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APPENDIX C – Ethics and Data Integrity Policy 
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APPENDIX D – Laboratory Floor Plan 
 

ALS Environmental-Simi Valley Laboratory Floor Plan 
 

 
 
 
 
 
 

U
n
co

n
tr

o
ll
ed

 C
o
p
y



   
                                                                                                                              ALSMV-QAM, Rev 29.0 
 Effective: 05/30/2015 
  Page 72 of 110 

 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

Quality Assurance Manual 

ALS Environmental-Simi Valley Extraction Laboratory Floor Plan 
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APPENDIX E – Analytical Equipment 
 

Equipment Description - Gas Chromatography 
Purchased 
/ Acquired 

Location 

Screen 02: Hewlett-Packard 5890 with FID Detector - VOA GC/MS Screen 

Screen 03: Hewlett-Packard 5890 with FID Detector - VOA GC/MS Screen 

GC01: Hewlett-Packard 5890 with FID/TCD Detectors 
Fixed Gas Analyzer/Total Combustion Analyzer (TCA) 

1995 VOA GC 

GC03: Hewlett-Packard 5890 with ECD/FID Detectors 
  Hewlett-Packard 7673 Autosampler 

1995 SVOA 

GC05: Hewlett-Packard 5890 Series II Combined with Sievers 355 (SCD 1) 1996 SVOA 

GC06: Hewlett-Packard 6890 with ECD/ECD Detectors 
Hewlett-Packard 6890 Autosampler 

1995 SVOA 

GC07: Hewlett-Packard 6890 with FID/FID Detectors 1995 VOA GC 

GC08: Hewlett-Packard 5890 Series II with TCD/FID Detectors 1998 VOA GC 

GC09: Hewlett-Packard 5890 Series II with FID Detector 1999 VOA GC/MS Screen 

GC10: Hewlett-Packard 5890A with FID/TCD Detectors 1999 VOA GC 

GC11: Hewlett-Packard 5890 Series II+ with FID Detector  
(Combined with MS01) 

1999 SVOA 

GC12: Hewlett-Packard 5890 Series II+ with FID Detector  
(Combined with MS02) 

2004 SVOA 

GC13: Agilent 6890A Combined with Sievers 355 (SCD 2) 2001 VOA GC 

GC14: Agilent 6890N with NPD/FID Detectors 
Agilent 7683B Autosampler 

2005 SVOA 

GC15: Agilent 6890N with NPD/FID Detectors 
Agilent 7683 Autosampler 

2005 SVOA 

GC16: Agilent 6890N with PFPD Detector and OI Detector Controller 
Agilent 7683 Autosampler 

2005 SVOA 

GC19: Hewlett-Packard 5890 with FID Detector 2007 VOA GC 

GC20: Agilent 7890A with FID/TCD Detectors 2008 VOA GC 

GC21:Hewlett-Packard 5890 Series II with ECD/FID Detectors 2009 SVOA 

GC22: Agilent 7890A Combined with Agilent 355 (SCD 3) 2009 VOA GC 

GC23:  Hewlett-Packard 6890+ with ECD Detector (Combined with MS14) 2007 SVOA 

GC24: Hewlett-Packard 5890 Series II (Combined with MS04) 2011 VOA GC 

GC25: Hewlett-Packard 5890 Series II (Combined with MS12) 2006 SVOA 

GC26:  Agilent 7890A (Combined with MS19) 2011 VOA GC/MS 

GC27:  Agilent 7890A (Combined with MS20) 2011 VOA GC/MS 
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Equipment Description - GC/MS Systems 
Purchased 
/ Acquired 

Location 

MS01: HP 5890 Series II+ with FID Detector (GC11) &  HP 5971A MSD 
Hewlett-Packard 7673 Autosampler 

1991 SVOA 

MS02: HP 5890 Series II+ with FID Detector (GC12) & HP 5972 MSD 
Hewlett-Packard 7673 Autosampler 

1994 SVOA 

MS04: HP 5890 Series II (GC24) & HP 5970 MSD 2004 VOA GC 

MS05: Agilent 6890+/5973N MSD 
Perkin Elmer TurboMatrix ATD-50 Thermal Desorber 

1999 VOA GC/MS 

MS07: HP 6890A/ Agilent 5973N MSD 2001 SVOA 

MS08: Agilent 6890N/5973inert MSD 
Tekmar AUTOCAN Autosampler 

2004 VOA GC/MS 

MS09: Agilent 6890N/5973inert MSD 
Tekmar AUTOCAN Autosampler 

2005 VOA GC/MS 

MS10: HP 6890A/5973 MSD 2006 SVOA 

MS11: HP 5890 Series II/5972 MSD 2006 SVOA  

MS12: HP 5890 Series II (GC25)/5971 MSD 
HP 7673 Autosampler 

2006 SVOA 

MS13: Agilent 6890N/5975B inert MSD 
Tekmar AUTOCAN Autosampler 

2006 VOA GC/MS 

MS14: HP 6890+ with ECD Detector (GC23) & HP 5973 MSD 
HP 6890 Injector 

2007 SVOA 

MS15: HP 5890 Series II/5972 MSD 
HP 7673 Autosampler 

2007 SVOA 

MS16: Agilent 6890N/5975C inert MSD 
Tekmar AUTOCAN Autosampler 

2007 VOA GC/MS 

MS17: Shimadzu GCMS QP-2010 Plus  2008 VOA GC/MS 

MS18: Agilent 7890A /5975C inert XL MSD 
Markes Series 2 Unity Thermal Desorber  
Markes Series 2 Ultra TD Autosampler 

2010 VOA GC/MS 

MS19: Agilent 7890A (GC26) & 5975C inert XL MSD 
Tekmar AUTOCAN Autosampler  

2011 VOA GC/MS 

MS20: Agilent 7890A (GC27) & /5975C inert XL MSD 
Markes Series 2 Unity Thermal Desorber  
Markes Series 2 Ultra TD Autosampler 

2011 VOA GC/MS 

MS21: Agilent 7890A (GC28) & 5975C inert XL MSD 
Tekmar AUTOCAN Autosampler 

2012 VOA GC/MS 

MS22: Agilent 7890B (GC29) & 5977A MSD 
            Markes CIA Advantage Autosampler 

2015 VOA GC/MS 
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Note: Purchase / Acquired year may represent when instrument was first maintained by ALS 
Environmental-Simi Valley or other in-network ALS Laboratory and does not reflect age of instrument. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Liquid Chromatography 
Purchased 
/ Acquired 

Location 

LC03: Agilent Infinity LC 1220 (Combined with LCMS01) 2011 SVOA 

LCMS01: Agilent 6120 Quadrupole MS (Combined with LC03) 2011 SVOA 

Ion Chromatography 
Purchased 
/ Acquired 

Location 

IC03: Dionex ICS 2000 with Self-regenerating suppressor 
AS40 Autosampler 

2008 GENCHEM 

Spectrophotometer 
Purchased 
/ Acquired 

Location 

SPM01: Spectronic Instrument 20+ from SC 2001 GENCHEM 

pH and Specific Ion Meters 
Purchased 
/ Acquired 

Location 

pH01: Thermo Orion 920 Selective Ion Meter 2001 GENCHEM 

pH02: Orion 720A 1992 GENCHEM 

Miscellaneous Equipment 
Purchased 
/ Acquired 

Location 

US Filter Water Purification System 2006 Main Lab 

US Filter Water Purification System 2008 Extraction facility 
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Air sampling containers / Flow Controllers / Critical Orifices 
 
Six-liter Summa passivated stainless steel canisters  

• 1049 Ambient 
• 1234 Source 
• 191 Standard 

Six-liter Silonite passivated stainless steel canisters  

• 791 Ambient 
• 334 Source 

 
Three-liter Silco passivated stainless steel canisters (71) 
 
One-liter Summa passivated stainless steel canisters (1112) 
 
One-liter Silonite passivated stainless steel canisters (189) 
 
400-millilter mini passivated stainless steel canisters (18) 
 
Low volume flow controllers for time integrated sampling  

• 863 Ambient 
• 125 Source 

 
Low-flow flow controllers for multi-day sampling (61) 
 
Mini-canister flow controllers for time integrated sampling (16) 
 
Critical orifices (2102) 
 
Critical orifices – Sulfur (171) 
 

Automated Summa Canister Conditioning Units 
 
• Twenty-four position, microprocessor controlled conditioners with heater controller, vacuum gauge, humidified 

nitrogen fill capability and large-capacity vacuum pump (2) 
 
• Ten position, microprocessor controlled conditioners with heater controller, vacuum gauge, humidified nitrogen 

fill capability and large-capacity vacuum pump (2) 
 
• Fourteen position, microprocessor controlled conditioners with heater controller, vacuum gauge, humidified 

nitrogen fill capability and large-capacity vacuum pump (1) 
 
• Sixteen position, microprocessor controlled  conditioner with heater controller, vacuum gauge, humidified 

nitrogen fill capability and large-capacity vacuum pump (2) 
 
• Six position, microprocessor controlled conditioner with heater controller, vacuum gauge, humidified nitrogen 

fill capability and large-capacity vacuum pump (1) 
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APPENDIX F – Containers, Preservation and Holding Times 
 

Sample Preservation and Holding Times for Performed Methods 

* W = Water or Aqueous solution; S = Soil or Sediment; P = Polyethylene, G = Glass, FP = fluoropolymer  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Determination (Method)  Matrix Container Preservation 
Maximum 

Holding Time 

Solid / Water Sample Analysis 

Bromide 
(EPA 9056) 

S,W 
P, FP, G 

 
Cool, 4°C 

 

28 Days 

 

Chloride  
(EPA 9056) 

 
S,W 

 
P, FP, G 

 
None Required 

 
28 Days 

Fluoride  
(9056) 

 
S,W 

 
P 

 
Cool, 4°C 

 
28 days 

Hydrogen Ion - pH 
(EPA 9040B/9045C) 

 
S,W 

 
P, FP, G 

 
None Required 

 
Analyze 

immediately 

Nitrate, Nitrite  
(EPA 9056) 

 
S,W 

 
P, FP, G 

 
Cool, 4°C 

 
48 hours 

Orthophosphate  
(EPA 9056) 

S P,G Cool, 4°C 48 hours  

Formaldehyde, Acetaldehyde 
(EPA 8315A  Procedure 1  

Modified) 
S,W 

Glass w/Teflon-
Lined Lid 

Cool, 4°C 

Aqueous – prep. 
- 72 hours, 

analysis – 30 
days; Soil – prep. 

minimum, 
analysis – 30 

days 
Copper Corrosion 
(In-House Method) 

Solid 
Wallboard

Ziploc Bag, G None Required - 

H2S/Sulfur Emission 
(In-House Method) 

Solid 
Wallboard

Ziploc Bag, G None Required - 

Orthorhombic Cyclooctasulfur 
(In-House Method) 

Solid 
Wallboard

Ziploc Bag, G None Required - 
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Sample Preservation and Holding Times for Performed Methods 
 

Determination 
(Method) 

Matrix Container Preservation 
Maximum Holding 

Time 

Sample 
Vol.c 

Air Corrosivity Air Air Corrosivity Probes 

Include 3 small 
dessicant bags (or 

equivalent) to 
each probe vial 

during shipment. 

N/Ad 
3 Day 

Minimum 
Exposure

Amines 

(In-House Method) 
Air Treated Alumina Tubes 

Sample Receipt-
NA; Storage 

4°C±2°C 
30 days 100L 

Ammonia 

(OSHA ID-188/ID-164) 
Air 

H2SO4 Treated Carbon 
Bead Tubes 

Sample Receipt-
NA; Storage 

4°C±2°C 
28 days 

TWA: 
24L 

STEL: 
7.5L 

BTU by ASTM D 3588 
(SULFUR, ASTM D 

5504; C1-C6+, EPA TO-
3M; FIXED GASES, 3C) 

Gaseous 
Fuels 

Tedlar Bag 

Mylar Bag 

Summa Canister 

Bottle Vac 

N/A 

Sulfur  
Bag – 24 hours 

Canister – 7 daysb 
Bottle Vaca – 7 daysb 

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs 
≥1.0L 

C1-C6+  
Bag – 72 hours 

Canistera – 30 daysb 
Bottle Vaca – 30 daysb 

3C  
Bag – 72 hours  

Canistera – 30 daysb 
Bottle Vaca – 30 daysb 

Carboxylic Acids 

(In-House Method) 
Air Treated Silica Gel Tubes 

Sample Receipt-
NA  

Storage 4°C±2°C 

30 days until 
extraction; 14 days 

for analysis 

100L 

Total Gaseous Non-
methane Organics 

(TGNMO) 

(EPA 25C) 

Air 

Tedlar Bag 

Mylar Bag 

Summa Canister 

Bottle Vac 

N/A 

Bag – 72 hours  

Canistera – 30 daysb 

 Bottle Vaca – 30 daysb

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs 
≥1.0L 

 Fixed Gases 

(EPA 3C & ASTM D 
1946) 

Air 

Tedlar Bag 

Mylar Bag 

Summa Canister 

Bottle Vac 

N/A 

Bag – 72 hours  

Canistera – 30 daysb 

 Bottle Vaca – 30 daysb 

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs 
≥1.0L 

Helium & Hydrogen 

(EPA 3C Modified) 
Air 

Summa Canister 

Bottle Vac 
N/A 

Canistera – 30 daysb  

Bottle Vaca – 30 daysb  

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs  
≥1.0L 
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Sample Preservation and Holding Times for Performed Methods 

