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RECORD OF REVISION 
 

Revision 
Number 

Date 
Approved 

Description of Revision 

0  05/02/2007  Initial Issue.  

1 03/29/2010 Since sample compositing will no longer be performed,  
one of the criteria for determining if a non-target  
compound is a Tentatively Identified Compound (TIC) is  
being changed back to the original Permit  
non-composited samples requirement.  The procedure is 
being changed back to the requirement that an unknown 
(non-target) compound is a TIC if the total ion area  
greater than 10 percent of the nearest internal standard.  
Deleting the use of maintenance logbook as it is not a  
Permit requirement and updating some procedure  
references.    

2 12/29/2010 Revised to implement the renewal changes of the Waste 
Isolation Pilot Plant Hazardous Waste Facility Permit.  
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1. ABSTRACT 

The Environmental Chemistry Laboratory (ECL) uses this Central Characterization 
Project (CCP ) procedure to provide instructions for conducting gas 
chromatography/mass spectrometry (GC/MS) analyses of gas samples containing high 
concentrations of volatile organic compounds (VOCs) collected in SUMMA® passivated 
canisters using a modification of USEPA Compendium Method TO-14 with mass flow 
controlled (MFC) sample introduction. 
 
Personnel performing this procedure will be trained and qualified in accordance with 
CCP-QP-002, CCP Training and Qualification Plan, prior to performing this procedure. 

2. APPLICABILITY 

2.1 This procedure is primarily designed to meet the requirements for analyses of 
headspace gas samples contained in SUMMA canisters for CCP.  This procedure 
may be applicable for other projects requiring similar determinations. 

2.2 The VOC analytes of interest for CCP support are listed in Table 1.  Method 
performance must be successfully demonstrated for other VOC compounds prior 
to use. 

2.3 The calibration range of the method usually is 75 ng to 1250 ng.  However, the 
range can vary as long as one calibration point is below the PRQL and DQOs are 
met. 

2.4 The method is designed for sample volumes ranging from 30 to 300 mL. 

3. DISCUSSION 

Appropriate dilution or pressurization of the sample SUMMA®canisters is performed on 
a Gas Transfer Manifold per CCP-TP-179, CCP Gas Transfer Manifold Systems and 
Sample Compositing.  The SUMMA® canister containing the diluted sample is attached 
to the analytical system and sample is introduced using a calibrated mass flow controller.  
The VOCs are then concentrated by collection on a solid sorbent trap.  The temperature 
of the trap is then raised and the VOCs collected are desorbed into the gas 
chromatograph.  The VOCs are separated on a megabore capillary column and detected 
using a mass spectrometer operating in the full scan mode.  Internal standards and 
relative response factors are used for quantitation. 
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4. SAFETY PRECAUTIONS 

4.1 Chemical Hazards 

4.1.1 Ensure that all instruments and SUMMA canisters are vented to fume 
hoods or drop vents to prevent inhalation exposure to volatile organic 
compounds in gaseous samples and standards. 

4.1.2 Wear safety glasses when injecting the liquid bromofluorobenzene (BFB) 
tuning standard. 

4.1.3 Handle all chemicals per the requirements of LWP-14620, “Chemical 
Hygiene Plan.”   Wear appropriate personal protective equipment (PPE) 
per LI-1354-07-IRC/ECL, “Environmental Chemistry Laboratory (ECL) 
Gas Analysis Project.” 

4.2 Compressed Gas Hazards 

4.2.1 Handle all compressed gases in accordance with LI-1354-07-IRC/ECL, 
“Environmental Chemistry Laboratory (ECL) Gas Analysis Project.” 

4.3 Physical Hazards 

4.3.1 Exercise a high degree of awareness and caution when using syringes to 
inject the BFB tuning standard. 

4.3.2 Use proper tools when connecting SUMMA® canisters to the analytical 
systems. 

4.3.3 Exert the minimum force necessary while using hand tools to reduce the 
chance of tool slipping. 

5. APPARATUS AND REAGENTS 

5.1 Apparatus 

5.1.1 Gas Chromatograph/Mass Spectrometer System 

5.1.1.1 Gas Chromatograph:  Hewlett Packard 5890 or equivalent. 

5.1.1.2 Mass Spectrometer:  Hewlett Packard 5970 or equivalent. 

5.1.1.3 Purge and Trap device:  Tekmar LSC-2 or equivalent. 

5.1.1.4 Data System:  HP Chem Station or equivalent. 
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5.1.1.5 J&W Scientific megabore capillary column, 0.53 mm I.D.,  
75 meters long with a 3.0 micrometer film thickness, or 
equivalent. 

5.1.1.6 GC/MS Interface:  jet separator. 

5.1.2 10 L blunt needle micro syringe. 

5.1.3 Tekmar #8 Carbopak/Carbosieve or equivalent for trap. 

5.1.4 SUMMA® passivated canisters or equivalent, Scientific Instrumentation 
Specialists or equivalent, 100 mL to 6000 mL capacity. 

5.1.5 Mass Flow Controller, Matheson Model 8270 or equivalent. 

5.1.6 Totalizer, Matheson Model SP-1793 or equivalent. 

NOTE: The mass flow controller and the totalizer are calibrated as a unit, and 
must have current calibration stickers from the INL Standards and 
Calibration Laboratory. 

5.1.7 Gas Transfer Manifold (see CCP-TP-179). 

5.1.8 Wrenches, open-end, various sizes. 

5.2 Reagents 

5.2.1 Reagents 

5.2.1.1 Methanol (CH3OH), Burdick and Jackson special purge and 
trap grade or equivalent. 

5.2.1.2 Helium, ultra high purity (UHP). 

5.2.1.3 Nitrogen, UHP. 

5.2.2 Standard Gases 

5.2.2.1 Calibration Stock Gas Standards 

Stock gas calibration standard cylinder(s) of all analytes listed 
in Table 1 containing approximately 20 ng/mL of each analyte 
are purchased commercially (Scott Specialty Gases or 
equivalent).  The stock gas standards must be certified by the 
manufacturer, and must have a known, valid relationship to a 
nationally-recognized standard (i.e., NIST), when available. 

