - Houston HRMS. 
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)sor fi t le: Method-1668 Analy~1$ of Polychlorinated Biphenyl Congers by High Resolution Gas 
1 Ch•oma10~1raphy/High Resolution Mass Speclromelry (HRGC/HRMS] 

Dc ~1.:npt i~111 ufC. hange: 
12.-! -

,\)'siem anti /,a/wrmm'.)' Pe1forma11ce - A l 1hc beginnin g, o r ~acb I 2-IJC.1t1r ~liift du ri11~ \\'hii.:11 
:1n:tly,1.•, arc p1;rfonrn:d. GC/ MS systL·m p1:.·rforninnce ;rnd c:;i libration are vcrifil·d l<)r 1111 11:1!i1·1.· 
PC us ;111cl lah..:kd 1.'lllllpounds. For th..: . ..;..: ti..:st :-. ,rnn ly"i!> ot' lhl' C\- .~ i.;:tlibr;1tio11 v1.·nli..:;11iun 
( V LR) s t;111clnrd (Table .S) :ind I he di lut~d combin..:d 2U9 ,.;011gt.:n n solut inn (T,il,k J l 11Hh l l1l' 

used co , cri f7· nl I pcrt'ormancl' crit<.::riu. 'l'lrl' hr•gi11ui11g and end o/ t//t' I ::-//1111 1· 11c:rifld .,l1111 ,:i-. 
.i.:/inccl hr !ht h1 •gi1111i11g rllld t'lldillJ!. JI/(/.\.\' SJJrX/J'OIJl('{c.' /' resoh'ing J)l)H <.'/' c/1,,cJ.. T/1c 1'111/,\\ 

s1Jt·ctI ·0I1Ie1er 1·o ·ufring /JO \\'r'r check isJi1l/01n.>d l~r 1/1<• cli/111cd 209 .. ·1)11ge11a wlutiu11 1111(/ 11,·< 

m11r1111• t·ali/Jr(l{ion check (( ·s-3). ri ·specrive/1'. Ad,J L1s1me111 <1 11d/or 1n·alibra:in11 111 u-.1 bi.: 
p::r fonllt.'d unti l a ll p<.:rformuncc crikriJ arc 111L't. Only :tlier :,11 performance criteria ar..: ni i..:1 in:: :,. 
:,;amrh.':-, blanks. lPRs. and OPRs (LCSs) be.' arwlyL<:d. 

! _'. I : h, ·l·,1111, ·~ C . .:/.2.!. and 1::.4.] r..:ml.\ Cali/Jrntio11 , ·eriji('(ltion 
St . I ioll.\ I! . ./ 3 I /Jrmt.',!,h I! .. /.(, /,('1 · , )IJIL' I J. -1. l. ] through I.:.~ ./. ] . _; l'c',\Jh'( I fr, ·zr. 

I /11st•rf Fi;;.11n·., '" Fig11n· 3u and 3h. n.:11umh<!r suhseqtu.'11( _figun:s n•_,,1 .. ·c1in·ly 

I R~:i::.nn(...: > lt)r Cbang1:•(s) : --
C h:111 ~ i, in r~spon"e 10 NCAR20 l 10412. requiring a mon.' ddi r1i1in: disL·ussion o l the I : -l10(ll"J~--·1i111I. 

t ' ,.rngc(~J Suhmitred by: R. P_1_c1_T_o_1 ____________ __ -+-1 r~ntc: -l ~6. 20 ,-1- · 

. \ pprovnls: 

lJ1:111 1hut H)ll ; Original Ii led wi!h original SOP 
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LJ Analytical Services 

SOP CHANGE FORiVl 

SOI' !'ilk:: ( h l11ri11t1tcd Bipl1cnyl Con~:eners in Water. Soil. ~edi111cnI, lJio.:;o l ids. and Ti,-.m· !w J., i\i o1:)c 
I Diluti1111 I lR(iC/HRVI~ 

1 
SOP Code: f-L\IS- l 66SA 

SOP Re, 1sion f\.n .: 4 

SOP Oak: 118 13,.20 (eflix:tive 08/20110) 
--- -- - - ··- -- -

l SOP ~n:ct ~ n(-:) ~ -li:t: tL'ci by ( h;1ngc: I l .2.2. 1-11.2.2.3. I I .2J .2._I 1.2.-1. 1-1 l .2A.3 

I l>c:-L-rip1i,)11 01' Ch:in!.!c: - - - · - .. · · - ---

1 Spilrn1~ \\'i ll 110\\' OL':. ur prillr ltl ini.\illg so lid r1nd tissue samples wi th sod ium sull:.1 lc. 

11 . .2 .1 .1 Add 10-20g anhydrous sodium sulfate It) L';tc h tltirnblc L'01l1;1i11 i11~ rhc 
sarnpk c1ncl mix thoroughly to 1:"venly distribute the sodi11111 " till:llL'. J :·,11 : 
111ix1ure i::; not free- fl owing, continue 10 mix in s0Jiu11 1 ~1il fak. un til ,1 

fr1:,: -tlowi ng ('Onsistency 1.:a11 be obtained. 

I l .2.2.2 'SpikL' l .0rn l or tilt· L abekd srnndc1rd spiki ng :-.o lutiun at I il - ~'iw :i ii. 

( ruble 3) intu cacb ~ampk and t:~iclJ ()( nliqunr. Rcl·nrd 1h1,, :1dditil111 "Ii 
the bench shect. 

11.2.2.3 Spike 1.0ml of the Matrix standurd :,pi k in~•- Sl1l 11 1i1lll ,11 )1w 1111. 1 1·.1h l_-
3) into th;; LCS/DLC'S aliqUl)I:-. Record tl1is tiddit 1011 rn1 1 I IL' hL·11<.·L ., ,11.:1.·1. 
Thl.'.Se will servl:! as both the precision c1nd a1:curncy lor the b:i1ch. 

I 1.2.3.2 Rather than adding sampk·spiking solulion 10 a 1.:lean thimhk, i l'. ·,h::1 d 
::idd san1pk to a clec1n beaker to record we ight. .\dd , 0-20i~ ·,ndn1111 
su Ht1t1.· and mi:-; tborough h to even I y Llistrihule rh~ S\>tl1 ~1111 su ll.tlc. I.' t Ii , 
111i\rnre is ,wr free-flowing, l.'.Ontinue to rn i:x in sodiu lll ~u l t:111.· ttPI , ., 
frec- tl0wi 11g t:on:-i:-tcncy 1.:an be: obta ined. Spike I .0111.L ,,>r th(' I ,tl,di:d 
standard spiking soluti on at I 0-20ng ml (T;tble J ). R1.:L·nrd the s1,111d,11 d 
addition on th~ bench ~beet. Tr;1,n.-,fer sample to ASE cell. Tlip ,, i1 l1 
sodium ~ul l'atl:. 

l 1.2.4. l Add 20-30g ,111hyJrou:; ~ud ium :-ulfote 10 e,tL·h Lhimhk ~0111:1i nin:-' 1111.' 
s,11npk and mi.\ thorouµhly to ncnly <listribu11.• 1111: :,1>dii1111 :.. 1il l;1k . II ' 111.!' 

mixture i~ not l·rcc-llm\i llg. con tinue tll rni:x in ;-.udium :,11lfatl'. u1 1Li! ,. 

J'ree- tlowing consi:;cency can be obrninL'd. 

l I .2A.2 Spike 1.0ml of the Labekd stancforJ spik in~~ -::o lucinn ,lt I O- ~IJ1 .. i, ml. 
(Tabk JJ into each sc1111ple c111d each QC aliquor. Rt'l'.Ord lhb o1l ld1 lin, ,,: 

.__ ____________ t_h_~ b1;11t:h shed. lfliei_d (klt'nn inmion is 10 be perrorml!d on n ~;11111k. 

Distr ibution: Ori~inal tiltd with ori ginal SOP Photocor,y attacl11.:d to e;,ch Clmlrol k d ·1111:· 



spike 2.UmL o!' the Labeled stand:1rd :;piking snlu11 1111. in~tc;1d. 

11.2.--1-.:, Spike 1.0ml oftht: \ fa trix .,t~md,ird spik inr .,c1l1 11i, ,n at )111; m l I I (tbk 
JJ imo the Ll YOLCS ~d iyuob. Record th i~ :1ddi1i1H1 011 thl! hu1c lt , !tvd. 

JI~~~ will sen cm, both lh~ pn:cision 1!11U a..:cmal~\ lnr ·l tl.' h,ttdi 

f•ka~onh , 1'i1r Changd si: 
,\l'ta so,m· 1\:1: l.'1H in, cs1 igaii1111. t ilt' EP.'\ ORCR rckriscd a memo rccornmcndill '.:!, llt:11 tl!v 1 l'--l·nti., 
updated lan~•ungt. in .~Olllt' EPA 3500 seri:..·~ method~ rc1lnrd ing standard c1dd ition .~l1cH ild Iw1 hc 1·1>ll,l\\ l·,L 
:111J t. 1!<1 1;iddi1i1 11 11,r b bcled :-:1amfa rd~ to -;ulicl sampks :;hould occur followin!:'. 111ix111rc \\•il l! -.. ,l d11:111 
-.; t1 lfo tc to minirni1.c pot.i:nlial lo" 1crc..:n1 1Tcm_l'._'1~v_ i_-.;_s_11 c>_:,_·. ________ . 

I Chml~l'.(~ l Submi llcd by: \ nd rew Bidd le I Dntc: 01°'1· J ~ I ti 

Appro,a ls : 

Dis11·illulion: Ori!,!i1 tal filed wi th original SOP 
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SOP Code HMS-l66:-:;1\ 
Revision: •I 
Versiou Date: 08/ 13 '10 

Stnndnrd Operating Procedure for 

Cblorin::ited Biphenyl Congeners in \Vater, Soil, Sediment, Biosolids and Tissue by Isotope­
Dilution HRGC/HR.J.vlS 

I. SCOPE AND APPL[CA TIO:\' 

1. 1 This SOP is for cletemuuatiou of polychlorinated biphenyl congeners (PCB-. l in wal1:r. 
soil. -:.edu.uent bio:;olids. tissue. and other smnple matrice, by high rc-solu1ic111 g.1-. 
chr1.mrnrography/high rcsulntiou u.rnss spectrometry (I-TRGC. IlRM<;J utilizing. [ "P.'\ 
Method 1668 Revision A. 

l .2 The PC 'Bs tlrnt cau be detemti.ned by this SOP nre 11.Je 12 polychlori11nted biphenyls 
(PCBs) designated as toxic by the World Healtb Orgm1iwtiou (\.\110) plus the rema ining 
197 PCBs. opproxirnately J 2,<; of whicb are resolved ade<Juatel~· 011 ,Ill SPB-Octyl g,,,. 
chronrnlog.rnph.ic coltUllll to be determined as i..11divicl11al cou~encr!- . TT1e rem1i11i11~ 
approxiwately 70 cougeners are determined o::; 111.ixnire;:, of isollier ... 1 co-elu1 ions}. J hl' h-.1 
of 209 PCBs i~ giveu iu T nble 1. 

1 . .3 The 12 PCBs designated as toxic by WHO aud tl1e earhe::.t and latc'-.f eluled COHf!L'lll'r <11 
each chlonnation level Me detcnui..11ed by tb~ i:-;otope dilution quanlitmion tecluuqu<.: : 1he 
remaining <.:ong,mers are delenlliuecl by tl.ie i.ntemal standard qmrntitat1on 1ed1n.iquE·. 

1.-t Tl.tis- SOP allows detem1i11atiuu oftbe PCB toxicity equ.iv.ilent (T[Q) for lbe 111:-.i~'> i1111 
sample using: tox.icity eqnivaleoce factors (TEF:,). Th.is SOP al-..o allow-, e-..rimaltLHl of 
homolnµ totall> b,: level of chlorination aud t•stimatio11 of total PCBs iu a :-.:imp le by 
s1wU1H1t.iou of tbe couceulrnlious of tbe PCB con~eners :md cougener gro11J h 

15 This SOP is for use in data ,2.atheri.ug nud monitoring associated witb the Clean \\':itl'r 
Act. tbe Resource Conservation aud Recove1y Act. th~ Cornprellen-,ive Envir1.mme11tal 
Response. Compeusation and Liability Act . .ind tbe Sat~ Driukiug WMer Acl EPA 
Merl1l1cl I 668A is based ou a cowpilatiou of metllods from the tecbn ica l liti.:rnture and , ,n 
EPA Method l613 . 

1.6 Tiie detectiou limits aud quautitc11ion l~vels in this procedure are usually dependent 011 

the level of inte1fereuct!:.. aud laboratc>ry back~rom1d k\·cl rather than instrumeutal 
hmitntiL10~. TIJ0 estimated metllod detection lilluts are the level~ nt which the PCB" c:111 
be detenuiued witl1 laboratory coutm.uination presen1. 

l. 7 EPA Method 1660:\ is ··perfon.nauce based." C AS Hous tou is pen11itted to modi fy the 
procedure to overcome i11t1?rferences or lo\-ver tile cost ofmeasuJemeuts, provided thnt ~111 
performance criteriR «re LUet. The requiremenh fo1 establishing. procedura l ~q11iva lency 
are giveu in Sectiou 13. l c1nd CAS Houstou·:. u11.JJifications are detaikd ill Secht1 11 ?I. 
A1.1y modificatiou of EPA Method 1668A. beyoud those expre:--.ly p~m1itted. shnll bi: 
considered a major wodificatiou snbjecl lo applicntioIJ and appruv:d of altern,11e ,.,.~, 
proced1u·es under 40 CFR 06 . .:l and 136.5. 
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SOP CNle H~lS-166~.-\ 
Re\'1,w11: ,1 
Version Date: U8 13/10 

2. METHOD SliMMARY 

flon· drn11s tbat sullllnarize procedtu-es for sample preparation. extrnctiou. and analy:,is are ~in~11 
in Figure 1 for aqueou:-. aud solid sau1ple~ ~111d Figure~ for ti ~~11c sawpks. with additional 
wodificatio11s as meutiuued in Sectiou 21. 

2.1 Extraction 

2.2 

2.3 

2.4 

2.1. l Ag11e1rns ~:1mple;, (s,1mple~ ~'outainirnz less thau one p,m.:0111 solid'>) Stable 
isotopicc1 lly labek·d au:tlogs of tlie toxic;; aud labeled earliest aud l.:1te~• leu~l vi 
clilorination (LOC) PCBs :ne spiked iuro tbe sample <11iquot. The sample is 
extracted using a modified sepnratory ftu:.u.1el extractiou a11cl coucentrnted for d <:illl 

up. 

2. 1.2 Solid. :,emi-sohd. and multi-phase samples (excluding tissue.•) - The lribeled 
compounds are spiked illt0 ~mnple material tliat conespouds to approximately --~ 
on a dry weigbt basis. For :,:iwples witb hiftl1 mi.:H~l1lre couteut, the ,uuouut of m:1 
weight material 10 ndd the labe led compouuds to would oeces::-.-u·ily be greater 
tha11 5g .. \ll salllpl~s me llouwgeuized properly ~1ud extrndt:d in II Sux.lJ ll?t 
extraction apparatus or Accelerated Solvent 1-.xtrnctor (ASE) The cxrrncl is 
c011centrate<l for clean up. 

2.l J Fish aud otller tissue - A.11 ;aliquot of tissue sutfo:ient euongh ro provide sample 
f\.)t PCB and lipid analysis 1s homogenized rutd spiked with labeled compo1111ds 
Tbe sample is mix~d witb an.Jt1ydrous sodium suUate and ext.meted for 16-2,1 lwurs 
using a I: I dicltlorornethaue/liexaue solutiou iu a Soxhlet t>xtrnction apparnru,. 
The extrnct is split: wirb oue aliquot cmtce,ntrnted for cl~.m up and the other 
corn:entrated for lipid detenuinatiou (if applicabk'>. 

After extrnction, a labeled clean op 51:rnclard is ~piked into the e:,macr wbfrh 1s th(•n 
cleaned 11p using back-extraction with sulli.uic acid aud/or base. eind silica µd or flunsil 
cluomatog.raphy. 

After cleau up. tue extract i~ conce11traled to 20pL. lirnnediate ly prior 10 i11jec1ion, 
labeled injection iutemal stnndards are added to each e:xn·act aucl an aliquol uf the extrncl 
is iujected into tlie gas cuJourntograpli (GC). Tue aualy1cs are sepnrMed by tl1c- GC and 
detected by a high resolution (:::10.000) wass <;pec.trou1eter. Two ~xact m 'z' 'j are 
mou.itored at encli level of chJorinntiou tlu·onghout a pre-detenuwed reteuti~111 time 
wi11dow 

An iuclividu,11 PCB cougener is ideutifi.ed by comparing. tlie GC' reteut iou time c1ud io11 · 
nbnuda.nce ratio of two e:rnct ll'z's witli tlie conespondiug retention lirn~· ,)r au au1he111 ,~· 
st,rndard 11ud the tlieoretical or acc]ltired io11-alnwdance rntio of the two ..:! .'W<:I tH/s. 

Q1rnuri t.:tt ive aualy~is is performed in oue of two ways nsiug selected iou c1Lneut pr0file 
(SIC'P) areas: 
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SOP Code: H!V!S- l 66~A 
Revision: 4 

\\'r::;ion Date: OS/ 1.1/10 
2.5.l For the 10xic.~ aud the earl ie!:-1 l'lnd latest level of clllo1im11io11 CB:; (Toxic~ JO< 1. 

the GC/!vlS is untlti-poiul calibrated a.nd tl.ie conceutr;.111011 is delemtint'<l using. tht> 
isotope dilution tecl.m..ique. 

::?.S .2 For all otl.ier congeners. rhe GC/MS i~ c:-ilibrnted at a single l'l)1Jceutrntion ,rncl the 
couceutrntions are detenuined using the imemal standard technique. 

2.5.; For the labeled congeners, tile GC 1vlS is cnhbrnted using replicate-; at a single 
coucentrntk1u and the co11t·entrntious of these labeled componnds l'lre detenruued 
usini:t the i11terna I' staullarct k cluiique . 

2.6 The quality of Analysis is l'tssured through reproducible cl'llibnn1ou and res rmµ of tile 
extrac1i o11. cleau up and GC/MS systems. 

3. DEFINITIO~S 

3.1 ..\bbreYiations 

ivlo(B 
DiCB 
TrC'B 
TeCB 
PeCB 
HxCB 
HpCB 
OcCB 
NoCB 
DeC'B 
PCB 

PFK 

cs 
LS 
TS 

HRGC 
HR?'vi S 

TEF 
TEQ 

= 
= 

= 
= 

= 
= 
= 
= 
= 

= 

= 

MouocWorinatedbiphe11yl 
DicWoriualedbipl.ienyl 
Tricl.lloriul'ltedbiphenyl 
T etrncltloriirn tedbipbeoyl 
Peulacblorinatedbipheuyl 
Hexachlori11at0dbiphenyl 
Heptacliloriuc1 teclbiph('11yl 
Octac l1lorin,11ectbiphenyl 
Noul'tchloriuatedbipllenyl 
Decach!orinatedbipl.ie11yl 
Polych.lorwatedbiphenyl 

Perfluorok.erosene 

Cleau up standard 
Labeled sti1udar<l 
Internal injection standard 

Higll-resolntion gns d.irouiatogrnplly 
High-resolution mass spectromen-y 

Toxicity equrvaleace factor 
Toxicity equivc1len1 

3.2 Polychlorin:ltedl>iphenyh (PCBs)- cowpoull(ls their contain frow I to 10 chlorine 
atoms, resulting iu a tota I of 109 compounds cleten.uinecl by this procedure. Tile ~09 
PCBs are listed i.u T<1ble I. 

3.3 Isomer - componucls lrnving tl.ie same number aucl type of cl1lo1i11e a toms. but substitu ted 
in different positions. 
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SOP Code: HMS- J (\C1HA 
Revi:-.iou: i 
Versiou D fl te: 08/J.,IJ O 

3.-t Labeled Stanctarct - ,u1 isotopically l,i l.Je led analog that is c1dded to all samples. i11cludi11g 
metuocl blmk., aud quriliry coutro l sampk.,. before extrnctiou. They are tt'H.'d alot1l2 witb 
rc:.pouse fac to1..; to wec1sme the coaceutratious of tl.!e cougeners. 11.ie laueled 10,1~·.., LO( 
stc1uJ;irc\ couceutrnt1011s are listed i11 Tc1ble 3. 

3.S C'nlibratioo Solutiom - solutious contaiuing lu1ow11 amouuts of uulabe led PC'Bs t111d 
labeled stancmrds. lisied iu Table 5. The set of 5 solutions is used to cleteru1i.11c the 
111st111ment response of the unlabeled analyte<: relative to the ( ' I~ -labeled , 1and,1nlc,. A 
~ixth cc1librntion solution cont~ins all 209 congeners and is used fo r calibrnt ioo ,1(,1II 

co111pou11ds oot contained in the 5 point curve. 

3.6 In tem .nl Stancinrct Solution - a solut iou con la iniug the u1tenrn I iujectio11 st,rnd:irds th:it 
flr~ ndcted 10 tile extrnct c1fter furn! couceutrr1tio11 for HRGC-1 IRMS ;urnlysis fl, dete1mJ110 
the recove1y efficiencies ncllieved for the C 13-1;11.Jeled stc1udc1rds. C1...,ncenn·a1i11u-, ,ue 
li, 1ed in Table 3. 

3.7 i'\J:11rh: Spi.ke Solution - a solutiou of uc1ti ve (nulabeled) Toxics/J.OC' PCB, 1ha1 nrc> 
spiked iuto the lc1boratory conh·ol samples prior to exlrncfi()11 tu wuuittir wt'1l1t1d 
perfonuc1uce. Couceutrnt1ous are listed i11 Table 3. 

3.8 Clei\ll Up Stnn<l,u-ci Solution - a solutio11 contai,ui.ug. Cl 3-lc1beled co111po11nds tbal is 
spiked to tile extrnct pri1)r to dean up to measme tile efficiency of tile de;1 u up prnceJmt>. 
C11nce11trations are listed i..o Tablt' 3. 

3.9 Me-tbo<l Blnn.k (MB) - represents the background coutnbutWLl~ from glflssw;;ire . 
ex traction rH1dl cleau up solvents. An MB is spiked witb n ~n!ution of C 13-label~di 
stc1uda rd-:;. extracted. cleaued up, aud analyzed by HRGClJ-lRJvlS iu ex.:1ctly the sa111e 
n1a1111er as. the tesl samples . 

3.10 Calibr::ition Verification Standnrd (VER)- The uticl-poiut calibrntion , tarnlard (( ::--3) 
that is used to verify ci:ilibratiou (Table 3). 

3.11 Estimated Detect ion Limit (EDL) - TIJe sample s pecific esl i1m:iteu detectio11 IJ111ir 
(J: DL) is rile conceulrat ion of ci given mrn lyte required ro p1 oduce ;i sig-11;-i J witlJ a pt•ak 
lleiglit of at least 2.5 ltmes the background sigoal level. 

-t. JJ\TERFERENCES 

-t.l Solveurs, reagents. ~lAs:.wa.re. aud other sciwple µrocessm,1?. lrnrdware U1ay yield :irt1fa.:ts. 
eleva1ed baseli11es. :md/or lock-wass suppt~!;'>iou causiug lll i-;mterpretntiou t 1f 
chronrntognuns . Specific selection of reageuts nud µmifica11on of solven ts by disti llation 
u1 all-gla~~ systems may be requ ired. Where possible. 1'l?c1/2e111s are cleaued by C':<tr:ict ion 
or soh·eur 11use. E11virourneut.:1Jly ab1u1dao1 PCB-, b.ave lK'L'H shown ti:i be wry dillH:11lt !O 
co1np!~1ely elillllllare from the laborato1y at lev01'S lower tllau the EDLs. 
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SOP C 'ode: HMS- I 66X.--\ 
Re\r1~1ou. I 
Ve1 ~1011 Date: 01> 13 'JO 

~. 2 Tile use of lligh pmify reagents and solvents can be llsed to 1uiJ1imize interfrreuce 
problems. Solvent lots are tested for tile c1bseuce of PCBs prior to use by the labo1n1t>i-y 
Disposnble izln!S.S\\'are is used wllenever possible . Reusc1ble !?lc1ssware LUU!>t be cleaned 
nccor<liog to the procedmes in the SOP for Wasl,iug GlasswMe. SM0- 11-ASH. 

-i.3 Interfe1e11ces co-extracted frow samples ·will vary cousidernbly from sonrce 10 source. 
depeuding on lbe diversity of tl1e site being sampled. Interfering. compounds may be 
present al concentrat ions several orders of maguitude h.igber thau the PCB<. fhe mnsl 
frequently encountered i.uterter~nces are cblori.uated dioxins and dibenzofu.r:rn.,;, wellloxy 
biphenyl1>. hydroxydiphenyl ethers. benzy lphenyl etllers, broruinatecl dipbenyl e ther". 
polyuudear nrowatics. polyclllo1iuated uapl.i tliale ues. al.I(\ pesticide!.-. Becnw,e very low 
levels o f PCB~ are mensured by this procedtu·e. rile elimi11c1tio11 of interfe re11i:e~ 1s 
essential. The clean up steps given in Sectiou I l.3 can be used to reduce r.H cliu.1 inR1~• 
these interferences and t·hereby permit 1elinble c!etenniuc1tion of the PCBs at ti.le le,'\., [, 
iuclicoted iu Table 2. 

-'A A big.LI resolution captllc1ry cohuun (SPB·Octyl) is used for tl.iis procednre: however, 110 

kuowu sing le co lumn can resolve all isomer<.;. Mauy co111po1Ulcls cod11t~ witll olllt>r 
compouuds of siuu.lar m l,(~. Deteru.J..iuariou of wbicli comµo11ncl<; <.:uelute is perfr,11.ned by 
the injection of the calibration standard containing all 209 congeul'rs. CouJirmatiou L',111 
L>e perforrued on an c1 henwte column (DB- l ): however. th.is prnce:,s is uol undertaken 
commouly by CA.S,1-Iouston aud i~ mtly available to b~ perfonned by request froUl the 
clieut. 

5. SAFETY 

5.1 The toxicity or carcinogenicity of each chemical used in this procedme ha5 uot bCL'll 
prec isely detemuued: however, ench cornpouucl should be treated a" a pott>nl ial l.teallh 
b;:izard. Expo::;tu·~ 10 11.ie~e compouuds should be reduced to the lowe,-1 pu:-.sible l~vel. 

5. l .1 PC-Bs liflve bee11 tentativel y classified r1s kuowu or suspected buma11 or 
mamurn liru1 carcinogens. Ou the bas.is of the available 1oxicological mid physic.i i 
properties of tlie PCBs. pnre srn.ndnrd'- should be lumdled only by uig.b.h- trnmrd 
persow,eJ thoroughly fami lja.r with banclling a.nd cautiouary procedures and Ille 
11 ssoci;ired risks . 

5.1.2 It is r'-'COnllllend~d that 1h-= laboratory purd.1ase dilute shmdard solnti,111<,; of tl.ie 
:malyte~ JU this procedure. However, if primary solutions a.re prepnred, they umsl 
be prepared in a hood. and II N IOSH/MESA ..ippro\·ed toxic ~as respnntor must be 
worn wlien ruglJ coucentratious c1re handled. 

5.2 The laborato1y will ensure that all a1w lysts receive adequa te safety training prior ro 
workiug. with rlie cbe1uica ls aud componuds as<,ucinted with 1lJis method. 

~-3 Tl.le ,;olvents and acids in use i.u tlie l:-1bora101y 1rn1y be lrnzardous aud sho11lcl be trei:ited ns 
such. See the E11v;rom11l-'l llal Health a11d S(ljef1' Mm111al. CHP (Chemical Hygieue Plan ). 
Sectiou 5. for ruore iuf,xoultion. 
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~A Disposnl>le gloves . apron or lab coat si:1fety gli:1sses or wask. and a fume hood lllW,t be 
used. Drn·iug aua lytical operntions tlrnt way give 1ise to aerosol& or dust!-.. personnel 
should wear respirntors equipped with <1ctivated carbon filter~ .. Eye protediou UJHS[ be 
wMn while working witll exposed samples or pme aocflytical stand,ircl-, Latex glove'> :ire 
collllllo111y used to r"'duce exposure of the lrnnds. 

5.5 W,1ste Han<iliog - Good technique includes minimiz.i.n~ rnnlaminated w11ste. Pla:-,t1c ha~ 
liuers sllotdd 61: used in wa::;i~ cans. JauitNs and o;ber per,vnnel should bti' trniued in th~ 
safe hm.1dling of waste. 

~-6 L0w-level coutamiuatiou i~ ;ilwoy:c:; c1 possibility for HRGC 'HRMS mialysis due 111 lite 
d1~micBI properti._,-.. vf dioxins/forans i:1.ud tl.1e low resolutwu of l11e iusln1me11ts. Tu 
eliwrnme lbi-; C~)J}truuiuatiou. it way be nece::-~ary to install activnted carbou filter-. and 
perform hexane wipe» 011 counters ,ind hood surface:s u-.ed for sau.iple proce:-siu~. 

6. SA:\ilPLE COLLECTION, CO:\!TAL"IERS, PRESERVATION, AND STORAGE 

6.1 The client shall ctillect agueo11s sample<. 111 amber glass courai11ers and 1:01lect s-oli cl 
sample;; u1 wide moutll conta.iuers followu1g conveutio1rnl sampliug practices. 

6.2 Aqueous Samples 

6.2. I To remove a,uy residual chlori111: in aqueous sample". acid appro:-.iUJntely ~OtuJ.! 
~oriinm thio:rnlfate per liter of water. To verify its ab:sence. 111,e;:i::;ure tile chlorine 
presence wirll ,m iudicator suip accurate dowu to O.O5ppm. or 0.05mg L. Rep~nt 
proce:;s until chlorine i_s completely removed 

6.2.1 Tile client shall eusure aqueous samples are maintained in tbe dark at 6 'C from 
the ti.me of collectiou uutil receipt at the laboratory. lf tbe :sample will be fruLl!Jl. 

aUow r00u1 for expausiou. Store w tile dark at · 6"C. 

6.3 Solid, :\Ih:erl-ph:,se, Semi-solid, ;111d Oil Samples, Excluding Tissue - The:' c li~nt '-lrnll 
ea;,me solid. semi-solid, oily. i:11.1d mixed-phase samples are urni.utnined i11 tl1e dark :it 
<6 C from the time of collecliou nntil receipt ar tbe laborntory. Store solid. semt-solid. 
oily. m1d mixed-phase samples i.11 the dark at ··-1oc-c 

6.-t fish :tnd Other Tissue Samples 

6.4. I Fisb may l>e cleaned. filleted. or processed iu other way:. .ill the field. suclt tlrnl the 
laboratory may expect to receive whole fish. fish fillets. or Cllher tis:me, fo1 
aualysi:.. 

6.4.2 CoJlect fish, wrnp in nhmii1111m foil, and maintain al <0°C from rbe time of 
collectiou 1111til receipt at tlle labornto1y. to a maxiumm time of 24 boms. If a 
louger transport time is uecess,11y. freeze the sample . ldeal ly. fi.:;h sllunld be 
frozeu upou collection and shipped 10 the l11l>ornto1y under d1y ice. 
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6.43 Freeze tis:,ue snmples npoo receipt at tlle laboratory ,mcl maiutai.J.1 iu llll' dark ;it 
-20 lo -l0°C until prepared . 

65 HoJding Times 

6.5. l There are no demonstrated wax.irnuw holding times associated witb the .PCBs in 
aqueous, solid, semi-solid. tis.sue, or other sample uiatrices . If stored in the dark at 
0-6°C. aqueous s11rnples ma~· be stort•d for up to ouo.:• year. Siwilarly. if ... torecl in 
the dark at -20 to -10°C. solid. semi-solid. mulri-plwse. aud tissue ::-amples may be 
stored for up to one year. 

6.:i .2 Store sample extracis iu tLe dork at 0-6°( until aualyzed . lf extracts nre -.tored ::it 

0-6°C. sample extracts may be stored for np to one yenc 

6.6 Samplth are usually shipped from tLe client to the lnb by n stauclard swpping s~rvice '-Heh 
as CPS. Federnl Express. OHL. or USPS. 