 
Determination 

(Method) Matrix Container Preservation Maximum Holding 
Time 

Sample 
Vol.c

Argon 
(EPA 3C Modified) 

Air 

Tedlar Bag 

Mylar Bag 

Summa Canister 

Bottle Vac 

N/A 
Bag – 72 hoursb  

Canistera – 30 daysb 

Bottle Vaca – 30 daysb 

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs  
≥1.0L

Methane, Ethane, 
Ethene, Propane, 

Propene 
(RSK 175) 

Aqueous Glass w/Teflon- Lined Lid 
No Headspace 
HCl to pH<2 

4°C±2°C 

14 days when 
preserved  

(3) 40mL 
Vials 

Carbon Dioxide 
(RSK 175) 

Aqueous Glass w/Teflon Lined Lid 
No Headspace 

neutral pH (5-8) 
4°C±2°C

N/Ad (3) 40mL 
Vials 

Sulfur Compounds 
(In-House Method) 

Aqueous Glass w/Teflon Lined Lid No Headspace; 
pH>4; 4°C±2°C 

Following pH 
adjustment – 24 

hours 
(2) 40mL 

Vials 

Sulfur Compounds 
(ASTM D 5504; 

SCAQMD 307-91; 
Modified SCAQMD 

307-91) 

Air 

Tedlar Bag 

Fused Silica Lined Stainless 
Steel Canister 

Bottle Vac 

No direct sunlight

Bag – 24 hours  

 Canister – 7 daysb  

Bottle Vaca – 30 daysb 

 

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs 
≥1.0L

C1-C6+  
(EPA TO-3 Modified) 

Air 

Tedlar Bag 

Mylar Bag 

Summa Canister 

Bottle Vac 

N/A 
Bag – 72 hours  

 Canistera – 30 daysb  

Bottle Vaca – 30 daysb 

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs 
≥1.0L

Methanol, Ethanol, 
Isopropyl alcohol, 

Freon, and Methylene 
Chloride 

(EPA TO-3 Modified) 

Air 

Tedlar Bag 

Mylar Bag 

Summa Canister 

Bottle Vac 

N/A 
Bag – 72 hours  

  Canistera – 30 daysb 

Bottle Vaca – 30 daysb 

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs 
≥1.0L

Total Petroleum 
Hydrocarbons (TPHG) 
(EPA TO-3 Modified) 

Air 

Tedlar Bag 

Mylar Bag 

Summa Canister 

Bottle Vac 

N/A 
Bag – 72 hours 

   Canistera – 30 daysb 

 Bottle Vaca – 30 daysb

Bags 
500mL  

Canisters 
and 

Bottle 
Vacs 
≥1.0L

Pesticides and 
Polychlorinated 
Biphenyls (PCBs) 

(EPA TO-4A & TO-10A) 

Air 
Glass PUF Cartridge; TO-

4A (High Volume); 
TO-10A (Low Volume) 

Sample Receipt, 
<4°C; Store 
sample and 

extract at <4°C 

7 days until 
extraction; extract – 

40 days 
2 m3 
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Sample Preservation and Holding Times for Performed Methods 

Determination (Method) Matrix Container Preservation 
Maximum Holding 

Time 

Sample 
Vol.c 

Formaldehyde & Other 
Carbonyl Compounds 

(EPA TO-11A) 

Air 

DNPH-Coated Silica Gel 
Cartridge w/ Polypropylene 

Cap; SKC UMEx and 
Bacharach GMD 570 

Passive Monitors 
(formaldehyde only) 

Sample Receipt, 
4°C±2°C; 

Laboratory 
Preservation, 

4°C±2 

14 days until 
extraction; 30 days 

for analysis 

100 – 
150L 

Polycyclic Aromatic 
Hydrocarbons (PAHs) 

(EPA TO-13A) 

Air 
Polyurethane Foam (PUF) 
plugs, XAD Tube, PUF / 

XAD-2 

Sample Receipt, 
<4°C; Laboratory 

Preservation, 
<4°C 

7 days until 
extraction; 40 days 

after 

130 – 
400 m3 

Volatile Organic 
Compounds 

(EPA TO-14A & TO-15) 

Air 

Tedlar Bag, Summa 

 Canister (1L, 6L) 

Bottle Vac 

N/A 

Bag – 72 hours 

Canister – 30 days 

Bottle Vaca – 30 daysb

Bags 
500mL  

Canisters 
1.0L/6.0 

Bottle 
Vacs 1.0L

Volatile Organic 
Compounds 

(EPA TO-17) 

Air 
Sorbent Tubes 

w/Swagelock Caps & PTFE 
Ferrules 

<4°C; organic 
solvent free 

environment; 
Laboratory 

Storage, 4°C±2°C 

30 days 1-4L 

Air-Phase Petroleum 
Hydrocarbons 

(MADEP APH) 

Air 
Summa Canister 

Bottle Vac 
N/A 

28 days 

Bottle Vaca – 30daysb 

Canisters 
1.0L/6.0 

Bottle 
Vacs 1.0L

Halogenated Volatile 
Organic Compounds 

(CARB 422) 

Air 

Tedlar Ba 

 Summa Canister (1L, 6L) 

 Bottle Vac 

N/A 

Bag – 72 hours   

Canistera – 30 daysb 

Bottle Vaca – 30 daysb 

Bags 
500mL  

Canisters 
1.0L/6.0L

Bottle 
Vacs 1.0L

Organic Vapors / 
NAPHTHAS (Diesel; etc.)  

(NIOSH 1550 / OSHA 7) 
Air 

Charcoal Tube; 3M 3500 
or 3520 Badge; Silica Gel 

Tube w/ plastic caps 

Sample Receipt-
NA; Storage 

4°C±2°C 
14 days Various 

Sulfur Hexafluoride 

(NIOSH 6602 Modified) 
Air 

Tedlar Bag 

Summa Canister (1L, 6L) 
N/A 

Bagb – 72 hours   

Canistera – 30 daysb 

Bags 
500mL  

Canisters 
1.0L/6.0L

Siloxanes 

(In-House Method) 
Air 

SPE Cartidges 

Tedlar Bags 
N/A 

14 days until 
extraction; Tedlar 

Bags – transfer onto 
sorbent tube within 
72 hours. 30 days 

for analysis 

30L 
Cartridges

Bags 
500ml 
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Sample Preservation and Holding Times for Performed Methods 
 

 
 
 

Determination (Method) Matrix Container Preservation Holding Time Sample Vol.c 

Methanol, 
Acetaldehyde, Methyl 

Ethyl Ketone, 
Propionaldehyde   

(NCASI – DI/MeOH 
94.03 /NCASI – DI/HAPS 

99.01) 

Aqueous 

- 
Effluent 

Glass w/Teflon Lined Lid 

No Headspace; 

4°C±2°C; HCl to 
pH 

2-3 (Effluent only) 

30 days (1) 40mL Vial

Reduced Sulfur 
Compounds 

(NCASI Method RSC-
02.02) 

Aqueous 
40ml amber, borosilicate 

glass vials with Teflon 
faced silicone backed caps.

MeSH, DMS, and 
DMTS (RSCs non-
H2S) addition of 
ascorbic acid and 
pH adjustment to 

<2.5 with 1:2 
phosphoric acid 
solution upon 

collection. 

Laboratory 
Preservation, 

4°C±2 

14 days 
(2) 40ml VOA 

Vials 

Total Sulfide 

(NCASI Method RSC-
02.02) 

Aqueous 
40ml amber, borosilicate 

glass vials with Teflon 
faced silicone backed caps.

Addition of Zinc 
acetate solution 

and pH 
adjustment to 
>10 with 1 N 

NaOH solution 
upon collection. 

Laboratory 
Preservation, 

4°C±2 

14 days 
(2) 40ml VOA 

Vials 

Hydrofluoric Acid 

(In-House Method) 
Air Radiello Samplers 

Laboratory 
Preservation, 

4°C±2 
4 months 

15 minutes 
to 14 days 
exposure 

(dependent 
on sampling 
environment)

Hydrogen Sulfide 

(In-House Method) 
Air Radiello Samplers N/A 6 months 

1 hour to 15 
days 

exposure 
(dependent 
on sampling 
environment)

Nitrogen Dioxide 

(In-House Method) 
Air Radiello samplers 

Laboratory 
Preservation, 

store in dark at 
4°C±2 

4 months 

7 to 15 days 
exposure 

(dependent 
on sampling 
environment)
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Sample Preservation and Holding Times for Performed Methods 
 

 
 

Footnotes: 
 

a. 
Some methods do not specify the utilization of canisters; therefore, there is no required hold time 
and this will be noted in the case narrative.   

b. 
Laboratory recommended hold time; therefore, samples analyzed outside this hold time will be 
noted in the case narrative accordingly. 

c. 
Sample volumes are the minimum, which should be received by the laboratory; however, canister 
volumes should match the canister size utilized.   

d. 
There is no holding time requirement available and laboratory studies are not available indicating 
the validity of data prior to or following a specified length of time.  Therefore, no holding time 
notation or qualifier will be adhered to results.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Determination (Method) Matrix Container Preservation Holding Time Sample Vol.c 

Ozone 

(In-House Method) 
Air Radiello Samplers Protect from light 7 days 

24 hours to 
14 days  

exposure 
(dependent 
on sampling 
environment) 

Sulfur Dioxide 

(In-House Method) 
Air Radiello Samplers 

Laboratory 
Preservation, 

store in dark at 
4°C±2 

4 months 

7 to 15 days 
exposure 

(dependent 
on sampling 
environment) 
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APPENDIX G – Standard Operating Procedures 
 
 

Corporate SOP Titles SOP ID 

Laboratory Ethics and Data Integrity CE-GEN001 

(Proprietary – Client Specific) CE-GEN002 

Records Management Policy CE-GEN003 

Preventive Action CE-GEN004 

Document Control CE-GEN005 

Data Recall CE-GEN006 

Procurement and Control of Laboratory Services and Supplies CE-GEN007 

Method Development CE-GEN008 

Establishing Standard Operating Procedures CE-GEN009 

Handling Customer Feedback CE-GEN010 

Assigning a TSR to a Project CE-GEN011 

Policy for the use of Accreditation Organization Names, Symbols, and 
Logos 

CE-GEN012 

(Proprietary – Client Specific) CE-GEN013 

Internal Audits CE-QA001 

Manual Integration Policy CE-QA002 

Training Policy CE-QA003 

Qualification of Subcontract Laboratories CE-QA004 

Laboratory Management Review CE-QA005 

Proficiency Testing CE-QA006 

Making Entries onto Analytical Records CE-QA007 

Nonconformance and Corrective Action   CE-QA008 

Control Limits CE-QA009 

Estimation of Uncertainty of Analytical Measurements CE-QA010 

Performing Method Detection Limit Studies and Establishing Limits of 
Detection and Quantitation 

CE-QA011 

Quality of Reagents and Standards CE-QA012 
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Local Administrative SOP Titles SOP Code 

Data and Record Archiving ADM-ARC 

Batches and Sequences ADM-BATCH_SEQ 

Handling Consumable Materials ADM-CONSUM 

Electronic Data Backup, Archiving, and Restoration ADM-DATA_BU 

Data Review and Reporting  ADM-DATA_REV 

Glassware Cleaning ADM-GLASS 

Analytical Instrument Acquisition, Reassignment, Maintenance and Documentation ADM-INSTRUM 

Laboratory Storage, Analysis, and Tracking ADM-LabSAT 

Media Request Fulfillment ADM-Media_Req 

Project Management ADM-PMgmt 

Software and Data Quality Assurance ADM-SftwreQA 

Significant Figures ADM-SIG_FIG 

Calibration and Use of Laboratory Support Equipment ADM-SupEQ 

Waste Disposal ADM-WASTE 

Cleaning and Certification of Summa Canisters and Other Specially 
Prepared Canisters 

SMO-Can_Cert 

Evaluation and Pressurization of Specially Prepared Stainless  
Steel Canisters 

SMO-Can_Press 

Flow Controllers and Critical Orifices SMO-Flow_Cntrl 

Sample Receiving, Acceptance and Log-In SMO-SMPL_REC 
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Semi-Volatile SOP Titles SOP Code  

Determination of Formaldehyde and Other Carbonyl Compounds in Ambient Air 
Using Adsorbent Cartridge Followed by High Performance Liquid Chromatography 
(HPLC) EPA Compendium Method T0-11A 

SVO-11A 

Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in Ambient Air Using 
Gas Chromatography/Mass Spectrometry (GC/MS) 

SVO-13A 

Determination of Volatile Amines in Ambient Air Using Gas Chromatography 
Equipped with a Nitrogen Phosphorus Detector (NPD) 

SVO-AMINES 

Determination of Carboxylic Acids in Ambient Air Using Gas 
Chromatography/Mass Spectrometry (GC/MS) 

SVO-CACIDS 

Analysis of Halogenated Volatile Organic Compounds in Emissions from Stationary 
Sources using GC/ECD in Accordance with a Modification of CARB Method 422 