5.2.2.2 Internal Standards (ITSDs) 

The recommended internal standards are fluorobenzene and 
chlorobenzene-d5.  Stock gas standards may be obtained from 
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Scott Specialty Gases (or equivalent).  The stock gas standard 
must be certified by the manufacturer, and must have a known, 
valid relationship to a nationally-recognized standard  
(i.e., NIST), when available.  Prepare a secondary standard at 
approximately 3 ng/mL by transferring an amount (in torr) of 
the stock standard to a SUMMA® canister such that the ratio of 
the partial pressures of the ITSDs to the total pressure in the 
SUMMA®canister when multiplied by the initial concentration 
of the ITSDs gives approximately 3 ng/mL (e.g., for a  
10 ng/mL stock standard, 10 ng/mL x 1100 torr/4000 torr = 
2.75 ng/mL).  The total pressure inside the SUMMA® canister 
should always be less than 3000 torr. 
 

5.2.3 Calibration Gas Standards 

Prepare a calibration gas standard containing all target analytes at 
approximately 5 ng/mL by dilution of the calibration stock gas standards. 
This standard is prepared in the same manner as the ITSDs  
(Section 5.2.2.2).  Prepare a second standard at approximately 2.5 ng/mL 
by diluting the 5 ng/mL standard.  These standards are prepared fresh at 
least every 18 months. 

NOTE: Calibration gas standards for site-specific analytes may be prepared 
separately. 

 
5.2.4 Liquid Tuning Standard 

Prepare a 4-BFB standard at 25 ng/mL in methanol for injection as a 
liquid.  This standard is remade at least every 18 months. 

5.2.5 QC Standards 

5.2.5.1 Continuing Calibration (CCAL) Standard 

The 5 ng/mL calibration standard or equivalent (see  
Section 5.2.3) may be used as the CCAL standard. 

5.2.5.2 Laboratory Control Sample (LCS) 

Prepare the LCS from gas stock standard containing at least  
6 of the target analytes in Table 1.  The standard must be 
purchased from a different source than the calibration stock 
standards.  This standard is remade at least once every  
18 months. 
 

5.2.5.3 Laboratory Blanks (LBs) 

Laboratory blanks consist of SUMMA®canisters filled with 
ultra high purity nitrogen using the Gas Transfer Manifold (see 
CCP-TP-179). 
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5.2.5.4 Method Performance Samples 

Prepare standards used to determine or demonstrate method 
performance (e.g., MDLs, precision and accuracy) by diluting 
the stock gas calibration standards or the LCS gas stock 
standard to appropriate concentrations.  Standards used for 
method performance demonstration must include all target 
analytes listed in Table 1. 

NOTE: Site-specific analytes may be contained in separate standards. 

6. SAMPLE HANDLING 

6.1 IF samples were received in containers other than SUMMA®canisters, 
THEN transfer them to SUMMA® canisters before analysis. 

6.2 Store SUMMA® canisters at room temperature (<40 C) prior to analysis. 

6.3 Use SUMMA® canisters cleaned per CCP-TP-178, CCP SUMMA® Canister 
Cleaning, for sample and standard transfers and dilutions. 

6.4 Maintain the VOC analysis laboratory free of solvents in order to minimize 
laboratory cross-contamination. 

6.5 Avoid use of non-TFE plastic coating, non-TFE thread sealants or flow 
controllers with rubber components in the analytical system. 

6.6 Pressurize all samples to at least one atmosphere (atm) above ambient either 
during collection or by means of a gas transfer manifold (see CCP-TP-179).  Use 
any resultant dilution data to calculate the final results. 

6.7 Screen all samples other than blanks and those of known concentration using 
GC/FID (see CCP-TP-173, CCP Analysis of Gas Samples for VOCs by GC/FID) 
prior to GC/MS analysis. 

6.7.1 Based on the GC/FID screen data, dilute the sample so that the compound 
found at the highest concentration in the screen will put approximately 
850 ng (assuming an initial calibration curve of 30 ng - 1000 ng) into the 
GC/MS system. 

Example: The GC screen gives a concentration for carbon 
tetrachloride (molecular weight = 153.82) of 800 ppmv in a 
sample diluted 3.5 times. 
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1. Convert ppmv to ng/mL. 

where: mw =  molecular weight, 
 D  =  dilution factor, and 
 GC loop size = 1 mL. 

2. Divide the sample ng/mL value by a number less than or approximately 
equal to 40 to yield a concentration in the approximate range of  
8.5 ng/mL to 27 ng/mL, so that 30 mL to 100 mL of sample will deliver 
approximately 850 ng to the GC/MS system.  This sample will require 
double dilution because: 

mLng /9.35
40

1435
  

A possible dilution would be a 14x followed by a 12x: 

mLng /5.102
14

1435
  and )100(/5.8

12

5.102
mLusemLng  

The total dilution factor for this sample would be: 

58812145.3   

mLng
D

mwppmv
mLng /1435

5.35.24

82.153800

5.24
/ 
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7. PROCEDURES 

7.1 GC/MS Operating Conditions 

7.1.1 Typical GC/MS Operating Conditions 

NOTE: Operating conditions may be optimized as necessary as long as 
actual operating conditions used for sample analysis match those 
used for the associated ICAL. 

