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PCB Congener Analysis of XAD-2 Resins
and GFF Filters Using GC/ECD 

1.0 Application and Scope

1.1 This SOP is applicable to the analysis of GFF filter and XAD-2 resin extracts prepared according
to SOPs MSL-M-091 and MSL-M-092 for polychlorinated biphenyls (PCB) and trans-nonachlor
by capillary gas chromatography with 63Ni electron-capture detection.  

1.2 This procedure provides typical gas chromatography (GC) conditions for the detection of trace
levels of PCBs and trans-nonachlor, methods for identifying the analytes, and methods for analyte
quantitation using the internal standard method.  Attachment 1 lists the most frequently analyzed
compounds.  However, this list may be amended to meet requirements of specific projects.

2.0 Definitions

The following terms and acronyms may be associated with this procedure:

ECD Electron capture detector or detection
GC Gas chromatography
PCB Polychlorinated biphenyl
RF Response factor
RRF Relative response factor; response factor of analyte normalized to the response

factor of the internal standard.
RSD Relative standard deviation (%)
RT Retention time
IS Internal standard - compound(s) added just prior to analysis on instrument.
Surrogate Compound(s) added prior to extraction to assess efficiency of method.

In addition, it should be noted that the numbering scheme used for PCB congeners, e.g. PCB 3, is
that used by Ballschmiter and Zell. 

3.0 Responsible Staff

Project Manager:  A Scientist responsible for 1) administration of the project; 2) providing project
specific quality control requirements to the laboratory; 3) defending the data in a Quality
Assurance Audit; and 4) reporting results to client.

Laboratory Supervisor:  A Technical Specialist or Scientist having expertise in the principles
involved with this procedure and in the use of the GC.  Responsible for 1) ensuring that analysts
are trained in operation of the GC; 2) appropriate quality control samples are included with the
sample analysis to monitor precision and accuracy of the analysis; 3) checking the analysts' work
to ensure that data are collected and interpreted correctly; 4) making decisions regarding problems
with the analysis or deviations from the SOP; 5) defending the data in a Quality Assurance Audit;
and 6) reporting results to project manager or client.
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Analyst:  A Technician, Technical Specialist, or Scientist assigned to conduct analyses using this
procedure.  Responsible for 1) understanding the proper use and maintenance of the GC;
2) recording information regarding instrument use and maintenance in the appropriate log books;
3) analyzing the appropriate number of quality assurance samples for each batch of samples
analyzed; 4) tabulating all sample and QC data and reviewing the quality of the data based on QC
guidelines presented in this SOP and any other project-specific QC guidelines; 5) reporting results
to the Project Manager; and 6) defending the data during an audit.

Quality Assurance Representative:  A qualified staff member assigned to the Quality Assurance
Unit.  Responsible for monitoring the project activities and conducting Quality Assurance Audits 
to ensure that 1) analysts have conducted the analysis according to the SOP and that deviations
from the SOP have been noted in the appropriate log book or in the project files; 2) instrument use
and maintenance records are kept correctly; and 3) data have been reported and presented
accurately.

4.0 Procedures

The GC must be maintained and operated as described in Battelle SOP No. MSL-M-075.

4.1 GC Preparation

The primary quantitation GC column is a 60 meter x 0.25 mm (i.d.) fused silica capillary column
coated with a 5% phenyl-, 95% methyl-polysiloxane film of 0.25 µm thickness. (J&W Scientific,
Inc., 60 meter DB-5 or equivalent).  The confirmation column is a 60 m x 0.25 mm (i.d.) fused
silica capillary column coated with a 14% cyanopropylphenyl-86% methyl polysiloxane film of
0.25 m thickness (J&W Scientific, Inc. 60 meter DB-1701 or equivalent).  Both columns are
installed in a single splitless injection port using a 2-hole ferrule.

4.2 Sample Collection, Preservation, and Handling

To conduct this analysis, the analyst should receive the samples as solvent extracts reduced to an
appropriate volume (as specified in SOP MSL-M-091 or MSL-M-092).  Holding times to be
followed are those specified in the project specific QAPjP; normally the holding time for extracts is
40 days from date of extraction.  If holding times have been exceeded, the Project Manager should
be notified immediately.  Refer to project-specific plans or protocols for sample collection,
preservation, and handling methods. 