SVO-CARB422 

NCASI Method RSC-02.02 Reduced Sulfur Compounds by Direct Injection GC/PFPD SVO-NCASI_RSC 

Determination of Methanol, Acetaldehyde, Methyl Ethyl Ketone, and 
Propionaldehyde in Pulp and Paper Process Liquids by GC/FID  

SVO-NCASI_MeOH

Preparation and Analysis of 2-Butoxyethanol on Coconut Shell Charcoal Tubes and 
Analyzed using GC/FID 

SVO-NIOSH1403 

Determination of Organic Vapors Using GC/FID in Accordance with OSHA Method 
07 

SVO-OSHA_07 

Determination of P-9290 Target Compounds from a Chamber and Specific P-9290 
Quality Control Parameters 

SVO-P9290 

Preparation and Analysis of Orthorhombic Cyclooctasulfur by Gas 
Chromatography/Electron Capture Detector (GC/ECD)  

SVO-S8_ECD 

Analysis of Sulfur Hexafluoride in Accordance with a Modification of NIOSH 6602 SVO-SF6 

Determination of Siloxanes in Biogas using Gas Chromatography/Mass 
Spectrometry (GC/MS) 

SVO-SILOXANES 

Determination of Pesticides and Polychlorinated Biphenyls (PCBs) in Ambient Air by 
GC/ECD per EPA Compendium Methods TO-4 and TO-10A 

SVO-TO4A 

Sample and Media Preparation per EPA Compendium Method TO-13A SVP-TO13A 

Sample Extraction and Preparation of Pesticide and PCB Samples According to EPA 
Compendium Methods TO-4A and TO-10A 

SVP-TO4A 
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Volatile SOP Titles SOP Code 

Analysis of Air Corrosivity by Checkmate Meter VOA-AIRCORR 

Analysis of Argon Using Gas Chromatography with Thermal Conductivity Detection 
(TCD) 

VOA-ARGON 

Calculating Heat Value, Compressibility Factor, and Relative Density of Gaseous 
Fuels in Accordance with ASTM D 3588 

VOA-BTU 

Samples Preparation in Glass Chambers VOA-CHAMBER 

Dissolved Gas Analysis in Aqueous Samples Using a GC Headspace Equilibration 
Technique 

VOA-DISGAS 

Sample Preparation of Drywall for Sulfur Analysis and the Determination of Copper 
Corrosion 

VOA-DRYWALL 

Determination of Total Gaseous Nonmethane Organic (TGNMO) Emissions as 
Carbon in Landfill Gases in Accordance with EPA Method 25C 

VOA-EPA25C 

Determination of Methane, Carbon Monoxide, Carbon Dioxide, and Total Gaseous 
Nonmethane Organic (TGNMO) Emissions as Carbon in Landfill Gases According to 
Modified EPA Method 25C 

VOA-EPA25CM 

Determination of Hydrogen, Carbon Monoxide, Carbon Dioxide, Nitrogen, Methane, 
and Oxygen using Gas Chromatography with Thermal Conductivity Detection (TCD) 
in Accordance with EPA 3C or ASTM D 1946 

VOA-EPA3C 

Analysis of Hydrogen and Helium using Gas Chromatography with Thermal 
Conductivity Detection (TCD)  

VOA-HHe 

Analysis of Sulfur Compounds in a Gaseous Matrix by Gas Chromatography with 
Sulfur Chemiluminescence Detection per ASTM D 5504 and Modified SCAQMD 
Method 307 

VOA-S307M_SCD 

Analysis of Sulfur Compounds in Liquid Samples by Gas Chromatography with 
Sulfur Chemiluminescence Detection 

VOA-SH2O_SCD 

Analysis of C1-C6+ using Gas Chromatography with Flame Ionization Detection 
(FID) in Accordance with a Modification of EPA Compendium Method TO-3 

VOA-TO3C1C6 

Analysis of Various Compounds using Gas Chromatography with Flame Ionization 
Detection (FID) in Accordance with a Modification of EPA Compendium Method TO-3 

VOA-TO3MeOH 

Analysis of Total Petroleum Hydrocarbons as Gasoline in Air by Gas 
Chromatography with Flame Ionization Detection 

VOA-TPHG_TO3 

Determination of Air-Phase Petroleum Hydrocarbons by Gas Chromatography/Mass 
Spectrometry (GC/MS) 

VOA-MAPH 

Determination of Volatile Organic Compounds in Air Samples Collected in Specially 
Prepared Canisters and Gas Collection Bags and Analyzed by Gas 
Chromatography/Mass Spectrometry (GC/MS) 

VOA-TO15 

Determination of Volatile Organic Compounds in Ambient Air Using Active or 
Passive Sampling Onto Sorbent Tubes 

VOA-TO17 
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General Chemistry (WET) SOP Titles SOP Code 

Determination of Inorganic Anions by Ion Chromatography WET-Anions_IC 

Colorimetric Determination of Hydrogen Sulfide (H2S) in Air WET-H2SAir 

Analysis of Hydrofluoric (HF) Acid in Air by Ion Selective Electrode WET-HFAir 

Ammonia in Air by Ion Selective Electrode WET-NH3Air 

Colorimetric Determination of Nitrogen Dioxide (NO2) in Air WET-NO2Air 

Colorimetric Determination of Ozone (O3) in Air WET-O3Air 

pH Electrometric Measurement for Liquids by Ion Selective Electrodes WET-pHL 

pH Electrometric Measurement for Solids by Ion Selective Electrodes WET-pHS 
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APPENDIX H – Data Qualifiers 
 
 
 

CODE CATEGORY DESCRIPTION 

BC AIHA Reported results are not blank corrected. 

BH AIHA 
Results indicate breakthrough; back section of tube greater than 
front section. 

BT AIHA 
Results indicated possible breakthrough; back section ≥10% front 
section. 

DE AIHA Reported results are corrected for desorption efficiency. 

RA AIHA Result not available. 

G GENERAL Improper container. 

G1 GENERAL Unpreserved or improperly preserved sample. 

X GENERAL See case narrative. 

H1 HOLD TIME Sample analysis performed past holding time. See case narrative. 

H2 HOLD TIME 
Initial analysis within holding time. Reanalysis for the required 
dilution was past holding time. 

H3 HOLD TIME Sample was received and analyzed past holding time. 

H4 HOLD TIME 
Sample was extracted past required extraction holding time, but 
analyzed within analysis holding time. See case narrative. 

i MATRIX The MDL/MRL has been elevated due to matrix interference. 

M MATRIX Matrix interference; results may be biased (high/low). 

M1 MATRIX 
Matrix interference due to coelution with a non-target compound. 
(TO-15 only) 

Q PETROLEUM 

The chromatographic fingerprint of the sample resembles a 
petroleum product, but the elution pattern indicates the presence of 
a greater amount of lighter/heavier molecular weight constituents 
than the calibration standard. 

Y PETROLEUM 
The chromatogram resembles a petroleum product but does not 
match the calibration standard. 

Z PETROLEUM The chromatogram does not resemble a petroleum product. 

# QC The control limit criterion is not applicable.  See case narrative. 

* QC The result is an outlier.  See case narrative. 

B QC Analyte detected in both the sample and associated method blank. 

I QC Internal standard not within the specified limits.  See case narrative. 

L QC 
Laboratory control sample recovery outside the specified limits; 
results may be biased (high/low). 

N QC 
The matrix spike sample recovery is not within control limits.  See 
case narrative. 

R QC Duplicate precision not met. 
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CODE CATEGORY DESCRIPTION 

R1 QC 
Duplicate precision not within the specified limits; however, the 
results are below the MRL and considered estimated. 

S QC Surrogate recovery not within specified limits. 

V QC 
The continuing calibration verification standard was outside (biased 
high/low) the specified limits for this compound. 

C RESULT Result identification confirmed. 

CE RESULT Co-elution. 

D RESULT The reported result is from a dilution. 

E RESULT Estimated; concentration exceeded calibration range. 

J RESULT 
The result is an estimated concentration that is less than the MRL 
but greater than or equal to the MDL. 

J1 RESULT 
The analyte was positively identified below the method reporting 
limit prior to utilizing the dilution factor; the associated numerical 
value is considered estimated. 

K RESULT 
Analyte was detected above the method reporting limit prior to 
normalization. 

ND RESULT 
Compound was analyzed for, but not detected above the laboratory 
reporting/detection limit. 

P RESULT 
The confirmation criterion was exceeded. The relative percent 
difference was greater than 40/25% between the two analytical 
results. 

U RESULT 
Compound was analyzed for, but not detected (ND) at or above the 
MRL/MDL. 

W RESULT 
Result quantified, but the corresponding peak was detected outside 
the generated retention time window. 

UJ RESULT 
The analyte was not detected; however, the result is estimated due 
to discrepancies in meeting certain analyte-specific quality control 
criteria. 

Ui RESULT 
The compound was analyzed for, but was not detected ("Non-
detect") at or above the MRL/MDL; however, the MRL/MDL has been 
elevated due to matrix interference. 

T TIC Analyte is a tentatively identified compound, result is estimated. 
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APPENDIX I – Master List of Controlled Documents 
 
 
 

Controlled Documents* Document Code 

Health and Safety Manual ADM-SAFETY 

Quality Assurance Manual ALSMV-QAM 

 
*Refer to Appendix G for a list of the laboratory’s controlled standard operating procedures. 

 
 
 
 
 

QA Program Files 

Item Location / Name 

Approved Signatories List QA Manual Appendix I 

Approved Subcontract Laboratories Q:\Approved Sub-Contract Labs\Subcontract Lab List

Control Limit\Chart Status  Q:\Control Charts\CntrlChrt(status1).xls 

Job Descriptions HR Department 

Master List of Controlled Documents 
(Logbooks, SOPs, etc.) 

Q:\Master List of Controlled Documents\Master List 
of Controlled Documents.xls 

MDL,LOD,LOQ Status Q:\MDL Status\MDL Status Table (EACH DEPT).xls  

Personnel Resumes, Transcripts HR and QA Departments 

Simi Valley Certification Status Q:\Certifications\Cert Status.xls 

Simi Valley Data Quality Objectives Q:\MDL_MRL\DQO Spreadsheet.xls 

Technical Training Status 
Q:\Training\TRAINING STATUS\TRAINING 
STATUS.xls 
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Approved Signatories 

Name Title 

Kelly Horiuchi, B.A. 
 

Laboratory Director / Project Manager 

Chaney Humphrey, B.S. 
 

Quality Assurance Manager 

Wade Henton, B.S. 
 

Volatiles (GC) Technical Manager 

Chris Parnell, B.S. 
 

Operations Manager; Technical  Manager (VOA GC/MS – Air) 

Madeleine Dangazyan, B.S. 
 

Semi-Volatiles/ Industrial Hygiene Technical Manager;  
Environmental Health & Safety Coordinator 

Wida Ang, B.S., M.S. 
 

Team Leader (Volatiles GC/MS – Air) 

Sue Anderson, B.S. 
 

Project Manager / Technical Manager (General Chemistry) 

Samantha Henningsen, B.S. 
 

Project Manager 

Kathleen Aguilera, B.A. 
 

Client Services Manager / Project Manager 
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APPENDIX J – Laboratory Accreditations 
 
American Industrial Hygiene Association (AIHA) 
 Industrial Hygiene Laboratory Accreditation Program Laboratory 
 Laboratory # 101661   
 Approved Method(s): 

• NIOSH 1450 
• NIOSH 1457 
• NIOSH 1500 
• NIOSH 1501 
• NIOSH 1550 
• OSHA 07 

 
 
State of Arizona, Department of Health Services 
 License No. AZ0694  
 Approved Method(s): 

• EPA TO-15 
• EPA 3C 

 
 
Department of Defense, Environmental Laboratory Accreditation Program (DoD-ELAP)  
 Perry Johnson Laboratory Accreditation, Inc. Accreditation No. 65818 
 Approved Method(s): 

• EPA TO-15 
• RSK 175 
• EPA 3C 
• ASTM D 1946-90 
• SOP VOA-EPA3C (EPA 3C Modified) 
• SOP VOA-TPHG_TO3 (TPHG by Modified EPA TO-3) 
• SOP VOA-TO3C1C6 (Hydrocarbons and ranges by Modified EPA TO-3) 
• SOP VOA-TO15 (EPA TO-15 Modified) 

 
 
State of Florida, Department of Health (NELAP-Secondary) 

Laboratory ID No.: E871020 
Approved Method(s): 

• EPA TO-15 
• EPA TO-17 

 
 
State of Maine, Department of Health and Human Services 

Certificate No.: 2014025 
Approved Methods 

• EPA TO-15 
• MADEP APH 
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State of Minnesota, Department of Health, Environmental Laboratory Certification Program (NELAP-
Secondary)  
 Laboratory ID: 006-999-456 
 Approved Method(s): 

• EPA TO-15 
 
 
State of New York, Department of Health (NELAP –Secondary) 
 Environmental Analyses/Air and Emissions 
 Laboratory ID No. 11221 
 Approved Method(s): 

• EPA TO-13A 
• EPA TO-15 
• EPA TO-17 

 
 
State of New Jersey, Department of Environmental Protection (NELAP-Secondary) 
 Laboratory ID: CA009 
 Approved Method(s): 

• EPA TO-15 
• EPA TO-13A 
 

 
State of Oregon, Environmental Laboratory Accreditation Program (NELAP-Primary) 
 Laboratory ID: 4068 
 Approved Method(s): 

• EPA TO-4A 
• EPA TO-10A 
• EPA TO13A 
• EPA TO-15 
• EPA TO-17 
• MADEP APH 

 
 
Commonwealth of Pennsylvania, Department of Environmental Protection Bureau of Laboratories 
 Registration Number: 68-03307 

 
 

State of Texas, Texas Commission on Environmental Quality (NELAP-Secondary) 
 Certificate # T104704413-14-5 
 Approved Method(s): 

• EPA TO-15 
 
 
State of Utah, Department of Health, Environmental Laboratory Certification Program (NELAP-Secondary) 
 Certificate # CA016272014-4 

Approved Method(s): 
• EPA TO-15 
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State of Washington, Department of Ecology  
 Laboratory ID: C946 
 Approved Method(s): 

• EPA TO-15 
• EPA RSK-175 

  
 
Note 1: This Quality Assurance Manual is revised annually with AIHA, DoD and NELAP-Primary 

Certificates, and the Scope of Accreditations/Parameters are revised annually (where 
necessary). During this interim period Certificates may expire and the Scope of 
Accreditations/Parameters may change; therefore, these may not be updated until the next 
revision.   

