
Attachment 2 
 
Responses to GC 16 
 

1) Helium was used as the carrier gas for all gas analyses (with the exception of 
ammonia). 

 
2) References of methods and a procedure from Varian are included in this 

attachment.  These references were used for the internal method development in 
our laboratory. 

 
3) A pulsed discharged helium ionization detector was used for all analyses.  This 

detector was attached to a Varian 3800 GC.  Details of the method and detection 
limits are given in the attached SOP. 

 
4) There are no known interferences that would interfere with the CO analysis in the 

treatment bottles.  This is indicated by the initial sample in which all results are 
non-detect for carbon monoxide.  CO was only detected after incubation of the 
samples, and the retention time corresponded exactly to the standards at 4.81 ± 
0.10 minutes. 

 
5) Precision and accuracy studies were not conducted as part of the method 

development for this R&D study, nor was an MDL study conducted.  These 
studies can be performed upon request.  Attached is an evaluation of precision and 
accuracy based on the results of the check standards that were run over the course 
of this study.  For these limited data, the warning limits were within 70% and 
130% recovery. 

 



PERMANENT GAS ANAYSIS USING PDHID  

(SHAW ORG-011) 
 
1.0 Introduction:  

This document outlines principles to be used as guidance to generate data for the 
evaluation of permanent gases utilizing a pulsed discharge helium ionization detector 
(PDHID).  

2.0 Summary:  

A gas sample is analyzed by direct injection onto a GC (Varian 3800) equipped with a 
Valco PDHID detector.  The concentration of the individual gas components is 
determined by comparison to a standard curve for each analyte.   

3.0 Scope: 

3.1 Target Compounds  

 Compound Formula           Molecular Weight  

 Hydrogen H2   2          
 Oxygen O2                               32                
 Nitrogen N2   28  
 Methane CH3  16 

Carbon Dioxide CO2  44 
Carbon Monoxide CO  28 

 
 

3.2 The following quantitation limits (QL)  in gas phase will be met.  
 

Compound                         Concentration (ppmv)  Method  

hydrogen 100  low gas  
oxygen  2000 high gas 
nitrogen  2000 high gas 
methane                             500 low gas 
carbon dioxide 2000 high gas 
carbon monoxide 100 low gas 
 



4.0 Equipment and Reagents:  

4.1 Gas Chromatograph (GC) (Varian 3800) or equivalent equipped with a 
Valco pulsed discharge helium ionization detector (PDHID).   The system 
is also equipped with a helium gas purifier to achieve helium carrier and 
makeup gas of 99.999% purity. 

4.2 A tandem dual column system.  Column One  – Varian Pora Bond Q (10 
meter, 0.32 inner diameter, 5 uM df).   Column Two - Varian Molsieve 5A 
(10 meter, 0.32 inner diameter, 5 uM df). Carrier gas flows from the 
injector through Column One, to Column Two then to the detector. 

4.3 Gas tight syringes capable of injecting up to 1,000 ul are used for large 
volume injections.  

4.4 Data System to calculate the concentration from area counts. Varian 
Galaxie chromatography software is utilized.  

4.5 Collection Vessels: Tedlar bags or gas tight serum vials serum vials (5 - 
125 mL) with a butyl rubber-Teflon faced septum, or equivalent.  

4.6 Syringes: Gas tight or plastic in various sizes up to with syringe valves to 
make up standard gas mixes.  

4.7 Standards: Stock gas cylinders – 100% concentration of individual gases 
supplied by AirGas.  

4.7.1 Gas Working Standards: Dilutions from the stock cylinders are 
prepared using gas tight syringes up to 1 liter in size.  For example 
1.0 ml of a pure gas (100%) is added to a 1-L tedlar bag filled with 
999ml of helium to make a 1,000ppmv (0.1%) gas standard. 

4.8 Inert Gas: Helium zero grade or better (less than 500 ppb THC) for 
making standards.  

4.9 Containers for working standards: Tedlar® bags with a combination valve 
for hose fitting and syringe septum.  

5.0 Schedule:  
 

5.1 A sampling batch consists of one or more Sample Delivery Groups (SDG). 
An SDG is:20 samples or less.  

 



5.2 Each SDG must include a set of quality control samples: sample blank, 
field duplicates if available, laboratory reagent blank, matrix spike, and 
matrix spike duplicate (only if sample available for analysis).  

 
6.0 Interference:  
 

6.1 Methane is a very common contaminant and occurs naturally in the 
atmosphere. Automobile exhaust contains high levels of the target 
compounds so care must be exercised to prevent contamination in 
transport. Care must be also exercised in the sample collection and 
analyses.  