4.3 Sample Specifications

Sample preparation methods may vary depending on the sample matrix and project needs; refer to
project-specific protocols.  Normally, this method is used to analyze extracts prepared according to
Battelle SOPs MSL-M-091 and MSL-M-092.  Samples and standards for analysis using this SOP
should be prepared in hexane.
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______________________________________________________________________________

Table 1:  Suggested Instrument Conditions for PCB and Chlorinated Pesticide Analysis
______________________________________________________________________________

Primary Column (DB-5) Conditions:

Injection port type Splitless
Injection port temperature 250EC
Detector temperature 300EC
Initial temperature 50EC
Initial hold 1.5 min
Ramp 1 rate 10EC/min
Final temp 1 105EC
Final time 1 0.0 min
Ramp 2 rate 1EC/min
Final temp 2 225EC
Ramp 3 rate 10EC/min
Final temp 3 280EC
Final time 3 20 min
Carrier gas Hydrogen
Carrier gas velocity 60 cm/sec
ECD make-up gas Nitrogen
Make-up gas flow 30 cc/min
Split vent flow 215 cc/min
Split vent on-time 1.5 min
Injection volume 5 µL
Injection speed 10 µL/sec
Hot needle time 0.07 min
Needle residence time 0.2 min

___________________________________________________________________________

4.4 Analyte Identification

Prior to sample analysis, the elution order of the analytes of interest must be determined by
analyzing the analytes individually or in combination with other analytes having known or
predetermined retention times.  The retention times of the analytes have all been verified on both
the quantitation (DB-5) and confirmation columns (DB-1701) specified above under the GC
conditions listed in Table 1, and are listed in Attachments 1 and 2.  The elution order of the
congeners was determined from data provided by another laboratory using similar GC conditions
(Mullins et al. 1985, 1994 personal communications).  Additional information on analyte
identification is discussed in Section 4.6.1.

4.5 Instrument Calibration

Before the sample is injected into the GC, the detectors must be calibrated to determine the
response of the detector to the analytes of interest.  Demonstration of linearity of detector response
is required before sample analysis.  Calibration checks must be analyzed at a minimum frequency
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of once every 10 samples during sample analysis.

4.5.1 Initial Calibration:  Prior to initiating any sample analyses initial calibration is performed
by analyzing calibration standards at a total of seven levels spanning the concentration
range of 9.1 ng to 1830 ng as ?Total PCBs”.  Not all the congeners respond or are clearly
resolved from other congeners at all these levels.  On the DB-5 quantitation column, eleven
congeners (BZ #s 12, 13, 100, 147 & 124, 134, 130, 129, 167, 173, and 189) are only
determinable at three of these concentration levels.  The calibration curves for these consist
of the three concentrations plus zero.  All other congeners are calibrated using a minimum
of four concentrations.  Calibration standards include the appropriate surrogates (Surr.)
and internal standards (IS) at concentrations identical to their concentrations in the
samples (see MSL-M-091 and MSL-M-092).  An initial calibration must also be run if
any GC conditions have changed significantly or if continuing calibration acceptance
criteria (CCAC) are not met.  Initial calibration acceptance criteria are a correlation
coefficient (r2) of 0.95 for a minimum 4 point curve using a quadratic or linear fit.

4.5.2 Continuing Calibration (CCAC):  A mid-level calibration solution is analyzed as a
calibration check minimally every 10 samples while samples are being analyzed.  All
sample analyses must be bracketed by two calibration check standards that meet
calibration criteria.  Continuing calibration acceptance criteria for the primary quantitation
column are a 75-125% recovery relative to the total PCB value expected.

4.5.2.1 Performance Criteria:  Additional performance criteria that will be evaluated
within each CCAC include:  a recovery of 50-150% for PCBs 6 & 205 (which
represent small peaks), and a recovery of 75-125% for PCBs 101, 185, 44, & 180
(which represent average and large peaks).  To ensure proper identification, the
retention time of the internal standard reference peaks, PCB 30 and PCB 204,
cannot shift by more than ±0.4 min (see Section 4.6.1).

4.5.2.2 Internal Standard Criteria:  To ensure that the internal standards are not
interfered with the area or height ratios between the internal standards PCB 30 and
PCB 204 in the samples are monitored.  If the area or height ratios observed in the
samples differ from those observed during initial calibration by more than ±15%
relative percent difference (RPD), all congeners must be quantitated relative to the
uncontaminated internal standard and the data flagged accordingly.

4.6 Sample Analysis Procedure

Samples are analyzed under the same analytical conditions as the calibration standards.  Samples
must be bracketed by acceptable calibrations (see acceptance criteria in Section 4.5.2).  Criteria for
accepting peaks as analytes of interest are explained in Sections 4.6.1 through 4.6.4.