Electron Energy: 70 volts (nominal) 

Mass Range: 35-260 amu, 29-260 amu (when methanol is an analyte) 

Scan Time: One scan/second or enough to give 5 scan/peak 

Source Temperature: According to manufacturers specifications 180-250C 

Jet Separator Heater (DetA): 220C 

Transfer Line Temperature (DetB): 225C 

Carrier Gas: UHP Helium at 30 mL/minute 

BFB Column Temperature: 130 C and hold for 8 minutes (BFB) 

Sample/Standard Column Temperature:  35C for 8 minutes 
 8 C/minute to 165 C 
 20 C/minute to 220 C. 

Trap Conditions: 

Initial temperature < 30 C 

Desorb preheat 100  C 

Desorb   4 minutes @ 220 C 

Bake trap  260 C (see 7.5.18) 

7.2 Analytical Run Sequence for Sample Analysis 

7.2.1 Initial Calibration (ICAL) Sequence 

 BFB tune 
 Calibration standards 
 

7.2.2 Daily Analytical Run Sequence 

 BFB Tune 
 Continuing Calibration Standard* 
 Laboratory Blank 
 Laboratory Control Sample (one per analytical batch) 
 Samples 
 Sample Duplicate (one per analytical batch) 
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* IF samples are analyzed immediately following an ICAL, 
THEN use the ~500 ng ICAL standard as the daily CCAL for 
comparing internal standard areas and retention times. 

7.3 BFB Tuning Procedures 

7.3.1 At the beginning of each 12 hours of operation or prior to a calibration, 
inject 2 L of the 25 ng/mL BFB Standard (50 ng on column) into the 
injection port of the GC using a syringe with a blunt end needle. 

7.3.2 Check the key ion abundance against the criteria in Table 2 BFB Key Ion 
Abundance Criteria. 

7.3.2.1 IF the key ion abundance criteria in Table 2 are met, 
THEN proceed with analyses. 

7.3.2.2 IF the key ion abundance criteria in Table 2 are NOT met, 
THEN correct the problem and repeat the BFB tune (step 7.3) 
until it is acceptable. 

7.4 Calibration Procedures 

7.4.1 Initial Calibration (ICAL) 

7.4.1.1 Meet the BFB tune criteria (see Section 7.3). 

7.4.1.2 Using calibration canisters containing all analytes 
(approximately 2.5 ng/mL, approximately 5 ng/mL, see  
Section 5.2.3) and the canister containing internal standards 
(approximately 3 ng/mL, see Section 5.2.2.2), analyze             
six standards for calibration according to the procedures given 
in Section 7.5.  See Table 3 Calibration Standards for 
examples. 

NOTE: Six standards are normally analyzed.  Five calibration points 
may be used if necessary as long as the low calibration point is 
at or below the PRQL. 

7.4.1.3 Calculate the relative response factors (RRF) for each analyte 
in each of the calibration standards using equation 9.1. 

7.4.1.4 Calculate the percent relative standard deviation (RSD) of the 
RRF over the calibration points, using equation 9.2. 

7.4.1.4.1 IF the % RSD for all analytes is < 35%, 
THEN proceed with sample analyses.. 

7.4.1.4.2 IF the %RSD for any target analyte is 35, 
THEN correct the problem and repeat the ICAL 
(step 7.4.1.2 through 7.4.1.4). 
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7.4.1.5 After a valid ICAL has been achieved, analyze a LCS standard 
prior to analysis of any samples to provide second-source 
verification of the calibration. 

7.4.1.5.1 Calculate the percent recovery (%R) of all target 
analytes in the LCS, using equation 9.6. 

7.4.1.5.2 IF the %Rs for all analytes in the LCS are between 
70% and 130%, 
THEN proceed with continuing calibration and 
sample analyses. 

7.4.1.5.3 IF the %R for any target analyte in the LCS does 
not meet the 70% to 130% criteria, 
THEN perform corrective action per Section 8.1.4 
before proceeding with analyses of samples. 

7.4.2 Continuing Calibration (CCAL) 

7.4.2.1 Meet BFB tune criteria (see Section 7.3). 

7.4.2.2 Using 5 ng/mL calibration standard, deliver a midrange 
standard ( 500 ng) to the analytical system (see Section 7.5). 

7.4.2.3 Using computer software, calculate the RRFs for each target 
analyte according to equation 9.1. 

7.4.2.4 Using computer software, calculate the percent difference 
(%D) between the initial calibration average RRFs and the 
CCAL RRFs for each analyte, according to equation 9.3. 

7.4.2.4.1 IF the % D  30 for each target analyte 
AND the retention time (RT) of each target analyte 
is within 30 seconds of the average ICAL retention 
time, 
THEN proceed with sample analyses. 

7.4.2.4.2 IF the %D for any target analyte is >30, 
OR the RT for any target analyte is more than 30 
seconds from the average ICAL RT, 
THEN perform corrective actions per Section 8.1.6 
before proceeding with sample analysis. 

7.5 Analysis Procedures Instrumental Operation 

7.5.1 Set the mass flow on the MFC to 40 mL/min (in the Set position) with the 
valve in the control position. 
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7.5.2 Change the position of the mass flow from Set to Read and flush the 
system with UHP nitrogen until a steady reading is obtained on the mass 
flow controller. 

7.5.3 Using the current (i.e., valid calibration date) calibration correction table 
provided by the S&CL (see example in Exhibit 1 MFC Calibration from 
S&CL (Example)), find the actual flow associated with the reading 
obtained from the mass flow controller while it was being flushed with 
UHP nitrogen. 

7.5.4 Use the following equations to determine the correct number of counts 
(displayed on the Totalizer) corresponding to the volume that is to be 
injected. 

and  

where: m =  minutes, 
 a =  actual reading in mL/min (as determined by S&CL), 
 V =  volume you want to inject (mL), 

 C =  counts displayed on the Totalizer. 