6.7 Sa111ples are logged w to CAS LilvIS aud labeled for tracking !luough tbe laborat,, ry. A 
cooler receipt fonu is filled out. cataloging any nou-confomim1ces a<,Sociatecl with the 
receipt of the ~ample coutaiuers. See the SOP for $(1111ple Receiving, S1UO-WET, for a 
more detailed explam,11011. 

6.8 Before extracliou. a vi <;ual iuspectiou of a ~awple is done. Aqueous sample~ deemed to 
bave .,. , 0,o solid)) ar~ fillerecl rntless otJierwisc specified by the clie11r. Solid ,awple, are 
homog:euized thorou!:!ldy prior to aliquotting.. See the SOP for S11bsampliiH! mu/ 
Co111po.siri11g .rl(J111·ou!; <md Soii Samples. WET-SS.'11P. fot more infonuatil,n . 

7. APPARATllS A.1'1D EQl.lPME~T 

7.J Gus Cbromatogrnph/High-Resolutfoo :'\lass Spectrome1er/Dah1 System 
(GC/HRMS/DS) - The GC must be equipped for tewper:1tme prognunm.imi:. All required 
<1cces-.sories lllUSI be available. such as syrillges. gases. aud capillaiy coh1u.u1,. 

7 . 1.1 GC luj ection Port - The GC injection pon must be desig.ued for capi !Lary 
colwnns. The 11se of splitless iuJcction tecim.ique-. j._ recommended. 011 1.:1)lt111u1 

I µL injections can be used ou 1he 30m SPB-Octy I coltllllll. The rn,e of n Ul0\ iug 
ueedle injection port is also acceptable. The use of a 2pl. i11jt>ctio11 i:, acceprnble: 
however, analy!,I:, must remain con:,istent throughout the aualy~'!, by 11-.iug. the 
same injection volume at all times. 

7. 1.2 Gas Cl1roll1Mo1rrRph/Mass Spectrometer (GC/ivIS) Inte1f;ice - The GC !\!~ 
interface compoueuts sbould ·withstaud 350°C. Cold sp1._11s or nctiw sm fo c-L'~ 
(aclsoq)tiou sites) in the GCIM:S inretiace cru.i canse p~ak tailiug. aud pe.ik 
bro,idening.. lt is recornmeuded that the GC column be fitted directly into the mi-.-, 
sp~cm:nnerer ion somce without beu1g: exposed to the ionizing electrou beam. 
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7.1.3 l'vla::..'S Spectrometer- 28-40eV electrou impact ion.iz:ittou. uH1"1 b~ capc1ble ,~t 
selectively UJonjtoriug a Llli.nimulll of 22 exac1 11117. ·s flt uigh rcs0lutio□ c I 0.000) 
clnriug a period less tlrn u I. 5 secouds. ,uld ornst Wt'et ,11 l of ti.JI:' perfonunuce 
specifica1io11s iu Section 12. 1.2. 

7. I .4 Dr1ta Svstem - A dedicaled data syscem is nsed to control tbe rapid uu11liple-it1D 
lllOJ1itori11g process and lo acquire tue dflla. Qmmtilc1tiou darn (per1k are:is or p~:ik 
hei_fthts) :md selected iou 1non.itori.uft (Sl.M) displays of iutens1tic>:. of eacli 1u11 
.,, jg.nu! bemg wouitorecl. iucluding cl.le lock-llJaS$ iou as a fuuctiou of rime. u111i;t be 
acquired Juriug the aualy!>es and stored. Qwmtit;ltinns are rep~,rh:d base<l 111:h'll 
computer generated peak areas. It is nlso recommended lo have a data ~ysrem 
capable of switcl.U!o~ t0 different sets of ions (descriptors) at specified uu1es 
duriug the GC/H.RMS <1cqnisition. The data sy tem cau provide hard copi.--. .. ,r 
iudividtwl ion cluowatogrmus for selected gas cl1rowa1ograpluc 1ime mten·;:i.ls. It 
can ab,1.) ac:quire mnss. pectrnl peak profiles and provide hard copie-. or peak 
profiles to demonstrate the reqnired resolving power. The Jntri l)y-,teut ci:111 permit 
tlie wet1surement of noise At tlie b,1se li11e. 

7 .1.5 Microll\a~:. Mas:.Lynx (Versiou 4.J) i:, used to obtaiu aU darn fwrn tbe HR!vlS 
$ysteu1. CAS/Houstoo employs the fol lowing HRGC,HRMS :;ystews: 

7.1.5.1 . .t\u Aiileu t 6890N GC witlt a CTC A.200S A11tosampler it1terfaced 111 a 
Mtcromass Autospec Ultiwa HRi\llS . 

7.1.5.2 .AJ.t Agilent 6890N GC with a ere A200S A111osawpler intNfaced 1(1 a 
Mi~romass Autospec Ulrirua HRMS. 

7. l.'.'-.J An Agi lent 7890A GC with a CfC ...\200<; Attto.s;;impler iure1faced 10 a 
~ricromass Autospec Pi:eu.rier HR.MS. 

7. l.5.4 A11 Agileut 789OA GC witli ;:i CTC A200S A11tosau1ple1 in1erfoced 1<1 a 
l'vlicrournss Auh)spec Premier HR1v1S. 

7.2 GC Column~ 

7 .2.1 Isomers way be unre~olved <;o long as they have tile same TEF :md resp011:-.~' 
factor aod so long 11-. tl.ie-,e nuresolved isl1mers are uuiquely resolved from all 
other con~eners. For exnmple, the SPB-Octyl columu r1cuiev~i. uuiquc G(" 
resot111io11 of all to.~cs excepl cong\!ue-rs wirh con~euer munber') 156 and l =' 7. 
Thi:-. isomeric pair is m1iqu~ly resolwd from all other couge11L·rs and tbe-.c 
cou~euers I.lave tue same ITF and 1c5ponse factor. 

7.2.2 C AS/Ho11s tou uses the SPB-Octyl cohuun (S11pelco, 2~218-lf ). 

7.2.2.J The retention time for decacWorobipheoyl (OeCB. PCB 109} must b~ 
greatet than 55 minutes. 
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7.2 .2.2 The cohtlll1J must uniqnely re:,,oJve cougeneh ·q from 23 nncl 187 from 
182. and congeners 156 and 157 must co-elute witb..iu ::i secondt- at th!!­
peak maximum. Unique resoh1tiou means a volley lleig.ht less 11lru1 .1,0° ·0 
of the shorter of the two peak-. ti.mt 11:.·-:ult wbeu the di lured combined 
209 cong.euer solntion is analyzed. St!e Fig.mt.•,, J nnd 4 

7.2.2.~ The colnlllll must be replaced wheu any of lhe criteri:i ill 7. 2 l -7 2 2 2 
are nvt met. 

NOTE The SPB-Octyl column i::. snbj~·l·I t;:, rnpid degracfatiou wllen .:xpo:,ecl '" 
oxygen. T he analyst sllould exclude oxygeu from the c.:inier g:i ' .. :;\hiuld elimina te 
air leaks. and should cool tlle injector. 1.:ohUllll. :111d lni.usfer liue beforl' 1..1penJ1H, 
the cohmu1 to the atmosphere. For further iufonmttion on precludin!! l,xiclat1n11. 
cout':i.:t the column manufacn1rer. 

7.3 $oxhlet/ASE Apparnht\ - Tbe lciborntory will be equipped with c1 macro aucl or micro 
sox.hlet npp::iratu~. C.-\S/Honstou uses a series of four vn Combo M:.-mtle:o. (Glas.-Col. 
J 00D RJ300 I 2. with Gla:-.-Col. l 04A Rl36 I 2 couh·olJers) aud n series 1.if tw"'111y-fo11r 
(:-t) iudivictual mantles (Gfas-Col. TMI0G, with G\at;-(ol 104A PLl10 Powrltol aud 
PL-31:: :'md PL-312'2 !\1iniTrol coutrollers) for the sm,:hlet app:ncltns. The co111bina1io11 
mantles are designed for 250ml flask.5 (2!.J/ .:1 0. VWR. 89000-33(.JL ,,o:xhlets <~ I' 10 and 
451"0. HGF Scieutificl. and C(\Udenser:-. (..(5/50. HGF Scientific). The ilidividual mantl~, 
.Ut:' de~i.;med for 500ml flasks (24/-10. ·vwR. 89000-334 ). :-.oxhlet~ (:?4140 and "" Su. 
HGF Scientific), a11d cou<lensers (55150. HGF Scientific). The coudensers are 1.:t11u1~ckd 
to a cb.iller cnpable of wa.intaiuing a chilled temperature to e11-,ure proper solvent retltLX. 
Ad<litionaUy. if an ASE apparnn1s (Dionex. ASE'200) is to be employed. it must be 
capable of being pre-progrnuw1ed to allow fo1 automatic snmple exirnctiou M 

temperature and pressure seniug;; unique to lhe extraction -;olv1:1nt. Other EP.\ applL'\ ;.;'d 
extract.ors may be used iustead. 

7.4 i\liscdl:lneous Equipment and :\fate rials - The following list of items do~, not 
ueces~arily constitute a11 exlrnustive colllpeudimu of Ille equiprnenl ueeded fur thi s 
<1na lyt ical metl1od. 

7.4.J Balances capable of accmc1tely weig.hing. to 0.001g (Denver. XI· Se1ie~ :100. 
Mettler. AT l 00. and Mettler Toledo. PG603-S) 

7.4.2 Centrifi.ift-c~ (Clay Adams Dy11ac. 0101) 
7.4.3 D1yi11g oven (VWR Utili~' Ovcu, l\-1odcl l305l' and Blue ~1 r.Iech·ic. C"l85~Q) 
7...tA 250.LUL polyprupykue beaker (fisher. 01-~9 l-5) 
7.4.5 20mL .scint illatiou viab (VWR 66022-004) 
7.4.6 Laborntory fuwe hood~ 
7.4.7 Pipets. disposable. serological. 10ml. <h,her. 13-676-~clD) 
7.4.8 Pipe! tips. 2-200uL and 10-lO00nL (Eppen<lorf. 022492039 mid 0224920."5. 

respectively) 
7.-1.9 Commercial food preparation macl.1.ine 1.Hobart. HCM62) 
7.4.10 PTFE boiliug. chips (\f\VR. 36397-103) 
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NOTE: r dlou boiling chips nrny flo,11 i.u merbyleue chloride. urnv 1101 \.Vl1rk in the 
presence of any water phase. and mily be peuetrnted by nollpolar 1.irg.:111ic 
compounds. 

7.4.11 Glass fiber fillers . Wlillhnilll filler grncle (va1yiug. size, aud particle re1e111io11) 
7 4. 12 2-ti ter screw top clear jar:'- (C&G Coutaine:·s. LFW0<1-12000) 
7.4.13 Rotary l.'Vilpornror wi1h a temperature courrollect water bath <Bnchi. Ro1aq1p,11 R-

200 with Heatiug Barb B-490 and Rot:wapor 20 I with Heating Barb B-491 J 
7.4.14 Glas;; w,10I (E~'ID. El\1-GX0090-2) 
7.4 .15 fah. clear gl11ss. 250mL. witu ldlon l.in~ct scrl.'w cap~ (C-&G. LFA008200O) 
7.4 .16 Auto :,awpler vials witu I 50pL inserts (Reslek. 24653) 
7.4.17 Glas~ colullllls - 20illll.l diameter x 12iu loug. witli one tapered eud (Hlil· 

Scieutific specially product) 
7.4. l S Shaker (for 2L jar. Eberbad1 Model 6000) 
7.4 . l :1 liC Gooseneck Split less Liuers, 2mm i1mer dimneter (Re:-;tek. 20797) 
7 .-1.20 Tlienuo.!!.ree11r:-.1 LB-2 I luun Septa (S11pelco, 20654) 
7.4.21 Auhi-ampler Vi,il C,ip, .. Seal with PTFE Liner. l lu.m1 (Supelco. 27102-l r) 
7.4.22 ( ·:1mer Gas. Ultrn High Pmity Helium 1.Airga::-J 
7.4.23 Pt.'rtluorokeroseue (PfK) Low-Boil (Sy11Quest. PN 1200-2-22 I g.) 
7.4.}., Tmnbler 
7.4.::!5 l lh·asotiicator (Bransonic UI11ac,ouic Cleaner. 5) I OR-MT) 
7.4 .26 Supelt,:xTM M-2A Femlles 0. Imm ID (Supeko. 22471) 
7.4. 27 Ni troµl.!11 Evaporator with il temµeratur~ controlled \\ ;1rer b,1fh (Zinu1tek. Zip Vap 

#!09A Custom) 
'.➔ . 28 Muffle Ftum1ce (Blue-1\IVLi..udberg. LGO Element Box Furnace. BF5 J 8.12-P-BC i 

8. STA~DARDS, REAGENTS. AND CONSlC\IABLE :VIA TERlALS 

8.1 All staudard~. reageob, :rnd consturiable matecial5-. u111st be IO@-£!ed iu and uumberecl when 
delivered. Details of all dilutions of stau<lards must also be entered into the PCB 
Stau<hrclt.. Logbook. Store standards in tbe dark at ..:.6°C 

8.2 Organic -free reagent water .\11 references to water in fl.us SOP refer to orga,iic-fr~~' 
reag.1tut water CAS/Houstou 11 es the water suµplied fi o lll ,.nu bottled water -.upplier ;l'. 
the source of the organic-free r~ageut water used in the preparation of q11t1lity cn11trol 
-<aruples aud standards. 

8.3 Silica gel, high pu1·ity gradt, typt 60, 70-230 mesh (JT Baker, ,JT3405-05) - Acti,·a!e 
overnight af a w..i.uii.ouru tempernture of 120°C. Store in a glass bottle ~ aled with a 
T etlou lined screw ct1p. 

8.4 Silic~l gel imprtgnattd nith Sodinm Hyrlroxicle - Adel one pm-t fby weightl 0f 1 ~ I 
NaOH 5oh1tjo11 to two parts (by weig.lit) activcitecl silicll gel iu a Teflon lined scr~w cap 
bonle aud mix witb a glass rod 1.uiril free of lumps. 
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8.5 Silica gel impregnated with Sulfuric Acid - Add oue pt1rl (by weight) coocC"ntrated 
sulfnric ;icid 10 t"\.vo parts (by weig.llt) activated si Lica gel in a Teflon lined scn~w cap 
bottle ru1d mix witb a ~lass rod uuti I free of lmnps 

8.6 Extrnclion th imbles, 43nun x 123mm :1ud 33mm x 80mm (VWR, 28320-510 nod 
2 77 30-128, resp<>c tinly) 

8 .7 Sulfuric Acid, concentr:lt t>d, A CS gr:.tde (EMD , EM-SX12-t4 -75) 

8.8 Sand, quartz (VWR, BDB027-4-2.5kg) 

8.9 Sodium Sulfate, grnnular, nnhydrous (E~ID, EM-SX0760E-20) - Activate for a 
minimum of one bour al a te111pernhtre of 400 >e, Store i_u a glM;s bottle se.:iled witb a 
Teflon liued scre\\' L'<lp. 

8.9. 1 Fill cernmic crucibles witl.i sodinw snlfote aud pl.:ice in the mume fon1.-1L'e. Add 5-
10g ~and to au emply cmcible ;.md place in tl1e muffle linu;:ice. 

8.9.2 Tue temµ erature program is set to ramp up to 400°( l lten bold that 1emperat11re 
for four hours. Sta11 tbe µrogrmu by boldiu~ the "P .. l)11tfou nmil "Pnr r npp~ar!'­
oo the coutroller. Press "Ruo/Hold.'' To cancel a proizrnm. pre, · the up and dvwu 
amJ \\':: s imultaneously. At tl1e eud of the prog:ram the fmu ace \\' ill cool by 
convection. 

S.9.J \Vbeu tbe sodiuw snl fu te is ready to remove. tr.iuster ii to ~-liter jar, and label 
tl1em witb r,he prepaJnt1ou dare. analyst umne. aud lot u11.1.uber of tu~ ~ndinm 
sulfate. Make an eutty in to Llie Semi-Volatile Na:,SO4 Preparation Lo~book 
coutaiu.iug the prep,1ratioudate. ana ly,1 nao.te. quantity prepared. c.odi11 ru ~ulfate? 
lot u.iwiber. ;:iud whether tbe nm passed or failed (as indicated by II color change 
in the sand from gr11y to pink/or.iug.e). 

S.9.4 If tbe 5odiu11.1 sulfate hns a uoticeable grayish cast. it must be disca rded. 

8.10 Sodium Chloride, anul~•ticul reagent grade, 5 percent (w/\) in wa ter (V\VR, 
VW6430-5) 

8.11 Sodium H ydroxide, 1~ (VWR, 3222--t) 

8. 12 Floris il, 60-100 me~b (Sigma-Aldricb , 22 07 4~-250G) 

8.13 Solvents 

S.13 . l MetJ1yleue Cliloride - 99.9~·'i> utinuuum Assay (HPLC Grncle. EMO. 
TXEMDX083 l · 1 CA) 

8.13.2 Hexr111e - 99.9% ruin.imuru Assay (HPLC Grnde. EMD. T)CEMH0296- IC.\ ) 
8.13 .3 Nornme - 99.9°u lllimm1UJ1 Assay (HPLC Grad ... •. Sigm;i. N29406·.'i00mL) 
S.13.4 Toluene - 99.9°·0 mini1rnuu As:rny (HPLC Grnde. EMD. TX0737- I) 
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S. I J :'> Acetone - 99 .9° v minimum Assay (HPLC Grnde. E .\{D. A XO I 16- 1 ) 

8.14 Standards Suppliers 

8.1.J. l (;iu1brid2:e Isotope Laboratories (CU.) Primary staudards supplier 

8. l 4. 2 Welli..ugton Liborntoties . s~coudary staudards supplier 

8.15 Purchase, Receipt, and Handling of St::md.'lrds 

8.15.1 All standards purclrnsed from CAS/Houston must lrnve an appropciate pmcliase 
request fonn filled out aud lrnve approval from the Laboratory Director or oilier 
qw1lif1~d individual. They must lbeu go tu.rough the CA~rCorpornte Pmcha.,mg 
Departmeut. Staudards are cousidered consumable and do not need an 
Expenditme Authorizatiou Request (EAR) eveu if tlle cost exceed::: tlle tlm~~uvld. 
See tile SOP for P11rchrrsi11g n11d Approval of Ve11dors, .4D1'1-PCR, for w01 ~ 

i11fonnati,1u. 

8.1 :'>.2 Upon ;irrival. .fill packages coutarniJ1g high co11cenh·ations must be checked for 
clam;igc ff auy damage i~ present. cousnlt with C.-\SfHouston Environwentn I 
Health ,md S;ifety Officer before further steps are taken. Proper ~afoty prncli1.:1.:·~ 
should be followed ,vhen Lrnnclling. received standards. 

8. l ~.3 All received staudArds must be assi!:n1ecJ a PCB Standard<. Logbook identification 
number. Copy the solution descrip1·io11 from tile ce1tificn1~ of analy-,i1-. nnd ,1 1tnch 
to tlte ,pace provided for tue uext eutry in the logbook. Include tlle received date 
io the logbook. The followwg fommr is applied: B(PCB)[Logboc,k n11mbe1J-lp<112i:· 
munber]-[ eutry number]. An eximple would be B3-20- 1. 

8.15.4 Assign e<1cb s1nud<1rd rut expiration date <1s noted by the ~uppber Tl.ti!. 1s u~ually 
teu y.:ars after the manufacture dMe. Record this u.1 Ille standards Ing.book :wd 011 

tbe standard vial. .:\ staudarct must be djsposed of after this date tmles._ its validity 
cau be verified (Sectiou 8.23 ). 

8.15.5 Record the ide11rificatio11 nu!llber on the received vial l;ibeL Trn11sfer the sranc\;ird 
from tl.te received ampoule to ,1 2mL awber viaL keepiug. the supplier label intr1c1. 
Seal ibe vinl \v1U1 Teflon tape. Tlij · \\'ill ensure no tleteriorntiou will ocl'.ur. 

S.15.6 Record the ideutificatiou munber ou the cert1ficale of analysis rece.ivecl from the 
supplier and store ti.Lis docu1neut;itiou iu tlie " 1668 Standard~•· bimkr for fon11e 
reference. Ce11ificates of analysis are also Rvailab1e tluong.h the Ct'rilliaut 
website. C1L 's wauufactmer. 

8.15. 7 All so lu1ious wust be r1deq11ately l;ibeled with tile logh.iuk identifi,:atiou code. 
metbocl , short solutiou description. preparation clAte, initi11ls of per ... ou perft>nuiug. 
preparatiou. expiratiou date. vohuu~ ancl concentration. Logbook 1.!lltricc; c;hall 
include 1111 of the Rbove wit Ii the lldd.i1iou oft he list of compoueuts. tht-
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coillponents · logbook ideutification code, description and l..'1>11ceutrntit111. plu, tbe 
11:i.itia ls of tbe persou ,-vitnessiug the diluriou steps. 

8.16 High-Resolution Concentration Calibration Solutions - Five u0nane solutions 
containing. unlabeled aud ct1rbon-labeled PCBs .it known ct111ceutration'- ;1re U"\-'d 1<:i 

calibrate tbe instrnmenl. A sixtb solu[ion coutaiuiug. aU 209 ~-on12e11ers i, uc;;ed to ca!illr~1k 
tbe instnu.uent for the corupouucls otber rhn11 the roxie~ and t'.1lrlie~t aml l alt'.st eluting 
cougeuer~ in a cW1 . .lliuatio11 level. Tile \.'onceutration range,-.. ;m:.' holllolPm11: d1?1wnde111. 

8.17 Labeled Stnocfard Solution .. The purchased Labeled Toxic ,·LO<.. ,vindow-ckfininn 
stock solutiou is diluted out\:' witb Nouane and ;lgaiu with Acdoue t<J lll<1ke tbe 1;,bekd 
standard spikillf! :.olution (Table 3). Store nr ::6 ·c iu the cfark. All standards are M,sig-ned 
11 oue (I) year 1:!xpiratiou date, not to e;,;ceed th~ l11test expirntion date of any parc::nt 
solu1io11. All sraudards in Acetone are made daily. 

8.18 lntt>rnnl Standm·d Solution - Ille pmchased labeled stock :i(dution is diluted to make :i 

lnbeled iutemal ~landm-d stock -;olutiou Perfortu nn additioual dilution 011 tlll' ::.tock 
solution to make au iutenml u1jectio11 standard workmg solution (Table,) St011;: ;H ~ C 

in tile dark. All s!imdm·ds are .issigued a oue (I) year expirntiou date. nut lo exceed th.:· 
la1est expirnt.ion elate of <'lny parent solutiou. 

8.19 Clean lip Shrndarrl Solution - The ptuchased labeled clean up stock ,.,oJuli,m is u-.L'd to 
mnke the cleau up standard stock solution. P~rfo1ui mi addittoual dilutiu11 on the stod.: 
solution to m<1ke a labeled clean up standard working ~olution (fnble 3). Stvn: al .. 6 C in 
tbe dark. All st,rndards <'l(e a~s1gued a one (I) year expiration da It-. uot ID c:xceed the latesr 
expiration date of any pareut 1.;0!11tiou. 

8.20 Matrix Spjkiug Solution (target compound,;) •· The purchased Nnrive T1.x<ic,; J OC 
stock solution i~ ti-.0d to wake the lllatrix standard stock ~olulion. Perform au ndditioHal 
dilution on 1he stock solution to make a matrix stl'luclnr<l workiug soluti011 (Table 1). Sh,rt• 
at ~6°C in the dark. :\II staudards are a~~igued a one (I) year expirn1io11 date. 11()( tG 
exceed the la rest ex pi.ration date of auy p::ireu1 solntiou. All staudards iu Acetone are 
111ade daiJy. 

8.2 1 Refereuce Standards 11re lo be ptu-cliasecl from a supplier other tban the primary 5rnndard 
supplier. All reference standards must be segregated from primary -..taudardc; d11ri11g 
storage . Retereuce standards can only be used to verify primary standard<. and may n0t be 
used for snmples. A ll reforence ::. tnnclar~ Wlbt be dc1cuU1eutecl u1 tbe sta.ud:irds logbel•k 
following S.15.3 - 8. l :'i . 7. 

8.22 Research standards must be adeq1rntely labeled as such. Lu addition to Sec. 8.15. 7. nll 
labels for standards desigu<1ted for research must also slate specifically tb.: intended 
researcb to be doue. along with an appropriate qualifier, such a~ .. For .-~ ... earcb pnq.mM~" 
only." 

8.23 Expiration dates call be extended under lhe coudition:-. outlined in the C AS/Corporate 
Polin for Stm1rlnrds n11d Reage11rs Expimtio11 Dmc,,. September 2009. 
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9.1 All t11aintewu1ce act ivities are recorded in a nrniutenance lop.book kept for e,icb 
u1sl nnueut. 

9.2 lnlLne ptuifier5 l)f scmbbers should be iu pl,ic:e for all sources of c,1rrier .trns. Tl1e pmirii:rs 
au:: selected to reuiove water. oxygeu. <111d hyclroc,u·bon-:;. Punfiers sb,11.lld be cli:111.~..:d ;1.-. 

recowmenckd by tile supplier. 

9.3 Gas Chromotogruph 

9 .3.1 Wheuever GC waintenauce is per fo rmed. care must be lakeu lo m.iuim.ize the 
i.ntrocluctiou of ,iir or oxygen u.lto tue co lulUJl. I.ujectiou pOrl5. "l.toulcl be 
waU1lai..11ed by changing tlle iujectiou po11 tirJer. ::.eaL wnsue1. <i-riug. sepllllU. 
colunm fe1rule aud auto smnpler syringe as necess;i ry. Li.Jlers cind sea ls slio11 ld be 
cl.Jaug.ecl wl.Jen there is a problem witb chrowatogrnpll.ic perfonni'lnce. 

9.3.2 Clippin~ ofT a small p,)1tiou of tbe bead of rlie c~) luuw ofleu i.iuproves 
d m)JUatogrnphic perfo1rnance. Wl.Je11 c11t1iug off any poi tiou of the col11n111. m.ik..: 
sun~ the ~\It is strnight nncl without fr;ig.mentntio11 by using the µroµer colturu1 
cuniog rool. 

'1 .:~ 3 Over time. as cournulinMed sample-. are ;inalyzed. ti.le column will i.:'x ltibir po,)rer 
perfom1tmce. Wheu n noticea ble decrease in coluUlll perfom1a11c:.:- is evident i'lt1d 
other mai.uteuauce option,<: do uot result in W.lprovemeut. tile coluuw slwuld be 
replaced . Tl1is 1:. e pecinUy true wh.eu poor colunw perfonnance 0l'curs in 
co11j1wctiou witb contwuing calibratiou failures tSection ll.-1 i 

9A Mas.~ Spectrnrueter 

9.4.1 Tuue lbe l'vJS ns ueeded to rcsulr in consisteut aud c1cceptc1ble p .. -rl-;.')nuauce. 

9.4.2 Tue somce should be clea11ed. as ueeded , depencliu~ ou the perfonuauct.' nt' the 
iuSl11Ullent. 

9.5 Preveufive waintenauce is perfonned annually by the ~ervice engineer for instmrueors 
uuder a ~en ·ice cout racl. 

10. RESPONSIBlLlTIES 

10.l It is r.lJe respousibility of the ana lyst to perform tbe amllv-.;i<: accordi.ug. ro tbis SOP and 10 
cou1plete a lJ d0c11rnentMion requi.red for dc11a r~view. Aualysis and iutc-rpretatiou of tJ1..­
re.<:-11lts <1rc perforwed by persom1el in tile l,1boratory who have deu1011strated the ability to 
generate acceptable results uti lizing this SOP. This demonsrrntiou 1s i:1 :1c~ordam:e witll 
the tram:iug pr~)g1au1 of the laboratory. Final review aud -.i~11-off of tbe dMa i-. pe1f onncd 
by 1he department supervisor/manager or clesiguee. 
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11. PROCEDURE FORSA.\'JPLE PREPARATJO"\', £\'.TRACTIOi\-, CO:\.CEi\.TRr.\TIOX 
AND CLEA"\' l rp 

11.l Sample Preparation 

11.1. l Sample preparation involves modjfyin~ the physical forn1. of lbe sample so thal 
the PC'Bs can be extracted efficiently. ln geueral. lbe sau1pks mu,1 be m o liqt11d 
form ur iu !he fonn of fiuely divided solids in order for ~11icieut ex1rnct1on~ '" 
t,1ke place. Tnble 9 lists the phas~r; and ~u~e~ted quautitie:-. for extraction 0f 
various sample watrices. 

For sm1p les knowu or expected 10 contaiu b..ieJ.1 leveb of PCBs. die snudles l 
sample size representrltive of tbe eulire c;ample <;hould be used. ror nil c;amples. 
the bl::iuk. luternal Precision aud Recovery (CPR ). aud On.t!Oiug Prec i:,iou aud 
Recovery (OPR. or LCS. Laboratory Coutrol Sample) aliquot:; w11s1 be ~11\1ce~~ed 
tbrougb tbe :-awe steps as tbe sawple to check for conta1ui11at1on and In -.<.~-.. i11 lhe 
preparn I ion proce-:-.$.. . 

11 .1. 2 Aqueous Sc1mple Prepara tion - Prep,mHion of llqi1eo11s saJ.Upk'" l·outa111iug 0m· 
percent suspencled solid-.. ur les-.. 

l l . l . 2.1 Aqueom ;;::iwples c011t.1ining out' percent suspeud1:d solid-; or kss arl:' 
prepared 11.sing tbe proc~dme bek)W and ~xtracted usillf! Hie ex1 racti011 
teduuq ues in Section l 1.2. l. Tbis pt 0ced111e is appl tl·abl~ ti.,, s,1tupk~ 
and QC c1liquots_ 

l 1. 1. 2.2 Tr:.nsfer tbe ::-:iruple tu the '.', gnL extraction vessel. :\fark the 01igi 11t1 I 
k,·el of the ~;imple ou the ~awpk coutainl'f fN n ·fr.·1 i.:-nce. 

11 . t. 2.3 For each bMch ofup to 20 sampit·~ to be extracted in th.: -..a111e -.. l11tt 
place tl1Jee IL aliquots of reagent wnter into clec.111 1

: ~ml. exh t1c tiou 
w~-..~ls. Oue of tbe~e will serve as the rviethod Bl auk. ;iucl the ,,tltet I,\,~ 

wi ll serve as the Labora101y Coutrol Sampk l)11pl icare Lab01c1t,,1y 
Conh·ol S,iwple (LCS/DLCS). 

11 . l .::! .4 lf filtrntioo of aqt1eou samples is requfred. connect a porcelain B11clu1er 
fwule l ro lhe 1.~ gal. extraction n!ssd and affo,. an appropnate cl a.s5 fibe1 
filter to the fuuud. Allow sample: to pnss through filter uuder a gr,1viry 
ilow. If the 5uspeucted solids coutent is too great to filter through th~ 
filter. ceutrifoge the sample. decant and 1heu filter tue c1queoth pba">l'. 
E.\'.I racl tl.le filter following. Section I 1.2 .4 .~l-:'i ( hcx:llleidicl.l l0ro111erlrnue 
obtains hig her recoveries tllau tol uen~) au<l ct,wbiue ,v1th tht- :ique1"1JI'· 
extract ion extrnct prior to cleau up. 

! 1.1.3 Solid SnU1ole Prepc1ratiou - Preparn tiou of sru.uples coutaiui11g g.rc:irer tll:in 011e 

percent solids. 

Page 17 of 84 



SOP Code: HMS-166:-;A 
Revisiou: 4 
Version Date: 08 I~ 10 

11 .1 .3. l Solid samples containing one peJcent suspended sol.id.s or uwrt' are 
prepared using the procedure below and extracted 11;,lllg the t.'-'trnction 
teclmiqnes io Sections 11.2.2 or 11.2.3. This proced111e is applicc1ble fo1 
samples aud QC aliquots. 

11. l.3.2 Weigh a well-mixed :-iliqoot of ecicb salllple suf.ficieul to provide)?- lif 
<hy solids into a cleau thimble. 