4.6.1 Retention Time Windows:  Analytes are identified by the data system by setting allowable
time windows for reference peak and analyte peak retention times.  Initial retention times
are set during the initial calibration of the instrument.  From that point forward, the system
utilizes retention time windows in which to "look" for peaks of interest and reference
peaks.  The reference peak windows are set at ±0.4 min. and the analyte peak windows are
set at ±0.10 min.  Since the internal standard reference peaks are large and clearly resolved
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using a larger window for recognizing them is justified.  The data system then uses the 
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actual retention time of the internal standard reference peaks to adjust the position of the
analyte peak windows, which are much narrower, to compensate for any minor
chromatographic drift.  One internal standard reference peak shall also be designated an
RRT reference peak to further assist in proper peak identification through the use of
relative retention times.

4.6.2 Second Column Confirmation.  Since each injection is split between the quantitation
column (DB-5) and confirmation column (DB-1701) all sample results will be confirmed
by whether or not a peak is observed at the appropriate retention time on both columns. 
The retention time criteria described in Section 4.6.1 apply to the confirmation column
also.  Trans-nonachlor can only be quantitated on the DB-1701 since it is interfered with
by PCB 99 on the DB-5.  As a result of this, second column confirmation of trans-
nonachlor is not possible except as PCB 99 and trans-nonachlor on the DB-5.  When
trans-nonachlor is confirmed in this manner the PCB 99 value must be flagged
accordingly.

4.6.3 Resolution.  Resolution on the primary (DB-5) column should be sufficient to separate
congeners #17 and #18 into two peaks with a valley less than half the height of PCB #17. 
If this cannot be accomplished a new column must be installed or the instrument conditions
optimized further. 

4.6.4 Minimum Area or Height:  Peaks with a signal-to-noise ratio of three or less should be
regarded as not detected unless otherwise noted in a specific project plan and/or
documented by project management.

5.0 Data Analysis and Reporting

5.1 Data Recording

Data quantitation and calculations will be performed on personal computers using commercial
software such as Varian Star Chromatography Software (Version 4.0 or higher), Microsoft Excel
(Version 4.0 or higher) or database software (Access Version 2.0).  All transfers of data to forms
and data reductions (e.g., concentration calculations, means, standard deviations) will be checked
by the analyst and approved by the Laboratory Supervisor.  Hard copies of GC printouts of
calibrations and sample data and spreadsheet reports will be kept in the GC/ECD files.  A copy of
the summary sheets and extraction logs will be placed in the appropriate project file in the
Chemistry Group Central Files.  Hard copies of chromatograms from each sample and all
calibrations will be kept in the GC/ECD files unless otherwise noted in a specific project plan.  All
GC data files will be archived on magnetic tape. 

5.2 Sample Quantitation

The internal standard method is used for quantitation.  PCB 30 is used to quantify all PCB
congeners with retention times up to and including PCB 110, all other congeners are quantitated vs.
PCB 204.  PCB 30 is used to quantitate the surrogates PCB 14 and PCB 65 and PCB 204 is used
to quantitate the surrogate PCB 166.  In addition, the results reported are corrected for the
recovery of the surrogates PCB 65 and PCB 166; the surrogate PCB 14 is not used because it is
oftentimes interfered with.  The recovery of PCB 65 is used to correct the congeners quantitated vs.
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PCB 30 and the recovery of PCB 166 is used to correct the congeners quantitated vs. PCB 204.  If
the ratio of internal standard areas exceeds the criteria set in Section 4.5.2.2, all congeners must be
quantitated relative to the uncontaminated internal standard and the data must be flagged
accordingly.

The concentration of a specific analyte in a sample is calculated by the Varian Star
chromatography workstation.  The system uses the concentration amounts for the individual
analytes entered into the peak table and the results from the calibration standards to generate the
coefficients of a polynomial curve fit that is, in turn, used to calculate the analytical concentrations. 
This result is then adjusted for internal standard and surrogate recoveries in an Excel spreadsheet:

Star result = Amt(star)

Where:

Amt(star) is obtained by solving:

Area(or height)(unk) = A * (Amt(star)
2 + B * Amt(star) + C)

Where:

A, B & C = coefficients of the polynomial equation
Amt(star) = amount of compound present in extract unadjusted for internal or surrogate
stds
Area(or height)(unk) = area or height of the peak for the selected compound found in the
analysis run.

At this point the result is not corrected by any internal standards.  The results are then imported to
an Excel spreadsheet using various star macros and adjusted for internal and surrogate standard
recoveries.