7.5.5 Calculate the desired amount of sample or standard to be introduced to the 
trap. 

7.5.6 Attach the stainless steel transfer line from the MFC to the sample inlet 
port on the Liquid Sample Controller. 

7.5.7 Verify that the trap temperature is less than 30 C. 

7.5.8 Attach the sample canister to the Swagelok fitting on the Sample 
Introduction Manifold (SIM). 

7.5.9 With the two-way valve at Vent position, open the canister valve and flip 
the toggle switch to allow flow through the MFC.  Flush for 10 counts. 

7.5.10 Turn the two-way valve to Stop position. 

7.5.11 Reset the Totalizer and turn the two-way valve to Trap position. 

7.5.12 When the predetermined number of counts has been reached, turn the  
two-way valve to Vent and close the canister valve. 

7.5.13 Remove the canister from the SIM. 

min/40 mLmC 

a

V
m 
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7.5.14 Attach the canister containing the internal standards to the Swagelok 

fitting on the SIM and introduce 250 ng of the internal standards on to the 
trap (Steps 7.5.9 through 7.5.13). 

7.5.15 Start the acquisition form on the Chemstation so the oven will cool. 

7.5.16 Complete the acquisition form. 

7.5.17 Step to Desorb Ready to begin data acquisition. 

7.5.18 Rinse the MFC and Tekmar lines at the completion of the run with UHP 
nitrogen (4-5 minutes through the vent and 13-15 minutes of the bake time 
through the trap). 

7.5.19 IF a sample is analyzed that has saturated the detector, or shows 
concentrations of analytes greater than 10 times the upper limit of the 
initial calibration, 
THEN follow that analysis by analysis of an UHP nitrogen blank. 

7.5.19.1 IF the blank analysis is free of contamination                         
(3  Program-Required MDL), 
THEN proceed with analysis of samples. 

7.5.19.2 IF the blank analysis is not free of contamination (>3  
Program-Required MDL), 
THEN decontaminate the system AND repeat the blank 
analysis until the 3  Program-Required MDL criteria is met. 

7.5.20 IF any analyte is detected during the initial analysis of a sample in an 
amount exceeding the initial calibration range, 
THEN either dilute and reanalyze the sample or reanalyze it using a 
reduced sample aliquot volume until the analytes in question fall within 
the calibration range. 

7.5.20.1 IF an analyte is not detected in the diluted or reduced volume 
sample but was detected in the initial analysis, 
THEN report the initial analysis results AND the 
diluted/reduced volume results. 

7.5.20.2 Report the diluted or reduced volume sample with the suffix 
DL appended to the sample number. 
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7.6 Data Evaluation 

7.6.1 Target Analyte Qualitative Analysis 

7.6.1.1 Identify target analytes by comparison of the sample mass 
spectrum with the mass spectrum of a standard of the suspected 
compound (standard reference mass spectrum).  Standard 
reference mass spectra are obtained through analysis of 
calibration standards or spectra from the NIST library.   
Two criteria must be satisfied to verify identification. 

 The sample component RRT must compare within  0.06 
RRT units of the RRT of the standard component in the 
continuing calibration. 

 The sample component and the standard component mass 
spectrum must correspond. 

7.6.2 Target Analyte Quantitative Analysis 

7.6.2.1 Quantitate identified target analytes based on the integrated 
abundance from the Extracted Ion Chromatogram Profile 
(EICP) of the primary characteristic ion (see Table 4 
Characteristic Ions for Volatile Organic Compounds). 

7.6.2.2 Use internal standard quantitation (calculations section 9.4), 
with the internal standard assigned in Table 5 VOC Internal 
Standards with Corresponding Analytes Assigned for 
Quantitation. 

7.6.3 Tentatively Identified Compounds (TICs) 

7.6.3.1 Qualitative Identification 

7.6.3.1.1 Perform a search against a NIST mass spectral 
library for all unknown (non-target) compounds 
having a total ion area greater than 10% of the 
nearest internal standard. 

NOTE: At a minimum, the NIST library must contain all 
available spectra for VOC compounds that appear 
in the 20.4.1.200 NMAC (incorporating 
40 CFR 261) Appendix VIII list (see Table 6). 
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7.6.3.1.2 Evaluate the unknowns against the results of the 
library search for tentative identification according 
to the following guidelines: 

 Relative intensities of major ions in the 
reference spectrum (ions greater than 10% of 
the most abundant ion) should be present in the 
sample spectrum. 

 The relative intensities of the major ions should 
agree within  20 %. 

 Molecular ions present in the reference 
spectrum should be present in the sample 
spectrum. 

 Ions present in the sample spectrum but not in 
the reference spectrum should be reviewed for 
possible background contamination or presence 
of coeluting compounds. 

 Ions present in the reference spectrum but not in 
the sample spectrum should be reviewed for 
possible subtraction from the sample spectrum 
because of background contamination or 
coeluting peaks. 

7.6.3.1.3 Report TICs which meet the above criteria and 
which are Appendix VIII VOC compounds. 

7.6.3.2 Estimate the concentrations for TICs, using the equation in 
section 9.4, with the following modifications: 

 the areas AX and AIS are from the total ion chromatograms, 

 the RRF for the compound is assumed to be one (1). 

 the nearest internal standard free of interference is used. 

7.7 Data Recording and Review by Data Generator 

7.7.1 Data Recording 

7.7.1.1 Document analysis run sequences in the GC/MS Use Logbook.  
At a minimum, logbook entries must contain the analysis date, 
lab sample ID, dilution factor, sample volume, and data file ID. 

  
7.7.1.2 Record preparation of BFB solutions and gas standards in 

GC/MS Standard Preparation Logbook. 
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7.7.1.3 Maintain data files on the hard drive of the computer or on 
diskette until the original report and raw data records are 
appropriately stored. 

7.7.2 Data Review 

7.7.2.1 Review, initial, and date all raw data generated  
(Exhibits 2-5). 

7.7.2.1.1 Mark with an "X" on the quant report those target 
analytes that are not to be reported as hits. 

7.7.2.1.2 On the individual target compound spectra, note 
whether or not the compound is to be reported as a 
hit (e.g., "Yes" for report, "No" for Do Not Report). 