11.1.3.3 For ~acll batch of up lo 20 samples to be extracted i11 tlte same shift 
weigh three 5g aliquots of the reageut _1nade qnaiiz sand ( or 5odiuu1 
sulfate. if Ill) saud is available) into ch:an tl.i imbles . One of th1:·::.e will 
seive ns tl.te lv(etl.tod Blank. aud the otber two will serve a.o; the 
Laboratory Cvutrnl Smuple/Dttplicate LnborntoLy Cvutrol Sample 
(LCS/DLCS). 

I Ll.J...t Total Solids Deterwinatiou. Record rl.ie weight ofau emptv. l;,bel<c'cl 
scintillation vial on the beuch sb.eel. Add )-I0g (wet wci~htJ oftb~ ~olid 
s:1111ple to the scintilh11ioo viril and record the new. c,1mbint.'d weigh1. 
Place tbe via 1 iu IHI oveu at l l0±5 "C for a J.Wniurnm of 2--l I.toms. 
Finally, record the d.1y weight of tbt! combiuatiou 011 the bench sheet. 
Cnlculate tbe percent solids nsillg tbe following fonuul~: 

WlJere: 11·0 ~ combined weight after chying .. in g:. mim1s the empty vrnl 
wcigl.tt. 
W t, = combi.ued wei)il.bt befrm.~ dryi.ug. in g.. uunus the empt-)1 n ,d 
weight. 

I 1.1.4 Fisl.i and Oilier Tissue,& - Most tissue samples. Me received previou,.;iy 
IJomogenized. If a sample is received tlt.:it is uot. however. the portion ~,rtlle 
:,ample to be used for PCB detenninatiou must be estnbli::,hed nod the followin.B 
procedme used for Ltomog.enizatiou. 

I I . l A . I Tissue sampk-s are prepnrl!d u:.ini lht: procedure bd,1\\' aucl e~tracted 
m,ing the extrncrion techuiqucs in Sl!ctiou 11 .2.4. Tl.ti:; procedure is 
applicable for samples and QC aliquots. 

11 .1 .4.2 A mi11imum of 20g of tissue must be bomop_euizect to ensure there i:-; 
euoug b sample for PCB aud lipid deten.u.in,Hiou (with ('llt 1ugh left o,·~·r 
in cnse 1e-exnactiou is neces:,ary). Additionally. the weight sliould be 
increased for samples req11iru1g actditioual nrnllys~.-... 

11 .1.4.3 Homog.euize the sample according to the procedures iu rbe SOP for 
Tissue Prepamrion . WET-Tl.SP. Transfer to ;i uew. IRbeled s:irnple 
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container with a Tet1on-liued cap. Store at -20- to - I o··c n11d 111 the dark 
uutil amilysis. 

I I. l .'-1.4 Weig.Lt approxi1.ua rely 5g ( l Og if lipids analysis 1s reql1ired) of tile 
homogeuized rissue into a cleau thimble. 

I 1. 1. 1.5 For each bntch of up lo 20 samples to be exlracted iu 11.ie -,ame c;l11ll. 
weigl1 tllree 5g ;iliquots of coutaminaul free ti.)sue or C\.1111 oil iuto c k ~m 
thimble-;. One of these will serve .1s the Metuud Blank. aud tue other rw,1 
will serv~ as the Lnbornto1--y Control Sample/Duplicate Laboratol)' 
Conh·ol Sawple (LCS/DLCS) 

To ensure !lie wnteri;tl used for QC :-.:1mples i~ free of rn1get cowpoumls. 
l.iomog~uize aocl ex.trncl the material followiu2 the step~ m Section-; 
11. l.-U- I 1.1.4.3 and I 1.2.,L Analyze tbe extracts ou the HRGCJHR.1lS 
U1ach.ines to verify no PCB:. are present . Ouce ~ktermined. Ille blank 
material cao be used for QC sruJ.lples. If cont,nninarion is present, 
llowever. the eJ1tire lot of material must be properly dispowcl of aud 
;;iuotller lot obtained. 

11.2 Extraction !lOd Concentrntion 

NOTE: Tbe sta11d<1rd soluh,)D l:Pnceotrati,111<. discussed below represent tlle amount 
added to :.awplt>s wb0r.: the defa11I! fu.ial volume is to be l OOpL If the fimd volume of the 
exm1ct i,, to be 20pL (10 achieve better data q11:1lity objectives}. :111 spiking -.0h1tio11 
couceutrntio11<- must be reduced by a factor r,r five t 5) 

l l .2.1 Extrnction of Aqueous Samples-· ,\qneo11s samples :1re to be ex.trncted 11si11g :1 

llll"lditied separnl\HY funnel procedurl'. Tbe u1ain difference js lbat tl1e vessl·I i , :1 

g:las'> _jar wit l.i a Tdloo-lined cap tl.iat is disp,•,:tble . This greatly reduces ..:1(,,,. 

coutaLW11aliou. 

I l.2. l.l Spike I.OmL of tl.ie labeled sraudru-d spiking. ::;ol111i\.1n :11 I 0-20ug mL 
(Table 3) iulo each sample and each QC aliquut. Record thi:- :1dditi\.111 ou 
the bencl.1 sl.ieel 

l t .2. l .2 Spike l.Owl of the Manix st,u1dard spiking solution at 5oglmL tTable 
3) into the LCS.IDLCS aliquots . Record this <'ldditiou on the beuch . b..:-1:1. 
The!sc will servl! a~ both thl? precision ,md accnracy for the h.1td1. 

I l.2 .1.3 Add 100ml dicbloromethane to the spiked smuple iu th1..• 1 gal. 
extrnctiou vessd. Veut tue vapors under a funw bciod b'.I -:bakill.!! ft1r n 
fe1,v ~econds tl.!eu tmsealiug tlle cap. Repeat thi~ procec.:- 11111il prec;,,nrl.' 
uo loug.er builds m tile vessel. Extract !be sample by sbak.mg Lhe jar 
wamwlly or on fill mlloruatic sliaker for 3 Ltlirn1tes. Allow thl.:' layer:; lo 
s~parn te for a 11.LU1lllltw1 of IO ulim1tes <1ud pipel the diclllorowetlrnne 
layer (bottoill) into au approprintely labeled ~'.'0mL jar. 1f au em11l511111 
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layer forms, e1uploy rneclurnical tecun.iques (u lrrnc,0;1ic batl.i. 
ceuhifuf,!aliou) to complete the pllase separntion. 

l l. 2 .1.4 Extracl the sample with a11 additioual 50ml aliquot of dichJoro111et IJ,me. 
Following. extraction. remove any exce&s water from the 
dichloroU1er!Jane portion by :swi.rli.ug t!Je .,awple ex1rnct and rernovi11g: 
the wnter that collech 011 top. 

I i.2.1.5 Conceutrate tile extract using a rotary evnporator (wjth heating bath at 
45-50°(') or u.itrogeu evaporntor t,1 a voluwe of npproxiwarely J 5mL A 
1oh1ene keeper 111<1y be ndded at tile optiou of the analyst. Couce,mat ion 
tedmiques must be precise ,rnd the analyst umc,t not to let the -;olv~nt 
level get too low or else risk !lie los-:; of the lighter CB cowponuds. 

l l .2.1.6 Sru.nple Volume De1erl1l.ll.lation. Followiug extractiou. usiug t,1p water. 
refill the '-ample container to rue liue warked i.11 Section l 1.1.2.2 . 
\ feasnre tile volurue of this w<1ter 11:siug a c;ilibrnted graduated <.:~1li.11der 
aud record on 1he extraction beoc 11 ... beet. 

11.2.::? So'.'\.hlet Extrnctiou of Solid Samples . Solid sawples nre to be extJnctecl USW:..! 

eituer a soxhlet extraction appnrnnis or au Acceleratl.!d Solveut I :xh·actor {AS1 · 

CI.Jou:,ing w!Jicli appawtu" to 11~~ is :it 1he discre1io11 of tu~ nualy·, t: liow~ver, th,'. 
ASE should only be u-;ed for t~w, per('eut !'.olicls snmples. 

11.2.2. 1 Spike 1.0ml of tue Labeled ,tnndard spiking solulion ,it l 0<Wng ·ml. 
(Table 3) into t>acb sample nnd each QC' ;lliqHot. R~·l'.'ord this .'lddition ou 
tllr be.n~IJ , !Jeet. 

I l .:2 .2 .2 Spike l .01uL of the ?\fatrix ::-uwdard spik:ing sol11tio11 nr 511g.iutl.. CLi ble 
3) imo the LCS.DLC'S <11igu01~. Recurd this adclilitin on the b<?ncb f-h,:.:t. 
These will se1ve as b1itb tl.Je precision aud accuracy for tlle bnk·h . 

112.2.3 Add 10-20g nnbydrou:.. '-Od.im11 sulfate to e;ich thimble l'Outaining_ the 
sample and mix tl.loroughly to evenly distribute the ~odiulll sulfate. If tlie 
mixtnre is uot free-flowing., coutiuue to mix in sndinm -,u tfate until a 
free-flowing consistency can be obtained. 

I L .2.2.4 Trnusfer thimble to soxhlet exlractor fitted with a 500111.L boiling fb 'ik 
containing. 240ml. Tolut'ue ;ind boiling chips. Alternatively. the micro­
soxhlet nppa:rnms utilizes n -.wallel' ::-~I up, rims requi.ri11~ un.ly 125ml 
Toluene and boiling chips to be added to a 250ml boil.mg .flas k. 

11.2.2.5 Place tue soxhlet apparnn1s ouro a boiliug. mantle L·oudenser 
cowbi11ation .=ind reflux ovemigut ( 16-24 liour~). ~olveut u111st i:-ycle 5 
Limes per honr uuniim1111 (coutroller -,d al "6'' or "60°n''). 
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I l.2 .2.6 C uvl the exlrnction apparnh1s. Coucemrnte the extract nsi.uµ a rorary 
evnpor;itor (with llealiug. batl.i at 45-5O' 'C). uitrogeu evaporator. orb'.-' air 
diyiup under tile fnwe l.Jood 10 a volume of approximately I 5mL o 
keeper ,olvent is to be added. loucentration techniques must be p1 ecif>e 
Hud Ille ;iualvst sllonlcl be sme uof to let the solveul level get 100 Im~ or 

else risk tbe lo::,::, of the lighter CB compounrb . 

11.2.3 ASE Exh·action o.f Solid Samples - S0lid sawple'> are tn be extrncted usinµ either 
a soxlllet extradtou <1pparah1s or an Atcelernted Svlvent Lxtrnctor !.\SE). 
Choosing whidJ apparnh1s to use is at tile discretiou of tile aualyst: Jl.,wc ver. tile 
ASE should only b"' used for low percent solids s;i ruples. 

CAS,Honstou uses a Diouex ASE200 Extractor Otber EPA npprovecl extrnct0n, 
may be u-;ed instead. 

I l.2 . .3 . l Label -,taiuJes, steel AS E cells accord ingly. Add n fnt to e:il'b cell ;incl 
cover wi th a small arnouut of sodi11u1 s11lfate. 

11 .2.3.2 Ra tller 1l1c111 nddiug -,:uuple/spi.ki..ug solntio11 io a clean tbiuible. in-;tc:,d 
f'ldd sample to a clean beaker to record w-::i.aht. Add J 0-20g sodi11n.1 
s11 lfo1c. spike l.OruL of tbe Labeled stauclard spikiug ~ol111io11 at 10-
20ng.lmL (Table 3}, aud mix tb.orongWy to evenly di:;trilmre the so<limn 
sulfate. Record the s1,1nclard addition ou the bencll sl.tL·er-. If tl1e U11x111re 
is not fre~-tfowing. continue to mix i.11 ~od ium snlfak- until a free­
flowing cons istency l·an be obt;i iueJ. Transfer sample tc• :\SF L·ell. i •'!' 
wi th sodium su lfa te. 

11 .2.3 .3 Label 6Ou1l ..... oUectiuu vials ;-ind pv~tl.h)ll botu the cell and G0JUL 
collectiou vial in correspondiug. lot'.atious ~)n the 1Tay~. Double c.111:.••,:k \., 
e115me all cell pos itious ruatcll 1hei_r respective vial µr1c;itio11s. 

11 .2.3.4 Cl.1eck Toluene reservoir aud fill if low. Cb.eek Nitro~eu level. If low. 
replace tank. Use safr·ty precautions when baudlin~ th~ ga .. tanks. 

1 l.2 .3. :'i To slart tbe ASE: Press " Menu," ··Load Method.' ' ''Nu111be1 L" and 
·'S tan" on tue screeu. All method, and schedules an.• p1e-prP_Q.rat1lllH:d 
based on Dio11ex recou1me11da1io11~ for lbe solveuls U'-ed. rind can bt> 
fonud in tLe appropriate 1uai11te11auce logbook. 

11.2.3.6 Coucenrr:ale tile extrnct usmg a rotmy evc1pornror (wilh lleating bath iii 
45-50°(') or nitrogeu evapornior t,, a voluuie of appro:---imately 15mL 
No keeper solveut is to be added. < ·011ceutrntion leclllliqnes unh l b\.' 
precise and the au::ilyst should be s1u-e uot to lei the solve11f levd !;t'I too 
low or else risk ti.le lo s:. of the ligbter PCB colllpo1mds. 

11.2.4 Soxhlet Extraction of Tissue Samples - Tissu~ sawpl~:-. nre to be extracle<l m,1119- a 
soxhlet exh·actiou appnrah1s . 
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11 .2.<-I. I Spike I .Ollll of tbe Labeled standard spik.iiu1. so l11tio11 at I 0-20n!!:mL 
(Tnble 3) i.uto each sample and eacb QC aliquot. R~C-\.lld thi, riddit1r111 c,n 
tile bench sheet. If lipid detenni.1.1ation i5 to be perfouned n11 ;i ~ample. 
spike 2. Ou.tl.. of tlie Labeled staudard spik.J.up ~olution. iuslead. 

11.2.4.2 Spike 1.0ml. of the l\llahix standard spikiup. ~elution at 51111 mL (Table 
3) i.uto the LCSrDLCS aliquots. Record thi.-. add..1t1ou on the heucb ,h1;;•..:1 
These will s~rve a~ both tbe precision :-ind .1c<:uracy £L,r rue barcb . 

I l . 2 . ..J.3 Add 20-30g anhydrous ~odium sulfa te to eaclJ tl1imble coula iuin~ the 
sample aud ntix thorouglily 10 evenly distrilrnte tbe sodiuw '-lll fn te. tr the 
mixture is uot free-flowwg. coutii.111e lo mi:-: iu sodium s11lfr1te u1111l n 
free-flowing coosisteucy can be obtniuecl. 

11.2.4. I Tr.111sfor tb.imble to sox.Wet extrnctor fitted will.I a 500ml boili ng. t1a,k 
comaiu.iug boiling chjps aud 300lllL o f n I: I U11Xl'1.11\:- of 
l1exa11e/dichloromet.hane. Altemati vely. tile 111icro-soxlJle1 appannus 
uti lizes a smaller set up. th11 <; requi1iug only l SOllll. of the I: I mix11n-e 10 
be added to a 2:'i0mL boiliug flask . 

l l.~.-1.:'i Place the ,:;oxhlet apparnh.1, outo a boiliug 1wu1th~·l' ,~udeuse1 
combination aod reflux o, ·~migbt (1 6-24 hcn1rs). So lve11t U1t1st cycle~ 
time:; per bonr nuuiumm (controller s~t nt ",r ·· or ".:JO<• ,1 .. ) . 

11.2.-1.6 Cool the ex trnctiou Appa.rati.h. lf lipid deten11in:it1t111 ,,, l\.) be performed. 
fo llow the'>~ -;teps , else. mo,-..: 0 11 to Section 11 .2.4.7. \\'ei~h rnw 250ml. 
jar am] rect11d on ti.le bench <; l\eer. Spllt the cxtrnct 11110 rwr, 2:-UmL jnrs 
(witli the extract for lipids deteru.J.i.uatiou udcled Iv lhe µre-weighed jarl. 
Be sure to spli1 the exh·act, ~venly so a~ to cu~1u·e one Lrnlf l.' f the fi11 :d 
extrnct is in eacli container. 01y tbe ext1·:1c t in tbe pre-weighed jlilr l o 

complete dryness aud record U.1e "veiglll 011 the bench sued. Calcu,IMe 
the perceut lipids nswg the fol lowiug eqm11io11: 

,i: 

"· ,lipid = -' ,, LOO 
H '. 

Wb~r<..': ll',- -= weight of residue. in g. weasnred as the diffe1·ence llJ fhe 
jar prior 10 adding tbe sample c1ud followiug concenlrnti0n. 
w, -c weight of tissut::. m g. 

Tue uu-weigued jar and extract is to be used for tar~~t componud 
detenninatiou ru.id is to be co11ceutn1ted following rlJ~ procedn1e 10 

Secriou 11 .~A-7 below. 
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11.'.!.4. 7 Conceuh·ate ti.le exlract using. a rotnry evaporntor (wilb Lie:uino; bn1h :11 
ll5-S0°C) or nitrogen evaporator lo a volume of approximately l5ml.. A 
tolueue keeper wc1y be added at tb.e op1iou of tbe analy:,t. ~111ceu1rati00 
recl.miqnes mnst be preci.se and tile analyst should be sure 1101 to le i !hi.' 
sol ve11l level get loo low or else risk lite lo-;:-- of the lighter PCB 
COll.lj)Otmcls. 

11.3 Extract Cle:10 llp - [or some aqueous samples aud aU tissue and -,olid sruuplt•-. . bnd~ 
e:-:h·c1c1io11 with <;11lfuric acid is nece,,ary to rewove the pre:,en_ce of toterfert'H'-'t' . Tlte 
presence of co lor iu an aqueou!': smuple <letenniues if back extractiou is neces~ary. lf ii is 
uot. proceed clirectly lo the sil icfl gel clean np procedure iu Section 11.3.-l . I )pt1ounl dean 
11p prnt:edure~ cte~cribed iu Section~ 11.3 .2-11.J.3 mc1y be employed. Sp1k"-' all smuplt;.>, , 
includiug QC ~muples. wi t!J I 00pL of the labeled cleau llp standard spiki.ng solution ;11 

lOug 'w.L tTJble 3) pnor 10 perforwiug auy extract c leau up pwcedure•,. 

11.3.1 S11lfuric Acid Clean Up 

11 .3. l.1 After coucenlratiou . .solvent e.'\ch;mge the extrnct b~· ncldiug 60ml 
Liexane lo rile sample jar. Partition tile e:-:trnct agao.1::-1 I 0ml -.11lfuric 
acid. Slla.k.e for 30 seconds 1u.i.numuu with periodic ventinf! into a l.w,id . 
Remove and disC<l rd the acid (boHom) layer. 

11 .3. l. 2 Repea1 ti.le 11c id wnshwgs uold no color is visible i.u the 1Je:-:.:-u1c lnv1:•r. up 
to a uiaxiuuuu of foJU· wasltwp.s . 

11.3. l.3 Pa11i1ion tlJe 1!:-:h·acr agnins r 10ml. sodium chloridl' -,ulutio1~ ,md -;hak~ u1 

lbt• :,.1.1ue way ns with the acid. Re1Uove aucl di~card the aq11eou;:, 
(bottom) layer. 

I 1.3 1.4 Proceed will.i the si lica gd cleau up procedure. 

11 .3.2 Oplio1rnl. Sodi11w Hydroxide Clem1 Up 

11.3.::!. l Prior ro perfonumg the silicn gel cleau up step. au optiona I base dean up 
urny be perfonned to reu1ove addi1io11a I inlerfere.uces based 011 tile 
effoct1veues~ of 11:i~ sulfluic acid clea.11 up or knowu s;:iu1ple matrix 
infe1ierences-. 

Perfonn a1101ber solvent excha112e , rep bv 11ddiu2. 601ul . lil':-. ;:me to the 
•. J I.;. 

l0111L of solvenl. Parllt1011 tl1e exb·:-ict aga.iost l OmL of c1 5odium 
hydroxide sohniou. Slrnke for 30 ~('co11ds 111i11inn1111 wi rb p('11odic 
ve111i.11g iuto c1 hood. Remove ,md di :-.card 11.il· base tbottow) layer. 

I l .3.2.2 Repeat lbe b;,:;e wHshings u.nlil 110 cnlor is visible iu llie l1exaue layet. up 
to ;i w;:ixwHnu of fo1u· w;:ishiugs. 
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11.3.~.3 Partition tbe extract agai11st 10ml ... odi1.1w chloride i,oh1tio11 aud ~hake in 

tl.Je s,Hne wc1y a::. w11l.J the bnse. Rewow ,md di:,..:nJd the aqueom, 
(bottom) l,1yer. 

11.3.2. I Proceed witl.J tile silica g.~I cleau up p1l11.:ednre. 

113.3 Optioual FIC1risil Clean Up 

11.3.3.1 Prior to perfonniug the silica gel clean up step. :u1 0pliona1 l'lori~il ..:h:~rn 
up nrny be perforn1ed lo elim.iuate polar nnd mlu-p..::,lar i11te1fer~ucc, 
based 011 the effecliveuess of tile sulforic acid clet1u up or knowu s11mple 
watri . .x iuterfereuces. 

11.3.3.:? Perforw ,mother solveur exclrnuge ~tep by nd(!ing 60mL 1ll.'.·:-u.11e to l ilt' 

I 0mL of so lve11r. Add approx iu.iately 0.5g; nctivnted Floris• I to the 
~xlrnct. 

11.3.3.3 Vortex 11..Je sample for 3 11.i.iuutes. Let sit ovenuf!hl. 

11.3.J.4 ProceE:'d with thE:' sil ica gel cle<1u up procedtu·e. 

11.3. ~ Silica Ge l Clenn Up 

11 .3.4. 1 Pack: tbe tapE:'re<l glass cohullll n~ follow,: lust>rt a glc1-,:. \\\H°'I plug. into 
tl..l E:' botlow of Ille cohmm. Plnce 2g activated 11en1ral silic:i gel iu10 the 
column. Add 6g act ivated S()clinm hydroxide mfused si!ica µe l. '2$! 
activated sulfuric acid mfo::-ed silic.-i gel. and 3g aubydrou, <;0di11m 
:.u lfote. Top t.he cohunu gently after each addition to SE:'tlk rhe ~dica gel. 
Eh1te with 30ml. bexru1e. C'hcck tbe cohmm for cb,u1.nelin~. If 
cl:rnn.ueliug i:. observed. discard the colmwi. Do uot t.:ip a we11ecl ,;;, ,lmwl . 

I l .J.~1.2 Place tile silicn ~e l colnum i.u Lue chuup ou tbe clc>a11 up app,natw, Pince 
a clenn. appropriate ly labeled 2~0ml jar 1u1dernl!a1l1 the cohnw1 lo ..::1 tc l1 
the eluate . The coltUuu is uow ready to load tbe s;:iwple extrnct. 

11.3 . .J .3 Tniusfer rhe I0rnL ex tract to tbe si li~;1 gel coll1Ull1 a.11d allow the solvent 
to eh11~ m1til tue extract level is at the top of rJ1e ~odi-um ~ulfate. 

11 .3 -1 A Riuse tlie '.2 50mL jar coutaiui11g the L'Xlrnct witll 30ruL hexaJle and load 
Ille riu:-ate ouro the silica gel colu.Ull\. AllClw tbe hexaue to elute 11111il the 
solveut level is ,i t tl.te rop of the sodi11U1 sulfote. 

l 1.3.--1.5 Slowly add 30w.L Liexane 10 Ille silic:, p:el colu1m1. allowinf! rbe he:rnne 
to pass througl.J lhe coltlll111 using a g1:1vity feed. Adl: add.itwnal ~0ml.. 
po1iio11s to each colurw1, as space pE:'ru1its . The total volume of uexalle 
elua11t s!J.oul<I be waxirnizecl to obtam tl.Je PCBs most effic1e11tly. yel 1101 
overflow the 250mL j nr 

P;:ig.~ 24 of 84 



11.3.5 Final Extract Coucentration 

SOP Code: HMS- l 668A 
Revision . .<J 

Versioll Oat~: 08/1 3/ J0 

l l .3.5. I Coucentrate tlie extract using a rotMy evaporator (witli hentu1g bath at 
45-50°() or nitrogen evaporator to ,1 volu we of cipproxiwately I 5wL 
Transfer the extract to a clean. appropriately l<1beled ,.: 111rill<1tion vi-i i. 
Conce11tn1le the extract fm1her to a volume of approxima tely 1.5ml. 

I l .3S~ Trnnsfor tbe ext.met quautifatively titi lll the '>cintilhition vial w tlle auto 
::.mopier vial while slowly enporatiu.~ the extrnct utilizing the uiltt•~en 
evaporntor. Once the entire extract lrn~ been rrnnsfen ed to the ant~, 
sampler via L concentrate tl1e extract to approx imate ly J001LL (or 20pL if 
re<1nested) 

11.3.53 The salllple extract is ready to be spiked with 211L 1 ,f the iuterw:i I 
injectiou slflnda.rd at 5000ug·mL (Table n 

12. PROCEDl IRE FOR HRGC/T::IRi\-1S ANALYSIS A~"D C ALIBR.~ TIOX 

12.1 Chromatographic/:'\lass Spectrometric Conditions uncl D:tta Acquisition Parameters 

STAGE 

') 

12 l . I Gas Clu-orn.ito2rnph 

rolLIJ.11.ll coating: SPB-Octyl 
h lru thickness: 0.2511111 

INITIAL 
TEMP °C 

7) 

Column diwe11sion 30111 x 0.25uU11 (l.D.) 
Injec tor tewperntme: ].70°( 

Splitl~~s val\·e rime: l min 
Inte1face temperature: 295,·c 
Temperntnre prognim: 

lNTTIAL HOLD TEMPERA TITRE 
TIME, N.£rn RAivfP, °C/MIN 

3.1 15 
2.5 

FINAL TEl\,fP FfNAL HOL D Til\.fE. 
oc 1'v1IN 

150 0 
290 0 

The GC l'onditions may be optimizt>d for cnmpotmd sepa.ratioll aud seu;; itivil"'.- , 
Once optimized. the same GC condition~ must be u:;ed fo r the ;;i m,lysis of al l 
standards. blanks, IPR. and OPR standards. and -.am pies. 

12. 1.2 Mass Spect10me1er 

J 2. J .2.1 Tlie wass spech·oweter 11111st be operated in a selet.:kd 1ou mouitoriu~ 
(SIM) mode with a tota l cycle ti me (iucludillg Ille voltage reset timl' ) of 
011e second or les~. It is iwporlaut to m<1i nt,1in tJ1e same :.;et of ion<, fo r 
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both calibration and sample extract amilyses All io11s in Table 7 11 \ll~ I be 
mouitored. 

12. 1.2.2 Tile recommeuded 111ass .spectrometer tWJiug conditions are ba.,t:-d on the 
groups of mouitored ious. By using. a PFK molecular k·a k. tune 1he 
i.ostrnmeul lo meet the miniUJmn reqttired resolving: power of I 0.000 
(l 0% valley) at m/z 330.9792 (PH~) or any other refere11ct.> sipnal 
belW~en 300 and 350. By u:;ing peak maLChi.ng conditions ;-ind II.it• PrK 
reference µeak. verif\ that the deviation berweeu eacll LU('>n1tored exHct 
m/z and the theoretical m/z must be ! IC'ss tlrnn Spprn. Each lul'k mass; 
must be rnouitored aud must not v,uy by more thau :-i:.20°·0 tluoughout its 
resp~l.'tive retention time wiudow. Variatious of more lhau 20° o indi..:ate 
file presence c,f co-dutiug inte1ferences tl.1at ra i~e the ,..ource pre:-,ure 
,md may sig.uificautly reduce the sensitivity of the ma::-:, spectrometel'. 

I 2 .1.2. 3 Obtain o'.l :,dected iou curreut profik ( SICP) at the rwv l'Xact ui 'z · ) 
specified 1.11 Table 7 and at . I 0.000 resolving. power lit each LOC for the 
uative congener~ and coug~ner g;roupc;; and for !he la be led couC?~u~r--.. 
Becau:-,c> vf tile t:-xteusive u.i:1,-:. range covered 111 ec1ch fuucliou. Ii m:-1y 
no! be po, -;ible to mai11tain J0.000 resolution throughout the wass rnnge 
durin~ tile function. Tilerefore, resoluti, . .111 rnmt be :__8,000 throughout the 
UKI-'>:. r:1nge ru.td must be . I 0.000 i.J1 the ce11k1 vf tht> mas.'> rn11g\C' 1i::i1 e:1d1 
fimcttt)U 

12 .1.3 rou Abundance Ratios. Miu.in111m Levels. aud Simrnl-to-Noise Ratios - lu_i,c>~·t A 

Ip L [tiiqnot of tile CS- I c;dibratiou solntion (T:1ble 5) usiug the GC conclitio11::. i11 
Se('tion 12.LI 

12.1.3.1 Me:-isnre I.be SICP «'lre«'I!- for e::1cll cougener or con~eue1 ,ll!Ollp. aud 
cowp11te the ion abundance ratio8 at the ~x;icl n11 z'5 ,;;pecified in Table 7. 
Comµare the computed ratio 10 tile theoretical rcltio given in Tr1ble 8. 

! 2.1.3 .2 All PCBs aud labeled compounds w tile CS- I ,;taudnrcl olll'-.t h.:- wilh.in 
the QC lilllits in T~ble 8 for tl.tei.r respective iou abtu1dauce ratic,, . 
otllerwis~. tile mass spectrometer must be adJthted aucl fhi, tt:st repeal~d 
uutil tile u.1/z rntios fall within the limit~ we~ifi~J. If tile adjthlilleut 
alters the resolution~ of the mass spt>ctrollleter. Ll?50lntwu nm~r be 
verified (Section 12. L2.2) prior ll) repe,it of tile rest. 

12.1.33 Verify that the HRGC IHR.JVIS iustnu11eut meets the esrirnated minim11m 
levels (E!VfLs) u1 Table 2). The peaks repre<,entiug. the PCB:-. aud l:1bded 
cornpouuds w tile CS-1 calibration s;t<111rlm·d must have si2.11al-to-uoise 
(S.tN) ratios ~10: otllenvise. the ma::;::, .;pectrometer must be ::icljusted :wd 
Uus test repeated u.util tile minimum levels in Table 2 nre rnet. 
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NOTE: The secondary ion of DiCB is interfered by PFK and require-, a 
resoluriou of 22.000 to resolw suffi ciently. SIN for t lh:.' ':> L' l·o111po11t1,.b 111 

the CS-I ru,iy foll below 10:1. 

NOTE: CAS/Hous1011 uses Metlio<l Reportin~ Limit (M.RL) 111>IL',h l of 
EML wheu retereuci.ug tile llli.n.i.tunill leveb in Tnble 2. 

12.2 Initial Calibration by Isotope Dilution - l.u.itial calibrntiou is required before <'Illy 

sampi,:-- cau be aualyzed for PCB coug.ener!>. lui1ial calibrM.iou i~ also required if any 
routine calibra1ioo does not meet lbe recpri.red accept:111ce criteria . Isotope dilatil)JI i~ Lhed 

for calibration of the Toxic:,,'LOC PCB::;. The reference cowpouud for each 11ative 
cowpouuct is its labeled aualog. as foted iu Table 2. A five point calibrnti0u 
enco1.11passiu9- rbe couceutration r,:inge is prepared for each native congener. 

12.2. 1 For the Toxics/LOC PCBs detenn.iued. by isotope di.l11tio11. the relative r'-''"P· •11w 
factors ver~us o:onceu1ration in tile calibration solntious i~ compuied over lh~ 
calibrillion rnnge according to the procedures described below. 

11.2.2 Tlle r~!;pouse of each Toxicl>'LOC PCBs relative to its bib~lecl aual<•g 1~ 

cletenu.iued usi11g the area respouses of botb rue primary and sec~111dary esac t 
m/z's specified iu Table 7, for each calibration standarcL as follo,vs: 

Where: 

A,~ ,iud ,{~ = sum of the integrated iou. abundances of tl.te qrnmtit:1l1l,n 11..ms for 

unlabeled PCBs . 
• -1.~ and A,;= -;mn of the integrated ion ab,wdanc..::. of the qua11t1 ta li()u ious for 

the labeled standard PCBs. 
Q., = quantity of the labeled s landarcl iujectecl (p)!} 

Q., = qua.utity of tlJe unlabeled PCB aualyte iujecied l,p!:!). 