 
6.2 Due to the sensitivity of the PDHID detector, care must be taken using the 

gas tight syringes so not to introduce any oxygen or nitrogen from the 
atmosphere.  

 
6.3 Moisture interferes with the low level analyses. Procedures to minimize 

the injection of moisture into the GC is advisable.  
 
7.0 Sample Collection:  
 

7.1 A tedlar bag is used for sample collection from a reaction vessel.  
Alternatively a sample can be drawn directly from a sealed serum vial 
reaction vial through a gas tight septum using a syringe. 

7.2 Place in a Ziploc® bag or equivalent. Record the following information on 
a sample label: facility, sample identification number, sample type 
(groundwater or surface), sample date and time, preservative, collector’s 
initials. Ship the samples on ice at 4 + 2 

0
C to the laboratory.  

 
8.0 Storage and Holding Times:  
  
 8.1 Refrigerate collected samples at 4 + 2 

0
C.  

  
 8.2 Holding time is 14 days from sampling collection.  
  
9.0 Analytical Guidance:  
 

9.1 Standards: Three to five working standards that are evenly spaced are 
suggested. The low standard must be at or below the required quantitation 
limit to the highest concentration bracketing the samples The critical point 
is to bracket the concentration of the contaminants found in the samples.  
There are two methods that cover two different calibration ranges.  The 
low gas method covers 100 ppmv to 5000ppmv range and the high gas 



method covers 2000 ppmv up to 100,000 ppmv range.    

9.2 Initial Calibration (IC): Using appropriate working standards for each of 
the two methods, create a calibration curve of concentration (ppmv) 
versus area counts, do not forced fit curve through the origin. 
Calibration is done using 100ul gas injections of individual gas 
mixtures.  For the high gas method, calibration gas mixtures  of H2, O2, 
N2, CH3 and CO are made (in Tedlar bags) at 2,000, 10,000, 20,000, 
50,000, 100,000 ppmv each gas.  For the low gas method calibration gas 
mixtures  of H2, CH3 and CO are made (in Tedlar bags) at 100, 200, 
500, 1,000, 50,000 ppmv each gas. 

 
9.3 Continuing Calibration Check (CCC): Using a mid-point standard, check 

the calibration at the beginning of each run batch and every 4 hours 
afterwards.  

9.4 The sample must not be exposed to the atmosphere during the 
analysis. Air tight syringes must be used in transferring the sample.  

9.5 Quantitation Limits (QL): The reporting limit of the sample (ppmv) is the 
calculation of the lowest gas standard used in the initial calibration.    

10.0 Sample Analysis:  
 

10.1   Analyze the sample by injecting a measured amount of the headspace 
(100ul) sample into the GC inlet with a gastight syringe.    Smaller 
volumes down to 2 ul can be used if the 100 ul injection is above the linear 
curve.  Concentrations are based on a 100 ul injection so if 2 ul are use it 
is considered a 50-fold dilution.  If less then 2 ul is required to be in the 
linear range then the headspace must be further diluted – see below.  

 
10.2 Dilutions: Headspace can be diluted if necessary by removing 400ul of the 

headspace with a gastight syringe into a prepurged Helium containing 
40ml VOA vial to achieve a 1:100 dilution.  

 
11.0     GC Instrument conditions  
 

11.1 Column : Two columns in tandem are used for this analysis.  The first 
column downstream of the injector is a Varian Pora Bond Q column 
(10meter, 0.32 m  diameter, 5 uM df) The second column (upstream of the 
detector) is a Varian Molsieve 5A column (10meter, 0.32 m  diameter, 5 
uM df)   



11.2 Temperatrue programs: The injector is at 200ºC, the detector at 240ºC and 
column temperature program set as follows.  Initial temperature is 30ºC 
and is held for 2.5 min.  The temperture is then ramped to 75oC at 
15oC/min with no hold time.   The total run time is 5.5 min. The linear 
flow rate of the carrier gas is 6.0 ml/min.  There is no make up gas for the 
PDHID. 

11.3 Method Variations:  
 

11.3.1  Low Gas Method.  
1) Split flow is set to 20 
 
2)  PDHID Range settings:  Initial range is set at 10.  At 1.10 min 
the range is switched to 9 and at 2.30 minutes the range is adjusted 
to 11. 
 

11.3.2  High Gas Method.  
1) Split flow is set to 60 
 
2)  PDHID Range settings:  Initial range is set at 10.  At 1.50 min 
the range is switched to 9 and at 2.30 minutes the range is adjusted 
to 10. 
 

11.4 Retention time windows:  Retention time windows are all set at ± 0.1 min 
from the initial calibration retention time. 