7.7.2.1.3 IF a compound is not to be reported, 
THEN provide justification (e.g., "Below MDL" or 
"Wrong RT"). 

7.7.2.1.4 Mark each non-target compound (TIC ) as “Report” 
or “Do Not Report” on the raw data (see step 7.6.3). 

7.7.2.1.4.1 Provide justification for any TIC 
marked Do Not Report (e.g., “does 
not meet criteria”). 

7.7.2.1.4.2 Identify the compound name to be 
used for reportable TICs. 

7.7.2.2 Complete a Supplemental Data Input Sheet (Exhibit 6) for each 
analytical run sequence. 

7.7.2.3 Complete a Data Generator Checklist (see example in 
Exhibit 7) for each analytical run sequence. 

7.8 Data Reporting 

7.8.1 Report sample results in units of ppmv to two significant figures. 

7.8.2 Use rounding rules and assign data qualifying flags per the requirements 
of CCP-TP-188, CCP Analytical Data Recording, Review and Reporting. 

7.8.3 Generate reporting forms for sample and QC results (see examples in 
Exhibits 8-17). 

7.8.4 Assemble a batch data report in the following format: 

 Data Report Cover page and Table of Contents 

 Sample Identification Table/Analysis Request Form 



CCP-TP-175, Rev. 2  Effective Date:  12/29/2010 
CCP Analysis of Gas Samples for VOCs by GC/MS Page 17 of 44 

 
 

Controlled 
Copy 

 Sample Custody Documents and Sample Tag 

 Analysis Results 

• Sample Results Forms 

 Quality Control Measurements Results 

• Laboratory Duplicate Comparison Form 

• Laboratory Blank Summary Form 

• Laboratory Blank Results Form 

• Internal Standard Area Form 

• Laboratory Control Sample Results Form 

 Calibration Results 

• BFB Tune Form 

• Initial Calibration Form 

• Continuing Calibration Forms 

• MDL Reporting Form 

 Data Review Checklists 

8. QUALITY CONTROL REQUIREMENTS 

8.1 Calibration 

8.1.1 An ICAL relating instrument response to nanograms of analyte is required 
to implement the analysis method.  A new ICAL is required whenever 
indicated as corrective action for noncompliant QC results or whenever 
the instrument operating conditions or chromatographic column are 
changed. 

8.1.2 An ICAL is valid if the %RSD of the RRFs for each target analyte is less 
than 35% (see Section 7.4.1).  If this specification is not met, corrective 
action must be taken (i.e., identify and correct problem, and recalibrate). 

8.1.3 After each ICAL, an LCS is analyzed to provide second-source 
verification of the ICAL. 

8.1.4 Recovery of all analytes in the LCS must be between 70% and 130%.  If 
this specification is not met, the LCS standard may be remade and 
reanalyzed to eliminate LCS standard preparation as the source of error.  If 
the reanalysis of the LCS still does not meet specification, further 
corrective actions must be implemented. 

8.1.5 A CCAL is required at the beginning of every 12 hours of instrument 
operation. 

8.1.6 A CCAL is valid if the %D between ICAL and CCAL RRFs is  30% for 
all target analytes and the RT of each analyte is within 30 seconds of the 
average ICAL retention time (see Section 7.4.2).  If this specification is 
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not met, corrective action must be taken (e.g., identify and correct 
problem, recalibrate) before sample analysis can proceed. 

8.2 Internal Standard Areas (ISAs) 

8.2.1 The ISAs of the CCAL must be within 50 to 200% of the average internal 
standard areas from the current valid ICAL.  If this specification is not 
met, corrective action must be taken (e.g., identify and correct problem, 
recalibrate) before sample analysis can proceed. 

8.2.2 The ISAs for each sample must be within 50 to 200% of the associated 
CCAL ISAs.  If this specification is not met, the problem must be 
identified and corrected before sample analysis can proceed. 

8.3 Laboratory Blank (LB) 

8.3.1 One LB (usually 100 mL UHP nitrogen) must be analyzed daily after the 
CCAL but before sample analysis. 

8.3.2 LB results are acceptable if the amount of any individual analyte in the 
blank is less than or equal to three times the Program-Required MDL (see 
Table 1).  If this specification is not met, the source of the contamination 
must be identified and eliminated before sample analysis can proceed. 

8.4 Laboratory Control Sample (LCS) 

8.4.1 One LCS must be analyzed per analytical batch.  The LCS standard must 
be second-source to the calibration standards. 

8.4.2 LCS results are acceptable if the percent recovery of all analytes is 
70%-130%.  If the LCS results do not meet specification, the LCS may be 
remade and reanalyzed to eliminate LCS preparation as the source of 
error.  If the reanalysis is still noncompliant, sample analyses must be 
stopped until the problem is identified and corrected.  All associated 
samples in the analysis batch must then be reanalyzed. 

8.5 Laboratory Duplicates 

8.5.1 A field canister must be analyzed in duplicate at a frequency of one per 
analytical batch. 

8.5.2 For samples having analyte concentrations greater than or equal to the 
respective PRQLs, laboratory duplicate RPD must be  25.  If this 
specification is not met, a nonconformance report (NCR) must be initiated 
per CCP-QP-005, CCP TRU Nonconforming item Reporting and Control. 

8.5.3 If none of the field samples in an analytical batch contain any of the target 
analytes, the LCS must be analyzed in duplicate for that batch.  
Specification limits for duplicate LCSs are the same as those for field 
sample laboratory duplicates. 
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8.6 Method Detection Limits (MDLs) 

8.6.1 Method detection limits (MDLs) are expressed in nanograms for VOCs, 
and must be demonstrated to be less than or equal to the Program-
Required MDLs (see Table 1). 