Tl.ie RJ · values are dimensionless qwrntities: rhe nuits U~L·LI to express Q;s i111d Q,1 

1rn1st be tl.ie same. 

12.1 .3 To o:ntibrate the a.ualytical systew by isotope dilutiou. i.njt'ct calibra11 on standmds 
CS-I tlu·ough CS-) Use a voluwe idemical to the volullle d w:,1;'1.\ in :::.ectitm 
l 2.1.3 aud the couditious in Section 12. l. l. Compute <'Ind store the rel;itive 
response fac tors for eaclJ Nr1tive Toxics/LO(' PCB at each conceutrntiou. 
Compute tlle a wrage i u1ean) RRF, as foUow:5 : 
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j = The iujecl'ion nwnber (or ca libration solur iou mU1Jber. j = I 10 5). 

12.2.-1 Linearity - C:iku!Me the RSD of the 5 RRF). If 1he RRF fi .. 1r :wy Native 
Toxics/LOC PCB 1s coustruu (less tJ1an 20~o RSD), the avernge RRF may be used 
for rbal cougeuer: otberw ise. lbe complete calibrntion cw-ve for tum coug.euer 
ul\ls t be used over tl.ie calibral iou nmge. 

12.J Initial Calilnatioo by Internal Standard - u11e111al stanclanl cr1libratio11 is appliecl t ci 

detertuiua1 ion or the native PC'Bs for which :i labeled cowpouucl is uot av::iil<lble. to 
deten11iuarion of the lnbeleci Toxics/LOCiwmdow-deliuiug cong.t>ners. aud labeled deau 
up c.:mgent'r~ for perfonuauce rest::, 1111d intra-laboratory ,c; tntistiL''>. a11d Iv detenui.mttion of 
ti.it' labeled injectio11 i.nterunl staudards. T4e reference compotllld for eat:h cowpouud is 
h!>tl:'d i11 Table:? . For the native congeuers (other than tbe uiHiw l ox.ic~ LO(. PCBs), 
ca librntiou is perfonued at a single poim using the Di lnt~d combined 209 ..:011ge11cr 
solutiou. For 11.ie labeled cowpounds, cnlibrn1iou is perfon.1.1ed usiu,i;! data fro111 tlte five 
point!- IJI tbe cnli bratioo for the Nanw Toxic~ LOC PCBs (Secl ion 12.~L 

12.3.1 Re~µonse Factor._ Iutemal sraudard cnlibrr11 io11 require~ the detem1.i.natjo11 of 
response fac to1s (RF) defined by the fo llowing eqmitiou: 

Where: 
.--i;,_ aud ,·( = sum of the i11 reg:r:;ired ion ~buudnnce~ of 1he (JWUllitation io11-, t'o1 

tmlabeled PC'Bs . 
.-1; and .-11~ -= snm of the iuteg:rnted iou abrn1dances of tlie quru1tita tion ions l1,r 

ti.le labeled standard PCBs. 

A~ And .( ~ stun of the iuregrn tecl ion abundances of the quc1ulitn1ion ious U1e 

iutenrn l i.n_1 ection staudarcls. 

Q,, quantity of the labeled Stillldarcl i.11jec ted (pg.). 

Q,, = qunntity of the internal i.njecrion staudard i.n_iected (pg) . 

Q., = quautity of ti.le unlabeled PCB aualyte in jec ted (p~) 

Ille R.Fn and RP: .. values are dim011siouless q1rn uti1 ies: ti.le units 11secl to exp1e!-:. 

Q,., . Q,j and Q1, must be tlie same. 
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12.3.2 To siugle-conceutration calibrate rbe system for native PCB!) otJ1er loan th~ 
NMiv~ Toxics/LOC PCBs by iutemal standard, iujecl the Dilu11.:d co1ub111ed 209 
~ougeuer solurion. Cse ;:i volume identical to tbe vol11rne choSt!ll iu 12.1.> aud the 
conditions iu Sec11ou 12 .1. l. 

12.3.3 Corn1m1e Rnd store the relative response factor (RF) fo1· aU u£1live PCBs e:--cepr 
tlJe Native Toxics/LOC PCBs. l '~e tile average (meau) response of lhe lab"kd 
compvuuds at eiiclJ levd of chlori,rntiou (LOC) as the quanti1n1io11 refe1 em:...:. 11, ,1 

lUaxiw1w1 of -t labeled coug.euers. a$ -;bowu iu T,,ble 2. For the cornbi.uat1011, of 
isomeric con~eoers that co-elute. compute a combiued Rf for the co-eluted group. 
For example. for cougeuer 122, lbe a.rec1s al tlle exacr m1z·._ for l 04L. l 1-1L. I I 8L 
imd l23L are s1mu.11ed and the tot;il aren is divided by 4 (u~c:111,e 11.tere are 4 
congeuen. m the q11aU1it::11iou referenc<'.'l. 

NOTE: .\II labeled c-1,mgeners at each LOC ,1re used RS reference to reduce the 
effect of au interference if a single congener is ll'-Cd AS reference. Ot!Je1 
cp1antitatiou refereuc·e:. aud procedures rnfly be used provided 1hm the re-.111!-; 
produced nre as accurate as results produced by the qnau1ita1io11 rcfort'lllJt'~ imd 
procedmes described above. 

I ~-~ --:I Compute aud store the relative re':>pou~e factor (RF) for the lc1wlecl coUJponuck 
except l 38L. For the Labeled Toxit:.s fLOC/w-indo\\'-defininµ Ct•mpouud.s. :md tile 
l11b~led clean up standard,l), use the ut:?are~t eluted labeled iuj0ctio11 iutemal 
stnucfard n:- the quan1 i1ation reference. m, given in Table 2. Tlle Labeled iujection 
wtemal staud~rds are referenced to PCB l 38L. a::. showu iu Table 2 . 

12 .. ~ . ~ Lf t!Je reqnc::,ted aualy'>is colllpri~es only those PCB, conlai.ncd in rbc Nat ive 
Toxics LOC mix. a five poillt calibrntiou musl be follow~d. Rt'~ponse fat.:turs 
shall be CfllculMed based 011 tbe five points for the Native Toxic,ILOC. Labded 
Toxic<; 'LOC Labeled cleau up. and Labeled iujectiou wtemal !-.la.udards. If lhe 
requested aualys1s comprises PCBs other tbau tllose contained in rhe Native 
Tox.ics.'LOC" uiix. ;i fina? poin t ca l.ibration must be follo\•Ved for 1he Nati\ ,_. 
Toxic-. 'LOC eompotwds wlti.le a 011e poiut calibrntiou must be followed for t l.1e 
additiou..i l co u1pou11cls. 

12.3 .6 SecoodaJV Sotu·ce Ve,i.ficati.on - l111mediately followiug rbe nnaly•u:, ofrhe 
calibration sohillo11s. analyze auotl.ler standard al tile ruidpC1iut of tbe calil.>1 at ion. 
Tws stauchnd musf be obtaiued from a secondmy vendor. or be from ,1 lot 
indepeude111· of t!Je lo t used for the calibration soh1tious. Calculare the rc;;p,)n,~ 
fac tors of all co.u1pouJ1ds nod verify against Ille iu1trn l calibrntion results. 

12. ➔ C alil>rnrion Verificarion • .\I lhe begiuuit1g of eacb I .'.!-1.iom suift d1111ng ,..,,bich ana)y!,es 
arc- µerforn,ed. GC/MS sysle1u pe1fonuance and calibr:it,oo are verified for all native 
PCBs aud 11\beled c0mpounds. For these tests. analrsi:-. cif the CS-3 calibrntion 
verifica tion (VER) ,tandard ( J able :-) a.ud tl..ie di lured combiot'.d :!09 congener solution 
(l :)ble 3) must be used to v('rify all perfonuauce crire,ia. Adjustment and 'or recalibration 
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wusr be performed lu.1ti.1 aU perfonuauce criteri.i are met. Only after all pertomHmce 
criteria are met way ~:iruples. bla11ks. fPRs. and OPR~ (LCSs) be analyzed. 

12.4. l tv(S Res0lu1·iou - Static resolviHg power checks musl be performed n t the 
begi..uning aud eud of each shift. If a.na ly-ses ::ire perforwed on :mccc!>sivc -.hift:-. 
ou ly tl.JIC' beg.twllllg of sl.tift check i~ r1?q11ired. If tile operating ~.-ritena L'!ll1th1t he 
met, ti.le problem must be conect bel'ore analyseli cr111 proci:.•cd . If any of rite 
samph.'"i iu tue previous mu may be affected by poor resolution. those samples 
utrn,t bl' reruiah·zed. 

l 2 .4.2 lo_ject t lie VER ( C S-3 J ~i-auditrd usiug. tbe established operatin1,! conditiom,. 

l ~.4.3 The m/z abundauce ratios for all PCBs must be witbin tbe limits 111 Table 8 . 
otherwise. rhe ma~-., -:-pecrrollJeter must be ,1dj11,ted until them z nbuodance i.11i~)-. 
foll wi1 lliu tlle limits specified wl.Jen tbe ·vER i-; repeated. 

1: -IA Tlle GC peak repre,;_;euting eacl.l nati\"I! PCB and labeled compound in the VER 
standard 1m1st be present witli n S/N ,,f ~10: otl1erwise. the lllil '--" sp\.--cn-omd ,n 
1uust be ncl_i usted aucl th e VER repe:a led. 

12.,U Compute the co11ce11n-:1lion of the Tox ic~;LOt PC'Bs by isotope dilntion. Tbe--.e 
conceutrntions are co,nputed bai.ed ou the iuj1ia l cnlibration clat,1. 

12.--1.1 , For each cnmponud. compare the cLiuceutratiou witll the cali brntiou vei if1cn1 i~•n 
li.mir in Table 6. If nil cowp01u1ds meet 11..le acceptance criteria. calibrnti1..1n ha, 
been w nfied nud a.u:i lysi~ of standards aud sample extrac ts 111:-iy proceed If. 
howt'Vl!l', auy cowpo1111d fails ils respective limit. the weasnreuwnt system is not 
perfon:ni1112 properly. Ju this eyent, prep:ire a fr~,;h ca libration -,1::indard 01 ..:orrect 
tlle problelll and rep1:at Ull! re:,olutiou :1ud \ 'ER test . or reca librnre . If 
rec,1 libr.:1tio11 is neces~ary. rec a libratiou for tlie 209 con~euers must al!s11 be 
pe1 fon.ued. 

12 .• l 7 Rereoliou Times 

12.4.7.l Absolute. Tbe l'lbsolute reteu tiou tirues o ftbe Labeled 
Tox.icsll.0C/window defining s tandard cou!Zeners iu the VER LUllst be 
withiu = 15 secoud~ of the respective reteutiou times iu the initial 
calibration. 

12.4.7.2 Relative. The relative retentiou times o ftlie ualive PCB:-. and lnl>eled 
compom1ds in the VER rn11s1 be withio t.beir respecriw RRT liu.1its iu 
Table 2. 

12.4.7.3 lf tlle nbsolute or relative reteutiou time of a.ny co111poulld is not within 
Ille limits specified, the (j{. is not perfonuing prop1:rly. Iu tllis event. 
::idjusr the GC' and repeat tl1e VER or recalibrate. or replace the GC 
colul.IW aocl eitLer verify calibration or recnlibrn1e. 
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I ~.4.8.1 As a final step iu tbe cal ibration verificc1riou. iuject tbe di lured combined 
209 coug.ener solution. 

12.4.8.2 Tbe resolution cind 1uinimum aualysis t1111e speciftc:1tioth 111 Sectir,11 
7.2.'.! wust be wet for the SPB-Octyl coin mu. If the.,L' ~pl'c ification.$ t1re 
uot met. tbe GC' analysis conditions wusl bl' ndjuskd lllllil the 
specitic-:niou~ ,ire met, vr the coltuun must bt- 1epla-: .... d ..ind tbe 
ca libration ,·l'rifo:ation test repet1ted . or tu~· .,v~te111 must be recnlibia recl . 

J 2.4.8.3 After tbe resolutiou ;ind mi.uillltlllJ auaty!>is tii;ne , p1?cilicn1io11.-; ntl' m~t . 
updMe the reteutiou tiuie. relative retention times. and rt'sponse facto~ 
for .ill congeuer<:. except for tile re~pou'>e fac tnr, for tbe colllpom1d::. rhnt 
are ttmlti-pvin t Ci"llibrnted. For tbese cou1po1111ch. the u111hi-po1ut 
c;il ibrnriou data must be used. 

12.5.1 Establisb tile operating conditions tliat resulted in r1cceptc1l>le cc1 hbrn tio11. 

12.5.2 Add 2pL of the labeled injection intenrnl flt 5000ug./u.u.. (Ti:1ble 3) to the I0011L 
(or 20pL) StUllple t.>xu·.ict iwmediately prior to injection to mtu1111izc:- the 
) .. H:,;._..;jbil ity of lo:,.., by evapora tion. adsorptiou, or reaction. 

12.5.3 .Inject J ,1L of tl..ie couccutrated extrac.t coutainut .. !;! t.Le Labd~d 1t1_iectiou i11te11.1c1l 
s1ru1d:irds using splitles-.. injection. The volume iuject.ed must be ide111icr1I to tlle 
volume rn,ed for calibration. 

12.5 .3.1 St<'tt1 tue GC" coluwu witfal isotl.lerw;i l hold upon i1~jecti,111. Start !\1S 
dr1ta collecrion after tbe so lveut peik elt1tes. 

12.5.3.2 Monitor the ex..ict m/z 's ;it eacb LO( thronghont the LOC retemion tiwe 
wiuclow. Where wananted . uiou.itor w/z \ a%oci<1kd wi th con~~·ners ;:it 
h.igher levels of cWo-ri.11atioo to assure that fr::tf.UK'llh are not inli!ti~'riug 
with t l.ie ni/z'!-. for congeners ,1 t lower levels of cblorination . Als~· wh~re 
warranted. wouitor wrz·:, associated with interfereuts expected to be 
presen t. 

12.5.J.3 Stop dMa collectiou after 13C1i- DeCB bas eluted. Rettu11 Ille colrn1.u1 10 

tl.ie initial terupernhu·e for aua lysis of the next extr::ic l or ... tandard . 

12.6 ldentifir:ition Criteria - A PCB or libeled compound is ideutifi~d hi a .. t:mdard. bl,rnk. 
or sample wl.ien aU of ilie criteri,1 iu th.is Sc-ctiou are met. 
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12.6.1 The signals for t!Je two exact m/z 's in Table 7 must be present ,ind must lllaxiurize 
within tile same t\AJO scnos. 

12.6.2 Tile sigual-to-uoise ratio (SIN) for the GC peak Meach e:-;act m/z must· be ~2 .5 
for each PCB detected in a sample extract, aod :::,10 for all PCBs in the calibrnt1ou 
aud verification st,mdards 

12.6.3 The ratio of the integrated arens of the two exact ru/z's specified in Tnble 7 must 
be witlliu the limit i11 Table 8. 

12.6.4 Tl.le relative retent ion time of the peak for ,i PCB must be with.in the RRT QC 
limits specified in Table 2 or with.in similar limits developed from cnlilm1tio11 
datc1 . 

12.6.5 Becc1use of cougeuer overlap and the potential for interfering. snbstauces. it is 
possible that all of tl.Je identificatiou crite1ia may uot be wet. It is c1lso possible 
that loss of oue or rnore chlorines from a lugbly chlorinated congener may inflate 
or produce n false couce11h·rttio11 for a less-cl.Jlorinated congener thnt dutes at tl.Je 
same retention time. If ideutific11tiou is aUJbig.uous. au experieuced spectrometri!>t 
must determine the presence or .:1bseuce of rbe cougeuer. 

12.6.6 If the criteria stnted nbove are not met. the PCB has not been identified and the 
result for that congeuer may uot be re-ported or nsed for penuitting or regt1lall1ry 
cowpliance plUposes. If iuteiiereuces preclude ideutification. a new aliquor t>!' 

sample must be extracted, further cleaned up, aud anc1lyzed. 

13. QllALITY ASSllRANCE/QL.\.LITY CO~TROL REQUIREMENTS 

13.1 The nliuimtl.lll requirements for quality assurance consist of an iuitial demonstrntion of 
laborntory capability, analysis of samples spiked witb labeled cowpouuds to evaluate aud 
document dc1ta qua lity, ,iud analysis of standards and bl,mks as tests of co11ti.1111ed 
pe1fom1a11ce. Perfonmrnce is compared to established performauce criteria to deterw.iue 
if tbe results of ru1alyses weet tl.Je perfo1mance cl.Jarncteristics of tbe procedure. 

If tile procedure is to be applied to sample matrix other than wt1ter tile most appropriare 
altemate refere11ce watiix is substin1ted for the reagent water mah·ix iu all perfo1n1a11ce 
tests. 

13. l. l Each aualyst must make au initial demonstrntiou of the ability 10 geu!C'rate 
;icceptable precisiou and recove1y with tbis procedure. This derno11stn1tiou is 
given i.u Sectiou 13 .2. 

13.1.2 In recogwt io11 of advances tl.Jrtt are occiuTiug i11 ~oalytical techuolog.y. and to 
owrcome matrix iuterfereuces, the laborato1y is perw.it1ed cerlain optiOU$ to 
improve separations or lower the costs of meMmrewents. 1110s~ options iuc lude 
alternate exhactiou, coucentrntion. aud cleau up procedmes, and chauges in 
colm11Us and detectors. If an analytical tech11iq11e other rbau the tech11iques 
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Sl)ecified in EPA Method 1668A is used. thar tecl.ll.liqne umsr liaw o ),pec1ticity 
equal to or greater tbau tile specific ity of tlle technigues in EPA rvJethod J66c.\ 
for ilie aoal:y1es of intere<;I. 

13.1.2. l Prior to a modificilliou being macie to this procedure. :111.1lys1 ._ nms1 
repe;it the procedure iu Secliou 13.2 . If the detecli<.lll limit-. ii f tl.te 
procedure will be affected by the cuange. the ,nrnlysr is. 1\.'(]Uired to 
demouslrnte that tile DLs are lower iliau oue-thirJ the reg11la10ry 
cornplinuce level or oue-tWJ·d the EMDLs in FPA 1\1[etlwd 1668.-\. 
whichever are greater. If calibration will be affcclt:d b~· the drnuge. 1he 
instmmeut must be reca librnted per Section 12. Once it i:, dcmou...; trnt ed 
tl1a1 the modificatiou produces resuhs equiva lent m s;uperior 10 results 
prodnced by this procedure as written. tllat modificatiou uwy lk' u:.-cd 
ronti11ely thereafter. so long. as tile otuer requi.remeut,- i.11 Ibis procedure 
are met. aud lhis SOP i~ updnted to reflec1 tb11I chnng<:. 

13 .1.2.2 The aualy~t is required to rnniutai u records of modificatious Ulade ,._.., iliis 
proced111"1::. This iucludes. al a winiu.111m, res11 lt1, from all quality c,,nl'J(II 
tests compariug. tbe two procedures. datci that wi_ll nllO\,\' au iudepe11de11t 
reviewer to v<1lidate ecicb delen.ui.uatiou by tracing the iustnuneut output 
to the fowl resu lt, :me! documentatiou i11 this procedure in rl1e form l)f n 
modificMiou <k·tailed in SectioIJ 21 . 

13 .1.3 Aualy<,,;;-~ 01' metllod blm1b are required to deilloustrnte UL'edotu from 
coutaU1.inatio11. The procedures and criteria for 1111;:ilysis ,Jf a on:th1.1d bh1uk ;1rc 

described i11 Sccti,,1h i I and 116. 

13.1.'1 Tl.Je au:tlyst rnm,t spike all saillple::. \•nth la beled compounds to 11.1011itor p10ceduri-i l 
petionmrn~e. Tu.is te~t i:- c.lescribcd i.n Section 13.3. When rc.~uit ,-. of thc, e -.pik~•s; 
iudicate ciryµical procedural perforillauce for saruplt>-.. tile 5a11.1µ1~ ~ 11r1: di.lukd to 
briug procedural perfl,nuance within acceptable lim.ils. Ptocednres for dilution are 
given in Section 14.1.4.1. 

13.1.5 The nnalyst mus I. on an ong.oiug. basis, demoustrn te tluoug.h c,i libt at ion 
verilication ;rnd the ,malysis of the OUfZOing precision aud recovery sta11dc1rd 
(OPR; or Laborntory Coutrol Sample. LCS) aud blauks tu<1 I the 1maly1ical ~yi; tem 
is iu control. These prncedm-c's are given io Secti,)11 J .1.7 

13.2 Initial Precision and Recowr_y (IPR) - To t:stablisl.i the ability to ge11erntt' c1cceptc1ble 
precisiou aud reco,·ery. tbe analysts must perform the following. operatious. 

J 3.2.1 For low so lids (aqueous) sauiples. e:--; tract. couceutrnte. :iud m1aly7~ fonr I I. 
riliquots of reagent water spiked with J .0rnL each nf the l\fah·ix slnndard '-Piking 
solutiou. the Labeleci standard spikillg so lutiou. a nd ilie Lr1bekd clean up ~,aodard 
spik.it1~ ::;~)lution. according to Ille procedures set out for field -,ampk::,. fur an 
altern.=itive sample 11rntrix. fonr aliquots of the alternative reference matnx nrc• 
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used. A 11 sample processwg ~teps that are to be 11s ecl for procc~~i 11g samvles. 
including prepanlliou, extraction. and clemi up. nrnsr be included iu tlus lest. 

L:L? .. 2 Usiug. results of the set of four a1rnlyses. compme tbe average percent recove1y 
(X) of tile e:-.tracts and tbe reli'ltive stilndard deviatiou (RSD) of ti.le conceutratiou 
for eilcl.i cowpound, by isotope dilution for PCBs with a labeled aualog. and by 
iutenrn l staucfarcl for PC'Bs witbout a labeled an<1log ,111d for the labeled 
compounds. 

13.2.3 For eacll PCB aud labeled compound. comp<1re RSD aud X with tlte 
co1Tespouding limits for initial precision aud recovery in Table G. f f RSD aud X 
for all compO\uids meet tl.le acceptauce criterir1. system perfonuauce is l'!ccept rible 
And ,mr1lysis of blanks ;iud samples may begin. If. IJowever. auy i11divid11iil RSD 
exceeds the precision li mit or ,my individu;il X falls outside tue rauge for 
recovery. system performauce is uuacceptable for that COill[JOt1ud. Coneel' lhe 
problem aud repeat tl.le test. 

13.3 To assess the procedttrnl perfo1111auce on the sample matrix. tile labornto1y wust spike all 
snn1pJ es witl1 tile Labeled staudard spiking. solut1011 ami all sample extracts with Ille 
L1be led cleau up standard sp1kiug. solutiou. 

1.:1 .3. 1 Analyze eacll sample according to the procedures :;etfo11l.l by Ill.is SOP. 

13.3.2 Compute the percent recovery of the labeled congeners and the lnbelecl clen11 up 
congeuers nswg the internal stauda.rd wetl.lod. 

13 .3.3 The recovery of eacll labe led compound must be witllin the limjts in Tnble 6. If 
Ille recove1y c1f any cornpolwd falls outside of tbese l.i.tni ts. procedura I 
peiiorwance is uu.icceptable for that compouu<l iu tl.lut ~a mple. Aci<litional clea.i1 
up procedures must then be employed to attempt to bring the recovery within the 
uornrnl rnng.e. If the recove1y caw1ot be brong.l!t witll.iu t lie IJOll Ucil range after all 
clean up procedures '1ave beeu employed. water smuples ;ire <lduted :=111d s11rn lle1 
nmonnts of soils. sludges, sediu1euts. aucl o tl!er urntrices are <111a I yzed. 

13.4 ft 1s snggested but not reqlll red that recove1y of la beled cou1ponuds from ~amples be 
()Ssessed aud records mainta ined . 

13.4.1 After tl.le analysis of 30 saruples of a giveu matrix type (water. so il. c;!udge. pulp. 
etc.) for wll.ich t'1e labeled couiponncls pass t~e tem, iu Sec tion 13 .3, compute the 
llvernge percent recovery (R) ,iud the standard devia tiou of the pe rcent recove1y 
(SR) for the labeled compounds ouly. Express the assessll.leut ,is a percent 
recovery interv,i l from R - :?SR to R + 2SR for e,ich ma1rix . 

13.4.2 Update tlle accmacy assessment for eac~ labeled comporn1d 1n eacb matrix ou ;-i 

regnlar basis (e.g. c'lfter eacll five to ten new u1easurewcuts) . 

13.5 Sample Prt>pan1lion Batching Requirements 
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US I Nurnber - The uumber of field smnples in a preparation biltch wil l uot exc~ed 
r.wnty ('.:0) 

1:-.5.2 Matrix - The matrix to be used for tl1e quality courml sru:uple5. mus t be n,u.si,tent 
witb 1be matrix of tile field s;:iwples (i.~. reagent water for a(Jlll!Oll~ watrn:1::-.. 
quartz ~aud or sodium sulfate for ~olid matrices. or blank ti::;~ue for tissue 
matrices.). 

13.).3 Rea2en1 Lots - A ~m!!le lot ofel'ld.1 reagent u:,;e<l in the anal}sts will be 1i:.,ed h., 

proce-.s the batch of .samples. 

13.5.4 Batcil Time Frnwe - Tile U1;:ixiw11111 tii.11e beh-veen tlte ~tan ~if proce:---;111.~ of tue 
first and last s.:iwples in tbe batch must be twenty-four ( 2 I\ l.loms. 

I J.5.) Batch 0( Sample:. -Eacb preparation batcli wu:;t cout<1iu. at a U1ini.u111111. .1 
Method Bl auk (Sectiou 13 .6) to monitor la born rory iutroduc(!d co1Jta 1u.in,1 t1, 'll. an 
LCS (Section 13. 7) ro ns-:;e«.:, anaiy-,is perfonrnmcc (i.e. bin·,. or nccmacy). nnd an 
odditional ::.nruple tv as-.,e!.s batcil prec1siou. Tius adJition.-il •,:1mple can be in the 
form of a DLCS (Secriou J 3.7l. au MStDMS pair <'.-:>ection l 3.8). ◊r a Dl P 
(Section 13 9). Batel! QC ,;ample~ do nut count tov .. .irds tile maxiunm1 un1uber ,·1· 
saw pie allowed in a batch (Section 13 5. 1 ). 

1.3.6 Method Blanks - A reference matrix Metbod Blank is mialyzed with eacb ~ruupk Latch 
ro dernoust:rate freedow from contanuuation. Tbe: matrix for the MB nni--;! be similm "' 
the sample mat1·ix for the batcli. 

13 .<). I Spike tacl.I of tlle Libeled :.1andard ~ikiug ~olution aud tbe Labeled clenn up 
standard spiking solntions into I.he MB. accordrnµ It) tlie prn-..:0dnre, ~t't forrb in 
this SOP. Prepare. extrnct. clean up. aud concc11trat.:: 1he l\lB. Arndyz~ the blank 
iu:unediately After nualys~-. of the OPR (LCS) to dewonsrrate freedom from 
courallliuatiou and freedom from canyover . 

13.6.2 1f auy PCB is folllld in the blartk at greciter thau the mlllunnrn leve l (MRLJ m ~me­
tll ird the regufato1y compfiauce limit. whicl.Iever is grei:iler. or if n11y potentially 
interfering cowpouud is found in the blank at thi,;- N1Rl. for i,;-ad1 PCB ~iv~n iu 
Table 2 (nssumi.ug a re~ponst' factor of I relatiw to the quautirl'llion reforeuLe iu 
Table 2 ar that level of cblo1inat10u for a potentially inlerfrriu~ componncl i.t'. a 
compound 1101 listed in this procechm.1), tl.!e blank n111~t be cv.l luared to detem1i11e 
tile exteul of the co11ta1nination. AJI s:uuples wust be associated with an 
1mcont::iminated IvIB or the data must be flagged on tbe analytil!al repo11 . 

13.7 Lnborntory Control S:imple~ - A reference man·ix LCS is analyzed (along with :1 

DLCS) witu e<1ch sample batch to deruonstrnte tile bMch's ciccuracy l;111d precision/. [Lie 
matrix for tlie LCS/DLCS lllllSI be siillihu· to the si:iwple matrix for the batcil. Tbe 
LCS DLCS cowbwation is nui in lieu of ao MSIDMS. W\less specifo.:n lly reque-.ted by 
the dieut . 
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J >."'.' l Spike e11cu of the Labeled ,1a11dard spikiug. solutiou. Matnx .:;tnudanl :~piking 
solutiou. auct Labl.'kd dl.'au np spiking. solutious into the Lf'SIDLCS. 11ec11rding. 
to the prol.'1:dme:-. ::;et fonL i.n this SOP. Prepare. extrnct. dea.o up. ;ind c-n nceulrnte 
the LCS/DI.CS. Amilyze Ille LCS/DLCS i.uw.1ediatdy afte r llnil ly,is of lhe 
til l ibrntiou wrificatiou mid Diluted combined 209 couge11er :-olution . 

13.7.2 For the Tox.ic:-.iLOC CBs a.nd labeled co1upomlds. co1uµare the tl.'l'CJ\·1.'ry to tbe 
LCS liUtits g:iveu iu Table 6. If <1U compounds m~et the accepl~llL"._. \.·riteua . 
system perfom1am:e is Rccept;:ible nnd a.nn lysi:, of blanks and -.ampk-, m:iy 
proceed. If l.iowewr. ~my i.nd.ividual conceotratio11 fa lb ,,utside of th'-' r aU!.!\.' 

given. the ex trnct1on/couceutratiou proce:,:,e:, :u·e uot bei11~ perfMmed proµl!rly fo r 
that componnd In tlii s eveut. conecr tbe problew. re-prl.'p:ire. e:-- trncl. ll lld ck:in 
up the sample batcu aud repeat IJ1e LCS. 

13.7.3 To verify perforwauce for all 209 coug:eners. tlle LL·~ DLCS u111sl conrniu all 209 
cougeuer~ over a period of 2 ye;ir::,. Cowpa.re the rlc'..;u lts ot'tl.H.· 2? ~.itive 
Toxic~ LOC:-. against the requireweuts iu Table 6. 

13.8 Mntrix Spike Samples - A client may reqnest an MS/OMS be perforu 1ed on o field 
sample. If requested. the MS/OMS will demonstrnte tlle biltch ,.., acc1m1cy :md prt:>c1s1011. 
A DLCS is not required if an MS/DMS is performed. 

13.8. I Spike ead.1 of the Labeled standard spikiug solutiou. l\ifatri.x --trmdnrd -.pikrng. 
solution. and Labeled cleau np spiki11¥. solntio11 iuto the MS!DMS. ,iccordin;.? to 
the prncedmcs et fo11h in th.is SOP. PrepaJe. extl'nct (b~ing '-Ure lo µrope1 ly 
b.omogeniz_e th~ fi t ld . ample :md1 tliat 1h.ree identica l aliqnol', c.:in be rakeu ). cle:1n 
up. aud couceot:rnte the ~,fSfDMS. Jf insuffic1ent sn1upl,e si:z.e is received. cc~nt:ict 
the clieut for dircctioll', on how to proceed. 

13.8.2 To veri.fy perfonnance for all 209 cougeners. Ille t\fS/DMS 11111st co11lll in <111 ~O•l 
congeuer~ ovt.'r :1 period of 2 years. Cowpare Ille result s of 1he 27 Nn ti ve 
T ox.ics 1LOCs ilg_aiusl tl.ie requirewe111s w Table 6. 

13.9 Field Sample Duplic:~tes (DllP) - A clieut may request a DUP be perfon11ecl on ,1 field 
sawple. If requested. t.l.ie Dl P will demonstrate the batcu ·s precis ion . A DLCS is not 
required if a Dl;p i::- perfo11ued. 