Note 2: Current Certificates and Scope of Accreditations/Parameters are on file and displayed in the 
front hallway. Updated or Specific Certificates and Scope of Accreditations/Parameters are 
available upon request.   
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STANDARD OPERATING PROCEDURE 

ANALYSIS OF HALOGENATED VOLATILE ORGANIC COMPOUNDS IN EMISSIONS FROM 
STATIONARY SOURCES USING GAS CHROMATOGRAPHY WITH ELECTRON CAPTURE 
DETECTION (ECD) IN ACCORDANCE WITH A MODIFICATION OF CARB METHOD 422 

1) Scope and Applicability 

1.1 This gas chromatograph method is used in the analysis of chloroform, trichloroethene, 
and tetrachloroethene by a modification of CARB Method 422. Other compounds that 
maybe reported provided that the requirements of this document are followed are: 
carbon tetrachloride, 1,2-dichloroethane, 1,2-dibromoethane, trichlorofluoromethane, 
1,3-butadiene and dichloromethane. This method cannot be used to determine 
compounds of high molecular weight, compounds that may polymerize before analysis 
or compounds that have very low vapor pressures at stack or instrument conditions. 

1.2 This method applies to but is not limited to the following sample matrices: ambient 
air, source emissions, landfill gases, digester gases, and vehicular exhaust. The range 
of this method for quantifying target analyte gases, depending on the concentration of 
the samples, is approximately 0.0010 to 200ppm. The upper limit may be extended by 
diluting the sample with an inert gas or by using a smaller injection volume. 
Approximately twenty samples may be analyzed in one eight hour day.   

2) Summary of Procedure 

2.1 Samples are collected in Tedlar bags, and delivered to the laboratory for analysis. A 
modification of the method may be used for the collection of samples in Summa 
canisters or glass bottles. An aliquot is drawn from the sampling container using a 
gastight syringe and injected onto a chromatographic column where the analytes are 
separated and measured using an electron capture detector (ECD). Analytes are 
identified and quantified based on their retention time, which is compared with that of 
a known standard under identical conditions. The Tedlar bag sampling and analysis is 
not suitable for monitoring 1,3-butadiene in combustion source emissions. Refer to 
CARB Method 422.102 for the analysis of 1,3-butadiene.    

3) Definitions 

3.1 Relative Standard Deviation (RSD) The RSD is the coefficient of variation (CV; ratio of 
the standard deviation to the mean) multiplied by 100 to convert the CV to a 
percentage of the mean. 

3.2 Analytical Sequence The analytical sequence describes exactly how the field and QC 
samples in an analytical batch are to be analyzed. 

3.3 Field Sample A sample collected and delivered to the laboratory for analysis. 

3.4 Batch QC Batch QC refers to the QC samples that are analyzed in an analytical batch of 
field samples and includes the Method Blank (MB), Laboratory Control Sample (LCS) 
and Laboratory Duplicate (LD), etc. 

3.5 Calibration Standard (Initial Calibration – ICAL) A calibration standard is a known 
concentration of desired analyte(s) prepared from a primary standard, which is, in turn, 
prepared from a stock standard material. A calibration standard is analyzed at varying 
concentrations and used to calibrate the response of the measurement system with 
respect to analyte concentration. 

3.6 Initial Calibration Verification (ICV) Standard An initial calibration verification standard 
(ICV) is a standard that is prepared from materials obtained from a source other than 

P
ro

p
ri

e
ta

ry
 -
 U

n
co

n
tr

o
ll

e
d

 C
o

p
y



Halogenated VOCs by GC/ECD 
 SVO-CARB422, Rev. 05.0  
 Effective: 04/25/2015 
 Page 2 of 28 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

STANDARD OPERATING PROCEDURE 

the source for the calibration standards and is analyzed after the measurement system 
is calibrated, but prior to sample analysis in order to verify the calibration of the 
measurement system. 

3.7 Continuing Calibration Verification (CCV) Standard A continuing calibration verification 
standard (CCV) is a midrange calibration standard that is analyzed periodically to verify 
the continuing calibration of the measurement system. 

3.8 Method Blank (MB) The method blank (MB) for this method is ultra-pure nitrogen that is 
analyzed to verify the zero point of the analytical system and to verify freedom from 
carryover.  

3.9 Method Reporting Limit (MRL) The minimum reliably quantifiable concentration of a 
compound. 

3.10 Laboratory Control Sample (LCS) For the purposes of this document, a laboratory 
control sample (LCS) shall be a calibration standard of known concentration. The 
percent recovery of the analyte(s) in the LCS is used to assess method performance.   

3.11 Laboratory Duplicate Aliquots of a sample taken from the same container under 
laboratory conditions which are processed and analyzed independently. 

3.12 Precision Precision of a method is how close results are to one another, and is usually 
expressed by measures such as standard deviation, which describe the spread of 
results. 

3.13 Bias The bias of a method is an expression of how close the mean of a set of results 
(produced by the method) is to the true value. 

3.14 Manual Integration This term applies to a data file in which setpoints have been 
changed and reintegration has occurred under the changed setpoints; baselines have 
been adjusted; peak integration start and stop “ticks” have been changed; peak area, 
or peak height, are changed after the time of data collection and data file generation. 

4) Health and Safety Warnings 

4.1 Pollution Prevention and Waste Management All waste management must be carried 
out in accordance with the most recent version of the SOP for Waste Disposal. 

4.2 This procedure may include CHEMICAL, OPERATIONAL and/or EQUIPMENT hazards. 
Employees must review and understand the following hazards and their preventive 
measures prior to proceeding with this activity. Hazard information related to this 
activity which is not included or referenced in this document should be immediately 
brought to the attention of the Department Supervisor. 
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HAZARD ASSESSMENT 
Job Task #1:  Hazards Preventative Measures 
Standard and sample 
preparation. 

Exposure to potential health 
hazards through absorption 
through skin.  Inhalation 
hazards. 

Reduce exposure through the use of gloves 
and fume hoods. Safety glasses must be worn 
when working in the prep lab.   
 
Care should be taken when handling standard 
material in a neat or highly concentrated form.  
Personal protective clothing (safety glasses, 
gloves, and lab coat) are required when 
handling standard material in neat form.   
 
Consult Safety Data Sheets (SDS) for 
compounds being handled in this procedure, 
and be familiar with proper safety precautions. 
SDS shall be reviewed as part of employee 
training.    
 
Refer to the laboratory’s Environmental Health 
and Safety Manual for additional information 
regarding safety in the workplace. 

Job Task #2:  Hazards Preventative Measures 
Using and moving 
compressed gas 
cylinders. 

Gas leak, fire, and 
explosion.  Personal injury 
due to falling during 
transport.   

All cylinders must be secured in an upright 
position to a wall or immovable counter with a 
chain or a cylinder clamp when not in use.  
Keep safety caps on when cylinders are not in 
use.   
 
A handcart must be used when transporting 
cylinders.  The cylinder must be secured to the 
handcart with a chain or belt.  
 
Full cylinders must be kept separate from 
empty cylinders. Flammable gases (i.e. 
pressurized hydrogen) must be clearly labeled.  
Flammables and oxidizers must be separated 
by a ½-hour fire wall or by at least twenty feet.    

Job Task #3:  Hazards Preventative Measures 
Glass syringe use Skin lacerations and 

punctures. 
The proper use of syringes should be part of 
employee training for this SOP. Care should be 
taken to avoid personal injury as a result or 
improper handling techniques. 

Job Task #4:  Hazards Preventative Measures 
Working with and 
Pressurization of 
glass bottles 

Personal injury from 
breakage or shattering. 

Wear safety glasses when working with glass 
bottles.  Gloves may be worn to help maintain 
grip.  Bottle Vacs must not be pressurized 
higher than 7 psig.   
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5) Cautions 

5.1 An instrument maintenance log shall be kept documenting maintenance performed on 
each analytical system. This log must be kept current. The serial numbers of each 
instrument shall be recorded in the front of the logbook. An entry shall be made in the 
appropriate log every time maintenance is performed. The extent of the maintenance 
is not important, however, it is important that a notation be included for each 
maintenance activity such as changing a column, tuning the instrument, or cleaning 
the source. The entry in the log must include: 

(a) the date of maintenance 
(b) who did the maintenance 
(c) description of the maintenance 
(d) proof that the maintenance activity was successful 

A notation of a successful continuing calibration or initial calibration shall serve as 
proof that the maintenance is complete and the instrument is in working order. 

5.2 Carrier Gas Purifier 

If in-line purifiers or scrubbers are in place, these purifiers must be changed as 
recommended by the supplier. 

5.3 GC System 

5.3.1 Column Performance should be monitored by observing peak shapes and 
column bleed. Over time, the column may exhibit a poor overall performance, 
as contaminated sample matrices are analyzed. The length of time for this to 
occur depends on the samples analyzed. When a noticeable decrease in column 
performance is evident and other maintenance options do not result in 
improvement, the column should be replaced. Whenever GC maintenance is 
performed, care should be taken to minimize the introduction of air or oxygen 
into the column. 

Clipping off a small portion of the head of the column often improves 
chromatographic performance. When cutting off any portion of the column, 
make sure the cut is straight and “clean” (uniform, without fragmentation) by 
using the proper column-cutting tool. When removing any major portion of the 
column, which will affect the retention times and elution characteristics, a 
change in instrument conditions may be required to facilitate nominal analytical 
activity.   

Poor performance can also be due to ineffective column ferrules, which should 
be replaced when a tight seal around the column is no longer possible. This can 
be detected with the use of a leak detector.   

5.3.2 Injection Port Injection port maintenance includes changing the injection port 
liner and column ferrule as needed. Liners should be changed when recent 
sample analyses predict a problem in chromatographic performance.  

5.3.3 Injector Septa Septa should be changed monthly or whenever there is a 
noticeable change in peak definition. For best results with air analyses, two 
septa are placed into the injector in order to eliminate loss during manual 
injections. 

5.3.4 Electron Capture Detector The ECD contains Nickel-63 and must undergo a 
radioactive leak or “wipe” test every 6 months. The radioactive leak test records 
are to be maintained for a minimum of 3 years. If a leak test fails, the ECD must 
be immediately taken out of use and the following must occur: 
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• Send detector to an authorized repair or disposal facility.  
• Prepare and submit a report within 30 days to the California department of 

radiological health including a complete description of the device 
(manufacturer, type, serial number) and a brief description of the event and 
the remedial action taken (California Code of Regulations). 

Under no circumstances is the ECD unit to be opened, cleaned, repaired or 
modified by laboratory personnel, as this would be a direct violation of the 
General License requirement. 

6) Interferences 

6.1 Contaminated Sample 

Care must be taken to prevent ambient air intrusion into the sample container during 
canister pressurization and laboratory analysis. When using adapters and fittings the 
dead volume must be evacuated and replaced with the sample gas prior to sampling 
from the container. The sampling syringe shall then be flushed with the sample gas to 
remove residual ambient air. An aliquot greater than is needed is drawn, and the 
syringe plunger is adjusted to the appropriate volume immediately before injecting. 

6.2 Carrier Gas Contamination 

To prevent system contamination, UHP/ZERO grade helium (99.999% purity) is used as 
the carrier gas. Additionally, a purifier is incorporated into the analytical system as 
another precaution in preventing contamination.   

7) Personnel Qualifications and Responsibilities 

7.1 It is the responsibility of the analyst to perform the analysis according to this SOP and 
to complete all documentation required for data review and reporting. Personnel in the 
laboratory who have demonstrated the ability to generate acceptable results utilizing 
this SOP must perform analysis and interpretation of the results. This demonstration 
shall be in accordance with the training program of the laboratory. The department 
supervisor/manager or designee shall perform final review and sign-off on the data. 

7.2 Training shall be conducted in accordance with the SOP for Training Policy.  An initial 
demonstration of proficiency shall be performed prior to independent analyses of 
samples. In addition, a continuing demonstration must be performed annually or prior to 
the analysis of samples. Both demonstrations consist of spiking Tedlar bags with the LCS 
standard and evaluating for both precision and accuracy. The criteria for approval are 
the same as the acceptance criteria for the LCS as specified in this document. See 
Attachment 1. 