12.0 Quality Control Requirements:  

12.1 Initial Calibration (IC): The initial calibration must be performed and the 
acceptance criteria must be achieved before samples are analyzed. The 
acceptance criteria is a regression coefficient (r

2
) greater than 0.995 and 

the lowest gas standard must have a signal/noise ratio greater than 5.  

12.2 Continuing Calibration Check (CCC): The validity of the initial 
calibration is checked every 4 hours or 25 samples, whichever is more 
frequent, and at the end of the sample batch with the continuing 
calibration check. The acceptance criterion is less than 30% difference 
from the true value.  

12.3 Laboratory Reagent Blank (LRB): An aliquot of a blank matrix that is 
handled exactly as a sample including exposure to all glassware, 
equipment, environmental conditions, and solvents that are used with 
other samples. The LRB is used to determine if the method analytes or 
interferences are present in the laboratory environment, the reagents, or 
the apparatus. The LRB criteria must be met before field or lab samples 



are analyzed. A LRB is prepared and analyzed with each SDG and the 
acceptance criteria are: < 100ppmv for the low range and ;  < 2000 ppmv 
for the high range. 

12.4  Field or Trip Blank (FB): [For Field sampling only] An aliquot of reagent 
water or other blank matrix that is placed in a sample container in the 
laboratory and treated as a sample in all respects, including shipment to 
the sampling site, storage, preservation, and all analytical procedures. The 
purpose of the FB is to determine if method analytes or other interferences 
are present in the field environment. A FB is prepared and analyzed with 
each SDG and it must be below the lowest point in the standard curve to 
be reported as non detect.                         

12.5 Field Duplicates (FD1 and FD2): [For Field sampling only] Two separate 
samples collected at the same time and location under identical 
circumstances and treated exactly the same throughout field and 
laboratory procedures. Analyses of FD1 and FD2 give a measure of the 
precision associated with the sample collection, preservation, and storage, 
as well as with laboratory procedures. The acceptance criteria for field 
duplicates is less than 30% RPD.  

12.6 Matrix Spike (MS): [For Field sampling only]  The MS is analyzed 
exactly like a field sample to determine if the sample matrix contributes 
bias to the analytical results. The background concentrations of the 
analytes in the sample matrix must be determined in a separate aliquot and 
the measured values in the MS corrected for background concentrations. 
The percent recovery will be based on the sample concentration as 
reported for the sample. The MS is prepared and analyzed with each SDG 
and the acceptance criteria recovery is between 75 - 125 %.  

 
                        % Recovery = (MS Concentration  - Sample Concentration ) *100  
                                                                 Theroetical Concentration  

12.7 Matrix Spike Duplicate (MSD): [For Field sampling only] A laboratory 
duplicate of the MS and analyzed with the MS. Analysis of the MS and 
MSD represent a measure of the precision associated with the laboratory, 
field procedures, and matrix effects. The acceptance criteria are recoveries 
between 750 - 125 % and agreement between the two spikes within 25 % 
RPD.  

                        %RPD = (MS Concentration - MSD Concentration ) * 100  
                                    ((MS Concentration + MSD Concentration)/2)  



12.8 Secondary Standard-optional: A standard from another vendor used to 
check the primary working standard. This is down only when a secondary 
gas stock is available.  

12.9 Method Detection Limit (MDL): Minimum concentration of a substance 
that can be reported with a 99% confidence that the concentration is 
greater than zero. A minimum of seven replicates of a low standard are 
analyzed and the MDL value is calculated on an annual basis, according to 
Shaw’s standard MDL SOP determination.  

12.10 Data must be flagged with a qualifier if a quality control sample fails the 
acceptance criteria. This must be explained in the narrative.  

13.0 Analytical References:  

13.1 Analysis of natural gas using dingle fapillary folumn and a pPulsed 
discahrge helium ionization detector, S.H Kim; S.M Nam; K.O. Koh; and 
Y.W. Choi , Bull. Korean Chem. Soc, Vol 20 No 7, May 1999  

13.2 Gas chromatographic analysis of trace gas impurities in tungsten 
hexafluoride, J.B. Laurens; J. P de Coning, and J. McNeil Swinley, J. 
Chromatography , Vol 911 September, 2001 

13.3 Fast isothermal separation of all permanent gases includeing CO2 by using 
a parallel setup of optimiazed PLOT columns, J. de Zeeuw and C. 
Duvekot, P-152 Varian Inc.;  Middleburg, the Netherlands    

13.4 Method detection limit: 40 CFR, part 136, Appendix B  

 

 
 


























