8.6.2 MDLs are determined as described in CCP-TP-176, CCP Determination 
of Method Detection Limits for Gas Analysis.  MDLs must be determined 
semiannually. 

8.7 Precision and Accuracy (P&A) Demonstrations 

8.7.1 P&A must be acceptably demonstrated by initially analyzing seven 
replicate method performance samples (see Section 5.2.5.4) and achieving 
precision of   25 % relative standard deviation (%RSD) and mean 
accuracy of 70% to 130%. 

8.7.2 After the initial P&A performance is acceptable, acceptable performance 
must be demonstrated semiannually by analyzing at least four replicate 
method performance standards and evaluating those results against the 
initial P&A specifications. 

9. CALCULATIONS 

9.1 Relative Response Factors (RRFs) 

XIS

ISX

CA

CA
RRF   

where: Ax  = area of characteristic ion for compound being measured, 

 AIS  = area of characteristic ion for the specific internal standard, 

 CIS =  concentration of the specific internal standard, 

 Cx =  concentration of the compound being measured. 

9.2 Percent Relative Standard Deviation (%RSD) 

100% 
x

s
RSD  

where: %RSD =  percent relative standard deviation, 
 x  =  mean of initial calibration RRFs for a compound, 
 s =  standard deviation of initial calibration RRFs for a compound. 

and 
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where: xi =  measured value, ith replicate sample analysis, 

n =  number of replicate analyses. 

9.3 Percent Difference (%D) 

100%
1

1 



RRF

RRFRRF
D C  

where: RRFI =  average relative response factor from ICAL, 

RRFC  =  relative response factor from CCAL. 

9.4 Internal Standard Quantitation 

where: Ax =  area of the characteristic ion for compound of interest, 

 CIS =  amount (nanograms) of the internal standard, 

 AIS =  area of the characteristic ion of the internal standard, 

 D =  dilution factor (listed on bench sheet), 

 C =  1 (correction factor if needed), 

 MW =  molecular weight (g/mol) of compound being measured, 

 RRF=  average ICAL RRF for compound being measured, 

 RT =  Universal Gas Constant times temperature, 

 VO =  volume (mL) of sample delivered to the analytical system. 

9.5 Relative Percent Difference (RPD) 

100

2








 




DS

DS

CC

CC
RPD  

where: CS =  sample concentration (ppmv), 

 CD =  duplicate concentration (ppmv). 
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9.6 LCS Percent Recovery (%R)  

100% 
t

m

C

C
R  

where: Cm =  measured value (ng) of LCS, 

 Ct =  true (known) value of LCS standard (ng). 

10. RECORDS 

Records generated during the performance of this procedure are maintained as QA 
records in accordance with CCP-QP-008, CCP Records Management.  The records are 
the following: 

QA/Nonpermanent 
 

• ICAL 
• MDL 
• Precision and Accuracy (P&A) Documentation 

 
The following records generated during the performance of this procedure will be 
compiled into the Data Report in accordance with CCP-TP-188, CCP Analytical Data 
Recording, Review and Reporting. 
 
QA/Nonpermanent 
 

• Copy of applicable pages of GC/MS Use Logbook 
• Copy of applicable pages of GC/MS Standard Preparation Logbook 
• Raw Data/Instrument Printouts 
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Exhibit 1.  MFC Calibration from S&CL (Example) 
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Exhibit 2.  Quant Report (Example) 
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Exhibit 3.  Reconstructed Total Ion Chromatogram (Example) 
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Exhibit 4.  Target Analyte Mass Spectra (Example) 
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Exhibit 5.  TIC Mass Spectra (Example) 
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Exhibit 6.  Supplemental Data Input Sheet (Example) 

= 
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Exhibit 7.  Data Generator Checklist (Example) 
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Exhibit 8.  Analysis Data Sheet (Example) 
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Exhibit 9.  TIC Analysis Data Sheet (Example) 
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Exhibit 10.  Laboratory Duplicate Form (Example) 
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Exhibit 11.  Laboratory Blank Summary Form (Example) 
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Exhibit 12.  Internal Standard Area Summary Form (Example) 
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Exhibit 13.  Laboratory Control Sample Results Form (Example) 
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Exhibit 14.  BFB Tune Form (Example) 
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Exhibit 15.  ICAL Form (Example) 
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Exhibit 16.  CCAL Form (Example) 
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Exhibit 17.  MDL Reporting Form (Example) 
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Table 1.  Target Analyte list for CCP-TP-175 
 

ANALYTE MOLECULAR 
WEIGHT 

Required MDLa  
(ng) 

PRQL 
(ppmv) 

Acetonec 58.08 150 100 
Benzene 78.12 10 10 
Bromoform 252.75 10 10 
Butanolc 74.12 150 100 
Carbon disulfided 76.14 10 10 
Carbon tetrachloride 153.82 10 10 
Chlorobenzene 112.56 10 10 
Chloroform 119.38 10 10 
Chloromethaned 50.49 10 10 
Cyclohexaneb 84.16 10 10 
1,1-Dichloroethane 98.94 10 10 
1,2-Dichloroethane 98.94 10 10 
1,1-Dichloroethylene 96.94 10 10 
cis-1,2-Dichloroethyleneb  96.94 10 10 
trans-1,2-Dichloroethylene  96.94 10 10 
1,2-Dichloropropaned 112.99 10 10 
Ethyl benzene 106.17 10 10 
Ethyl ether 74.12 10 10 
Methanolc 32.04 150 100 
Methyl ethyl ketonec 72.11 150 100 
Methyl isobutyl ketonec 100.16 150 100 
Methylene chloride 84.93 10 10 
1,1,2,2-Tetrachloroethane 167.85 10 10 
Tetrachloroethylene 165.83 10 10 
Toluene 92.15 10 10 
1,1,1-Trichloroethane 133.41 10 10 
Trichloroethylene 131.39 10 10 
Trichlorofluoromethaned 137.37 10 10 
1,1,2-Trichloro-1,2,2-trifluoroethane 187.38 10 10 
1,3,5-Trimethylbenzeneb 120.20 10 10 
1,2,4-Trimethylbenzeneb 120.20 10 10 
p/m-Xylene 106.17 10 10 
o-Xylene 106.17 10 10 

a Values based on delivery of 10 mL to the analytical system 
b Analysis of these analytes not required for WIPP WAP compliance.   
c These analytes may be analyzed via GC/FID (CCP-TP-173). 
d Site-specific analyte; analysis may not be required for samples from all TRU Waste Generator/Storage 