8) Sample Collection, Handling, and Preservation 

8.1 The samples are collected and delivered to the laboratory for analysis in either Tedlar 
bags or specially prepared canisters, or glass sampling bottles (Bottle Vac. Entech 
Instruments). Samples collected in bags must be analyzed within 72 hours after sample 
collection unless otherwise specified by the client.  Samples delivered in cleaned, 
evacuated summa or other specially prepared canisters do not have specified holding 
times for atmospheric gases but should be analyzed within 30 days from the date of 
collection. 
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9) Equipment and Supplies 

9.1 Gas Chromatograph 

HP 5890 or equivalent equipped with an electron capture detector, and having a 
temperature programmable oven. The column shall be 60m, 0.53mm ID RT

x
-1 or 

equivalent with a 5μm film thickness. 

Conditioning of the chromatographic column is required prior to use of the system. The 
column should be conditioned with a continuous flow of chromatographic grade helium 
and temperature programmed from 35°C to 200°C at a rate of five degrees per minute.  
The column should be held at 200°C for at least four hours. 

9.2 Regulators  

Regulators are used on the gas cylinders supplying the GC and for preparing cylinder 
standards.   

9.3 Data System 

A data system with the ability to collect data from the GC detector, integrate the peaks 
and perform the appropriate quantification calculations shall be used. This laboratory 
currently uses HP Chemstation/Enviroquant GC software.   

9.4 Syringes 

Gas tight syringes of the following volumes: 10mL, 1.0mL, and 0.5mL. 

9.5 Tedlar Bags 

New Tedlar bags are used for preparing standards and diluting very concentrated 
samples, which fall outside of the initial calibration range. 

10) Standards and Reagents 

10.1 All samples and standards must be stored separately.  The concentration, preparation 
and expiration date as well as analyst’s initials must be identified on the standard 
label. Each standard must also be uniquely identified with a laboratory ID number.  

All certificates shall be noted with the standard identification number, date received 
and initials of the receiving analyst and retained by the quality assurance department.   

10.2 Carrier and Calibration Standard Balance Gas 

10.2.1 Helium - UHP/ZERO (99.999%) or higher in purity 

10.2.2 Nitrogen - UHP/ZERO (99.999%) or higher in purity 

10.3 Neat Standards 

These standards must be stored in accordance with the requirements described in the 
SOP for Handling Consumable Materials. These standards may be stored for a period 
of 5 years for neat standards, 2 years for air standards or as recommended by the 
manufacturer.  
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Compound Purity MW Density 
Chloroform 99+% 119.4 1.4832 
Trichloroethene 99+% 131.4 1.4642 
Tetrachloroethene 99+% 165.8 1.6227 
Carbon tetrachloride 99+% 153.8 1.5940 
1,2-Dichloroethane 99+% 98.96 1.2351 
1,2-Dibromoethane 99+% 187.9 2.17 
Trichlorofluoromethane 99+% 137.4 1.494 
1,3-Butadiene 99+% 54.09 0.6149 
Dichloromethane (Methylene Chloride) 99+% 84.94 1.3266 

      

10.4 Initial Calibration Standard / Working Standard 

Prepare a neat cocktail standard from the above stated compounds by adding the 
appropriate volume of the neat compounds into a clean 2mL vial.  

The current cocktail concentration recommendation is 200ppm for tetrachloroethene 
and 1000ppm for all other compounds. Determine the spike volume and add this 
amount to 1L of high purity nitrogen in a Tedlar bag. Record the calibration standard in 
accordance with the requirements described in the SOP for Handling Consumable 
Materials. Depending on the desired dynamic range of the initial calibration, various 
dilutions shall be made from this standard bag. A serial dilution may also be prepared 
from this standard bag.  

The intermediate standard, along with all dilutions, must be stored at room 
temperature and expires 3 days after preparation. 

10.4.1 Equi-mass “soup” (contains compounds in equal mass amounts) or cocktail 
prepared from neat compounds.  

Cocktail Preparation:   

Step 1:  This cocktail is prepared by combining a calculated amount of each 
neat compound into a small glass vial based on the desired Tedlar bag 
standard concentration of 200ppm for tetrachloroethene and 1000ppm for 
other compounds. Use a microliter syringe to transfer each compound, cleaning 
with solvents in between. Put the vial in the freezer between aliquots to 
minimize volatilization. Take the density and molecular weight of each 
compound into account to determine the actual amount of each compound to 
spike into the cocktail by using the following equation. 
 

S = 
D

L
mLMWS A

46.24
1000

*1**
3

    (Equation 1) 

Where: 
 
S Calculated volume, per compound (uL) 
MW Molecular weight for each compound, g/mole 
S

A
 Desired concentration for each compound (ppm= mg/m3) 

D Density (g/mL); refer to the density references 
 
Example:  The actual volume of chloroform to add to the cocktail is calculated 
by the following. 
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S(Chloroform) = 
4832.1

46.24
1000

*1*4.119*/1000
3

3

L
mLmmg

  =  3.29uL 

 
Hint: To obtain a larger cocktail volume, multiply each compound volume by a 
multiplier (i.e., 40 or 50).  This procedure prevents from having to prepare 
cocktail more often.  

Tabulate all of the calculated spike amounts and spike the total into a 1L Tedlar 
bag filled with nitrogen. Place in an oven at approximately 60ºC for about 10 
minutes. Allow the Tedlar bag to sit for about 15-20 minutes for an equilibrium 
period. 

11) Method Calibration 

 11.1 Initial Calibration 

The instrument must be calibrated initially and whenever the laboratory takes 
corrective action (maintenance), which may change or affect the initial calibration 
criteria, or if the continuing calibration acceptance criteria have not been met.  
Introduce each initial calibration concentration standard (at least five levels, analyzed 
from low concentration to high concentration) by direct injection using a gas tight 
syringe. Perform all calibration runs according to the analytical portion of the sample 
analysis described in Section 12.1 

Note: The concentrations of the initial calibration may change as long as the low 
standard analyzed is the same as the reporting limit for each analyte. 

11.1.1 Initial Calibration Requirements 

Once a set of ICAL standards is analyzed, the previous ICAL may no longer be 
used to analyze new samples and it must be archived. The only time an 
archived ICAL can be used thereafter is to review or re-evaluate samples(s) 
previously processed using that ICAL.    

1. A minimum of 5 concentrations must be used to calculate the calibration 
curve. 

2. Highest concentration, together with the lowest concentration, defines the 
calibration curve. 

3. Lowest concentration must be at method reporting limit. 
4. A blank should be analyzed prior to beginning the analysis of the 

calibration standards. 
5. The initial calibration event may not be interrupted by maintenance. 
6. Only one value per concentration may be used. 
7. Analyze calibration standards from low to high concentration. 
8. All ICAL analyses must be completed within 48 hours. 
9. If 5 calibration standards are in the ICAL, one standard may be re-

analyzed.  If 6 to 10 calibration standards are in the ICAL, two calibration 
standards may be re-analyzed. 

10. Point dropping policy 
• Minimum of 5 consecutive concentrations must be used to calculate the 

calibration curve. P
ro

p
ri

e
ta

ry
 -
 U

n
co

n
tr

o
ll

e
d

 C
o

p
y



Halogenated VOCs by GC/ECD 
 SVO-CARB422, Rev. 05.0  
 Effective: 04/25/2015 
 Page 9 of 28 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

STANDARD OPERATING PROCEDURE 

• Lowest concentration must be at the MRL and may not be dropped 
unless the MRL is changed to the concentration of the remaining lowest 
standard. 

• Points at high end may be dropped, but doing so lowers the calibration 
curve range.   

• Points may not be dropped from the interior of the curve unless an 
assignable cause (i.e., gross dilution or standard preparation error, or 
instrument malfunction) is accounted for and documented in a 
nonconformity and corrective action report (NCAR).  In these instances, 
all the analytes in that calibration standard must be dropped from the 
calibration curve as the corrective action. 

• If a point or a calibration standard is dropped, the reason must be 
documented (and the results maintained with the documentation for the 
final ICAL). 

• A calibration standard may be re-analyzed if the first analysis of the 
standard has been dropped and other requirements in this policy are 
met (i.e., still within 48 hours). 

• Once the ICAL has been used to calculate and report sample results, it is 
not to be changed. 

11.1.2 Initial Calibration Review  

Analyst’s calculations and assessment along with a peer review of all ICAL data 
and documentation as stated in Attachment 2 is required before the ICAL may 
be used to analyze samples. Sample results may only be reported if the ICAL is 
reviewed and found to be acceptable. 

11.1.3  Initial Calibration File 

An ICAL file is to be created for each initial calibration performed per 
instrument into which is placed the following ICAL documents. The file shall 
remain in the laboratory and be filed by instrument and date. 

• ICAL Checklist filled out, reviewed and approved 
• Blank analysis quantitation report 
• Calibration status report (a.k.a. Calibration History) 
• Relative Response Factor Report / Percent Relative Standard Deviation 
• Quantitation report for each calibration standard (including manual 

integration documentation – before and after manual integration) 
• ICV quantitation report and evaluate continuing calibration report (a.k.a. 

Percent Difference Report) 

11.1.4 Initial Calibration Verification  

Verify the initial calibration by analyzing an independent calibration verification 
standard (ICV). 

12) Sample Preparation/Analysis 

12.1 Analytical Sequence and Data System Setup 

12.1.1 Data System Load the appropriate acquisition method file for the gas 
chromatograph temperature program. Load the appropriate analytical 
sequence. Enter the analytical sequence information in the table window, 
including standard name, sample name and injection volume. Run the sequence 
and inject the standards and samples per the guidelines in Section 12.1.2.
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12.1.2 Analytical Sequence The analytical batch must be completed for the analysis of 
≤20 field samples. Laboratory duplicates (LD), duplicate field samples and 
sample dilutions are considered samples. Batch QC samples may be analyzed 
anywhere in the analytical sequence, with the exception of the method blank 
which must be analyzed prior to sample analysis in order to demonstrate a 
contamination free system.   

 Analytical Sequence Guideline1 

Sample Description(w/ICAL) Sample Description  
 Calibration Stds.2 CCV3 

 ICV4 MB5 

 MB5 LCS6 

 LCS6 Samples 1-10   
 Samples 1-10 CCV3      
 CCV3 Samples 11-19   
 Samples 11-19 LD7 

 LD7 CCV3 

 CCV3 
1 The batch QC may be analyzed in an order other than the one listed in this 
document; the analytical sequence specified below is a guideline.   

2 The initial calibration must be generated in accordance with the guidelines 
detailed in Section 11.1 of this document. 

3 In cases, where the ICAL is not performed the analytical sequence must begin 
with the analysis of a CCV standard. In addition, the analytical sequence shall 
end with an acceptable CCV.   

4 Every ICAL must be followed by a second source standard (ICV) which contains all 
of the target analytes.   

5 The method blank must be analyzed prior to any samples within the sequence.   
6 Every analytical sequence must include a laboratory control sample. A LCS 
shall be analyzed at a rate of one per twenty samples or fewer for each 
analyte.  

7 A laboratory duplicate must be analyzed at a frequency of 1 in 20 or fewer 
samples.  

12.2 GC Configuration 

12.2.1 Temperature Program The GC oven temperature programming must be set to 
completely elute all of the target analytes. The temperature program ramps 
up to a high temperature, not exceeding the maximum temperature rating of 
the column in use, and holds there to allow all heavier compounds to elute, in 
order to prevent carryover to the next injection. The settings and system 
parameters are as follows. 
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Instrument Control Parameters – GC21 

Sample Inlet GC 
Injection Source Manual 
Run Time 12 minutes 
Injector 
Mode Packed 
Temperature 150°C 
Pressure 18psi at 100°C oven temperature 
Isothermal Oven 
Initial Temperature 100°C 
Initial Time 12 minutes 
Column 
Model Number RTx-1 
Nominal Length 60m 
Nominal Diameter 0.53mm ID 
Film Thickness 5μm 
ECD 
N2 50mL/min 
Temperature 280°C 

 

12.3 Continuing Calibration 

A continuing calibration check shall be performed at the beginning, after every 10 
samples and at the end of an analytical sequence, or every twenty field samples, not to 
exceed a 24-hour period. The concentration of the calibration verification may be 
varied within the established calibration range.   

12.4 Method Blank 

The method blank shall be obtained using ultra high purity nitrogen directly injected in 
the same manner as the standards and samples. A method blank must be analyzed 
prior to analysis of samples. A method blank must also be analyzed if carryover 
contamination is suspected.   

12.5 Laboratory Control Sample 

The laboratory control sample shall be an injection of the continuing calibration or 
initial calibration verification standard. Make sure that all of the pertinent information 
is included on the quantitation report including the sample identification (LCS), 
concentration, standard used, and analyst.   

12.6 Analysis 

12.6.1 Canister and Glass Bottle Pressurization Sample analysis must be made using 
the same instrument parameters as that of the calibration standards.  Refer to 
the SOP for Evaluation and Pressurization of Specially Prepared Stainless Steel 
Canisters for the procedure of how canisters and glass bottles are to be 
pressurized prior to analysis. The analyst shall record the appropriate 
pressures on the Service Request form. This includes noting any anomalies for 
which the appropriate corrective actions have been detailed and must be 
followed accordingly.   