Result = Amt(ca) / (Sample Volume)

Where:

Rec(istd) = Amt(istd) / Amt expected(istd)

Rec(surr) = Amt(surr) /Amt expected(surr))/Rec(istd)

Amt(adj) = Amt(star) /Rec(istd)

Amt(ca) = Amt(adj) /Rec(surr)

Where:

Amt(ca) = Amount of compound present in analysis run
Amt(istd) = Amount of internal standard present in extract, calculated by Varian Star
Amt expected(istd) = Amount of internal standard added to extract
Amt(surr) = Amount of surrogate standard present in extract, calculated by Varian Star
Amt expected(surr) = Amount of surrogate standard added to extract
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5.3 Confirmation Data 

The identification of particular PCB congeners is confirmed in all the samples by analysis on a column
of dissimilar polarity (DB-1701).  Confirmation is strictly by retention time only.  The same criteria for
retention time windows as described for the quantitation column (Section 4.6.1) are applied to the
confirmation column.

5.4 Surrogate and Spike Recovery Calculation 

Surrogate and Spike recoveries are calculated from the quantitation column.  Calculations are as
follows:

Surrogate % Recovery = Qd x 100
 Qa

Qd = Quantity determined by analysis
Qa = Quantity added

Matrix Spike Recovery = (SSR-SR) x 100
    ESR

SSR = Spike sample result
SR = Sample result
ESR = Expected sample result = Qa/Divisor, where Divisor = amount sample analyzed  
The relative percent difference (RPD) between replicates is calculated as follows:

RPD = | SR - SDR| x 100
         1/2 (SR + SDR)
SDR = Sample Duplicate Result

6.0 Quality Control

Some quality control considerations associated with this SOP are described in the individual sections to
which they apply.  The following additional quality control criteria apply unless otherwise specified in a
project specific QAPjP:

Field and Method Blanks #10 ng Total PCB
Surrogate Recoveries 40-140% (excluding PCB 14)
Matrix Spike Recoveries 50 to 150% Total PCB & 70% of analytes within 50-150% range
Blank Spike Recoveries 70-130% Total PCB, & 70% of analytes within 60-140% range 
Sample Duplicate RPD #50% Total PCB and #100% for analytes $5X MDL
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7.0 Safety

All analysts following this procedure should be aware of routine laboratory safety concerns, including
the following:

1. Protective clothing and eyeglasses should be worn when appropriate
2. Proper care must be exercised when using syringes
3. Certain areas of the GC system are heated.  Avoid bodily contact with these areas and use care

in handling flammable solvents in and around the GC system.

8.0 Training

All analysts following this procedure will be directly supervised by the Principal Investigator, qualified
analyst, or laboratory supervisor until they have demonstrated to the satisfaction of the supervisor that
they are capable of operating the GC independently.  At a minimum, the analyst trainee should be
competent in operation and maintenance of the GC (SOP No. MSL-M-075).  The analyst trainee
should also be able to analyze and quantify a multi-point calibration  and quantitate a sample of known
concentration (e.g., a reference material or matrix spike) within established control limits. 
Documentation of training will be recorded on training assignment and on-the-job training forms from
SOP MSL-A-006.  Records of this training will be kept by the laboratory Quality Assurance
Representative.

9.0 References

9.1 MSL-A-006 Marine Sciences Laboratory Training.

9.2 MSL-M-075 Routine GC Maintenance.

9.3 MSL-M-091 Extraction and Cleanup of Resin Cartridges for Polychlorinated Biphenyls and trans
Nonachalor.

9.4 MSL-M-092 Extraction and Cleanup of Glass Fiber Filters for Polychlorinated Biphenyls and
Nonachlor.

9.5 Quality Assurance Plan Green Bay Mass Balance Study "Cleaning Methods for XAD-2 Resin and
Filters," U.S. Environmental Protection Agency (EPA).  1986.

9.6 Analytical Quality Assurance Project Plan  (QAPjP) for the EPA Lake Michigan PCB Mass Balance
Study, DRAFT, dated October 25, 1994.

9.7 K Ballschmiter and Zell, "Analysis of Polychlorinated Biphenyls by Capillary Gas
chromatography," Fresenius Z.  Analytical Chemistry, #302 pp. 20-31 (1980)
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Attachment 1: Mixed Congener Standard on DB-5
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Attachment 1: Mixed Congener Standard on DB-5
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Attachment 1: Mixed Congener Standard on DB-5
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Attachment 1: Mixed Congener Standard on DB-5
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Attachment 1: Mixed Congener Standard on DB-5
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Attachment 2. Mixed Congener Standard on DB-1701
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Attachment 2: Mixed Congener Standard on DB-1701
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Attachment 2: Mixed Congener Standard on DB-1701
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Attachment 2: Mixed Congener Standard on DB-1701
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