Sites. 
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Table 2. BFB Key Ion Abundance Criteria 
 

BFB KEY ION ABUNDANCE CRITERIA 

MASS Ion Abundance Criteria 

50 

75 

95 

96 

173 

174 

175 

176 

177 

15 to 40% of mass 95 

30 to 60% of mass 95 

base peak, 100% relative abundance 

5 to 9% of mass 95 

less than 2% of mass 174 

greater than 50% of mass 95 

5 to 9% of mass 174 

greater than 95% but less than 101% of mass 174 

5 to 9% of mass 176 

 
Table 3. Calibration Standards 
 

Calibration* 
Point 
(ng) 

Concentration 
of Standard 

(ng/mL) 

Calibration 
Standard Aliquot 

(mL) 

Internal Standard 
Aliquot (mL) 

75 2.5 30 100 

250 5 50 100 

400 5 80 100 

500 5 100 100 

600 5 120 100 

750 5 150 100 

1000 5 200 100 

1250 5 250 100 

*  If calibrating for methanol the six calibration points may differ from those listed in this table. 
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Table 4.  Characteristic Ions for Volatile Organic Compounds 
 

VOC Analytes Primary Ion Secondary Ion(s) 

Acetone 43 58 
Benzene 78 52, 77 
Bromoform 173 171, 175, 252 
Butanol 56 41 
Carbon disulfide 76 44 
Carbon tetrachloride 117 119, 121 
Chlorobenzene 112 114, 77 
Chloroform 83 85 
Chloromethane 50 52 
Cyclohexane 56 84 
1,1-Dichloroethane 63 65, 83 
1,2-Dichloroethane 63 65 
1,1-Dichloroethylene 96 98, 61 
cis-1,2-Dichloroethylene 96 61, 98 
trans-1,2-Dichloroethylene 96 61, 98 
1,2-Dichloropropane 63 62, 76 
Ethyl benzene 106 91 
Ethyl ether 59 74, 45 
Methanol 31 - 
Methyl ethyl ketone 72 57, 43 
Methyl isobutyl ketone 43 58, 100 
Methylene chloride 84 49, 51, 86 
1,1,2,2-Tetrachloroethane 83 85, 131, 166 
Tetrachloroethylene 164 129, 131, 166 
Toluene 92 91, 65 
1,1,1-Trichloroethane 97 99, 117 
Trichloroethylene 130 95, 97, 132 
Trichlorofluoromethane 101 103 
1,1,2-Trichloro-1,2,2-trifluoroethane 101 85 
1,2,4-Trimethylbenzene 105 120 
1,3,5-Trimethylbenzene 105 120 
m-Xylene 106 91 
o-Xylene 106 91 
p-Xylene 106 91 
Chlorobenzene-d5 (IS) 117 82, 119 
Fluorobenzene (IS) 96 77  
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Table 5.  VOC Internal Standards with Corresponding Analytes Assigned for Quantitation 
 

Fluorobenzene Chlorobenzene-d5 

Acetone 

Benzene 

Butanol 

Carbon disulfide 

Carbon tetrachloride 

Chloroform 

Chloromethane 

Cyclohexane 

1,1-Dichloroethane 

1,2-Dichloroethane 

1,1-Dichloroethylene 

cis-1,2-Dichloroethylene 

trans-1,2-Dichloroethylene 

1,2-Dichloropropane 

Ethyl ether 

Methanol 

Methyl ethyl ketone 

Methylene chloride 

1,1,1-Trichloroethane 

Trichloroethylene 

Trichlorofluoromethane 

1,1,2-Trichloro-1,2,2-trifluoroethane 

Bromoform 

Chlorobenzene 

Ethyl benzene 

Methyl isobutyl ketone 

1,1,2,2-Tetrachloroethane 

Tetrachloroethylene 

Toluene 

1,3,5-Trimethylbenzene 

1,2,4-Trimethylbenzene 

m-Xylene 

o-Xylene 

p-Xylene 
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Table 6.  Appendix VIII VOC Compounds 
 

Compound Name CAS # Compound Name CAS # Compound Name CAS # 

Acetonitrile 75-05-8 1,3-Dichloropropene 542-75-6 Nickel carbonyl 13463-39-3 

Acetophenone 98-86-2 1,2,3,4-Diepoxybutane 1464-53-5 Nitrobenzene 98-95-3 

Acetyl chloride 75-36-5 Diethylarsine 692-42-2 Nitrogen dioxide 10102-44-0 

Acrolein 107-02-8 1,4-Diethyleneoxide 123-91-1 Nitrogen mustard 51-75-2 

Acrylonitrile 107-13-1 N, N’-Diethylhydrazine 1615-80-1 2-Nitropropane 79-46-9 

Allyl alcohol 107-18-6 Diisopropylfluorophosphate 
(DFP) 

55-91-4 N-Nitrosodiethylamine 55-18-5 

Allyl chloride 107-05-1 Dimethylcarbamoyl chloride 79-44-7 N-Nitrosodimethylamine 62-75-9 

Aniline 62-53-3 1,1-Dimethylhydrazine 57-14-7 N-Nitrosomethylethylamine 10595-95-6 