12.6.2 Sample Analysis Sample analysis shall be performed by a direct injection 
technique using gas tight syringes. Insert the syringe through the Tedlar bag 
septum or summa can fit with an adapter. When using adapters and fittings the 
dead volume must be evacuated and replaced with the sample gas prior to 
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sampling from the container. The sampling syringe shall then be flushed with 
the sample gas to remove residual ambient air and vented into a waste bag.  
This procedure entails drawing an aliquot greater than is needed, and adjusting 
the syringe plunger to the appropriate volume immediately before injecting.   

Note: The maximum allowed injection volume is 500uL 

Bottle Vacs use a proprietary quick connect fitting (Micro-QT, Entech 
Instruments).  Each female Micro-QT fitting must be purged after use to remove 
any remaining sample residue and prevent contamination from subsequent 
usage. Connect a male Micro-QT fitting to a source of ultrapure or carbon-
filtered gas. Adjust the pressure to about 10 psig using an inline regulator. 
Connect the female fitting for several seconds, then remove and place in an 
oven kept at 60ºC until the next use. Do not heat the fittings higher than 80ºC.   

12.6.3 Sample Dilution If any target analyte results are above the highest level of the 
initial calibration, a smaller sample aliquot or a dilution in a Tedlar bag must be 
analyzed. Guidance in performing dilutions and exceptions to this requirement 
are given below.    

• Use results of the original analysis to determine the approximate dilution 
factor required getting the largest analyte peak within the initial calibration 
range. 

• The dilution factor chosen should keep the response of the analyte peak for 
a reported target compound in the upper half of the initial calibration range 
of the instrument. Additional compounds may be reported as long as they 
are within the calibration range.   

• Analysis involving dilution should be made with high purity nitrogen and 
must be reported with a dilution factor. 

Tedlar bag dilution: 

• Calculate the sample amount and volume of balance gas needed to obtain 
the required dilution. 

• Fill a new 1.0L Tedlar bag with nitrogen using the appropriate gas tight 
syringe. 

• Remove the difference in the balance gas using the appropriate gas tight 
syringe. 

• Add the calculated sample amount using a gas tight syringe.  

12.7 Laboratory Duplicate 

Analyze two separate aliquots from the same sample container. A laboratory duplicate 
must be analyzed a frequency of 1 in 20 field samples. The laboratory duplicate should 
be rotated among clients, whenever possible 

12.8 Manual Integration 

The integration(s) for each sample is checked to ensure that it has been integrated 
properly. Assuming an incorrect automatic integration the analyst shall conduct the 
manual integration in accordance with the SOP for Manual Integration Policy including 
all documentation and reviews associated with the process. The review should include 
the analyst and peer reviewer initialing and dating the manual integration as an 
indication of acceptability and approval.  

12.9 Method Detection and Quantitation Limits 

The MDL must be performed in accordance with the procedure outlined in the SOP for 
the Performing Method Detection Limit Studies and Establishing Limits of Detection and 
Quantitation. Method detection limits must be determined annually and whenever 
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there is a change in the test method that affects how the test is performed, or when a 
change in instrumentation is such that it affects the sensitivity of the analysis. The 
MDL study shall be performed on each instrument for which this method is performed.  
All supporting data must be approved and retained.   

12.10 Cleaning Tedlar Bags  

Fill with nitrogen and evacuate several times. In the final cleaning step partially fill the 
bags with nitrogen and evacuate using a pump. 

13) Troubleshooting 

13.1 Prepare new standards, check instrument maintenance, prepare a new curve as 
needed, etc. Refer to the corrective actions listed in Section 16 of this SOP for 
additional troubleshooting details. 

14) Data Acquisition  

14.1 Storing Electronic Data 

The initial calibration data must be stored in a quantitation method (on the server) 
using a unique filename and may not be overwritten at any time in order to maintain 
an accurate audit trail. Files should be named with a character notation indicating the 
compound list and the date of the corresponding initial calibration. In addition, all data 
files including method blanks, continuing calibration verification, laboratory control 
samples and client submitted samples files shall be saved in a unique sub-directory on 
the server. An example of how the analyst should store analytical data is as follows:  

Instrument Number/Data/Method ID/yr_month/*.d 

The initial calibration curve may be saved with an identification such as CARB followed 
by the date of the analysis (mm,yy). This file should be saved in the following 
directory:  J:\”instrument ID”\Method\.  No curve may be overwritten at any time to 
ensure a complete audit trail. 

14.2 Sufficient raw data records must be retained of the analysis, instrument calibrations 
and method detection limit studies including:  analysis/calibration date and time, test 
method, instrument, sample identification, each analyte name, analyst’s initials, 
concentration and response, and standards used for the analysis and calibrations, any 
manual calculations including sample dilutions and manual integrations. Information 
entered and reported on the quantitation report and instrument run log must be 
complete and accurate. 

14.3 The essential information to be associated with analysis, such as computer data files, 
run logs, etc. shall include: Sample ID code, date of analysis, time of analysis, 
instrument operating conditions/parameters (or reference to such data), analysis type, 
any manual calculations including dilutions and manual integrations, analyst’s initials, 
sample preparation (pressure readings), standard and reagent origin, sample receipt, 
calibration criteria, frequency and acceptance criteria, data and statistical calculations, 
review, confirmation, interpretation, and assessment and reporting conventions. 

15) Calculation and Data Reduction Requirements 

15.1 Initial Calibration  

• Tabulate the linear relationship using Equation 1 P
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15.2 Initial Calibration Verification 

• Calculate the concentration for each analyte using equation number 1. 
• Calculate the percent difference (%D) between the calculated concentration 

(equation number 1) and the actual concentration using equation number 2. 

15.3 Continuing Calibration Verification 

• Calculate the concentration of each analyte using equation number 1. 
• Calculate the percent difference (%D) between the calculated concentration 

(equation number 1) and the actual concentration using equation number 2. 

15.4 Laboratory Control Sample 

• Calculate the concentration of each analyte using equation number 1. 
• Calculate the percent recovery (%R) for each analyte using equation number 4. 

15.5 Sample Analysis  

• Calculate the concentration of each analyte using equation number 1. 
• Calculate the dilution factor if necessary using equation number 5. 

15.6 Laboratory Duplicate  

• Calculate the concentration of each analyte using equation number 1. 
• Calculate the relative percent difference (RPD) using equation number 3. 

15.7 Calculations 
 
15.7.1 Equation Number 1 

 

Linear Relationship 

Say we have a set of data, , shown at the left. If we have reason to 
believe that there exists a linear relationship between the variables x and y, 
we can plot the data and draw a "best-fit" straight line through the data. Of 
course, this relationship is governed by the familiar equation . We can 
then find the slope, m, and y-intercept, b, for the data, which are shown in the 
figure below.  

 

Linear Regression Equations 

If we expect a set of data to have a linear correlation, it is not necessary for 
us to plot the data in order to determine the constants m (slope) and b (y-
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intercept) of the equation . Instead, we can apply a statistical 
treatment known as linear regression to the data and determine these 
constants.  

Given a set of data with n data points, the slope, y-intercept and 
correlation coefficient, r, can be determined using the following: (Note that the 
limits of the summation, which are i to n, and the summation indices on x and 
y have been omitted.)  

 

 

 

 
Casio fx-300W Calculation Instruction for Linear Regression: 
 
The regression formula for linear regression is: y = A+Bx 
Enter REG Mode (Linear Regression) 
Hit Mode, 3 Reg, 1 Lin shift Scl = (memory clear)  
Enter data points - concentration vs absorbance: [ex: 0,0 ‘M+’, 0.1, 0.099 ‘M+’, 

0.2, 0.198 ‘M+’ & 0.4, 0.402 ‘M+’] 
For correlation coefficient – hit ‘Shift’ then ‘r’ then ‘=’ 0.999965116  
For unknown concentrations enter absorbance (ex: 0.175 from 

spectrophotometer) - hit shift ‘+’ key = 0.17524865 
 

15.7.2 Equation Number 2  
 

Percent Difference, %D,  
 
  The %D is used for evaluating ICV and CCV vs. the initial calibration  

 

%D  =  )100(
std

stdCCVorICV

C
CC −

  

where, for any given analyte: 
 

CCVorICVC  is the concentration being evaluated 

stdC  is the concentration from the current calibration curve 

 
15.7.3 Equation Number 3  
 

Relative Percent Difference (RPD) 
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100

2
21

21 x
RR
RR







 +

−
 

where: 
 
R

1
 First measurement value 

R
2
 Second measurement value 

 
15.7.4 Equation Number 4  

 
Percent Recovery (%R): 

 

%R = 100x
S
C

  

Where:  
 
C = Concentration of the analyte recovered 
S = Spiked amount 

 
15.7.5 Equation Number 5  

 
Dilution Factor 
 

S

T

V
V

DF =  

 
Where: 

 
DF = dilution factor 
V

S
 = volume of sample (mL) used 

V
T 
 = total volume of dilution (mL) 

 
15.7.6 Equation Number 6 
 

Results 
 

In order to obtain the final reported value, the result must be adjusted with the 
canister dilution factor, any sample dilution and injection volume and converted 
to ug/m3.   

 
Example: 
 
• R = Result = 22.079ppb (on column) 
• DF = Dilution Factor = 1.58 (canister dilution factor) 
• IV

N
 = Normal Injection Volume = 0.5mL (see method blank injection volume) 

• IV
A
 = Actual Injection Volume = 0.1mL 

• AD = Additional Dilution = 1000 
 P
ro

p
ri

e
ta

ry
 -
 U

n
co

n
tr

o
ll

e
d

 C
o

p
y



Halogenated VOCs by GC/ECD 
 SVO-CARB422, Rev. 05.0  
 Effective: 04/25/2015 
 Page 17 of 28 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

STANDARD OPERATING PROCEDURE 

ppbV = 174424
1.0

17442
1.0

1000*5.0*58.1*079.22***
===

A

N

IV
ADIVDFR

= 

170,000ppbV 
 

 
• MW is the molecular weight of PCE  
• 24.46 is the molar volume of gas at lab conditions (constant) 
• All results are reported with two significant figures 

 

ug/m3 = ==
46.24

8.165*174424
46.24
* MWppbV

1,182,318 = 1,200,000ug/m3 

 
15.8 Data Review 

The analyst must review data on a real time basis for all calibration and QC data. The 
QC data must be evaluated following the data review checklist in Attachment 3. The 
data shall be reviewed and the sample results calculated and assessed by one analyst 
and reviewed by a second qualified analyst. The data review checklist shall be used to 
document the review process. Once it has been completed, the checklist must be 
initialed, dated and filed with each job file.   

Initial calibrations must be reviewed in the same manner as QC data with all ICAL 
documentation retained in a separate file. Refer to the initial calibration checklist in 
Attachment 2 for the review guideline. The ICAL file must contain all the pertinent 
information stated in Section 11.1.3. 

15.9 Reporting 

The results of each test shall be reported clearly, unambiguously and objectively, and 
shall include all the information necessary for the interpretation of the test results.  
The analyst shall ensure that all of the requirements specified in this document and 
the SOP for Data Review and Reporting are followed. 

15.10 Sample Preparation and Analysis Observations / Case Narrative Summary Form 

The case narrative summary form, which is included in the SOP for Laboratory Storage, 
Analysis, and Tracking, must be generated when there are any specific sample 
composition information, sample preparation, analysis issues and/or observations. In 
addition, during the analysis, specific identification information or problems, 
interferences, calibration issues, flags, and additional/expanded explanation of flags 
should be added to the form. This form may be modified as long as the sections and 
basic concepts are reserved.   

This form is necessary for documentation purposes and shall be reviewed when 
compiling the final report and case narrative. All information regarding the job shall 
remain in the file, in order that sufficient documentation is available to recreate the job 
from sample receipt through preparation, analysis, data reduction, and reporting. 

16) Quality Control, Acceptance Criteria, and Corrective Action 

16.1 This section contains technical acceptance criteria. To the extent possible, samples 
shall be reported only if all of the quality control measures are acceptable.   

16.2 It must be determined if there are any instrumentation problems contributing to the 
occurrence of any out-of-control data. If it is decided that problems do exist, then the 
analyst must determine if the effects have caused any modification in the data from 

P
ro

p
ri

e
ta

ry
 -
 U

n
co

n
tr

o
ll

e
d

 C
o

p
y



Halogenated VOCs by GC/ECD 
 SVO-CARB422, Rev. 05.0  
 Effective: 04/25/2015 
 Page 18 of 28 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

STANDARD OPERATING PROCEDURE 

client submitted samples. This being the case, all samples (including QC) that are 
affected by instrumentation problems must be re-analyzed following any necessary 
maintenance activity. All corrective actions shall follow the procedures outlined in the 
SOP for Nonconformance and Corrective Action, where appropriate. 

16.3 Initial Calibration  

16.3.1 Acceptance Criteria  

• The correlation coefficient must be at least 0.98 from the least squares fit for 
the calibration to be considered acceptable.  

• The retention time of each analyte at each calibration level must be within 
0.1 minute of the midpoint standard in the calibration curve.   