13.9. 1 Homogeuize ti.le smnplc and separate two ideutical al iq1101-.. tor aonl~ ;, i:'.. 
Often. for aqueous Sllmples requiring DUP ,maly".les. t!Je d1cu1 wi ll ·em! 
a sufficieut sn1uple awo11u1 to 11se J L for eacl.i ahq1101. Add 1.0ml of the 
l,ibeled ,:;taudard sol11tiou at 2-4ug;wL (Table 3). No matrix standard is 
added to eitber aliquot. 

13 .9.2 Extract aud a.11alyze accordi11g to Section 11. Tl.us rnea"11remeul provide" 
tile b,itch ·._ p1e~isiou (bow closely tue result cowpare~ with the field 
~Ample.). The L<.'S nets ns an accurncy lest. 
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13.9.3 EvaJuate the test results according to the c1cceptance criteria {::.S0°o 
RPD). Sample coucentrarions below five times tlle !vletbod Reponmg. 
limit (5xivfRL) may not be sig.,.lificant euoug.b to present reli<1ble RPD 
datii. 

13.10 Perfonna.nce Evaluation Samples - Included among the samples iu all b,itches m<1y be 
s;irnples (bliu<l or double bliucl) coutaiuing kuown amounts of uufabeled 2.3. 7.8-
substihited PCDDsiPCDFs or oilier PCDDIPCDF congeners. 

CAS/Houstou participates i:i1 performance evaluation studies througli R.T. Corp (RTC). 
Solid. aqueous. and tissue sntdies are perfonne<l semiannul'llly All st11<lies l'lre perfonnecl 
fol lowing the ~uideliues of tue SOP for Proficie11CI' Tesri11g Sample A11oh-.sf,. ADM-PTS. 

I~. DA TA REDFCTION AND REPORTING 

14.l Calculation$- A combination of OpusQuan and C AS Lll\!IS is med to calcul;ite 
concentrnlions based on the interpretMiou of the rnw data l'tnd the prepMation 
information. 

1<1.1.1 Isotope Dilution Ouantitatiou 

14. l . 1 .1 By addillg c1 knowu c1lllOllllt of the Ll'lbeled Tox.ics/LOC/wi.11dow­
defi11ing compounds to every sawple prior to exrrnctiou. conectiou for 
recovery of the PCB can be made because the- native compound n11d it:> 
labeled analog exhibit sit.nilar effects upon extnictiou. concenrr;itiou. and 
g.as chromatography. Relative response factors (RRFs) l'tre used in 
conjuuclion with the calibrnrion data in Section 12.2 to detenuine 
concentrntious in the final extrncl. so lou@. as labeled co111pmmd spik.i11g 
levels are consrnnt. 

14 . 1. l.1 Cowpute tlie coucentrntious u1 the e>.~rnct of the Native Toxics LOC 
PCBs usin~ the RRFs from tlle calibratiou datn (Sect io11 11 .2) 11u<l 
following equatioH: 

\\'here : 
C,rv:= The coucentr<1tion of the PCB in the extract. 
A 1,, iiud A. 1

,, = The areas of ti.le prunary au<l secon<la1y lill.L\ for tile 
PCB . 

.4 1
1 c1uct .i>= Tl.!e areas of tlle priwary nnd secouda.ry m'z\. for 1he 
h1beled compound. 

C1 = Tl.!e conceutrntiou of the labeled compouud (Table 3) 
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RF,1 "" Calc\llat~d w~a.11 rela tive re.spouse fac tor for tbe 1wt1\,: 

compotrncl re lative lo tbe e1pproµri<1te labeled compouud. 

J .:.1 . I. 2 lutenrn I Standard Otrnntitation and Lnlieled C omponnd Recoverv 

14 .1.2. 1 Cou1pute tbe coucenh·at ions iu the e:-.1t-ac1 of {.he native compo1111di, t~lber 
than tht1se iu the Native ToxicstLOC slanda.rd usi111'.! tlJe upcfa ted 
response factors detenuined frow the calibration veu fic.:itiou d.:i t,1 
(Section J 2..t) m1d of the labe led internal standards. of the labc!led d e;rn 
up standards. aud of the labeled iujeclloa internal standards cleten.ni11ed 
froru the iuitial calibniriou cfata (Section 12 . .3) using the fo llowi11g. 
eq11atiou: 

Where: 
('.,\ - The coucemrntiou of r.be labeled componnd m the t:xtrnct. 
A;~ and A J ·== Tue nre:-i s of tbe prw1af)1 and '>L'CO !lclMy m./z's for the 

PCB . 
.. /,$ ,md A1 ~ .,.,. The areas of tbe prirnary ,md s,' l',)l.l(la ry lll /-, 1~,r the 

iutemal ,;taudard. 
Cu -- Toe concentration of tl1e iuterna I standard (Table ~ ). 

RF,,, = Cakulatecl tUenu relative response factor for rhe untive 

c0wponnd refative lo the appropriate iuterua l -,taudard. 

14.1.2.2 Usmg Ille conce11trarion in the exu11c1 detcru1ined above. compllte rile 
pcrceut recove1y of the Libe led Tox,ic~0 O wi.udow-de fu1 iug. PCBs 
a11d the Labeled cle,u1 up staodard PCBs using the following. eqm1 tiou. 

14. I. 3 Tile coucentr:1tion of a uative PCB iu the saw pie is computed usi11µ. rbe 
concentr.itiou of the compound iu rhe ~:xn-act aud tlle weig.htrvoluwt> of the 
o;ample, fl<; fol.lov.rs: 

Co11ce111rnrio11 = {C.,.. ,,: V,,,) 

Where: 

H'l' 

c ... - The concentrntiou of the compouud iu the extra~!. 
r~ == Tile extrnct final volu.01e. iu ui.L. 
wv: == The sample chy weigl.Jt (u1 kg) or volume (iu L) 
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NOTE: Tue coucenh·atiou of the cowpouud w tbe sruuple sball be expre:;scd as 
ug. kg for solid samples and pg/L for aqueous st1mples. 

14.1.4 If tl.!e SIC'P t1rea at eilller q11autitiltio11 m/z for auy congener exceeds the 
calibralion r;iug.e of the system. dilute the sc1rnp le extrc1c t by the fac tor neces:.a1y 
to bring tile coucen!rntiou with.in tbe calibrntiou nrng.e, adjust the co11ce11tn1 11011 of 
the Labeled i.u_iection ::; tandard to l00pg;)LL iu tbe exll·act, and arn~lyze an aliquot 
of this diluted extract. If the PCBs ca1mot be Uk'ASured reliably by isotope 
dilutiou. ilt.lil lyze a smaller po11ion of the aqueous or so lid sample . All co111pou11d~ 
exceeding the upper cnlibrntiou Lim.it r1re fl,ig.g.ed witll r111 E flag. Altemntive 
op tions ilre to reduce tile sample size or split a portion of tlw exln~ct prior to clenu 
up. 

14.1.4. l To prepare a dilution. use tile origi11al aualysis data to quantify tile 
labeled staudard recoveries. These original labeled standard recoveries 
will be rtpplied lo the dilution, so tbilt tbe 011.ly variable w tbe dilutio11 ,~ 
the actual collcentrntious of PCBs. Dilute the original exh·acl {llole tJrnt 
no ~ddilioual cleau up is neces::;ai.y) witb the dilutiou factor rimes tbe 
usual quaurity of intenrnl sta11dttrds. Renua lyze tbe clih1ted sc1u1pk usiug 
tbe labeled standard recoveries calcul;:ited from tbe initial analysis to 
correct the diluted results for losses dtu~ing tile origiu;il extrnct iou .ind 
cleau up. Calculate the results as iJl Sectioll J 4. I, umlliplying tlie fiual 
PCB couceutrntious by tlle dilution factor. 

14.1.5 Tbe total concentration for eacb uowolo~ous series of PCBs is cc1k11lc1ted by 
suuuui og up tile conceutrntion::. of r1 II positi vely ideutifi.ed componods of e,1d.1 
lion1ologous series. Also. if requested. total PCBs way be reported by , 0Ulllti11p. 
a II cougeners identified at all levels of cWorurntion. 

I..J .1.6 Saiuple Specific Estimated Detection Limit - The sample specific estilllated 
detection limit (EDL) is the cooceulratiou of a g.iveu aualyte required to produce c1 
sigua l witb a peak height of at lec1st 1.5 t.iwes tbe background uoise level. Au EDL 
is calculnted for eilcb PCB cougeuer that is not identified. Two methods of 
cakulilfiou can be us~d. ;is fol.lows. dependiug 011 r.lie type of respouse produced 
during tile aualysis of ii particular sauiple. 

14. 1 .6.1 For samples giving a rewouse for both qnantitatiou ious that are less 
thau 2.5 tiU1es tile backgro11ud noise level. use the expreS-siou for EDL 
be(o,.v. Tl.le backg.rom1d level is detenuiued by 111e;1smi11g the rm1~c of 
tlie uoise (peak to peak) for the two quauritarioo io11$ o f a p.irric11 lc1r 
PCB compound wi thiu an uomolog.ous serie-... iu the window of tile 
SICP mice correspoudiug to rue elution of the labeled standard (if tile 
cougeuer possesses a labeled staudard) or iu tbe window of the SICP 
where tile cougeuer is expected fo elute by colllparisoo witu the routwe 
c.alibratiou data (for rbose coug:eners 1hc1t do uot u<1ve a Cl 3-lr1beled 
staudard), uml tiµlyiug that noise heigbt by 2 .5, c111d relating tbe product 
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to a11 estimated couceutrt1tiou tl..wt woukl produce 1llal pea.k heigl.Jt. U"e 
tile fommla: 

wl.Jere: 
EDL = Estimated detectiou limit for bomologo11s PCBs. 
H,_. = Sum of tbe height of the noise level for e:id.1 quautil:it iou iou fo1 

tbe tutlabeled PCBs. 
Qis = Quaut ity. iu pg, of tile labeled staudard. 
Ht · Smn oftl.ie height of r.l.ie signal level for et1d1 q11ruit it t1iio11 iou for 

the labeled standard. 

RF" = Calcula ted meau relative response factor for the cou1po1111d. 

14. 1.6.2 Forcompoiu1ds characterized by the response of a signal havi u~ 11.ie 
same retention time as a PCB. lrn viug a SIN iu excess of 2.5. and does 
uot rnee1 any of the other q11 c1 litative ideuritication criterii1. c<1lc11l:ite ti.le 
"Estimated Maximum Possible C'once11trn t1011" (EJ\IPC): with ti.le 
exception ti.lat the variable .4 represeuls the s1uu of the are;i under the 
smaller peak and of the other peak arec1 calculated ustug tile lhe1.)retical 
chloti.ue isotope ratio . 

.-1.. 
A,= - · 

i, 

Where: 
.,./. 1 = Area of the first ion used for q11antitnt1011. 
A:= Are,1 of tlte secoud iou used for qw1.utitc11io11 . 
ic == ('alc11lc1 ted ion abundauce rntio for tbe compo1111d. 
i, = Theoretic,11 io11 abHodauce ratio for the compound. 

If i,- _, i, tllien use A.: aud adjust tile val ue for A; . If ic .... i, then use .,J 1 mid 
adjust the value for A ,. Use tbe second and third eqt1atioJ1s for 1l1is 
,idj ustrneuf. 

14.1. 7 TIJ.e relative percent differeuce (RPD) of any duplicate sample results are 
calculated as follows: 
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\Vbere: 

S,, S1 = Sample and duplicate sample results . 

l 4.1.S The "2.3. 7 .8-TCDD toxicity equivalents (TEQITEF) of PC'Bs preseut i.n tlte sawple 
<1re calculated, 1f requesled by the dflta user. accorcli.ug to tbe me1liod 
recollUllended by tbe Cblorinated Dioxi.us Workgroup (CDWG) of 1l1e EPA 1:1ud 
tbe Ceuter for Dise1:1se Cout.101 (CDC). Tl1is method assigns a 2.3,7.8-TC'DD 
tox.icity equ1valeucy factor tTEF) 10 each of tbe coplanar PCBs. The 2.3-7.8-
TCDD equ.iva.leut of the PC'Bs pre.seut in the sample is calculated by smnming 11le 
TEF times tbeir concentrntio11 for eacb of the coiupow1d~ or groups of 
compouuds. Tile above procedme for calculr1tiJJg the 2.3.7,S-TCD.D toxicity 
eqniv,i leors is not claimed by tile CDWG lo be based on a tlioron?-l.Jly establislled 
scieutific fo1u1datio11. Tl.le proced1U·e. ratller, represeuts a "conseusus 
recommeudatiou ou 5C ieuce policy." Since tile procedme Ll!ay be chau_al!d iu tl.le 
fun1re. reporting requirements for PCB dc1ta wontd sti ll inc lude the repo11iug of 
tbe aualyte couceutrations of the PCB cougeners. 

H.2 Datn review 

l~.2.J It is tile am1l yst's re~ponsibility to review analy1icc1 l data lo ensure that all quality 
co11trol requirement '> liave been met . 

l.:J.2 .2 Refer to tbe SOP for HR/1.1S Dmo Reri(-'11· a11rl Reporting.. Hit,JS-DA TAR.£1 ·. for 
gener11l i.ustructious for data review. 

H.3 Resu lts ,ire repo11ed based ou the SOP for Sig11t(icm11 Fig11res . . 4.DJ\1-SIGFIG. 

14A Results for a PCB in n ~ample tilat ilas been diluted are reported at Ille least dilnre leve l ar 
wb.icll the ari.?a r1t rlH: qnantitat iou lll/z is \.\·ithin the calibrn tiou raug.e . Resnlts for a PCB 
iu a dilution above tl.te reported level do uot ueed to be processed and reviewed. 

l J .5 For a PCB IJaviug a labeled ,1uaJog, report results at tlie least dilute tevel nt wbicb tbe 
area at the q11a11ti1ation m/z is wi thin the calibration rauge and tile labeled compound 
recovery is ·witwu the uorwa l nmge for the metilod. 

14.6 Perform urn1111al irnegra1ious of peak areas when i.uterfereuces preclnde comp11teri.2ecl 
calculations. Tile analyst must use tltei.r professionnl judgrueut to determine wllere the 
sign,11 baseline is localed aud detenni.ue the shape of tlie peak to be .integrated . Usi.ug. Ille 
tool~ in OpnsQnruJ.. tbe pe,ik w11s1 be wauually i.utegrated to represeut a sn-rtig.ht baseliJ1e 
eqmv.:1lent to tlie noise. Follow tl.ie SOP for lt1rmuol !111egrmio11 of C/1mmmogmpliic 
Peoks. ADM-INT. 

15. METHOD PERFORMANCE 

15.l Metilod perfom1a.uce inJonnat iou cau be fo11ud i.u :viethod I 668A. Section 21.0. 
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15.2 Method pedorw<111ce is mooi lored using a sawple specific EDL calculation. cl'> , howu 
above. Metho<l reportiug; limits (ivlRLs) a.re as defwe<l i.u lhe reference metl10d 
(Estimated Minimum Levels. or EMLs. Table 2). MRLs have uo correlaliou to the EDL. 

15.3 Liw.its of Detection (LOO) and L i.mi ts of Quautirntiou (LOQ) are genernted aucl verified 
accordiug to the requireweuts i.u the Departrueut of Defeuse Quality Systems 1v.lmmal 
(Refereuce 19.2). 

16. POLLUTION PR.E\"EXHON AND WASTE ,1ANAGEME1\T 

Jr is the labon1to1y 's prncrice to w.iuiu1ize 11.ie amouut of so lve nts, ac ids cllld n,'agent used to 
petfo1m this metl.iocl wherever feasib le Standards r1 re prepared i.u volumes cous i~teut witb 
wethodology aud only lbe amount ueeded for rott1i.ne laboratory use is kept 0 11 site. l lJe 1brea1 
from so lvent and reageuts used in this metl10d can be minimized when recycled or disposed of 
properly. Al l clispo5,able glassware should be recycled as per the laborato1y procedures. fue 
l11borntory will comply with all Feder.ii. State auct local regulations goveruiug w,isre 
ma11,1geme111. p,111 icularly the lrnzarclous wr1ste idenrificatiou rules and laud dispo~al restriction'> 
as sp?cifiect in the CAS EH&S Mrumal. Also. see tl.ie SOP for ·waste Disposal. S/'110-
W4.STDJSP. 

17. CORRECTfVE ACTIONS FOR Ol1T-OF-CONTROL DATA 

Coirecti ve action measures applicable to specific analysis steps c1re discussed in the applicc1ble 
sec tion of thi s SOP. Also. refer to the SOP for Corrective Actio11, .-WM-CA, for correct 
procedures fo r identifying ,ind docHmeming such data. Procedures for applying data qualifiers 
flre described iu the SOP for HRJ'1S Dmo Revi<nr n11d Reporti11g. See T<1ble IO for exarnple 
con-ect ive ac tio ns and required documentation. 

J 7.1 Problellls assoc icited wirl.i low standard recoveries are usually Mh'ibutecl ro one of the 
followiug: 

17. l . l Exti:ewely low recoveries of labeled sta11d<1rcls (for sauiples where the cleru1 up 
standard recoveries are uormal) iudicate that extn:1crio11 is inefficient. Tile cm1se 
rnciy also be attributed to matrix effect. 

l 7. 1.2 Low recoveries of botli labeled stauctards aud clean up slOudards indicate tlrnt 
losses are taking. place dw-ing the clean up process. Such lossc~ may be due to 
10dfic1eut final transfer or may be takiug place dmi.ug clean up. Courarn.irnmts .i.u 
rl.ie sample extract may iorernct witll rl.ie si lica gel and alter Lue retention time!> of 
congeners 011 the column. 

17. 1.3 If auy of tlle sraudards are completely absent frolll the selected iou profi le. tbe 
possibility should be cousidered that addition of tl1at standard lo the sample or 
extract Lias not ta.keu place. If this is the ca5.e. the snwple musr be re-exrrncte<l. 
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17. 1.4 If tile cl.ll'omatogrnpbic peak areA for a standard is approxiillately twice tlie 
anticipated AJea. the possibi lit y slloulcl be considered tlrn t two aliquots of tllnt 
staudard have beeu acldecl to tlie sample or ex1Tac1. 

17.2 Lo-...v sensi tivity (poor sigual -to-uoise ratio) may be nttr ibuted to a number of oiuses. 

17.2. l A leaking. septuw wight result iu losses of sruJJp!e dmin~ injection. Another 
couseguence of a leaking scptuw (or any leak in t!Je iulet system of the gas 
clu:0111n1ogrnph) i~ reduced flow of c:mier gas. resultiug in increased retent io11 
times. 

l 7.2.2 Accuurnla1iou of particles of septum or femtle materinl iu Ille i.ujec tiou port can 
lead to adsorptive losses. Similar losses are encountered wuen tlle i1~iectio11 port 
or tile injectiou port liuer are coutawinated by the residues of ' dirty ' samp les . 

17.2.3 A degrnded colu.1w1 ca11 cause peak disto11iou. aud may also lead to 11dso1µt1ve 
losses. Excessive bleed of statiouary pllase from rlle colwtu1 may result iu l.li~u 
backg:rouud levels .iud, couseqnent ly, elevated uoii;e levels (tuns decreaswg ti.le 
sig.u.i 1-to-noise ra1io). T l.le probleu1 is commonly re~tricted to the first few 
cent imeters of tlle column. and can be con ected by cutting off 10 to 20c111 of the 
coln.ulJI. 

17.2.4 High backgroiUJd levels can also be attributed to bleed from Mt i.n::ippropnate 
sepn1u1. 

I 7.2.5 Re-nilling of the mass spectrometer wig.ht improve the sensitivity. or the problem 
LUay be du~ to a coutaminated io.u source. If. vver a period of tiwe. conli11u<1l 
increases m the electron mnltipuer voltage are necdeJ to obtnin 11decinate 
sensitivity. then tile photo multiplier 10ay have t() be repl11ced. 

17.3 C'outam..iuariou problems. if they arise. sllonld be iuvestigaled syste1uaticnlly. 

17.3. l Contamillated chemicals should be discarded. If oue or wore acldi tioual con miners 
of tile sarue lot' uuwber are present in the laborat01y. tl.ie acldi tio11a l qu11 ntity of 
cbemical sl1011ld be evaluated for co11t:rn.J.i11ation prior to use. 

l 7.3.2 Contaminated glassware should be discarded. 

17.3 .3 fa1ch s1ep of tl..ie prep<1rntiou and aualy1ical procechm~ must be isolated to 
detenui.ne the pnrticular step. reageut. c!Je1uicaL or piece of eq11ip\lleut that nrny 
be coutribnt iug: tl.ie coutaruinatiou. Once it uas beeu J$O[nted. conective action 
wensnres must be put ill place to rewove tile contami.Jrntiou and prevent its 
reocc1u1·euce. 

17.4 Problclll.S tllnt require coll'ective action are to be documeuted by tbe nn;i lyst. 
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18. CONTl.l~GENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE 
DATA 

See Section 1 7. 

19. REFERENCES 

19.1 ·'Method 1668 Revision A: Chlorinated Biplleuyl CongenL"rs in Water. Soil, Sediment. 
Biosolids and Tissue by HRGC'IHRMS." USEPA. 821-R-00-02, December 1999. 

19.2 DoD Q11aliry Sntems Ma1111al. Final Version 4. 1 
19.3 2003 NELAC Quality Systems Staudard 

20. TR~JNING PL.L\J'-

20.l Refer to the SOP for Docw11e11tmio11 of Trail1i11g, ADj1,J-TRANDOC. The SOP describes 
rue training: outline and uecesscny documeut<1tio11 (Figme 6) 

20.2 Review the SOP aud published method. Also review safety procedlu-es. any imtmweut 
relflted uu11111als. and nil related SOPs. 

20 . .3 Followiug these reviews observe the procedure <'lS perfonuecl by a11 e;,.;perieuced a1rnly-;t at 
;;i minllll1u11 of three times. 

20.4 Ouce the mrnlyst and h·ainer are comfortable witb the procedure. the ,urnlyst must 
perform tbe SOP with s11pervisio11 for au extended period of tirue. During this peri ocl. the 
nm1lyst is expected to transitiou from a role of assisting to perforn.llllg. the procedme wilb 
minimal oversight fiout an experienced analyst. 

205 Indepeudently perform tbe SOP and complete an Initial Demonstration of Capabilities. 
This study cau be b,ised ou eitber a blind Pe1tonuauce Evaluatiou sample or fom 
cousecutive LCS samples. Doc\lilleut tllese shidies. 

21. METHOD :VIODIFICA TIO NS 

The followiug modifications have been wade to the publislled method (referenced 
parentheticiilly), Tllese modifications offer equivalent perfonuauce at a reduced cosL 

21.1 Modificatiou of separato1y founel e~trnctiou by replacing wi th Y2 gal. extractiou jars. 
Solveut volume aud total uuruber of ri uses 1rns beeu reduced frow J 80mL and tlu:ee 
rinses to l 50mL a11d 2 rinses (Reference 19.1 Section 12.2.2). 

21.2 No TSS for aqueous samples (Ref 19. I Sec l 1.2). 
21.3 Addition of ASE exllacrion teclrniq11e fot solid s<1lllples (Ref 19 .1 Sec 12 .3) 
21.-t Soxhlet extrnctiou also perfonned for solid samples (not SOS). Sample is mixed 

ndeqm1tely with sodiuui sulfate to improve extraction efficieucy (Ref 19. l Sec l 1.3 }. 
21.5 No pm1icle size estunatiou is perfonned (Ref 19. t Sec 12 3) 
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21.6 A kiln i!:i nol employed by CAS/Houstou for all rew;abJe g.lrt<:Sware clea11i11~ (Rei" 19.1 
Sec 4 2) 

21.7 Silica gel activated at ~120°C. No GPC. carbon, HPLC. or ru1thropoge11ic clean ups are 
performed. Column pad:.ing. procedme i:.. slightly different (uo ueulrnl gel betweeu 
layer.sl. Silictl gel elutiou 1s J .. !.Tl?rller t..Lian 25ml <Ref 19.1 Sel' 13). 

21.8 Sullinic acid aud ~odium llyd.rox1de back. extractiou volume:,. are reduced (Ref J 9.1 S,:i: 
12.5). Sodium hydroxide back extraction mid florisil dean ups are optioual (Ref 19.1 
Secs 12.5 aud 13). 

21.9 Standard procedurl:! i<; to bring final volume of ex1n1cts to I 00µL rnrher tha.11 20pL ( Ref 
[9 . J Sec 12.7 .7). 

21.10 All extract:; fire stored cold at 0-6.,C instefld of frozen (Ref 19.1 Sel' 8.51). 
21.11 Opu::;Quan is limited to fotu quautitatiou reference compounds. Tl.lerefore .. alf Pe111'aCBs 

are quai1titated agn inst l 04L.. 1 14 L. ll 8L.. and l 23L. The purpose of quautitati.n~ ao.::i iusl 
more tlHIU oue labe led staudarJ is to reduce I.be effect tlf interfereuce:-. Quautttahng. 
ag;iinst four. rather tlrnu five. c,)wpow1d::. sull lias an ~quivalent effect 1Ref 19.1 l abl1: 2) . 

22. INSTRUMENT SPECIFIC ADDENDFM 

i\'one. 

23. CHANGES FROM PREVIOUS REVISION 

23.l Sectiou 1.1 Added EPA rviethud reference 
23.2 Sect1011s J.7-8 Updated. 
23.3 ~t>ction :; Updated. 
23A Section 6.2. l Updated. 
235 St;'ct1011 i'.3 New 1111d nil following sections reuumbered. 
23.6 Sect1011 8.8 Ne\\ and ail following -sections remuubered. 
23.7 Section 8.9 l·pdated for umffle fmuace procedmt>. 
23.8 Section l l. l .2 Updatecl. 
23.9 Sectiou 11.1.45 Updi:lted to include com oil blauk rnat.rix. 
23.10 Sectiou 11.2 Updntect. 
23.11 Section 11.3 Updated. 
23.12 Section 14. l.4 Upd<11ed. 
23.13 Section 15 UpdMed. 
23.H Section 19 Updated. 
23.15 Sectiou 21 l°pdated. 
23.16 Table 2 llpdnred {footnoi~) 
23.17 Table J Updated. 

24. A TT.-\.CIDIENTS 

24.1 TolJles - See Appendix 1. 

24.2 Figures - See Appendix 2. 
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TABLE 1 

SOP Corle: HMS- l 668A 
Revision: 4 
Version Date: 08/J 3/J O 

NAN'lES, CONGENER NUJ\1BERS, A...ND CAS REGISTRY NUM BERS FOR NATIVE AND 
LABELED CHLORINATED BIPHENYL CONGENERS 

IUPA, c.~s rc-~i~ll'y lliP.\C C' \S reghtry 
<.:B co11gt11tr1 ou1nbt1· numbfr L:ab,lrd ;.111a lo11 ,llt.11(1~ numll('r 

: -~-k('R I :1)~ I #<iO-7 ''{' -::-M~l3 ll .:!~J;:R~-11 

1-MoC'B :: ... ()~1-!'.IJ .!,I 
,l .!',lor""E J ~!1-6:?-!> ~ - -1-M,,Cll ll .;11lt:::t, I. 11-'1 

;: ,,:·.n1l'R J i3v:!<)- ~Jli-~~ . 'C ~- :'., :' .flrC"l1 Jl .:?,.:.:.1:-1>0- I 
::,.;.Ql{'E ~ 16cit1S-Ol. 7 
'.!_J'. [li("fj b .!5 St>:'" ?.ll- t'i 
2,--i-OiC1 7 3J:?&.J-~II l 

~-4·.p;ra1 6 3~883--1:l-7 

2. 'i-DiC'B ~) .l-18~J-39- 1 "C,,-2.S-DiCO- 9L ~,(,11(,•-',!.)t!>,.,I 

: ,G--D1<:B 10 33 I -16-45-1 
~3 -D11'B II ;.I 60.r;7. J 

J.-1-Lh 'B ,.:: .:?97.J~9: -7 
~.j• [ ),, '8 11 ~74-~)- ' 
.,.:-.-[ltf'B 1-4 -'4S83--4 l _ c; 

,1.1'.f >ir.H 15 205u-6~: "C, ....J.4 .r,,cn- 151. :.rn,:i.; •t' 1-t, 

~:!•.~-TrCB l<.i :,5J+:;.7g.9 

l,:!' .4-Trt:B 17 ;76~Lti, .. J 

~.:·.5-Tr<'D' lR .\7£,!lf\-e;,~ • .:: I 
:?.2',6-TrCR ) •) Jg.JJ.,J... 73--t ·'Cw.:,::·.1.,-Tr(_•a1 l4L ~~,;~1-. 
~ l ,._J ,-, .. B :t} 38J4~-~-l-7 
~. ,.~-1 ,rfi 21 5'7v: . ..to--ll I 
:.,.~-Tim "'" 3S444-~S-8 
:!.35-111'"'8 .. ~ ~' s,r-,q+u 
:..16-TrCB '.?-l 5570~-JS-9 
::. ~•.-1.rre:-H ::.s :-'-7 11-~7-3 

: .}' ,-r rCR ~ .'iS,1.14-~1~ 

.!.3",ti• Tr~ ·s ::.1 :\84./J- 1o,.? 

:., 4,1 -T rnV :n 70! ~-37-5 • , · ,..: 4.4'-Tifll .::J,l. "lli!.'.6,-76 7 

: . .: " 1 ri.:"B 1'l 1c,116~-0i-4 

!A.e>-TrCB 30 .!5t-9.J-l'~-6 

!.4'5-Trt'B .H l 664X>-0 ~ • 3 
~ -1· r,.1·rt ... B ~ J~-1-14,77,R 

~•.J.~-T1CB .3.3 31N~4-ll6-9 

~.3 '--T~B 3-1 37680-6&-S 

1. 11.-1-TrCB 1, n f.SO-!Vl-6 

.. 3' .. S-1 rC'U 36 .,R444-~:7-o 
,.J.~-TrrB , 7 18"1-4-4-()(\, ', 1 C,,·, ,I.J'-T1CT'· m ,::ox'.:·,,. 11Lil 

~-~-~TrCB J8 ,;3~,'i-66-I 
3. 1.5. J ,CB 39 l&+l...J-88-1 

1,: 1 l •.nrR 4() 384<14-93-R 
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ll'l'AL CAS rc~islry 
CB con2tMr1 nunibfr nunib<"r l.:,bdE-tJ ni,illug 

::.: .. ;,, lcCfl' 

:U.-t'.5-TcCD 

73 7-G:::8-::3-1 

:._4.4 .G-TcCB 

3.Y -l.-1'· Irl.:.13'·' 
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fft'AC 
C R ,·ongcntr ' n un,h<' r 

' -. 3,.J :<i'.P~CP. ·n 
::. :: ,3_4.(-... PcCB 8$ 

:.~' .39 ~.6· .p~t"13 1\9 
: .:'.:".J,4'5 -P~D r,n 
~-: · :;, .(' {,-11.:C'P. 91 
:.2' .3.55'-P,--CR 92 
: . ::::-.3.5 ,6.Pe<."'B 9.3 
::.:·. 3.~.6'-l'ct"B 94 

::.~· 1.5'.6-PtCi3 05 

Z.:: 3.6.'•" -Pc CB 96 
- - ~•_.i. S .j>,:('13 97 ...... 
!.2' ;l' •➔.ti-~I 'D '* 
.!.~ ..:t.t'.5-P ... -C'l3 ()I) 

;:.,;:· .4.-!',o,.PcCB I VIJ 
~ ;:.· .i,-..--•.µ,;.·n , I <JI 
~.:::: .-1,5.t,'-P-..-cB !02 
~ 1· 4. c; ·,;.pfrn 1,n 
::..~ 4.u.6'-PL<'n 10-I 

::.J.3 .4.4'-PC-: "O'·• I05 
2-'t 1' .---l5•P'-'<'.?. 106 
::.3.3' .-1·5 .p._,B 107 
::, , 1·, -1.5'-P...-<' n )rill 

~-l.Y ..f ,6-P<'C'f> 10:'l 
;, 3. T . J' ,(t.Pc<.,""'13 l lil 

~.3.J' .5.5'-P.iCil I ti 
::.J.) ' ~., .. J>c(i3 I I: 

:_., 1•. 'i'.o-Pcf'H 113 
:.)_ 4_,.·_5 .1~ .. -co· ! 1-J 

~-~.4.-t <-P,-c'B l1 5 
2 ... J.--1 ,; 6.1'cCB 116 

.'.!.J. -1· ,5 .6-P..-' 'li ; ! 7 
: .,·.-1.4';5-P.:trl '" i iS 

:'.. 3 .-l.J .o-PeCB i 19 
.:,_.:_;· ,-1.>. 5'-P.:C'..D 120 
: . ,'.4. <; :6-r,:C4 12. l 
~· ~ 3'.·t , . .J-'?,(' f\ l '" 

: ·. ; .i .-1·,:---1,~e i=r l :.J 

:::•, -1,5,.5' -l~~c-B p · ..... 
.::·, ., 4 , -s,6' -1"".:CB 1~,; 

.U ' .\ ... f.5-P.:(•Du 1'26 

3,3".o.l . ' · ' ' -1',:l""B 1.::7 
::.::·, U '.4.4' •H:-.:CB1 1:::.s 
:',}'.3.J".-15- HxCJJ l '.:.9 
::, : •.3,:;·,-1,S-II:..CB 130 
,::.:,•3, ;• ..:.r .. 1-t. ... rB 1,l 

] .: • \l' -t <', -H -.;t'B IJ2 

SOP Code· HMS-1668.A. 
Revision: 4 
Version Di1te: 08/13/10 

TABLE 1 (cont.) 