Benzal chloride 98-87-3 1,2-Dimethylhydrazine 540-73-8 N-Nitroso-N-methylurethane 615-53-2 

Benzene* 71-43-2 2,4-Dimethylphenol 106-67-9 N-Nitrosomethylvinylamine 4549-40-0 

Benzotrichloride 98-07-7 Dimethyl sulfate 77-78-1 N-Nitrosopiperidine 100-75-4 

Benzyl chloride 100-44-7 Di-n-propylnitrosamine 621-64-7 Osmium tetroxide 20816-12-0 

Bromoacetone 598-31-2 Epichlorohydrin 106-89-8 Paraldehyde 123-63-7 

Bromoform* 75-25-2 Ethyl carbamate (urethane) 51-79-6 Pentachloroethane 76-01-7 

Carbon disulfide* 75-15-0 Ethyl cyanide 107-12-0 Phenol 108-95-2 

Carbon oxyfluoride 353-50-4 Ethylene dibromide 106-93-4 Phosgene 75-44-5 

Carbon tetrachloride* 56-23-5 Ethylene dichloride 107-06-2 Phosphine 7803-51-2 

Chloral 76-87-6 Ethylene glycol monoethyl ether 110-80-5 2-Picoline 109-06-8 

Chloroacetaldehyde 107-20-0 Ethyleneimine 151-56-74 Potassium dimethyldithiocarbamate 128-03-0 

Chlorobenzene* 108-90-7 Ethylene oxide 75-21-8 Potassium n-methyldithiocarbamate 137-41-7 

p-Chloro-m-cresol 59-50-7 Ethylidene dichloride 75-34-3 1,3-Propane sultone 1120-71-4 

2-Chloroethyl vinyl ether 110-75-8 Ethyl methacrylate 97-63-2 n-Propylamine 107-10-8 

Chloroform* 67-66-3 Ethyl methanesulfonate 62-50-0 Propargyl alcohol 107-19-7 

Chloromethyl methyl ether 107-30-2 Fluorine 7782-41-4 Propylene dichloride 78-87-5 

o-Chlorophenol 95-57-8 Fluoroacetamide 640-19-7 1,2-Propylenimine 75-55-8 

Chloroprene 126-99-8 Formaldehyde 50-00-0 Pryidine 110-86-1 

3-Chloropropionitrile 542-76-7 Formic acid 64-18-6 Selenourea 630-10-4 

Coal tar creosote 8007-45-2 Glycidylaldehyde 765-34-4 1,2,4,5-Tetrachlorobenzene 95-94-3 

Cresol (Cresylic acid) 1319-77-3 Hexachlorobutadiene 87-68-3 Tetrachloroethane, NOS 25322-20-7 

Crotonaldehyde 1470-30-6 Hexachloroethane 67-72-1 1,1,1,2-Tetrachloroethane 630-20-6 

Cyanogen 460-19-5 Hexachloropropene 1888-71-7 1,1,2,2-Tetrachloroethane* 79-34-5 

Cyanogen bromide 506-68-3 Hydrazine 302-01-2 Tetrachloroethylene* 127-18-4 

Cyanogen chloride 506-77-4 Hyrogen cyanide 74-90-8 Tetraethyl lead 78-00-2 

1,2-Dibromo-3-chloropropane 96-12-8 Hydrogen fluoride 7664-39-3 Tetranitromethane 509-14-8 

o-Dichlorobenzene 95-50-1 Hydrogen sulfide 7783-06-4 Thallium(I) acetate 563-68-8 

m-Dichlorobenzene 541-73-1 Isobutyl alchohol 78-83-1 Thallium(I) carbonate 6533-73-9 

p-Dichlorobenzene 106-46-7 Maleic anhydride 108-31-6 Thioacetamide 62-55-5 

Dichlorobenzene, NOS 1 25321-22-6 Malononitrile 109-77-3 Thiomethanol 74-93-1 

1-4-Dichloro-2-butene 764-41-0 Methacrylonitrile 126-97-7 Thiophenol 108-95-8 

Dichlorodifluoromethane 75-71-8 Methyl bromide 74-83-9 Thiosemicarbazide 79-19-6 

Dichloroethylene, NOS 1 25323-30-2 Methyl chloride* 74-87-3 Toluene* 108-88-3 

1,1-Dichloroethylene* 75-35-4 Methyl chlorocarbonate 79-22-1 o-Toluidine 95-53-4 

1,2-Dichloroethylene* 156-60-5 Methyl chloroform 71-55-6 o-Toluidine hydrochloride 636-21-5 

Dichloroethyl ether 111-44-4 Methylene bromide 74-95-3 p-Toluidine 106-49-0 

Dichloroisopropyl ether 108-60-1 Methylene chloride* 75-09-2 1,2,4-Trichlorobenzene 120-82-1 

Dichloromethoxy ethane 111-91-1 Methyl ethyl ketone (MIBK)* 78-93-3 1,1,2-Trichloroethane 79-00-5 

Dichloromethyl ether 542-88-1 Methyl hydrazine 60-34-4 Trichloroethylene* 79-01-6 

2,4-Dichlorophenol 120-83-2 Methyl iodide 74-88-4 Trichloromethanethiol 75-70-7 

Dichlorophenylarsine 696-28-6 Methyl isocyanate 624-83-9 Trichloromonofluoromethane* 75-69-4 

Dichloropropane, NOS 1 26638-19-7 2-Methylactonitrile 75-86-5 Trichloropropane, NOS 1 25735-29-9 

Dichloropropanol, NOS 1 26545-73-3 Methyl methacrylate 80-62-6 1,2,3-Trichloropropane 96-18-4 

Dichloropropene, NOS 1 26952-23-8 Methyl methanesulfonate 66-27-3 Triethylamine 121-44-8 

    Vinyl chloride 75-01-4 
* analyzed as target analytes 

 