16.3.2 Corrective Action Inspect the system for possible sources. It may be necessary 
to change the column or take other corrective actions. Also, check standards 
for a bad injection and re-analyze standard. If a bad injection is not evident, 
perform maintenance and attempt another initial calibration (make notation in 
maintenance logbook regarding any steps taken). A demonstration of an in-
control system is required before proceeding with the analysis. 

Note: No ICAL may be interrupted by any maintenance procedure. Therefore, all 
standards incorporated in a curve must be reanalyzed. 

16.4 Initial Calibration Verification Standard (ICV) 

16.4.1 Acceptance Criteria  

• The percent difference (%D) for each calculated target analyte must be 
within ±30% of the actual concentration of the standard.  

• The retention time of each target analyte must be within 0.1 minute of the 
midpoint standard in the calibration curve. 

16.4.2 Corrective Action The initial calibration verification should be re-analyzed. A 
second failed ICV must initiate corrective action and two consecutive ICVs must 
pass in order for the ICAL to be deemed acceptable. It may be necessary to 
prepare either new ICAL or ICV standards or both, perform maintenance and 
reanalyze the initial calibration.   

16.5 Continuing Calibration Verification (CCV) 

16.5.1 Acceptance Criteria  

•  The percent difference (%D) for each calculated target analyte must be 
within ±30% of the actual concentration. 

16.5.2 Corrective Action If the criteria are not met, reanalyze (no more than two 
injections may be made before corrective action is initiated) or prepare a fresh 
CCV standard and reanalyze. If routine corrective action procedures fail to 
produce an acceptable calibration verification, a new initial calibration must be 
performed. However, sample data associated with an unacceptable calibration 
verification may be reported as qualified data only under the following special 
condition: 

When the acceptance criteria for the continuing calibration verification are 
exceeded high, i.e., high bias, and there are associated samples that are non-
detects, then those non-detects may be reported. Otherwise the sample affected 
by the unacceptable CCV shall be reanalyzed after a new calibration curve has 
been established, evaluated and accepted. 

16.6 Method Blank 
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16.6.1 Acceptance Criteria  

• The method blank result for any target analyte must not be greater than the 
method reporting limit or contribute more than 10% of the sample 
concentration.   

16.6.2 Corrective Action The source of the problem must be investigated and 
measures taken to eliminate the cause. Determine whether the contamination is 
from the instrument or due to contamination in the nitrogen, syringe or other 
source. Regardless, appropriate corrective measures must be taken and 
documented before further sample analysis proceeds. If the results are the 
same, the blank along with all associated samples must be reported to the 
client with the appropriate qualifier. 

16.7 Laboratory Control Sample (LCS) 

16.7.1 Acceptance Criteria 

• The percent recovery for all compounds must be within 70% and 130%. 

16.7.2 Corrective Action Determine whether the cause is instrumentation or the result 
of a poor injection. If the problem is instrumentation, perform maintenance and 
reanalyze the associated sample(s). If the problem is with the injection, 
reanalyze the LCS. If the results are still unacceptable and there does not 
appear to be any instrumentation problems refer to the appropriate reporting 
information. 

16.8 Sample Analysis 

16.8.1 Acceptance Criteria  

• Sample results must be quantitated from the current instrument initial 
calibration and may not be quantitated from any continuing calibration 
verification standard. 

• The field samples must be analyzed along with a laboratory method blank 
that has met the method blank criteria. 

• All target analyte peaks must be within the initial calibration range. 
• The retention time of each target analyte must be within 0.1 minute of the 

CCV. 

16.8.2 Corrective Action To the extent possible, samples shall be reported only if all of 
the quality control measures are acceptable. If a quality control measure is 
found to be out-of-control, and the data must be reported, all samples 
associated with the out-of-control quality control measures shall be reported 
with the appropriate data qualifier(s). 

• When corrective actions are made, samples analyzed while the system was 
not functioning properly must be reanalyzed. 

• Results not bracketed by initial instrument calibration standards (within 
calibration range) must be reported as having less certainty, e.g., defined 
qualifiers or flags. 

16.9 Laboratory Duplicate 

16.9.1 Acceptance Criteria 

• The selected samples must be rotated among client samples so that various 
matrix problems may be noted and/or addressed.   P
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• The results must meet all of the criteria for sample analysis as well as be 
<15% relative percent difference for all analytes of interest, provided that 
the concentration is greater than 10x the RL. 

16.9.2 Corrective Action The sample(s) should be re-analyzed whenever the duplicate 
results are outside the technical acceptance window. If the results are still 
unacceptable and there does not appear to be any matrix effects, interfering 
peaks, or instrument problems, the results for both injections shall be reported 
to the client with the appropriate qualifier.   

16.10 Samples Holding Time Expired The client is to be notified (best attempt) that the 
sample’s holding time was missed and the client is to decide if the sample analysis 
shall continue. The documentation of missed holding time and the client’s decision to 
proceed must be included in the corresponding job file. A statement dictating all 
holding time occurrences must accompany the sample results in the final report.   

17) Data Records Management 

17.1 All data resubmittal forms and job documentation including Service Requests, Chain of 
Custody forms, Sample Acceptance Check forms and hardcopy electronic mail 
messages must be filed in the project file. Final reports, revised reports, and final 
invoices are stored electronically.  

17.2 All laboratory and client documentation must be retained for a minimum of five years.   

18) Contingencies for Handling Out of Control Data 

18.1 If a quality control measure if found to be out-of-control and the data must be 
reported, all samples associated with the out-of-control quality control measure shall 
be reported with the appropriate data qualifier(s). 

18.2 Analysis quality control results (CCV, MB, LD, and LCS recoveries) out-of-control 

 If the associated samples are within holding time, re-analyze the sample. Alternatively, 
evaluate the effect on the sample results and report the results with qualifiers and/or 
discuss in the case narrative as detailed below.   

18.2.1 CCV The LCS should be in control in order for any results to be reported with 
an out-of-control CCV (biased high). Refer to Section 16.5.   

18.2.2 Method Blank If an analyte in the blank is found to be out-of-control and the 
analyte is also found in associated samples, those sample results shall be 
“flagged” in the report. If the analyte is found in the blank but not in the sample 
and all other quality control meets acceptance criteria then the results for the 
sample may be reported without a qualifier. However, if other QC is out-of- 
control then an evaluation must be made and the results reported accordingly. 

18.2.3 Laboratory Control Sample If the samples are analyzed with an out-of-control 
LCS, then all reported analytical results must be “flagged” with the appropriate 
data qualifier and/or discussed in the case narrative. 

18.2.4 Laboratory Duplicate  The appropriate data qualifier must be included for 
results associated with an out-of-control laboratory duplicate and/or discussed 
in the case narrative.  

18.3 Sample quality control results out-of-control 

Examine the sample results for matrix interference and for carryover. Reanalyze the 
sample(s) and/or reanalyze the sample(s) at a lower aliquot. If the out-of-control 
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results are due to matrix interference, report the results with a matrix interference 
qualifier. 

Holding time qualifiers must be reported on samples not analyzed within holding time. 

19) Method Performance 

19.1 An on-going assessment of method performance is conducted in order to ensure that 
the laboratory is capable of reporting results which are acceptable for its intended use.  
Validation of the method is confirmed by the examination and provision of objective 
evidence that these requirements are met. 

20) Summary of Changes 
 

Table 20.1 
Revision Number Effective Date Document Editor Description of Changes 

05.0 04/25/15 C. Humphrey Section 1.1 – Removed 1,1,1-
trichloroethane 

   Section 2.1 – Added glass bottles 
   Section 4 – Revised 
   Section 8.1 – Added glass bottles 
   Section 10.3 – Removed 1,1,1-

trichloroethane 
   Section 12.6.1 – Revised; added glass 

bottles 
   Table 1 – Removed 1,1,1-

trichloroethane; updated MDL values 
   

21) References and Related Documents 

21.1 State of California Air Resources Board, Method 422 “Determination of Volatile Organic 
Compounds in Emissions from Stationary Sources”, Amended December 13, 1991. 

21.2 SOP for Making Entries onto Analytical Records, SOP ID CE-QA007 

21.3 SOP for Data Review and Reporting, SOP ID ADM-DATA_REV 

21.4 SOP for Nonconformance and Corrective Action, SOP ID CE-QA008 

21.5 SOP for Handling Consumable Materials, SOP ID ADM-CONSUM 

21.6 SOP for Training Policy, SOP ID CE-QA007 

21.7 SOP for Laboratory Storage, Analysis, and Tracking, SOP ID ADM-LabSAT 

21.8 SOP for Performing Method Detection Limit Studies and Establishing Limits of Detection 
and Quantitation, SOP ID CE-QA011 

21.9 SOP for Manual Integration Policy, SOP ID CE-QA002 

21.10 SOP for Evaluation & Pressurization of specially Prepared Stainless Steel Canisters, SOP 
ID SMO-Can_Press 

22) Appendix 

22.1 Tables 

Table 1 – Target Analytes with Corresponding Method Detection and Reporting Limits 
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22.2 Attachments 

Attachment 1 – Training Plan 

Attachment 2 – Initial Calibration Checklist 

Attachment 3 – Data Review Checklist 

 

 

 

 

 
 

 
 

TABLE 1 
 

CARB Method 422 (Modified) Target Analytes with Method Reporting Limits 
 
 

Analyte MDL (ppb) MRL (ppb) 

Chloroform 0.095 1.0 

Trichloroethene 0.042 1.0 

Tetrachloroethene 0.061 0.20 

1,2-Dibromoethane 0.18 0.50 
 
Note:  These values may change with each new MDL study performed. Additional compounds must 
have a complete MDL study and the MRL must be at or higher than the low standard of the initial 
calibration. 
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Training Plan 
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Training Plan for Analysis of Various Halogenated Compounds by GC/ECD 

Trainee __________________  Trainer ________________  Completion Date _____________   Instrument ____ 

1. Read SOP Trainer ____ Trainee ____ Date ______ 

2. Read Method:  CARB 422 Trainer ____ Trainee ____ Date ______ 

3. Demonstrated understanding of the scientific basis of the analysis  

Gas chromatography Electron Capture Detector Trainer ____ Trainee ____ Date ______ 

4. Demonstrated familiarity with related SOPs  Trainer ____ Trainee ____ Date ______ 
SOP for Batches and Sequences; Rev.___ 
SOP for Making Entries onto Analytical Records; Rev.___ 
SOP for Manual Integration Policy; Rev.___ 
SOP for Significant Figures; Rev.___ 
SOP for Nonconformance and Corrective Action; Rev.___ 
SOP for Performing MDL Studies and Establishing Limits of Detection & Quantitation; Rev.___ 

5. Observe performance of SOP Trainer ____ Trainee ____ Date ______ 
___standard preparation (gas-phase dilutions) 
___sample preparation 
___analytical sequence setup 
___initial calibration and initial calibration verification 
___continuing calibration verification 
___sample analysis 
___EnviroQuant introduction 
___data reduction and reporting 

6. Perform SOP with supervision Trainer ____ Trainee ____ Date ______ 
___standard preparation (gas-phase dilutions) 
___sample preparation 
___analytical sequence setup 
___initial calibration and initial calibration verification 
___continuing calibration verification 
___sample analysis 
___EnviroQuant use 
___data reduction and reporting 

7. Independent performance of the SOP Trainer ____ Trainee ____ Date ______ 
___standard preparation (gas-phase dilutions) 
___sample preparation 
___analytical sequence setup 
___initial calibration and initial calibration verification 
___continuing calibration verification 
___sample analysis 
___EnviroQuant proficiency 
___data reduction and reporting 
___initial demonstration of competency 

___ four consecutive laboratory control samples 

8. Instrument operation and maintenance Trainer ____ Trainee ____ Date ______ 
___GC and capillary column installation      
___ECD setup and maintenance 
___data system              
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Attachment 2 

Initial Calibration Checklist 
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Initial Calibration Checklist 
Analysis of Various Halogenated Compounds by Modified CARB 422 

  

 ICAL Date: ______________________ 

Instrument:  GC21      
 
Analyst Reviewer 

 1. Is the required documentation in the ICAL file?   
 Sequence report  
 Blank analysis Quantitation Report  
 Calibration Status Report (aka Calibration History) - Initial  
 Coefficient of Determination  
 Quantitation Report for each calibration standard (including manual integration 
documentation – before and after printouts)   

 ICV Quant Report and Evaluate Continuing Calibration Report (aka Percent Diff. report)   

 2. ICAL performed continuously (i.e., not interrupted for maintenance 
 or sample analysis)?  

 3. ICAL performed within 48 hours?  

 4. Standards analyzed from low concentration to high concentration?  

 5. All analytes in blank analysis <MRL?  

 6. Does each analyte’s ICAL include a minimum of 5 concentrations?  

 7. For each analyte, is there only one value used for each calibration level?  

 8. If a point is dropped, is information noted in the ICAL explaining the reason?  

 9. Does this follow the point dropping policy (including re-analysis within 48 hrs)?  

 10. For each analyte, is the lowest standard’s concentration at or below the MRL?  

 11. For each analyte, does the ICAL include 5 consecutive levels?  

 12. For each analyte, are there no levels skipped?  

 13. Does the calibration curve give a correlation coefficient ≥0.98?  

 14. For the ICV analysis, is the percent recovery for each analyte 70-130%?  

 15. Are all peak integrations including manual integrations (per SOP for Manual Integration 
Policy) acceptable?  If so, initial and date the appropriate pages  

COMMENTS: 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
 
Reviewed By __________________________________   Secondary Reviewer _____________________________ 
 
Date __________________________________________  Date _____________________________ 
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Attachment 3 

Data Review Checklist 
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Data Review Checklist 

Modified CARB 422 
(Note exceptions in Comments section and attach Sample Preparation and Analysis Observations / Case Narrative Summary as 

applicable) 

Analysis Date               Client    QC Level   

Project #    Due Date _______________________    Instrument  GC21     

Analyst  Reviewer 

Initial Calibration 

 1. Is the referenced ICAL the most recent ICAL performed?  

 2.   Has the referenced ICAL been peer reviewed and all associated documentation including  
  the ICAL review checklist available for review?  