CAS rcgisu-y l lfPAC CAS r tllhtr), 
nu.mbrr La.bdcd analog un;ilog num lx'r 

JSJ811-1J2. s 
~'-:\J ,.17.3 

73575-57-'?. 

l,i !04-07-0 

tj8}~4-(l,,.8, 

" ::::('63--6 I -3 -
7)575-50- 1 

73~ 75-55-0 

1 !! 'PO. <K>-6 
7'3575-5~-9 

.:t 1-1(, .... 51-1 
(-0:!33-~ . ."-Z 

3ft3l'll-L>I -7 
39-185-8.1- l 

37ci~0-7'.,-1 •,- ,~-2.2 -1,, ,·.~en• 101 1. H~l \l'--1<1 --i 
t;,l'i 19.J,llb,Q 

l.il.11 ~5-~1-3 

56'.>"8-16-~ I 1' -:: : .-1,6 6'-PuiH• 1 t>.:il ~) ~.,1, :-.\ 1i.-1 

3'.:59l-:-1.J~ ''(" .,.-:: 3. •' 1,.:l'.Po:r·1f 10';I, :o~Y.1 ;.t,:. I 
704'.:J-69.0 

70-!~4-oi-9 
7036:!--ll -3 
7-1.,17:: ... 1 .. ~,;: 

3831\0--11).l"J 
3%35-J: .ii •·c, -'.!-3.3',::-.5·-i>c< ·rf 11 1 I ~J5-l l&-~>-~ 

74472-.~6-9 

61.i\94- W-' 
7J J1:?-l7- fJ 1't_: -: ,3.-1,·T.:--J1.:<. ·13' 11-l L ~o~::w.,..3 . .::: 
7-1-1 i :'.-.3R-1 
I 82,, 0.IJ"--7 

o8l\M- l l --1> 

3l ~i\S-IM1-f, '\~, ... ~.:i'A.➔'.:>·P~<:Y 118 L II~ 13!'1..;,1. 7 

5Jj55~-l7-9 

6\: l 9,1. 12-7 

"-o.5, i.i S n 
76~42,1)7-1 
ci.551!)..,j.1.J ,~<:,~-!',1_~ .. ~- "\ .. p~~ ·~ 1 ::_; [ ::;i:,C63•tH- , 

711-1 .::-1 -?u-J 
744 n-:,~).;: 
SJJc,5.J&.~ 'C:--·' :t' .. ,l.4',5 1•~q, .. l lbt :ol'l~1,tl."i ·I 
3963~-JJ. J 
3S3So-07-3 
)5:! 15- 11141 

5:!6ti3-()ti.81, 
6 I "NX, 7tl, 7 

)~38~1l5-1 
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IOPAC 
CB congm~r1 number 

~~'.l' .>.5'-1-t-:Cll 133 
~ ~i _ , l\5. --Hxlf' n-1 
::_~·--' .}° \ ci' -Ji x<'B 1,, 
.:.:"".3 ,\ o.a·-J t,.:C'JJ t:lt• 
; :· 1,4,4',5-lix(~ D 7 

l,.:'.J -1,4· -v.lJi,;CE· Llll 

~ 3.-J.-l'.\\-H-:<'fl iJQ 

:::. :?' .J .i . .r. r.·. r r.,'("'8 1-10 .. .. , ,.I 'I, ~'-li.xCB J-1 1 

,:_ ::- ,3 ··• \ "'•ll ,;CD 1-1.: 
;: ~'.3 . .!, ' .C,-llxC'B 1-l.3 

1. 
;, .. 1.--1 , . ,1i-11-1.c ·n 144 

I - _:_~•_1 ,-1,6 .o', l-hC ·g H S 
:.~., -1· .~ . .;·.11.-_c·B I-lo 

I 1.:.: , .4' .".ft-1-i.'{C"li 1-17 

~- • -1'.5,6 , ll-:Cl:J I-ls 
:: ;: , , •• 1•.:;• 6-Hx" ll l•N 
::..::o.3.-1'.6.ri-ltx('B 1...-1 

I 
~- : : 15.) ',t>-,l l xl ·e 151 
~ ! ' 35 .r,J,'-H;,;C'B ,-.:: 

~-,;:·,.:.➔' , ~·-Hxnf I:,~ 
::::.~.-1 •• 1·_ 5• 6-H-.:cr, I S-1 

.:!.:· • .:.4'.6.6r-t L-..CB 1:-5 
, 'l.J • ..:.--1·, 'i.HJ(,·,r \ "i,j 

::::. '_l' 4.•,· , •_Jb(CD' 157 
~ .• U . ..: ,-1• ,1t.Hx("'B l:>8 
::..J. ,· • .: "i,,·.11..._nl I 'i<l 

:'!.J )' .·-15.6·11~~.:n lt\U 
:! ' \ • .:. <;• ,,o-lf_:,.-('A lcil 
:- .i.?. -1'.).'' -ti )(CB 16:! 

~J. ,.-◄ ,; .'->-11:-.<"B 1~,l 
:.. 1 1' 4', 'i' ,6--11.'l(JJ r <},I 

:: 'U-5 '-'.o-ll~C"B 16"-
::.3 ,l,,f .5h--llxLB 16b 

:::: .• , •.-1.;i•. -;_ 5• -H.xCB'• (c.,7 

~ .l".-l.-l'S 6 fl~C"B 16!1 

J • .r A-l '-5,5"-l l-..CH'·" 169 
.:.z· :u•.-1 -1·.s-HnCB' I 711 

::.._: u · J .: • ..6-11 pCJ-\ 171 
:! . .!'. ~- • ~ 5, ,'.Hrt'H 17: 
'.!,:'.J .. , .• 4.5.6 -t lpLt3 1-n 

! .. !'.3,., -t:-.ii-lfp(:B 17-1 
:!.~'J ,.3 .-1 S' o- llpi"..B 175 

:? • .! ' ,. , . .: .(>,6-tipCU 176 
~.:·.:,, ,\ .;.'~" 6.liptti 177 

.:.:·.) ,;;·, ' 5',o-flr('Il l 7ll 

SOP Code: I-li\JS- I 66~A 
Revision: 4 

Versiou D 111e: 08/ 13/1 0 
TABLE 1 (cont.) 

C/\S rt,1 l~try 11 ·1~,\ (; <.:,\s r~hcry 
n(!ml"M"r l.abrkd iH1:)log m1:.i log IIIJln blir 

3'\6.t).,Pt.J .J 

'i~7l14-11~ 

s:1<1--1.11.5 

Ji 4t 1-'.l~-: 
3~6~-(•6- '\ 
.7\506~ :?S- :? 11(" . -: ~• •. 1.-H.5'-ITxrn' 11111, ~08~(· t ..1:,l, ' -
:>(,)(IJ(;. j(i.9 

59:.91-tj.1 . .j 
~:71 ~-1)-1.{i 
41 ,J! !-61 -1 
,;gp)-1 .1 :- -11 

1.1Rl.9J-l-4~~1 
i.i-17Z•-IU-'\ -519 18-lo-H 

6~-t9--1. n-s 
7-1-1?:!---ll -6 
1lGStl-1).:p) 

~8!94-flS- 1 

~:.663-t-3-S 
68194-09-.2 I 
~5(.155.,::; .1 - -
601 15-22-4 
1:N 1.,..n3-1 '<", .:,:· . .J.4',<,.6'-tl,:c'B 1551. :~➔ ,:-•~t.7 

J~'t~-\ l!l--4 ''t --1 ; }' -1,~a. 'i-fl~ 'B. l <,f,L 1n,;_:t, ,.(,N• 7 

~181-~~ 7 ''<'r"'~-l .J -,.i .r :;·-1 I.<' ·n· t :-71. • H q , lo.; -
7-1-~7'.!-4::::-'J 

3116~~3~---
-1 1-1 11-t>:2-' 
7-N n.-13-~ 
1lWi ~ }-l--::. 

74-lr1--4·PJ 

7.J.11~-45-0 
7-14 7~-4<i- l 

-l l -11 1-63-6 

:iu.63-n-0 ''C ,. ,::!.J '.4,.f. , 5'-Hx<'n 1ri7L ;?r~:-t ~I• _t.~ ,'•)• ~ 

'.',~'.;,91-6~-5 
3::::774- 16,6 ,,, . -3~•• ~.- r.S 51 f l1tCB \~)I. .::::O!,:!t,J.Jl1; I 

3 'il)&'i.JU--t'i 

<1:t,-;i:;1. 71 .5 
.511:>63-7-1-~ 
<,~194- lti•l , 
l~4I J-.::i-5 
~iJI t,i-70--7 

~~:i-05-7 

":"63-70-4 
,:t'll5)-t>7•'J ''C.,..: . .::• .. U '_ ~ "' ,r,.Hr,1-'lJ 17!1L -•~•Jf•l.t,].-1 
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I. 

TABLE 1 (cont.) 

JUPAC CAS rc-gisl ry 
CB congtntr1 numl>E'r numbtr 

2.:',3,3".5,6,U-JlpCB 179 52663-64-6 
2,2'.3,4.-1'. '>5'-HpCa' J 80 3 51.l<>. "-::9-3 

:::!,: ',.3.4.-4',.S,6-HpCB I~! 7447::!- 47-1 
:,: ·,J,<1A'.5.6.-.HpCil 182 60145<!3-5 
::;,:• '.,,4.-1' '>',6-HpCB un 52063-69-1 
2,-;::•.3, -t.4'.6,ti'-Jip('D 184 744 7;.-18-3 
2.~· ,3.4,S.5',6-JlpCB J~j 5::!712-05-7 
~-~·.3.4,5.6,6' -HpC.8 186 74472-49-4 

:!.:!' 3 ,4' ,5. '>' .6--Hpr'i.V 187 s::66..l-68-0 
2,J'.JA'.5.l,.6'. npen ISS 7-1-187-8.i-7 

:.3,3',.$A'. ·-, ,.-•.IJpC'B' 1&9 ·N oJS-3 1-9 
:'. 1.3' 4,4',5.6-flp('B 1~) 4 14) 1-154-7 

:U .J'.4,-1 ',5',o-llpCB 191 74-l'T.~-50-7 
2...U' 4,55',6-HpCB 192 7447:,.51 .i 
~., , , ',4'5 'i'.6-HpCB 193 697~::!-9} -{'! 

~.2',J,J· .. a.,t,5,S'.OcCB 19-1 35694-08--7 
1,2'.3.3'.-l,..S'.5.6-0cCB; JCi5 '>~663-76-2 

_ __ :! : • .3..,'.4.4'.\6'-0r.C'B 1% 4~740-50-1 
2,'.:'.J,J',.1.4',6,6'•UcCD 197 3.3091- l 7-7 
::.2' .3,3'.-L>. 5',6-0cC.B 198 68!9+n -21 

::.:• 3 .3' .4,S.5' ,6'-0cC'B l"9 '>2663-75-9 

2.~·.3.3',-..5.6,6'-0cCB :WO 5266.l-73-7 

U ' 1.3' 4,5',6,6'-0..:C'B '.!01 40186-71-S 
: :.• 33' ".5',ft,6'-0cCf! ~oz :.136-99~ 
~.~·.3,•i .•l'.5.5'.t>•OcCB 103 5~663-76,() 
.:!.2· .3, ~ . ➔· .5,<;p .o cCi3 20-1 7447::!-52-9 
~,3.3'.~A'. 5, 5'.r,-O.::CB w.;; 7447'.!-!'3-O 

2.:i!'.J.J'A,4'5,5'.t>-)foCB1 Wt> 40136-72-9 
2,'2',3,3' A .-1', Ci.6.6'-NoCB ~07 5'.::663-79-3 

~.:!.'.3. ,',~, '>' .6.6'-NoCB ~OS !-:.66,3-77. 1 
DcC13l 209 2051-2-1-J 

Abbre,·iatious for Chlorina1iou Lc\d s 
MoC'B \'1onochlornbiphe11yl 
Di CB Dicblorobiph!!nyl HpCB 
TrC'B Trich)orobiphenyl 
feCB Tem1cWorobiphenyl 
PeC'B Peo111cblorobipheoyl 

llfPAC 
Labe-leJ onnlog on:tloe 

l!C , ,-1,2',3. -I' .5.6,o•.~r pen: 18-SL 
11CwJ.3.3', 4,-1'.SS-Hp;:B.:. ' ; 89). 

''Ct,•2.~ r';,3',4, -1'.5,5' .QcCB" l~l 

-
-

: 'G.,· ! ~".3. V 5 "'.ti,6"-0e<"Il ' ~H2.L 

1'f'-=•2.3.3'.4,~',5 ~· : ,-(),.~CB1 ~c~, 
1 'C: --~_.!'.3,3' ... ,, -3",:>,Y .6-No<" B' ~IX>L 

1'(_"' 1~- :: :!', l ';',4 ,'i _'i' ,p_(,'-}fo("fl' ~Vri L 

''C1,.f k CB~ 2(1)1. 

HxCB 

OcC'B 
NoCB 
DeCB 

1-kx:ichJorobiphenyl 
I lepmcblo1ob1phe.nyl 

Oc1;icl1lorobiphenyl 
Nonacl,lorobipheuyl 
D.:...-:1d1lorobipllenyl 

:!. l ,1beled !e,-,:1 of chlorination (LOC) window-defin.u.1~ congener 

J . N<1t ional Ocei'ln.ic 11oc\ Atlllospheric Adminstrat ion (NOAA) cougeuer of interest 

'1 Labeled i.11jec1iou illteroal ,1:iudard 
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5. Lnbeled clean up st<1nd,11·d 

6. World Her1Jll.1 Or~r11J.izatiou (\VHO) toxic congener 

7. L,1beled 1tn,1log of v\lJ-10 10:xic co11 g:e11er 
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TABLE 2 
RF.TENTION TJJ\,lf.S (RT). RT RE FEIH?,l\Cf.S, RELATfV£ RETf. N'flOJ'. T~JES (RRTS). ESTIMATED M£TIIOD 
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I 'H , .. .,~ Qlll(. tf IJ IJMI Q~u.:,~ I " 1 l, '11, I lil !I ' I (I' 

I ., JI, l v.! I l 0010 0. 6'1.Jv- I .Q1i•.\ I . \ •'3 Jt ... 1-8 ~(\') r) ?(, !0 

Okhl1>rllhl11ll\'n~l• 

2 ,1 IL io. ffi l.ilOl (l (I 99"0- I o,no ., . ) 1L 172 ~00 1 - 5(1 JI) 

1 I " JI. In , , I •II 1n I DHC,... t l! i-t, ,, JI _L_.'t, :i ;\0 ? ·' ~ 

1 ,, .11 lit ~'i · I 1:,l l • 1 nv.1 " ' ' (, II ' I\( 10 .50 ~ :> '.? 

i - -IL 1-i o· I Ht-I I : l\ l -1 I 'l:l ti .q J ~:. I~ 50 J :, 2 

~ (, II, .. • ... 1.., 1.1c.·2 1.1 ,,.ez. J 1 ·~2 (, 11. 1.~ I.~ ~o I ~ 2 

2 ~ ~L j ';l ~ ~ } !-:• ~ 1 ,~1-1 p·•Ji 0 4L' 1.\ [ , I I ~o I " i 

2 l:! J I, :•1 )> I.Jl'-1 l .! fl l 2• l llJOJ (J t l. ' L~t I~ I 'Qi} 12 ~o 10 

2 I J 151. ~ I :2 0111.,- ,)1,1~~0 't:?tlfl ,, tL l--Sl. :., I IJO 3 IQ 5 

~ I I I \ l~' ... ,.u o,;.,,~t o .i ,, .. JJ .. , , •• 11;, lllO lll id lu 

! D I ~'. . i j-~l 0 9l< " 0 f'/R ~:'-0 •}&\5 l' 11..:1.'i!. 

' I 'ii . ;; _o,, t)~•-- 0 "R l.1<1 IIR!I" ,..-: . ?8 100 ' 10 5 
a I ~ u ti 

2 IH~ 1.1:. ";J L11 /•J.S t 0 0!) :,..'1 ,i,r.; ,, a .. 15:. 

) I ~ I, .. ! l ~1" I " "' l a ~1•·>.",- I ;,~: ! ·I ·' I ,1 , I~."• ..:.\rO 13 "' •. · !O 

T t•ld1lor<1h l11hc•11J I • 

J ! . , .. ~n l· I llilllX • .. t 11' 11("• 1 ~ <; -I -~ 1•11 ~- lt!J I 1/.. ' 
.) JiJ t •1.,_ :"!".,; I ._,..,,_,; I U•".},,, j "~' •.• 1·, .. n . I ~ ~\lj . '!I llJ 
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) I: ;1'.1..- ~ ~ ~J. I ~Ll1l ~ 
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J '. r-,t 1! T II ~ IO 

-' 
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.l ? I ~')l. 1) 11 I I II~ 
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.\ _:ll •••'. Z 1 , - I ·· ~•lj 
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) l• 1 •· ~-. .r I ;-t.11 

3 ~ C'. M. ~-'' .!¥ I ,·<r.1 

J ?, }:J 
,.,_ i ~ .!!I I :·v1 

' ·~ 1 1 "'•1 ti ~· ~ .. ,. 
l ) I :l"L ?o ::\ ;,~,-... 
.l 28 J,,..,L :., .. (I IC.~111 

~ ~- :i~1. i:•.-- ·~ ,I II lk,(I I 

J - :n n. ' .- ()8WI . . Q 

~ ~· ,·,. ~n \'-; (i ~11 , ~ 

~ ~., J -i... rt., us,,ux 

J ~· ~~ > . L 2v ...._ H,,,~~ 

' " \' =". 11 :,x1x 
) J .. 3• . ::•,.O~ CJ •)JJ~ 

' l ·"' ;. 1• 1 l,,, 
1 ~. ,~ 

" 1 · , ,,,, .,, 
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TAULE 2 (con I.) 

\\"JmJm, 

tun lla,lh
0 

1-t Qu~nlll~Uon rtl~rMC'C'• 

I 19,:,:,1 Ir,~ I 0 J'•- )·t. 

1 r•~"-I 1111 J.I II lut \ I 

111.l~l. l col (\ )" .. ,, 
I J.H-,,.1 I IOI .. 1111 . . I •1 

I l 1Jr..1 J rr1 ,, l'J; ,.~· , .. 

I t '.H , t , ...,1, IJ I" . • , ·1 

I n,.11, 1'11' IJ 
,.,,,,., 

I J \~U. J ~ !- 1) u 1•11, , · 1. 

1.z.~o,., ;q:i II li'-'. \"I 

I '"r,O l : · .1• 1•• 1)' . , i , 
I l ~ -1 .~·_<c, Iii I :)l,,i.,t. 

1.JooS-1 ~ -~o 1(1 l"l.:l •t 

Uf<,•lll: ~!1"-1' ' 1 \' l j, .; ' 
0 3" ,,..,,.o;. ir,: ,, f1\ ~, '1'1. 

II !l5,1 ct l\,.l1J 10 , ., . ·' ·1 

ll Ji \-~.r '"'I 1 l l l " •.j t. 

•rr;;11· 1,111~C1 lO t"1;:n. 
0 Rt1!1"n a._,-11 10 l"i, ')"I, 

\J K,..,J.:_,\J H1,~\ IC1 j ll 

ll~JJ,,11ic I Iv , .. _.n 
n~:ll1m1 <I l ' I .. -, I 

•J " lfo l • JUI 0 1•.•l. )"L 

, , ... J ( • I '• . I 

-f)u,~, ... . • " ' . 
,\83-}. -ls. •. , 141. .n. 

nh•~-l'• l ,,, , • 17 
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TABLE 2 (con 1. ) 

Cl \~' Inda" 
i\.o.; <.:on~rr~,· i\o. !. ' rrr Rrr RT ~ RRT'· f<Rl llmll~ 1,tr}" Q u~n lh9110n i<t. t·w ce 

I .~bt'lrd I.Clfl(MlUlld• 

I 11 •II • ' t~ ') '?• . !1 •t:" ' (f ••'"lfi ,,, 11L 
I )I , OJ, lo ~ .. , C-!t11 IJ 0 JS~Ul-'J 11·· I JO 'Ii. 

! II , 0 1, ... _;., I 11x:oo \t .:t\--.ll.of! .H) ... . 
: I ~l. '11, 2:-..2~ 1 l]•)(J I DD~- I .? fl( 20 •·\ 

,l l \ll . •I I . ~l If: I I n• I I I l111r1R · I OR"\ '" ,1-, 

,l ., :1. ~: .. ii !I) I !I:, II I Lt-', l • I tw!t-i ,10 '21. 

Compound.< u"1n~ 511 ("'< '1r Z,2',!'~~·.r,•C' U) u l,;,1)1·1•·•1 11'\), -clh,n ln1<:m 11I ,r:,nd:ord 

(' n ro n~en t r 

l , 1.-~ chloruMpht H) h 

I 51 ~- 1•. ::_., \ l I '..:(1(,- O l Ut,) ~-1 l)C,2 t · , • .:t 5 ii. 

' 50 ;;,,:, :1.1 o· 1,1}•\(~ I O":J . Jflu ,,\ ! fJ .; !I. ,n 1,,s-L 

I ,, ~-1 '' *•1 rf) I (1•1"' I /l••r .1 I (/'•" ,,, ~U,l't ll.3" l.. 

I .. .-1 ' ) ,11. ~ IJ OR I Ntl~ I O•>JO , I I COii I t) .1 1],llli. ·-1, 

l Js ,.1 .. ; .. , ''Ii I ► :l'i I I t ~,'l-1 I i ! J JO , .:1. 1,1 11.,""1. 

~ < I ,.:., .. '"I(, ~-~ I l~ I' I 1••11·1 I ' -.Ir 
,., ~'-1,i,II, - 1. 

I IHI ~ i~- ~ l,1 , - I I 'hl-,; 11: ·,.1 1J.!~ !!) ,:1.;.iu ~-

t J,. 'I . ~ ~ t."I I IJ~ ·, I l 1.\ 1-1 I • 0 b •, ~,I..H .. 'i i. 

I I' '-t' '11 J \ I 1111,:; I : 0•-1: -1 :v,~ \ -~1.:111, · · 1. 

J ·, :. t~, ii~: I ~i i! I W'l• l }1:<-' " 5 :1. 'i II. -;,, 

J -•~ :,.. - ~,J( I : \l I . '.I' · I ; l ·. .. \.ll,◄ lt -,. 

I •1•J 'lo.0. :tJ _L•ll I ~~.?-1 I J ,...-,.1 ~~:tv 11 , 'IL!ill.'"7 

I p '\ ,~. ~•, I"~ I ~ ."!'(n l ) .. 8 ~·1il i< Ir• 1:t,lO I , I , 

J I !'I ,, ' \q 1: I ;., ..... 
I ''I I , -· - 1<1 '11 -.., 1 - 1 

I I< 5 11., ?·l ~1 I ._\•J•) I : ; "1-.1 ! 10 lj '•1.~ I 1. ·1. 
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(: I 

So...' Cong,.nerNo. , .. , nl' R"'° rrr=· R.JIT'' 

.1 •.1 li. ; i:.. 2:; ~·> 1.25 l(I 

I ,1' I I . ~t} "y{) I : ~ l 

I II ~ ,~. ~•),~, I 2~:lll 

.1 _J ~. , u> u . 1'J "·i I ~ ... J. 

I 6 ? ~, ' Wik 1.2•52"· 

., -, ":· "H'f (,~ I ..... .. 
,I ,~ 5 "-· .,\J I ! I ~l! - , 

., . , ... f' ~ ·~ \ -~ ' 

,, f),. u .. "J 
.1 ·~ .,,,:. 3~ 2,; I .~ - ,"iv 

I ,II ':[, j O ~1 l ; •J"\1 
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~ b , JL .~. OJ 1.)1) I J 

., ,, •~ . I ,, II i •l "<i ,, ... , ) 

I (i•t :,,Ii, 3 1 n I )()ol l 
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J I' ~IL _; ~ Jo·. 0 :!SIIJ 

~ ~3 fU . ]t 11.,:. Cl &<,,, 

., ,, - .,, ·,.: n ~h .,_~ 

I o.' "" .~n ; " Ci 8-•: 
.1 o l :": I '~ ., L> S~•J 

I - ' ~. .n-~:i uo:i-;Jt 

., -,. ~( ,'Ct'i5, ~. f{~ 111 

J • l -ii ~l -;- 011!C 1•1 
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TABLE 2 (cont.) 

\\'lndtm 

RRT llmlh 1..:cJ" 
,, 
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(I l~~I. DSl. ;~ -..:-, I.I: 19 I l --,~- I l "<>I :,1 .>"it. 

( :01llpouodt ud111: 1?-IIJ. 11c .,.?,2',J.J',4.4"-~.~•.0t(:8 1 ~s l.~bt·kll 111Jtt11bt1 h1t~m:il ,1:111cl .. rtl 

C n t:al\;:tn•r 

llfph..-hl">r<,>lllpll<'n~ I.< . 11,X 18~1 Jl 51 11.1nnt1 :; 4,oc.111. I i'>O I ~ · i . ; tF:<:i. 
, , -,, 1:; ,s i, l? L· ' I •Ji ,~ IUtlJtJ. 1 .)1]'1 ll l~l>L.-'l'>.-1. 

a 1~· 1:,.~1. aC .• ~ I Ql l5 l .02D~- I . !~ - ,. J:,;;; . l , -,1, . I ~,, IH:il I) I'- I.Om 1.1'.oll.l•t c.1 •1• " l.,~ l ·••lf, 
, 

IX 1~111 .n ◄~ I O 1, l l fl ll'• I r k•1, 'J 1:,:<i, I •:i,I 
. 1 ·s l ~ L 15 0;.. 1.0; ··· J O"n5- I 0--S:I) ,, 1<;£:, l~·>l. 

~ I •, 1:-.,1, J'\ •) I i ,,:,, J lt'J; ,. , 11X •· 1:>.~ • I ,:.1 

- ,~- ,~~: ·~. ; (•2 ,, l Ji)i/11 1 fi'll!lf. I ! ··, I : t• II0,"?, 1-'PL 

- Is: l lr!;I. ~ I I I j,._,, ... I ! n,-. I I ""'' " Ill&! . 1,~1, 

' I :1,, 1,,, ... ,. ~ .. I l ,., I . IJ · I I , . , ~:,· •. , , ;1' 

- 1:-;'. l i •l. .. I ' ~,j ~ I i t0 i · I ' i ' n i;;;, ;, 1-..,·1. 

11.L,:,S ll$!'.J. .., :- ( L ;, t lh,·• I 11 I .. ll!llll. I _,I, 
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lJ<-1r<H1111 lin1fh ,nil n1h1lmuin f«w l,. 

Macru. :ind con('t'fltr.tl1or11• 

\\'.)l~I' Oll1fr f.~1nci 
(p~LI (112il.:!I (1,:.<,\11.) 

,,,m,. Dll l'~IOI- 011. E'.\ll. 

lu l <-)(> l<• 50 ?Q 

~.)) ,(l(I .:_ 1 ~;: 20 

t::> .'iH B ~i;. 21) 

jlO) IMO ~II \1,1ll 50 

~·, .: ,too ~r~ i l)V 50 

..... lflOr\ II 1r,1 :--0 

~~ l ~ ~i !-J ~1_) 

•~ I 11 ,111, ,\.~ \ t111 "1!1 

i" l ~ o() '" ,,:: :w 
1,-: -i l l)11L• .11 !OU ,I) 

1°) I H'l•.u.' l ij W•J 5(1 



C l. 

Ko, 1 C:OD:tl'nfl' ,o. ~. I HTIM' RT1 RRT' 

" ,-. 1881. 1'02 I.! ~Jfl 

7 I JX~I. .t • 1 I l l~ , 

- ISi l~fll .,- ~i I ID~ 

1 · , l~~.:1, ~;:; ! () I 1;,.,-. , 

. t ·3 l~~L IX ii I I I l > 
, I · 1. · :, llh'I ,);. : ., I '.,;,, 

I · : 1:, ,,1. ,,, .- !" 1 11n ~ 
' 111! ll!••I ,,.., [. , uoo,,;. 

- . fJJ ia•I. ~ll : :; ~ !II :,'.I 
. •~:• IN ~I I -\t I t ~ "••n ,,. 

7 ) 80 : ~:; )i,t•ll. ~I):~, r, ,; I ~, 

; (•ll JKQL ~o ,, 0 ,,~~f) 

!I t1c•ll ·,) :d l!,•111•• 

- ~ ; ~ .. , Ill l l. 5~1:i •J~ le> 
, 

I f:" 1::1~1. ,, r,- I {1fl,')1 

O~t~chloroblphm~I• 

~ 10? ~(1~1. .1' .\1 I 000 1 

~ !01 ~, · ' I ~R 11 I •1~ II · 

ii J,1~ :•1:1 :·,1 1 I •I~~. 

.. ! •J " ~u~,. . .-:, ::- I 1) tu~ 

,-; J1lh •q .'I i'.1 .::• I fl l ~i 

~ 1 ·} .. ~(1(1 : 011 I') \,\ I J ., r:.,i 

"' 
, .. :u:1 i ,~ \ ! I I j l) I' I 

,. ~ ',1:, ,, ·1 i1 : I 10, 

8 I i , ... ~tlll. ,: ~, I 1 j,~.:: 

~ , .. , ~~ i i ,·,I~ c,11:., ... 

T AHI.F. 2 (~ont.) 

n 'imfc•\' 

ltRT llmli.' ci.c;' Quao1l1:,1Jon r.-fuonc-.. • 

u ~J - .1 n:-t ,, IS8l . lF I 

1 t rw .in> " l~!<l. IX•l l 

I I 1::,.,. 11 !•'J J~SL ' l f .. ,J. 

I I 111"·1 I,~,; !O l:i~l, l ,'1 

1 1<o1.11 ,~ ~ 0 1~s:. 1,: I • 

I l.lK.,., I • '- !~• 11) 1).1)( , 11' I. 
11 IXl)o,O ~ • I l ( , l!<X' .'I IIVI 

11 •'olk) 0 ~IO: •· ISXl. l>l'-'1 

0.01 I H1 <lie,,. II IJolKt I II• I 

II RI I .,101 ,'\ ,. I Rfil 1~uJ 

0 0)11,11'111>:: ,. I SliL 1 lfwJ, 

o ,;,~:0-0<12~R ,:; ) ls)(i. 1:,;-,1, 

..i •-IPJ·'J .... 1,~ .. [!<Sl, l~"l. 1 

,V •'.O~-C \ ~:; " ,~~·t;1r,. , 1 

q~~· - 1 l\f,,;i \l ., ., 111"1 . 

,,..,,,~, .. J~ i l :I 10!, 

Ir, 1, -1 {i)!I> 1,1 :, :•.·~' , 1 

1 D1~•J I 'J\" l " zo~t : ~I. 

! ~~; . .,. , 0 ,_, - ., y~:. ~t)~J. 

; U l~:-1 I,'"} t, , 1 ·' • • ~::~l 

1 :, 11-. J 01'11 (1 Y~l.. ~,: .:1 

i )!I\. I I I <J IU k'!~ . .!.~ · J. 

f lh " I II• ) ~ . -.. ,.,. 
I 40.\5• I 1 c,·,, , 11! 21; :_:., :..,'-t. 
n ,;i .. g.a JI ,, ti ~~ll :<)~I, 
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Oc-tr,llon timU• am, minlm.-.m 1,-,~·ls .. 

~blri.~ :tnd <~n«·nlr:>1lon ;" 

\\.)ter 01ha l~,1r:1ct 
I (l!{l,t (ngilqu (1111,;,,1., 

f_\lOL DtL E.\101. i:\IL l•.\11 . 

18{:. 561 F• ~J :f• 

1 11 'Ills, i I ~, I ;h 

lt-L iOi)I/ u ·,i,o 50 

• I 111,11 , I , ·111 , .,,, 
I 

1;- 1111 ,11 ~~ lO(J .~I) 

,I]\'! 11•1111 .... lt•'i ~I) 

I l o '°" I J 'i.) 20 

i 
113 1000 i> IC.Ci 50 

It• ' <11' ! 'l •o ,,~ 
2_11 <t>4 ,-

-·· 'IJ :'fl 

I). i 110 IS ~o :o 

I I~ , IJiH.I n !•.n, ~.j 

1.1 · ' flflfl , ! ! i1P -~. 
1:-· ID•~ ,l\ 10(, ~ij 

~-1:. lll•JP ~; . 1111 ,I) 

~,p <11(~ ~(I ' '1 ~' 

l ~ ; JOOU '. ,IJU '\II 



( :I 
:-.o.!· <:ongetlC'r No. :., RT Rd RT} llRT1 

-~ ~-:1, ~tl~I. v :o. :J 'J: Ii 

"' 
I ~•~ ,, ,1 <j \ , ,, ... ,~ 

P, I ,i: 2n •1. 1· i' 0 •1?J 1o 

s 20, 21!'\I ,, . : ) i 1 f 11 ' 
:-.onl\chloN!biph~n:,h 

0 ; r,~, 21 .. 1J , ,1 ~~ 1 , ,11 ' ,, 1,, ... 10.,1. " \) I i ~,n 
•► 20~ 2~<•1- 5" ~- I I 00• 

D<'etclolor<>blpb"!ISI 

~o lQ~ "'tJ~ 1 I rd I~ I ,\t!l 't 

l.~ brltd compounds 

1:,;-:1. l'i IL JI 51 0 : 31J i 
, 1_;-:1. 1•111 . ,u ,, 1$.'111\ 

' nn. )•111. ~l ·) h • l)q . I X :1, 1-: 11. .. ~ {.•., tt'-'t~I •) 

)I 2021. 1•111. .;· } I ,;q ... -.q~ 

g ~,)<I, I•> IL :'- ~ 1 oor 
~ 1• :q i"II, H , 0 .,,, -

') ~0(.1- 1" 11, \ ti ' J 11l1IJ 

10 ~i)~ l, 1~ II, h t • ! I (n:r-.-.., 

1..~1,..1.,<1 t.l•""·!IIJ .1,-1111:ir,I, 

~ =~ .. ~" •• 1 .. :,, n J 1}_:.._1~, 

< II II I< 1 l. ~ \ I I '·--

I ~I. l' •l. .: ~ i•' , ,,t,.,..q 

L:ibrkd in)tC1l~n lnh'rn.,J ,1:1nd:.1rd, 

- I •l 11 ,(J l>( ~' 
) '· ·~ 

TABLE 2 (cont.) 

W lnd•m 
HRT limit , fllt(l4 Qu:,nili:,tlon rdwn1tt . 
•J-O!Ju.C!~,<.J. (I ::-0!1. :,1~. 
~ ,. _..., il "\Ill ~ ,,(J,ll. J J~. ' 

0 ,,. "4\, 0 ?-\: 5 ,, Jtl: l 10~1. 

-1 •; . ... , ~., t'd.• ., .. i -.\ ~l"'L 

. '"'" • f -~ ~. •'; . , f; -
I ~1 - ~- I 01 ; ; ,, :::flftr. ~CN 

ti ,,,, .. -·. 1 i.rt'(;l( .. 1 _; !tin!.. 

0 <),.9• · I r.r,:·,i; "\ ;~~ . 

u.0 ,·5.;J -.\~.\ !i'.J ~II ! ! , 

U~-·.,tllt,_~l ,, i~ ! t. 

0 '-'(•~ 1_~ .. 0 11 O&• ~( , l'IIL 

IJ ~ -~-. (IOI, !~ ~!, 11111. 

o ~-l•1·1 · .)nJ: ~~· 1•14L 
I 0011, t 0131 Jr, l"I'. , 

' •l :AA C )\ It, ~,, ,i:.,,, 
I n~~~ 1.,:H ,,; ·''"· 
I n..-. : v.i u '"' \ O .\(J · '' L. 

I\ 41f/'J • ' .~) I ~(; -~?L 

} I -l •• I o..'..:'1 ~ l~ lh l 

1 Ofj("\ I 'H .... " ' ,I . -~,• 

1J11/tLO :... , -· I •JL 

Pa;;~ 63 o f 84 

SOP Code: HMS- I 668A 
Revision: 3 
Version Dale: 01/11 / 10 

Urlr.:i i1l fl n, .. ,,~ 'Jifld nilnimu1n lt.'"''f"t.-. 

,\l.ltrix ~nd Clln('('Dtr:1Hoo1" 

\"\'utCI' O thtr r.~,r~l'I 
41•:il ·1 (n~t.~} l f'!!>'!,d ,I 

'lf\lOI. F:\11. ►;.\IOI , L\11. [ F\LL 

Ill !l..,oo : I :(11) ~~ 

, : > 11.11 11! - 'I \11\1 \ l) 

1-,, ~ ], - '•) I ::-o 
.1.1;} H1•Jt! ~- ! M I ~,:, 

,,, IIJfll, ·" 11 111 , 1) 

.1n lllllO :•, 100 ,o 

.,q IL•!.fU .)\ 11)0 '.I) 

I~) .. J"Jjj I ~ <1) ;n 
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Cl 
~o.' 

I , 
.., 

. l_ 

6. 
7. 
&. 
9. 

l 

I 

~ 

10. 

11. 

12. 

c,,n:,:_,,114.•r ~o. 
.,. 

RT R~f RT~ RRT• 

,:.~ lhl. ~~ :~ , .... ,!) t 

t•I I I. l.l.111 J,, "t :,s11,.,,~ 

t i l!I. l" lH, 11 II I 1) 100 

i'I H. 11~1. ·, · Ill I .!~JI 

'\. 11111ber of chlorine~ 1> t1 c,)ngener. 
Sulfr, "L" indi.::lll' , labek-d ;;,lmpou11d . 

RRT lln,11 ~' 

llJ,j58.,:r ..... 

tL~I•' ,-~ :.11 \ 

I) '':'"'-•· I r 01 I 

,.!- I JK• 11 

TABLE 2 (con I.) 

\\.lnd-0" 

t ►,"t:l' Q1uolll;,1l<1n rfltr~n<t . 
:5 ..\!IL 

. ' 1,/, 

IQC I~• . 

:, •~-

SOP u,Jc: IHvlS-1668/\ 
R~·v L-,ion: 3 
Vn::;ion Dale: II I ti I /I 0 

ih,fntlon llaiih .on,1 minlmu,n 1.-..i. . 

\f~l'rL, .,nd <OJK(1'lr:,Uo11"' 

w .,trr Othl'r ($lr.1C1 

111&11 I (D(!.lkgl c,~.oLJ 
1::.101. E\tl F-\101. I E:ML ~:.\IL 

\,lull ipk coogcncr, in ., h0x i11 ci i ..:;11cs .1 grnup of cilni.:ncrs that u .. ~1u1e or ma,_. n, ,1 h.:: ad.::q11.11t·I ,· r,· , >lv<:t! 0n a >0•111 S PB-Octy 1 co 111111 n. 
C 011,g.:ner~ inclmkd in th"' l-rroup arc liskd 1.1:-. th.: la~I ,·nl l) i n th.: b,l\, 
R..:1cnti1m tintl' (R I ) ·ef.:R:1i..:c· u~t:d tu h,.:al~ target ..:,mgener . 
Reti:n1i o11 l inic ,, f1arge1 ,nn:;ener. 
Rdariv, rctc:ntion time (RRT) between the RT for the congener ;ind RT 1;_1r llw r.:fer.:nl·,:. 
RRT 11111 its t>,L,..:d ,in RT\\ inuow. 
RT winch1w width n,·,,;c~s~1) 1(1 a11emp110 unambiguously id..:nti I)' the .:ong .. n..:r in lh.: pr.:~cnce o f other congeners. 
J.;iheled .:ongcners 1hat fonu 1he qu<1ntil11t ion referl·nce. Areas fn,in lh<c" exad 1w / ·, of the co1tgener<: listed in the quanlitation reference are 
suttrnh :d. ~nd di \ ideJ liy tJ1c numher or c, ngcnt:rs in the 1.jU~n1i1aliL1ll r.:fercnt·e. I Clf c:,,.,101pk. for -:~ingener I 0. the a rea» at the c·x;ic1 rn.,·, for 
-IL :rnd I 5L ar.: ,um111ed and tin: ,1m1 i~. di\ iJc:tl b} ~ (hccau"c: 1hcr.: urc: ~ 1.:,111yl'.IIC r,; in th..: LJU:lntiwtilm rl! li:r.:n.:c). 
l \:IPL~ ;mJ E/\.11 , I \·1 RI -~ 1 wi1 h ..:ommou labor:.tt(lr) intcr.li!reni::.s pr..:,.:111, a..iN r<ling 10 r,·f..:rl.'nc..: mc1h0d 1668 •\ . W ilho11 l in1erferc111.:..:,. 
I• 'vlDL '- .1nd I• \rll ~ ( 1\,fRI s I will be. re~pectivel: . 5 and 1 Ojlg, I. li•r aqueom .~ampl.:s. 0.5 and I .Omr 'l.,:! for .soi ll. t i,~u..: and 111 ixed•ph:is.: 
s,1mpk ·,. ,ttHI I ML , for exl.n.ich will bl' 0. 5pi j.!L 
lfcvogo::11 ~1, I 70L. [Jilt! I 80L :ifl• incluu..:d i11 th~ calibr;1lil 111 and ~piking so l111k111. tlic•,1: ..:011,gl:' 11 .:rs !i.h,iul<l be th.:d ,1::, RT .111J ,1l1~111ti u1til't1 
rd1:rl'n..:l·:;. 
Flir I 0011 L ~xl rJ..:!~. the L'dUL :md J.:},,JL 1,-..111.:L·n11.11ion~ mus! b,: i11,r~·J~.:<l bv a t:1c1,,r uf five (51 
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TABLE J 
CONCE'iTRA TIO~S OF :\ATIVE Al\'-U LABELED CfilORINATED BlPHE YLS I~ STOCI, 

SOLl'TIONS, SPIKING SOLUTIONS, AND FINAL EXTRACTS 

Soluriou Coureut rn liou.\ 
C' B Cougener SCork Spiklug Ext rad 

(11l!/mL) (ue.lmL) (02/mL ) 
:'-lative Toxirs/LOC 
I 20 5.0 50 
3 20 5.0 50 
4 20 5.0 50 
15 20 5.0 50 
19 20 5.0 _,;o 
-; "7 20 5.0 50 
54 :!0 5.0 :-0 
77 20 5.0 so 
81 20 5.0 50 
104 20 5.0 50 
105 20 5.0 50 
114 20 :'-.0 50 
I l 8 20 5.0 :'-0 
123 20 5.0 50 
126 20 5.0 50 
155 20 5.0 50 
156 20 :- .0 50 
15-: 20 5.0 :'-0 
167 20 5.0 50 
169 20 :'-.0 50 
188 20 5.0 50 
169 :!0 5.0 50 
~02 20 5.0 50 
205 20 5.0 50 
20G 20 5.0 50 
208 20 5.0 :-0 
209 20 5.0 50 
~atiH rnu2euer mix stork solutious 
MoC'B 1lu11 TrC-B 2.5 
TeC'B rbrn HpCB 5.0 
OcCB tlu11 DeCB -:- .5 
La bf'led T oiics/LOC /window.df>(ini112 
IL l.0 10.0 100 
JL 1.0 10.0 100 
4L l.0 10.0 100 
15L 1.0 10.0 100 
19L 1.0 10.0 100 
37L 1.0 10.0 100 
54L 1.0 10.0 100 
77L 1.0 10.0 100 
SIL 1.0 10.0 100 
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104L 1.0 
105L 1.0 
114L 1.0 
l J8L 1.0 
I ::!Jl. J.0 
l26L 1.0 
155L 1.0 
156L 1.0 
157 L 1.0 
l67L l.O 
l69L 1.0 
l88L 1.0 
l89L 1.0 
202L 1.0 
205L 1.0 
206L 1.0 
208L 1.0 
209L 1.0 
Labele<l Clran l'p 
2SL 1.0 
I II L 1.0 
l ?SL 1.0 
L~belecl Injection lnlerual 
9L ~-0 
52L 5.0 
IOIL .0 
138L .0 
J94L .0 
Dilutect rom lliued 209 con2"euer solution 
Native COHS!l'Uer,; 

MoC'B {llm TrCB 
TeC'B rlm1 HoCS 
OcC'B 1urn DeC'B 
Lnbded Toxk'l'LOC"wu1dow-cldiui1rn 
Labeled Cleau UI) 
U1l>eled Lujectiou Inremal 

Sectio1; s.:o 
~ ~;:c1ion i:. r (, 

J Sec11011 ~. I'.' 
.. 1. S.:..-:lion ~. I<> 
~- s~..:tion 8. 1 S 
6. Sec1io11 S. 16 
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10.0 100 
10.0 100 
10.0 100 
10.0 100 
10.0 100 
10 0 100 
10.0 100 
10.0 100 
10.0 _ ..._ 100 
10.0 1110 
10.0 100 
10.0 100 
10.0 100 
10.0 100 
10.0 100 
10.0 100 
10.0 100 
10.0 100 

10.0 100 
10.0 100 
10.0 100 

5000 1(10 
5000 100 
5000 JOO 
5000 100 
'-000 100 

Solution Concen1ratio11 (11giml) 

50 
JOO 
150 
100 
l 00 
100 
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TABLE -4 

') -
10 
9 
6 
s 
I 01 
11 
JO 
27 
32 
3-1 
26 
31 
,, 
.' .) 

36 
38 
35 
50 
45 
52 
--19 
75 

41 
72 
57 
63 
66 
79 

COMPOSITION OF Il\'.'DIVIDUAL '\ t\.TfVE CB CO~GE~ER SOLCTJO]';S1 .. . 
AccuStandnrd Cataloe Number 

M -1668.-\-1 i\'C-1 66SA-2 \l-1668A-3 ;\·J-1668A--4 J\ I-1668A-:-
7S 161 7 11 7 13 86 25 I 
SI c,3 s 11 J 17 I 16 21 ~ 

·' 
96 130 12 I 07/l OS 29 109/107 69 -l 
103 129 18 118 20 154 -~7 I ~ 
9~ 166 24 J ]4 ~6 1 17 -l2 I 'I 

8S l."9 23 150 65 140 64 Ir; 
89 167 28 145 59 146 70 ~.., 

·' ' 

92 156 12 135 40 14 1 102 5 I 
J U 179 39 149 67 164 97 p 
s~ _, 176 ~3 139 76 158 I 15 -l-1 
l l9 178 51 132 80 182 123 74 
87 175 73 165 93 l 74 134 56 
85 183 4S 168 84 173 13 j 77 
~2 177 62 137 101 193 163 I 0-l 
120 171 71 160 112 180 98 
124 172 68 128 125 
106 191 58 162 11 0 
122 170 61 157 126 
105 190 55 184 1.-.5 
127 201 1200 60 186 D8 
152 204 94 187 l(N 

136 :WO/ I 99 100 185 188 
I "18 198 91 181 IS•I 
l 5 I 196 121 192 202 
144 195 90 197 205 
14> 194 99 199/201 20S 
l '12 207 .108/ I 09 203 206 
133 209 

Total Nuu1ber of Congeners 
83 54 29 j 5 I 28 

I. C C\1tge11..-r, p re,cut in e:ich stanch1rd solution nre listed in elution order for ench l1!\·el of chlo, in.anon. See 11t, le .l lnr 
concemrati,,.ns of cougcne1 s i11 , 1:ock soh1t iort.\ mid Tobie 5 for coucentrJlion~ 111 " ,1hbr111ion , mmlar<l· . 
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TABLE 5 
CONCENTRATION OF CB CONGENERS IN CALIBRATION AND CALIBRATION 

VERIFICATION STA.l'l'DA.RDS 
Solution {'On cen1r:11io11 (n g/m r ) 

CS-0.2 I I CS-3 

I CH cong('n, r ll'. PAC' (Hi sen.sf C'S- I CS-2 (VER) CS-4 CS-5 
Nnliw T o~ics/LOC 

:.\f.Jl'H 1 n·: I n <; (1 ,r 41~ I :n,1(1 
J .MtlCB J <L! I II .:<- , 1 511 ,1111 ~llOll 

: .:::--oira 4 ,1 .! IO 5 11 511 -1111 ::uuu 
4,4' -1 J1(.' B 1., (I.'.! 10 , q 'i(I 4n, ~l11 1KI 

~.: ,n TrCB 19 ( I '.; I H ::, " ~11 1111• : q lltl 

3.-1.J'-Trt'B 37 IJ.~ Ill ~ ll 51) -IIIV ::,uv 
:.1' .f1,t1'-TeC B 54 0 ;- I ,, ,n ,v -11111 :;'11111 -- --J .. , · .• 1 .. ;•. r cl'B 77 ~•.2 I t• 51.1 sn ,11111 :?11111.1 - -
3.4.-1' .S-T,·,.:.B <- 1 ♦) :! I 11 ,5 l l 'll .J1ijJ ::11w 

2. ::'.4,6.c;• -'PcLr\ \n-l ' • l IO 'it fl ' ll ~!ii liJ11f1 

.:_,.3• ..;, . .-. Pc:<"A IOS t..!:? I II ~' I ,,1 .JOI I ., lilO - -l . J.-1.J'.;, .J•~Cl-\ 11.:1 •.I:? II II ;) l1 'i,i .JIii I Jtll 111 

.:u· -1,J' 'i -PcCB I \i (\ ~ I {1 <, ,, '11 4 11("1 .::, ,1111 

~' .J.--1.-1',S-P<l"B 1~.3 a.'.! I II .,_,) ~f! -ion ::UtJfl 

.U'A,J',5-Ptt:'13 1.;:v I).'.! I \l :- I) :-0 .. mv _, "'" 
2,2' .4 ,.f .6.6'-il -c{'U lS"i II.~ 10 'Ill <\11 -It,, ) :l l1lO 

:,).J'.·1.-;· 5-11~, ~B ,~,, IJ,1 1.0 H 1 51, ➔00 ~ UPI\ 

1.1 .. \' .·H'. )' - IL'<C B 157 ;.) ,, I 11 .HI <;I) -10(1 .c1J1/tl 

~ 1' -1,.f 5. <,'.lf!(.t'R 1u7 " ;. \.~• <\ " :,n -1(111 :uuo 
.U ·H '5-' -Hx("B j (,•1 J? I , I :S ll .:iU .:111!1 ~ •)1111 

.::.~ .3 • ..i '.:>,t>.<i'-!JriCB ,~,. l l, :! 1 {I '.' I) 'II) -IUV ,, .. ~1 

.::.J 3',,j,-1' ,; '-·•HpcB 1 ~•1 ll;:. I" <,n ~ii 4 1)11 ::, "' !, ..., ; _,,r< "'' ,li,6' -0..:C 8 -;JC , j 2 I.V ) .(.l .'.'l' -10 11 J th !ff 

.:: .3.3 .-IA'.55 " l,-Oct-ru ;:n~ l :!, '" ~o 'II) -1111\ ""• •J4J 

.:: .::•. :") , · -1,4'5 ""l•-"'~-.C'R 2116 112 Io "'l'I "" -1011 :::0101 

~-~·..3 l'A ,<; ~• 6 6'-~u•"B ~s 01 1.0 So 50 . 1, ~. ,::.-11~) 

(.JeCO 2ll'l 0 :! 1 (I : o :-0 .J~IIJ ~.,, ~) 

Labt,ll'{I T o>.ic,JLOC/li·i ndo"· . d.,finhlJ( 
1 <~ - :::'.-MuCB IL IOL> I I Kl IUI.I 1 t)(I 100 11 ~l 

~: ,, • .J..MOC.: D JI., 100 IO(.) Jill) !Vt) ltll l l1 "-1 

lie_- -.:'.,2'-Dirt\ '1L I I/I.I ,, ... , 11 1:, , 11(1 I,., h(l -" f' ,--1.-t'. !J,l H l.~L. 14)1) I l.ll lull I 1111 1110 JP(l 

1 'C - 2.2'.<i' -T1<"1.\ 19t. IOU l t l<) 1011 1,11, lt}tJ h~J 

c,,-3A • ..i t rCB 17L 100 11,1 ,,vi l• JO I 1'111 lfl(l 

1•,_- , •.• t 2· ~.6'- lert', 5-ll ll'lll Ii~ IIIO lt•l lOO J Iii! 

' 'C_ .:;. >',-1 ,-1'-Ti:t~ U. 77L. IUl-l t110 H(l IOI) •~J It") 

•c:,,.J .-l 4' "' ·T<!CB ~IL 1011 11.1,·, l(U 1•JO tnu 10. 1 

'c,,.:::~· 4,6,c,'.J '.:<~1, 1041. It~) I ll) IOU ) 110 I 1111 1111.1 

t.~u-;:.1. V.J.4' -P,·C"H I 11,1, WO 11-.1 IIYJ I 1.11) IOU tu, 
i._" ,-1. ~.-1 . .:- ~-P,iC'lJ l H I. 14)() Jut! !('If• JnO [1111 111,•, 

' L'1:- :'.'. J'.4,..!',5,-1-\:CEl 11 ~I. 100 IUII IW Ilk) \ (W) JO(.l 

' 'C,/Z',.3.-1 ,J .5-J>eCB 1:3L lllO lfll') 1no 100 ,,~, ) I .t J 

' \ ' , .-~ •. , • 4,-1'. ••-~C R l :!11I. 100 100 I n<J 11)0 IV'-1 IO() 
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CB congener lUPAC1 

11C"' i:·'2,2'.4.~',t,.6'-HxC'B l55L 
' 3(\~2.J 3',4,·1'.S-HxCB 156L 

1 'r 1 -2-.3,3'.-t-41
, "'

1-fl,:C'B !57L 
' 'C\ -~ 3' .4,4'.5 :'-'-HxCB J(,7L 

;,rw .1, ::.· 4.,r.5 '.i '- llxCl'>. 16.91 
,-_- ,~-2.~'3.4'. \6.6'-HpCH I ggr. 
1
' ( ' l~-:~.3,3' , 4,~'.55 '•JI prJ3 I ~<J!. 

' 3c,, .. 2.~•-3_3',S.5'.6,6'-OcC l3 ~O~L 
''<' ,.-.'!.,. ~, 4.4.5 ''.•i...OcC.13 2◄ 15 ! 

'~: -:: : \ 3.YA.4',5.5'.6-NuCB .::<klL 
1 '11--::.1·.1.3' .. ,' .5,5'.6,6'-Noi'. ' l:\ 1(i8L 

1)c ... n.:n, 209L 
Lobeltd clc,\n-uf) 

"C ,/ ~,4. -1 '-TrrB ?8L 
: ·c,~-~.3.J' .5. , , -P.!CB 11 lJ. 

'·c ,:•2.1' 3,3',.5.5'.c-;..llpCl3 178L 

L~bcltd injt' t tion ir1terni,I 
1'e,,..:~.5-D1CB 9!. 

''C' ,.7 .. 2.2' ,5.5' -T ~CTI 52L 
1' r 1,-:!,:.' -r : ,5'-PeCB JOH. 

"C,r2.2'3,4 .J'.5'-Ilx,~'B !:,SL 
,;C',~-2.~',3.3',~.4' .. '.\5'-0cCB 194~ 

I . Suffix ·'L ·· i.11dic<1tes labeled compound. 

TABLE 5 (cont.) 

SOP Code: HMS- 1668A 
Revisiou: J 
Version Date: OI/J J/10 

Solul ion roncentr.1tion (ng/m L) 

CS-0.2 CS-3 
(Hi sens)2 CS-I CS-2 (VER) CS--' CS-5 

100 100 100 iOO I'·" I 100 

IW WO 1nt1 lll(I 100 10n 

11"1 I ti( I I Uti Im) } 11() If ll'J 

100 I Ill) l pn i Ou l •"JO IO(J 
llX) 100 lM 100 10() j I ll) 

l ( M) 1,10 i 0(1 l(JU l tlU 11 I\~ 

l(M'I hll! I 0() 100 l I NI I I 1\) 

100 100 100 100 IC•J lt)(l 

lf)(J IC)\) l~JO l O(J IOo Ir)() 

] (;H jl)\} I Vl I 11111 too i•Y.J 

Jo(r l()(l I or1 I Utl 100 100 

) ( M) IOU ! !JO (()() ICJ(J fn(l 

l Oo 100 J ()() 10(.l lllO I l Ji) 

IOU IOO WO 111(1 I 1lCI l( Jl) 

100 l (in \ l)ll l t)(J iOCt ] 1,11.) 

JI.M l )01) 1nn 101) 1, J\J j I II I 

]Ofl IOU I 01, l ( l~J l• lO j •Jl) 

100 100 I u, 1 fu(J 11111 l Ot) 

li.1O I 1)() 1 ()LJ 1011 J{VI 100 
1 f\() I 100 lvv 100 • ()(J j 1'J(j 

"> Addilion11l couceotration used for catibrn1io11 of high sensiti\'i!)' HRGC/HRMS ~y,tems (1101 used by 
C AS/Housron). 
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SOP Code: HMS- I 668A 
Revisiou: 3 
V ersio.11 Date: 01/J 1/1 0 

TABLE6 
QC' ACCEPTANCE CRITERL!\. FOR CfilORI.J\ATED BIPHENYLS IN VER, IPR, OPR, A:\ D 

SAMPLES1 

IPR Lal>Eled , 01Dpouod 
Cougeue!' Tf~! cour 1·eco,·r, -:i, i11 

C'ou geue1· 1,uwber· (ugtml)' \"ER '(%) RSO (%) X (%) OPR (%) 
sn.mples (0,o) 

1-ivloCB I 50 :'l1-1.30 .10 !>0-1,10 50- 1 ,I) 
4-MoCB 3 50 70-1 30 40 60-140 50-150 

2.2'-DiCB .:t 50 70-130 40 60-1-10 50-1~0 

4 . .J'-DiCB l5 50 ;o. uo 40 G0- 140 :i0-150 

2 2'6-TrC'B 19 50 70-t.30 40 60- 140 5u- l ~o 
3.-lA'-TrCB 37 50 70-I JO -10 60-1-lO 50-150 

2.2'6.6'T .:CB 54 50 70-130 40 60-140 so-1 .,0 

.U·.4.4'.TeCB 77 50 70-UO -ll} 60-140 :'!\-150 

J . .J.4".5-TeC'B S l 50 70-UO 40 60-140 ~0-l'O 

~.2'.-1 .6.6"-PeCB 104 50 70-130 40 60-140 S0-150 

2.J .J '...J .-1 '-PcCB 105 ~o 70-UO 40 60-1-10 50-150 

~.>.4.4' .5-P.:CB 114 50 70-UO 4(1 60-140 50- 150 

.?.3'.4.-f.5-PeCB l l S 50 70-130 -10 60-1-lO 50-150 

~·-~.-1.-1·.5-PeCB 123 50 70-1 JO -10 60- 140 50-150 

3.3'.-1.4 '.5-PeCB 126 50 70-130 -10 60- 1-W 50-1:'0 

.l.~'_.1.4·,o.6'-Hs.CB 155 50 '.'0- 1,;o 40 60- 1-10 50-150 

2.3.3' .4.,r . 5-H.,CBl 156 50 70- 130 40 I 6n.14n 50-150 

1 .. 1.J·A.4'.5'-HxCB! 157 50 i 0- 13() .. w 60-140 50-150 

:'..J'.-1.-1·.,.5'-HxCB 167 50 10- 130 -ll) 160-1-10 S0- 150 

3 .. \ ',-1.-l'.S.5'-HxCB 169 50 70- IJO -!O 60- 1,10 50-1~0 

.::.2· .• ,.-l '.~.6.6 '-HpCB ISS 50 70-IJO -10 (\O-J.;o ~0-150 

:U.J'.4 . .J',55-HpCB 1S9 50 70-UO -10 60-J-lO 50- lSO 

~.2'.3.3'5.5'.6.6'-0cCB 202 .so 70- 130 -10 60-1-10 ~r)- 1~0 

2.3.3'.-1.-1'5.5' .6-0cCB 205 50 70- 130 40 60-1 40 '.'0-1:i\l 

.L!'J,.i'. tJ '.55'.6-NoCB 206 50 70-1..10 -10 60-1-IQ 50-150 

.!.2'.J.3.'-1.~S .6.6'-NoCB 208 ~o 70-130 40 60-140 50-1 so 
D<'.CB 209 50 70-130 -10 60-1-10 50-150 

1· 
'C' 1:-~-MoCB IL 100 50-150 !iO 20-U5 15-140 15-150 

uC,~->1-MoCB 3L 100 ~0-150 :-0 20-U5 15-1-10 ·~- 150 

1;C1:-J.~'-DiCB 4L 100 50-150 50 35-1 .,5 3U-I-I0 25- l50 

13C ,,.,1.4·.D;ca 15L 100 50-150 50 .,:--135 30-1 -10 ~'.\- 150 

·=.'c ::·-~.2' .o-T rCB 19L 100 50-1 '.'-0 50 3.5-135 30-l -lO 25-1 '' : 
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I. 

3. 

5. 

1'c 1:·-~ . ➔.4'.T1('B 3iL 

1 'C l!"_:,~•.6.6'• T eCB 54L 

1;( 1'·.U'.-l,4'-TeCB 77L 

l.•c. -5.-L-1".5 -TeCB SIL 

1;C11•.!.2'.4.6.c5'-PeC8 104L 

1.•c ?; ·2 .. U'.-l.4'-PeCB 105L 

l!c 1: -1.3.-l,•f .~-PeC8 l 14L 

1 lCp-2.3'.4.4'.5-PeCB I ISL 

'\ w::· .. t -1,-l'.5-PeCB 12.lL 

l lc :~-3 .3'.-t-l',5-PeCB 126L 

1 ~(' 1 --:!.:!' ,.:I ,4'.6.6'-thC B 155L 

"c-1}-~---u·A.-r.5 -H.,CB~ 156L 

ll( 1~•:.J.,\ ',-t-l'.5'-H.xCB5 157L 

l.l( 12· :.3' .. l . .J'5,5'-HxCB 167L 

1 \ . ,. J.3'.-1 .-1·.:-.s·-H.~cs I ~•i1l 

· ·l. :~-2.::!',J. -l'. '.iJ.o'-HpCB 18~T 

L · ·-2-.J.J '_.l,-l',55'-HµCB IS'lL 

1 
\ 1~-: . .::· .3 . .\'.5. 5· .6.6'-OcCB 202L 

ll•cw.:: . .-.,;· ;,.i' .~.5'.6-OcCB ~05L 

1\-· : :-~-~·.3.3' A.J' ' . , ',6Sc1L'B 20<5L 
.. 

:,C1~-2.2',3.3'.U .5'.(,.Ci'SoC8 ..:osL 

1 
\·: ) ·~ -~'.3. 3'.4.4'.55.6.6'-OeCB !09L 

C/e(ll111p s1t11uford 

13C t: •.2.-l.4'-TrCB .!SL 

i;C,:-2.3 .. r .:t.5'-PeCB I I IL 

11( 1: -2.~' . .U'.5.5'.6-HpC-B 17SL 

TABLE 6 (coot.) 

100 50-J 50 50 

100 50-150 50 

100 so-1 ~o 50 

100 50-150 50 

LOO 50- 150 50 

10n 50-1 ~o 50 

100 50- 150 50 

100 50- 150 50 

100 S0-150 50 

100 .S0-1 50 50 

100 50- 150 50 

100 50- 150 50 

100 :'-0- 150 50 

l!l·. ) 50- 150 5ll 

JOO 50 -150 50 

100 50-1 50 50 

JOO 50-1'-0 50 

JOO 50-150 50 

100 ~0-) 50 5U 

IOO ~0-150 50 

100 50- 150 50 

100 50-150 50 

Ju{) 60-130 -l5 

JOO 60- 130 .J5 

100 60- 130 4~ 

SOP Code: HMS- I 668A 
Revision: 3 
Vic>rsion Date : 0 l/11/10 

_\<.135 30-IJ0 25-151J 

35-U.5 J0-140 25- 1 '-1) 

35-l J~ 30-,-lv 25- 150 

35- 135 30-1-l0 ~~- • ' ·· 
35-135 30-1 ;\i) 2~- 1 ~o 

I 35-135 J ( ).J .l-<) 25- 1 '-0 

35-135 30-! 1,.1 :!5- 150 

.l~-135 30-140 2 5- 150 

.15-135 30-140 25-150 

35-1 35 30- 140 : ,. , , 11 

JS-135 30-1-10 ~5. 1, 1, 

.\5-135 30-1-10 ~5- 150 

35- 135 _,fi- 1-111 25- 150 

35. 1.35 30- 140 25. J,t) 

35-1 3 5 J Q- 1..jt l ~5-1 50 

35-135 J0-1-l0 25- l <. • 

3 5. l.~' J0- 1.:l0 ~.'·I 50 

.~:--135 30- 1.:10 ~5- l 50 

.35-1.l 5 30- 1-10 .::5 -1 50 

.\5-U5 30- 1.J(I ~5-1 , ;, 

J~-) 3'\ 3,;.1 .10 25-150 

-'~ -l J~ 30-1.J0 _25.1<,: 

4.5-1.:!0 .:lO-l:!5 l lJ. 1_15 

.:l5-110 40-1 25 111- 135 

-l5- L!O -lfl -1 ~5 30-135 

QC' :l( ceplance cri!eri.~ for lPR, OPR. aud siimples b,he<l on ii .:!01u... extr:i.:1 fuial volume. 

Suffix ' 'L" indicales labeled compound. 

S<?e S<?ction 11.4. 

PC'Bs 156 .1ud I :- 7 are tes ted as 1he sum of two concentrntion~. 
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SOP Code: HMS- I 66~A 
Revi:.io 11 : 3 
Ve1,10u D11 te: 01/1 l,'IO 

TABLE 7 
SCA~ DESCRIPTORS, LEVELS OF CHLORI~ATJON, MIZ lNFOR.MATCOi\' , A 1'\ .. D 

SVBSTA ... 'JCES lVJONlTORED BY HRGC/HR_'\,JS 

Function and 
dt.lorint.~ leH~I 1n/:z 111/z t:,ype m/z formula Suhstaru:t.· 

f n-l ; Cl-l 188.0393 lv( •~c,1 H~ He, C.1-1 CB 

l90.(>:i61 J\I: 2 1!c .. H 11c1 . . , Cl-l Cl3 

200.0795 M "C,2 H9 ,5Cl i,c 
IJ Cl-1 CB 

202.0766 !\'( + 2 13C 12 H, ' Cl h( .. CI- J CB 

218.9856 lock C.1 F9 PF'.K 

Fn-2; Cl-2,3 222.0003 M '!c .. H 35Ct , ., S 2 Cl-2 PCB 

223.9974 1,.-1 +2 i2c: '· Hs 35CI j . Cl Cl-2 PCH 

225.99--H J\11+4 11c H 3~c 1 
t l S 2 Cl-2 PCB 

234.0406 Ivl ,:ic H 35CI 
.- ! ! S l 

uc 
.~? Cl~2 PCB 

236.0376 1vl+2 • c H j~c, ,~ c1 
I Z 8 

Jl(' 
~2 Cl-2 PCB 

242.9356 lock C11 F, Pfh 

255.96 13 !\-1 1~c 11 H- 3 Cl, I Cl-1 PC tl 

257.9 5lN M · 2 uc,: H: 1"c1J ~-c, CI-J PCB 

f n-3 255.9613 ivJ i;c ,: H
7 

·Bc t3 Cl-3 PCB 

Cl-3.4, 5 257.95~4 M+2 11l \z H, :,·c1, ' 7CI C'l-3 PCR 

259.9 554 M+4 11Ci. H; 3-'Cl 37Cli Cl-3 PCB 

268.0016 tVJ 13C H- 3~Cl 12 : l 
l.i(' 

• : ? Cl-3 PCB 

269.9986 ~1-2 1:ic
1

• H~ 1~ct ... ~c1 
k _, 

HC 1· Cl-:\ PCB 

280.9825 lock C,, F11 PFK 

289.9224 ~:( 1~c H 1~c1 1: i; 4 
Cl-4 PCl3 

291.9 194 ~'(+2 •!c .. H . Hc1. · c1 
. " . Cl-4 PCB 

293.9165 M+4 1~C1z H6 J!Clo . 'Cli Cl-4 PC l3 
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fw1ction and 
chlorine level m/z. 

301.9626 

30-1.9597 

:-123.8~34 

325.8804 

327.8 775 

337.9207 

339.9178 

Fn-4 289.922·1 

Cl-4.5,6 29L9 J94 

293.9 165 

30 1.9626 

303.9597 

323,8834 

3'25.8X(H 

327,$77.5 

330.9792 

337.9207 

339.9178 

359.8415 

36 1 ,~.18.' 

363,.8356 

371.8817 

373.8788 

Fn-5 323.8834 

SOP Code: .1:-IlvlS- I rir1:--. ~ 
Revisio11: > 
Ver--ion Date: 0 1/1 l/lO 

TABLE 7 (coot.) 

m/z t)'pt- m/z formula SuhstmH'(' 

!d he H 1~cI ll (, 4 
:·,c •; Cl-4 rcn 

iVf+2 i l c • H 35c I_ 1~c '1 
} .. ti , I i•c ii Cl-4 P<.:H 

~I •
2c 11, 1~c1 tl .., <1 Cl-5 PCB 

!\h 2 :1c,i H5 :.!Cl,, 1·c 1 Cl-5 PCB 

1vl+4 12Cu H5 35CI, .nc,.:: Cl-5 PCB 

M+2 11<: 1. H5 ,~c1,4 re, nc u Cl-5 PCB 

M +4 :;c,. H5 Hct -··c1, 
JO t, J -

" (' 
· ll Cl-5 PCH 

M 12C. H. i
5CI 

I : · t, ·• 
Cl-4 PCB 

M+2 ,icl. Hf. ''Cl. PCJ . ' , Cl-~ PCD 

M+4 12C H 3!CI 
. 
Cl2 Cl-•~ PCB 1! C 2 

.M+2 nc H HC'I .iwC) 
l l ~ 3' 

,1c 
I ! Cl-4 PCB 

?vh-4 1"c 
1

• ni-. -,~c 1. •'c1, "<.: Cl-4 PCB . . . u 

M 11C. H J!CI , . 5 5 Cl-5 P( B 

?vH 2 1~c H ·~c, 
U .!' I 

·c1 Cl-5 PCB 

~-t 1-,1 i:?c ~
1 
H. ,:<ct, :i ·c1 , Cl-5 Pen 

lock C': F,i Pf~ 

M+2 "C\; H , '~Cl4 ·' ·u ,:ic 
l l Cl-5 PUt 

M-4 :'C . H 3!CI r el 
, • 5 3 2 

13c u Cl-5 PCB 

M+2 13C
12 

H: ,set 37Cl Cl-6 PCR 

~h4 1'C H jJCI •·c1 ll .,. I •• • Cl-6 P( 'fJ 

~l-' 6 uc u H: ,:-0
1 

' ~c1
1 Cl-Ci PC. B 

M+2 13C , H 3~CI r el ,. .. } •·c 11 C l-6 Pen 

]\'1+4 ' 3C H 3~c1 J"ct 12 ~ 4 · l 
!•c 

ll Cl-6 PCU 

lvJ 1!c . I·t ·~c1 l a • 5 CJ-5 PCU 
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FuJ1ction and 
chlorine- kvC'I m/z 

Cl-5,6,7 325.8804 

327.8775 

337.9207 

339.9 J78 

354.9792 

359.841 5 

361.8385 

363.83:56 

371.8817 

373.8788 

393.8025 

395.7995 

397.7966 

I 405.8428 

I -107.839$ 

454.9728 

Fn-6 393.8025 

Cl-7.8.9. 10 395.7995 

397.7966 

405.8428 

407.8398 

427.7635 

429.7606 

43] .7576 

SOP Code: HMS- J 668A 
Revjsion: 3 
Version OMe: OJJJ I/J O 

TABLE 7 (coot.) 

m/2 l)'Pe m/z f01mula Substance 

?v£+2 l!C H '~Cl 17CI 
12 j ~ Cl-5 PCl3 

M+4 l?C\i u. He,, 3;c1l Cl-5 PCB 

1'H2 : 1cu H < .l! c-1, 3 :ci !Jc 
ll Cl-5 PC B 

M ·r 4 13C Ii 3~CI j~Cl 
1J S 3 2 

i:,c 
I l Cl-5 PCB 

lock C\F1:1 PFK 

M+2 !~cl: HJ 15Cl5 31Cl Cl-6 PCB 

M+4 nc H 1~c1 17CI 12 : ~ l Cl-6 PCB 

M.+6 12C _ H '~Cl- j
7Cl. 

) 1,. .:. ' ,i 
Cl-6 PCA 

M+2 13C H ncI 1~CI l2 ., ~ '"'C: u Cl-6 PCB 

lv£+4 Ile 12 H., 35c14 37c1" i:;c 
12 Cl-6 PCB 

M+2 :.tc ti l 1, 55C1, n c1 Cl-7 PCB 

'lvl ~4 1~c 11 ·15Ct ;·c1 n J 5 1 Cl-7 PCU 

.M+6 •~c,! 1-1 , 1~c1
1 
~·c1

1 Cl-7 PC I) 

?vr l 2 1'l\l H. ;}Cl" 17C I 
J 0 

''C 12 Cl-7 PCR 

:vH--4 !IC,: 11; J>c1.,, :nc1i 11c 
IJ Cl-7 PCB 

QC c 11 F,. .PfK 

:M+2 1!c 1-1 . ~!c 1 37Ct 
ll - ~ (> Cl-7 P-C IJ 

1vJ+4 l!c H. ,sci 1''CI n .• , i Cl-7 PCU 

M+6 !'.!c .. H. 33Cl :l7CI 
I G ~ ,$ ! Cl-7 PCB 

'M t 2 1jc ,.?: H~ 3~c,(, J' c.:1 0 c 11 Cl-7 PCR 

M ~4 IJC H l'Cl 37CI 
· t! • ! l 

13(: Cl-7PCB u 

?v(+2 i!c 12 H, 1~c,1 3:c, Cl-8 PCB 

M+4 l!c H s~c, ··u 
ll ! G 1 CI-S PCB 

~ .. [ -6 11C 12 H? 3~CI ! 3'Cl3 Cl-8 PCB 

Page 74 of 84 



Function and 
4.•hJ011nc lc-vd m/z 

il39.8038 

44 ] .8008 

442.9728 

454.9728 

-161.7246 

463.7216 

465.7187 

473.76qS 

475.7619 

495.6856 

497.6826 

499 .6797 

507.7258 

509.722.9 

5l l.7199 

SOP Code: HMS- 1668A 
Revisiou : 3 
V~rsion Dtlle: 0111 1/l0 

TABLE 7 (cont .) 

ru/2 type mh. fo1mula Subst..mn' 

M+2 nc,. H., 3!CI. i;cl . - ] 
13

(' Cl-8 PCB u 
I 

M+4 13C .. Ii.., 3~c1 1 'c1 u .. 6 l 
•ic 

12 Cl-8 PCB 

QC C.
0 

F11 PFK 

lock C\1 Fn PfK 

fvf+2 •~c; HI J!Cls 3~CI Cl-9 PCB 

fv1+4 12c H 1~ci 1~c, 
! 2 , ? 2 C!-9 PCB 

?-d+6 •~c H 1~cI 37C) 
12 l G ~ C~-9 PCB 

?v1+2 13C 12 H, 35Cl8 
37CI .,C .. Cl-9 "PCB 

!-

?v1+4 13C H :l~c, :nc, 
' JZ I 7 l 

1 '('11 Cl-9 PCB 

~,1+2 11c 11 H"' 35cI
1 

:,~c1 Cl-10 PCB 

M 1·4 I.!(' • ; 5CI r c 1 
,... S 2 Cl- lO PCB 

M+6 ::c J~CI ricI 
• 11 ; J Cl-10 PCB 

.'vl+2 uc .. H. 1~c1 r e l 
· ~ .• 9 

,3c 
t 2 Cl-JO PCB 

-
i\{14 13( ll H, 3lCI~ r e l: 13c 

I ,! Cl-10 PCB 

M IG 13C 1-L 1~c 1 ,l ·c-1 H .. ~ -I 
13(' 

IZ Cl- IO PCR 

Not<: C-AS/Houston utilizes 11 7 fonc1ion acquisi1iou program. 

l!>o lopic 1uAssc!> 11so?d for accurate mass calcularion: 
1H 1.007S 
,:c 12.0000 
13C 13.0034 
Jj('J 34 .9689 
57CL 36.9659 
'"r- 1 S .9984 
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TA.BLE 8 
THEORETICAL ION ABFNUANCE RATIOS AND QC LL\IITS 

C hlor ine atoms mh's forming r atio Theoretital ratio Lower QC limit Upper QC li n1it 

I mlm·,-1 3.13 2 66 .Hi•i 

.., 
m/(m+~) 1 . .56 l.31 l.79 -

3 m '(m-2) l .04 (1,$8 ) ) l 

4 mt(m .... :} 11, 77 11.6~ ll),<1 

s (m1·'.!}'(m+4) 1.55 1.3'.:. l.7o 

6 \ nlT2}'(n,T4) l.~4 l l l'i 1.43 

7 (m , 2)t(m+4) 1.05 I_I. Rl) l :1.1 

8 (m"' :):(m , 4) 0 ~9 fl 76 l.1\~ 

9 ( m a ::; ·(n,-,-4) 0,77 0.65 I IS•) 

to ( rn~·~) (m~ 4) ll,69 n 'i9 n.n 
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TABLE 9 
SUGGESTED SAMPLE QOANTITIES TO BE EXTRACTED FOR VARlOUS MATRICES' 

IS:imple m a 11·h1 x:11npk Ptl'('fQI 
PhllSl' 

Quanrit~· 
~olids exrrn<'INI 

ISiugl~-pllllse-

p,ink.iug: water 

v\qtt.:<'ll< Grotu1dwa1er <! - .' l(n,ou. 

'T1·e,ued w~stew:iter 

Dry soil 

Solirl ,..ouipost ·20 Solid 5- I0g: 

A.sh 

WMtc solvent 

Org,mic W<1$te oil <.) Organic 5- I0g 

Or~uic polyrner 

h"i\;llt' 
-ish 

- Org~mic 5-! 0g 
IHuruau ~dipose 

t\ l ulli-phM~ 

lliquid/Solid 

KVet soil 

IUutreate<l eftluc11t 

Aqtte,,11, $olid !Digested wtu.uc ip~l ~lu<lge 1-.rn Solid 5- I0g 

IF ilter ,,,b, 

rPaper pulp 

Oqinru-: w lid 
llnch,,;n-ial sluclge 

1-100 B01b 5-I0g 
Pilyw:1ste 

ILiquid!Liquid 

II.11-procc,, efOu~ut 

A.queou» or~:iuic ~un·ea;eJ dflueut • I Or2,., nic 5,: :•,~ 

IDnun w:iste 

"-q\1eou,:or\!:111ic·\olid 
Puu·e~tcd cft111tu1 

P 1um Waste 
>I Organic & ,olid 5-I Og. 

I. Tbe quaut iry of sample ro be exb·acted is adju.sled to pro\·ide 10g of solids (dry we ight). One li1er of .iqueous 
san1ple5 con1ai1ung one percen( :;olids will contain I Og of solids . For 11queorn, ,.amples con1.iinu1~ gre:11er th1111 one 
percent solids.;, le55er vohune is \1sed so that I Og of solids (dry weight) it·il1 be e:-m-.icted. 

: . The s111nple matrix way be amorphous for :some sam ple::.. In general. wheu the CBs are in contacr with a muhi-ph,1~e 
sy~!em i..11 which one of the phnse~ is water. they will be preferen tic1lly dispersed in or ad.,orbed on the el1en1ak 
p!ia,,e bec;m~e of their low solubility in water. 

3. Aqueom ~amples are filtered after 5pikmg with tl1e labeled compo1u1ds. TI1e fihn 11e 11nd rhe urn1eri11ls I rapped on the 
filler are extracted ~epma!ely. aud !he e:i-;1racb are combined for clean up and nnaly~is. 
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QC- Antvit-.· 
Method Bl.iuk 

liistrnmenr Blank 

b1i1inl C:ilibr:11io11 
Surndards 

C'o111inui11g 
Calibra1io11 
\ ·en fic;i tio11 
S1:i11cl:ird 
( C'C'\. 'VER) 
L;1boro1101y Courrol 
Sa1u,ple (LC S > & 
Dnµlic111e 
Lnbo111101y lo111rol 
~ample (DLCS 1 

Labt!led St,rndnrd 
Reco,·eries 

Recovery of labeled 
standa1d for 
corupouud.<; 
S11111ple Re5ull's 

S;iiuple Results 

S;imple Results 

N111in ions 

SOP Code: HMS- l 66SA 
Revision: 3 
Version D~ te: 01/1 I /J O 

TABLE IO 
CORRECTIVE ACTION SUl\1.1\'L.\RY TABLE 

l 'uRcceptnl>le C1iterfa Recom.mendt'd Correcrive Ac-riou Docuuurntarioo 
>MRL. > 1/10 sample Analyze 11.11 iustntJUelll bl il u.k 10 C'cin·ecri,·e 11c1io11s 
cone. demoustrnte iustmment 1s free of must be documented 

possible cont;intinntion. E,·;ih1a te as a non•confon ni,y 
,,..·betber emi.re s;11uple batch must C'ornpound~ 
be re-extracted. depend in![ on 11.ssociated w11li a 
clienl specificatious. value in the MB al'e 

tlagged "·ith · B · 011 

Fo1111 Is . 
>MRL Determine cause of conta1uinarion. Reso1'·e bl,uik '~"ue 

Analyze ;m acceptable i11sln 1111eu1 before proceeding. 
blank prior 10 analyzing .in;ilytic;il 
sequence. 

.± 40%, na1i,·e ~t~mdards Reanalyze standards. If s1ill Rc?~o\l: c? [(' AL 
= ::;Qi>,;, labeled sraud11rds 1ui:tccep1able. remake s tandards s1andardi. i:,:,ue 

and reanalvze. before 1>roceed u12. 
> RRF: ± 40% 11atiw and Reanalyze sta11dard. lf s t i.U C'ou uue111 in ca,\! 
.!. 50% ltlbeled for unacceptable. recalibriue aud l\"111'.l l l\' <! . 

begi1u1ing cal reanalyze samples from l;is1 
Ending CC.A..L no1 ac-ceprable CCV. 
required for I 666A 
S0° o · ,·alue> 151)0 o If LCS or DLCS out. evaluate the C011uuen1 u1 c:1,e 
-,so~·(, RSD labeled srarnfardh ) associared wit.h u:irrari,·e. 

the compom1d(,;). U assm:iated 
lal>ekd .~tandards Olli. e,·a.luale ,tie 
a,,,)ci:ited b11:>eled ,;,mdard(;, l i.n 
U.1e s.au1ple(~)- Lflabekd 
standard(:;) iu 1he ,;unpleb) i~ out. 
re-extrnct tl.J.e ~ample!t. ehc?. release 
the te!>t re~nlt,:,. 

•. accep1,mce c11 te11a for (owplele an NCAR fomi aod re- Add .u1 'Rr: · ,uffo: 
;,II lllbeled , 11,mhmi~ or if extrnct tho? ~ample 11sing a , m11ller to the? en.:I oi th.: L :ib 
aoy labeled ~,.mdard sample s ize. Sample rD. 
recol'ery is < 10°·o incl.ic:i1iug · Re-

exw1c11on 

0111side ncceprnble Reporl ,·a Ines ;ind flag. results. flag associate.cl 
Limi,s re5ult, wi1h ·y · on 

fonu Is. 
Qu11ntified "alue > upper Repo11 values: dilute sample and flag a-,soc1a1ed 
l!ud of linear calibration repon both 11ndjlu1ed aud di luted re:.uhs " 'ith · E · on 
ran12e. rest (e-sults. fonn J;._ 
Quautified ,·,ilt1o! .,. lower Repo1·1 rnlue~ a11d Oag re<;,nhs. Fla!t asi,.(lc1:11ecl 

~nd of linear calibration result,; with 'J' ort 
maize uucl :-- EDL. Form l:s. 

C'ompo1Ulcl not detected. Repon valnes 1111d Oag. resul ts. Flag ;i,~ociared 
results wi 1h ·u· on 
Fonu Ii. . 

Outside ion abundance Report as Ei\1PC' Flag 11~sociMecl 
rn1io QC' limit results with ·K · ou 

Fon\\ 1., . 
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FIGURE 1 
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FLO\ V CHART FOR ANALYSIS OF AQUEOUS AND SOLID SA~JPLES 

Solid 

$1)ikc with L: ,beled 
S1audar,!,; 

F~lr~~, p,, -; 11.~.2 
OJ l \.~ . .) 

Spih " ·ith Lnbded 
Clc~n u Standard\ 

Sulfutic Acid 
Clew L;p p~, 

~11.3.l 

Cl.:au II)) pc,· 
~ 11.3 .! or I 1..U 

Si.Lic11 Gd Cle~n 
Li ,·r ,11.J.-1 

Co,1centr.11e pe1· 
,t).3.5 

Spil.:e \\ Ith Lauded 
lnrcmal lnj~ctiou 

Sraud.11d~ 
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FIGURE 2 
FLOW CHART FOR A:\ALYSIS OF TISSUE SAJWPLES 

Sub5.:u11ple per 
,i)Jl4 

Spike wirh Lal>dcd 
.:,land.ud\ 

C onccnrrate per 
'1 I..; 4 

Lipids nnnlysi~ p~r 
Sll2.4 

S111.fi.1ric Acid 

Cl<!3n t1p p~r 
~ 11.3.2 or 11 .3.3 

SiJic.1 Gd Cl.:au 
U ~d i 1.3.4 

C'onc.:uh-ale per 
q l.3.5 

Spike with L~bd~t 
lnr.:rulll l.11jec1ion 

Staocl.·mls. 
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FIGURE3 
OCTYL COLUMN RESOLUTION TEST #1: SEP.!\.RA TION OF CL-3 CONGENERS 34 A:VD 

23 WITH VALLEY <40% (I. E. l00XN < 40%) 
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FIGURE 4 
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OCTYL COLFMN RESOL F TION TEST #2: SEPARATION OF CL-7 COI\GEJ\'ERS J87 .-\:\0 
182 WITH VALLEY <40% (I.E. 100XJY < -40 %) 
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FIGURES 
CB CONGENERS AT EACH LEVEL OF CHLORINATION ON THE SPB-OCTYL COLl~,['\ 
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FOR.MAT FOR A TRAINING PLAN 
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Standard Operating Procedure 
for  

Sample Preparation for Black Carbon (Soot) in Sediment 
By Chemothermal Oxidation Pretreatment and  

Combustion / Thermoconductivity or Infrared Detection  
 
 

1.0 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 biomass.  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-treating 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). 
.    
 

2.0 SUMMARY OF METHOD 
 

A sediment sample is initially dried at 60oC 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 375oC 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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3.0 DEFINITIONS 
 

3.1 Analytical Protocol:  Samples are analyzed in a set referred to as an analytical protocol or 
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).   

 
3.2 Benchsheet: A form used to record the analytical protocol, sample information, and data. 
 
3.3 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.  

 
3.4 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. 

 
3.6 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 chemical standard.  To 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 NPOC is a potential positive interference that is removed by the preliminary heating at 
375oC. As long as the temperature and heating time are observed, the interference is 
removed. 

  
4.2 BC values may exhibit a high bias for samples with high concentration of carbonates that 

do not fully react during the HCl 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. 
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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 Samples can be collected in glass or plastic containers. 
 

6.2 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 -20oC or refrigerating at 4±2oC. 

 
6.3 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 Oven, 103-105°C. 
 
7.2 Muffle Furnace, 4” x 4” x 6”, 375°C (with air purge capability). 
 
7.3 Micro Balance, 1 ug sensitivity. 

 
7.4 Analytical Balance, 0.1 mg sensitivity. 

 
7.5 Stainless Steel Fin  Tip Forceps. 

 
7.6 Silver Capsules (5 X 9 mm for micro CHN analyzer). 

 
7.7 Aluminum Capsule Block for Silver Capsules. 

 
7.8 Ceramic Boats (for Eltra CS500). 

 
7.9 Refrigerator, 4°C. 

 
7.10 Freezer, -20°C. 

 
7.11 Mortar and Pestle. 

 
7.12 Mini Ball Mill w/Tungsten Carbide Balls. 
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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 (HCl), Concentrated, ACS Reagent grade. 

 
8.3.1 1 N HCl working solution – 17 mL of HCl 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:  
 

• Performing the analysis according to the equipment manual, the method SOP, 
QA/QC criteria, and company safety procedures. 

• Properly operating and/or maintaining the equipment. 
• Entering the appropriate information onto the benchsheets and/or logbooks.  
• Documenting and notifying 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 

 
 

11.1 Initial Drying and Homogenization/Milling of Samples 
 

11.1.1 Record samples to be tested on a BC Sample Preparation bench sheet form (see 
Attachment A).   

 
11.1.2 Transfer approximately 5-10 g of wet sediment into a suitable drying vessel. 

 
11.1.3 Dry the sample at 60oC for approximately 18 hours. Remove from oven and 

cool in a desiccator. 
 

11.1.4 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 (i.e. powder with consistency of 
flour).  

 
11.1.5 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 sample identification and record it on the 
original raw data sheet. 

 
11.1.6 Retain the remainder of the dried and ground sample for subsequent 105oC 

moisture determination so the final result can be converted from a 60oC basis to 
a 105oC basis. 

 
11.1.7 The sample is now ready for hydrochloric acid treatment to remove inorganic 

carbon. 
 

 
11.2 HCl Treatment for Inorganic Carbon Removal  

 
11.2.1 NOTE – all of the following steps must be conducted in a fume hood to 

prevent exposure to HCl fumes.  Proper personal protection gear including 
lab coat, safety glasses, and gloves must be worn. 

 
11.2.2 Add 1 to 2 drops of 1N HCl to each of the samples. Observe whether 

effervescence occurs and note the corresponding sample identifications. 
 

11.2.3 Dry the samples at 60oC for 1 hr.  
 
11.2.4 Repeat steps 11.2.2 through 11.2.3 for samples that effervesced. 

 
11.2.5 The sample is now ready for 375oC heating to remove NPOC. 
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11.3 NPOC Removal via 375oC Muffle Furnace Heating 
 

11.3.1 Transfer the aluminum capsule block to the muffle furnace pre-set at 375oC. 
 

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 per SOP “CHN by 

Combustion/Thermo-Conductivity Detection”; SOP Code: TUCSON-CHN. 
 

 
12.0 QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS 

 
12.1 Preparation Blank: Analyze one PB in ten or less samples.   
 
12.2 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. 

 
12.3 Duplicate Analyses: Analyze one duplicate in ten or less samples.  A Relative Percent 

Difference (RPD) for analyses should be less than 20%. 
 
12.4 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 Calculations:  
 
 13.1.1 NA. 
 

 
13.2 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.  
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13.3 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). 

 
 
13.4 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.  

 
 
14.0 METHOD PERFORMANCE 
 

14.1 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 
 

14.2 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). 

  
14.3 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. 
 

14.4 Practical Range 
 

The practical range for this method is 0.05% to 100 wt%. 
 

14.5 Precision and Accuracy 
  

See section 12 
 
 
15.0 POLLUTION PREVENTION AND WASTE MANAGEMENT 
 

15.1 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. 

 
15.2 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. 
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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. 

 
 
17.0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE 

DATA  
 

Any event that 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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18.0 REFERENCES 
 

18.1 Gustafsson, et al, Evaluation of a Protocol for the Quantification of Black Carbon in 
Sediments, Global Biogeochemical Cycles, 15, 881-890, 2001. 

 
18.2 Columbia Analytical Services, Tucson, Arizona , Standard Operating Procedure for CHN 

by Combustion / Thermo-Conductivity Detection, most current version. 
 
 
19.0 TRAINING PLAN 
 

19.1 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. 

 
19.2 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 transition from assisting, to 
performing the procedure with minimal oversight from the experienced analyst. 

 
19.3 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. 

 
 
20.0 METHOD MODIFICATIONS 
 

None 
 
 
21.0 INSTRUMENT-SPECIFIC ADDENDUM 
 

None 
 
 
22.0 CHANGES FROM PREVIOUS REVISION 

 
None – new SOP  
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ATTACHMENTS 
 

23.1 Appendix A – Example BC Sample Preparation bench sheet. 
 

23.2 Appendix B - Form for documenting nonconformity. 
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Appendix A 

Example BC Sample Preparation Bench Sheet. 
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Columbia Analytical Services - T1Ucson, AZ. 
Black carbon (Soot) in Sediment and Soil - Chemothermal Oxidation Pretreatment 
Gustafsson, et al, 2001 

Air Dry Moisture Oelermlnatlon 

Hea«lng Method Temp•C 

oven 60 

Sample Lab Number Cru:c. wt .• 

9 

CdW"nt:i• .Allalytiet,I S191'Vi~$. Irle. 
3860 S. P.io Verde Rd f:302 
TUC$on, AZ 85714 
520..5733.1061 

Start Dile End Date 
Time .... 

Air Ory Molshxe 

Cruc. &Wet Cruc. & 
Sit Wt OrledSxWt. 

9 9 

R&slduai Moisture Detennlnatlon 

Healing Method Temp'C 
Start Date 

Time 

oven 105 

Reslcklal Moisture 
AlrDryLOH 

M()IS(ure CIIUC.Wt 
Cruc.&Wet Cruc. & 

SxWt. DrtedSxWL 

l\1% 9 9 9 

Page __ ol __ _ 

Analyst: 

Analyst: 
Analysis Date: 

Ana1Y$t Review: 
Supervisor Review: 

Thermo Oxld.allon Pretreatment 

End Date 
Heating Method nmp•c Start Date End Date AlrFlow 

nme nme Time mum1n 

Muffle Furnace 375 

HCI Treat ment 
Restctual Total ·-· Swnple Thermo _..,,. Moisture .,,. Weight Step 1 Step 2 Pretreat -·· Effervesce EffefVesce 

l\1% l\1% mg yn /no yn /no yn l no 

Benchheet • Back Carbon Prep.xk.. 9/2312010 
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Appendix B 
Example Form for Documenting Non-Conformance. 
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Columbia Analytical Services 

Nonconformity and Corrective Action Report 
SAMPLES/SYSTEM/JOB/CLIENT AFFECTED N&CA Report No. 2008-

NONCONFORMITY 

Analysis/Event:--------------------------------------

Instmment/System: _________________________ Date: ________ _ 
Deiailed De.~crip·tion of Nonconformity: 

Originator (name): __________________________ Date: ________ _ 

Supervisor Verification: Date: 

CORRECTIVE ACTION AND OUTCOME 

Detailed Description: (Re4 establisbment of confonni.y must be demonstrated and documenred. De.,cribe the steps that were takeu, or are planned to be taken, to 
correct the particular Nonconformity and prevent the reoccurre.nce of the Nonconformity.) 

Is the data to be flagged in the Analytica[ 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 

Comments: 

Con-ective Action(s) have been implemented. QA Pgrn Mgr Date: 