 3. Were all associated requirements within the specified limits?  
 
Continuing Calibration 

 4. CCV raw data submitted?  

 5. Was the %D for the CCV ±30% (first or second injection)?  

 6.   CCV analyzed at the beginning of the sequence, every 10 samples, and the end of the sequence?  
 
Sample Data 

 7. Is all sample data present and correct?  
    Sample raw data? 
    Target analyte responses within calibration range?  
   Peak integrations acceptable? 
    All manual integrations flagged and properly documented? 
   If so, initial and date. 
    Any essential retention time shifts? 
    All calculations correct? 
    First quantitation report initialed and dated by analyst? 
 
QC Data 

 8. Duplicate sample analyzed 1 per 20 or fewer samples?  

 9. Is the laboratory duplicate within 15% of their average?  

 10. Is the LCS/LCSD within ±15% of their average (where applicable)?  

 11. Is the recovery for the LCS and/or LCSD within 70-130%?  

 12. Are all analytes in the MB < MRL?   
 
Reporting Information 

 13. Sample Preparation and Analysis Observations / Case Narrative Summary completed if applicable?   

 14. Appropriate flags indicated on a Sample Preparation and Analysis Observations / Case Narrative 
Summary form when applicable?   

 15. Reporting spreadsheet complete and all flags correctly indicated?  

COMMENTS:  

    

    

 
Reviewed By ___________________________________   Secondary Reviewer __________________________________ 
 
Date __________________________________________  Date   
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DETERMINATION OF HYDROGEN, CARBON MONOXIDE, CARBON DIOXIDE, NITROGEN, 
METHANE, AND OXYGEN USING GAS CHROMATOGRAPHY WITH THERMAL 

CONDUCTIVITY DETECTION (TCD) IN ACCORDANCE WITH EPA METHOD 3C OR ASTM 
D 1946 

1) Scope and Applicability 

1.1 The referenced method (EPA Method 3C) was written for the analysis of carbon 
dioxide, methane, nitrogen and oxygen, in municipal solid-waste landfill gas and other 
stationary sources but is easily modified for the gas chromatographic method 
determination of hydrogen and carbon monoxide. In contrast, the practice ASTM D 
1946 covers the determination of the chemical composition of reformed gases and 
similar gaseous mixtures containing each of these six components. Method ASTM D 
1945-03 modified which describes the analysis of natural gas may also be referenced.  

1.2 This method is appropriate for quantifying target analyte gases depending on the 
concentration of the samples from approximately 500 ppmv to high percent values.  
The number of samples, which may be analyzed in one eight hour day, is 
approximately twenty. The reporting limits for these analytes are listed in Attachment 
4 of this standard operating procedure. 

2) Summary of Procedure 

2.1 The EPA Method 3C was written for use with backfilled summa canisters but is easily 
modified for samples collected as vapor in Tedlar bags, steel tanks, glass bottles, 
summa or other specially prepared canisters. In contrast, the ASTM methods do not 
specify a requirement for the sampling container.   

2.2 An aliquot is drawn from the sampling container using a sample loop and injected onto 
a packed chromatographic column where the analytes are separated and measured 
using a thermal conductivity detector (TCD). Samples are analyzed in duplicate for EPA 
Method 3C, but a modification may be made which entails a single injection per 
submitted field sample. However, results from samples analyzed per ASTM D 1946 are 
obtained using a single injection technique.   

Note: Refer to Sections 12.13 and 15.9 for the list of reporting modifications for these 
methods.   

3) Definitions 

3.1 Analytical Sequence The analytical sequence describes exactly how the field and QC 
samples in an analytical batch are to be analyzed. 

3.2 Field Sample A sample collected and delivered to the laboratory for analysis. 

3.3 Batch QC The QC samples that are analyzed in an analytical batch of field samples and 
includes the Method Blank (MB), Laboratory Control Sample (LCS) or Laboratory 
Duplicate (LD). 

3.4 Calibration Standard (Initial Calibration – ICAL) A calibration standard of a known 
concentration containing desired analyte(s) prepared from a primary standard, which 
is, in turn, prepared from a stock standard material.  A calibration standard is injected 
at varying volumes and used to calibrate the response of the measurement system with 
respect to analyte concentration. 

3.5 Initial Calibration Verification (ICV) Standard An ICV is a standard that is obtained from 
a source other than the source for the calibration standards and is analyzed after the 
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measurement system is calibrated, but prior to sample analysis in order to verify the 
initial calibration of the measurement system.  

3.6 Method Blank (MB) An analyte-free matrix, which is carried through the entire analytical 
process.  It is used to evaluate the process for contamination from the laboratory. 

3.7 Laboratory Control Sample (LCS) An LCS is a standard that is obtained from a source 
other than the source for the continuing calibration verification standard (CCV). The 
percent recovery of the analyte(s) in the LCS is used to assess method performance. 

3.8 External Standard Calibration External standard calibration involves comparison of 
instrument responses from the sample to the responses from the target compounds in 
the calibration standards. Sample peak areas or peak heights are compared to peak 
areas or peak heights of the standards. 

3.9 Analytical Batch A group of samples which behave similarly with respect to the 
sampling or the test procedures being employed and are processed as a unit using the 
sample lots of reagents and with the manipulations common to each sample within the 
same time period or in continuous sequential time periods. In an analytical batch of 
samples, the time period is 24 hours or up to twenty sample injections, whichever 
comes first of continuous operation without interruption.  

3.10 Continuing Calibration Verification (CCV) Standard A continuing calibration verification 
standard is a midrange calibration standard that is analyzed periodically to verify the 
continuing calibration of the measurement system. 

3.11 Precision Precision of a method is how close results are to one another, and is usually 
expressed by measures such as standard deviation, which describe the spread of 
results. 

3.12 Bias The bias of a method is an expression of how close the mean of a set of results 
(produced by the method) is to the true value. 

3.13 Manual Integration This term applies to a data file in which setpoints have been 
changed and reintegration has occurred under the changed setpoints; baselines have 
been adjusted; peak integration start and stop “ticks” have been changed; peak area, 
or peak height, are changed after the time of data collection and data file generation. 

3.14 Ambient Air Ambient air within the laboratory which is sampled and analyzed once per 
batch to assess injector performance. 

3.15 Limit of Detection (LOD) The smallest amount or concentration of a substance that 
must be present in a sample in order to be detected at a high level of confidence 
(99%).  At the LOD, the false negative rate (Type II error) is 1%.  (DoD Clarification).  For 
consistency purposes, the LOD may be referred to as the MDL once it is reported; 
however, full verification will be on file in the laboratory per the procedures detailed in 
this document.   

3.16 Limit of Quantitation (LOQ) The lowest concentration that produces a quantitative 
result within specified limits of precision and bias.  For DoD projects, the LOQ shall be 
set at or above the concentration of the lowest initial calibration standard.  (DoD 
Clarification).  For consistency purposes and since the LOQ and MRL are equivalent 
with regards to laboratory procedure, the LOQ will be referred to as the MRL in this 
document and once it is reported.  Full verification will be on file in the laboratory per 
the procedures detailed in the document.  

3.17 Detection Limit (DL) / Method Detection Limit (MDL) The smallest analyte concentration 
that can be demonstrated to be different from zero or a blank concentration at the 99% 
level of confidence.  At the DL, the false positive rate (Type 1 error) is 1%.  (DoD 
Clarification).  For consistency purposes, the DL may be referred to as MDL.  Also, as 
far as reporting is concerned the MDL will be raised (where necessary) to the verified 
LOD per the procedures defined in this document and reported accordingly. 
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4) Health and Safety Warnings 

4.1 Each compound, mixture of compounds, standards, as well as samples, should be 
treated as a potential health hazard. Exposure to these chemicals should be reduced to 
the lowest level possible through the use of hoods (to minimize inhalation). For proper 
handling, use, and disposal refer to the laboratory’s Environmental Health and Safety 
Manual, Safety Data Sheets (located in the safety cubicle in the front office), as well as 
the SOP for Waste Disposal. 

4.2 Safety Data Sheets (SDS) Safety Data Sheets (SDS) are available in the Safety cubicle 
located in the front office and shall be reviewed as part of employee training. 

4.3 Safety Glasses Safety glasses are required when performing maintenance on 
pressurized systems. 

4.4 Pressurized Gases The use of pressurized gases is required for this procedure. Care 
should be taken when moving cylinders.  All gas cylinders must be secured to a wall or 
an immovable counter with a chain or a cylinder clamp at all times. The regulator 
should not remain on size “D” cylinders when not in use.  Sources of flammable gases 
(i.e. pressurized hydrogen) should be clearly labeled. 

4.5 Pollution Prevention and Waste Management All waste management must be carried 
out in accordance with the requirements detailed in the SOP for Waste Disposal as well 
as the Environmental Health and Safety Manual.   

5) Cautions 

5.1 A maintenance log shall be kept documenting maintenance performed on each 
analytical system and the instrument maintenance log must be kept current and 
reviewed quarterly. The serial numbers of each instrument shall be recorded in the 
front of the logbook. An entry must be made in the appropriate log each time any 
maintenance activity is performed (no matter the extent). The entry in the log must 
include: 

(a) The date of maintenance 
(b) Who did the maintenance 
(c) Description of the maintenance 
(d) Proof that the maintenance activity was successful 

A notation of a successful continuing calibration or initial calibration shall serve as 
proof that the maintenance is complete and the instrument is in working order. 

5.2 Carrier Gas Purifier If in-line purifiers or scrubbers are in place, these purifiers must be 
changed as recommended by the supplier. 

5.3 GC System 

5.3.1 Column Column performance should be monitored by observing peak shapes 
and column bleed. Over time, the column may exhibit a poor overall 
performance, as contaminated sample matrices are analyzed. The length of 
time for this to occur depends on the samples analyzed. When a noticeable 
decrease in column performance is evident and other maintenance options do 
not result in improvement, the column should be changed or the packing 
replaced (see Section 9.1.1). Care should be taken to minimize the introduction 
of air or oxygen into the column whenever GC maintenance is performed. 

Decreasing performance can also be due to a leak in the system. Leaks can be 
detected with the use of a leak detector. Fittings may need to be tightened or 
ineffective column ferrules replaced to eliminate any leak detected.   

5.3.2 Detector Replace filament assembly as needed. 

5.3.3 Injection Lines Purge with nitrogen to ensure the line is not blocked.   
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6) Interferences 

6.1 Contamination  Dry ambient air at sea level contains 78.08% Nitrogen, 20.95% Oxygen, 
0.93% Argon, and approximately 0.033% Carbon Dioxide by volume. Precautions must 
be taken to prevent intrusion of ambient air into the analytical system and the 
sampling containers. 

6.1.1 Contamination in the Sample Care must be taken to prevent ambient air 
intrusion into the sample container during canister pressurization and 
laboratory analysis.  When using adapters and fittings the dead volume should 
be evacuated and replaced with the sample gas prior to sampling from the 
container.   

6.1.2 Carrier Gas Contamination To prevent system contamination, UHP/ZERO grade 
helium (99.999% purity) is used as the carrier gas. Also, a purifier and an 
oxygen trap are incorporated into the analytical system as additional insurance 
against possible contamination.   

6.2 Peak Separation Since the TCD exhibits universal responses and detects all gas 
components except the carrier (helium, in this case), the appropriate temperature 
program, column flow rates and column packing must be used in order to separate all 
of the permanent gases with an exception of argon 

6.3 Argon In this method, argon (0.93% by volume in ambient air) is not 
chromatographically separated from oxygen; therefore, results are reported as 
oxygen/argon. 

7) Personnel Qualifications and Responsibilities 

7.1 It is the responsibility of the analyst to perform the analysis according to this SOP and 
to complete all documentation required for data review and reporting per the 
corresponding standard operating procedures. Laboratory personnel that have 
successfully demonstrated the ability to generate acceptable results according to this 
SOP are approved to perform sample analysis and interpretation of the results. 

7.2 The department supervisor/manager or designee shall perform final review and sign-
off on the data. 

7.3 Demonstration of Capability 

Training demonstrations shall be conducted in accordance with the SOP for Training 
Policy, DoD QSM 5.0, and TNI requirements. An initial demonstration of proficiency 
must be performed prior to independent analyses of samples. In addition, ongoing 
demonstration must be performed annually.     

Once performance is found to be acceptable, a certification statement must be 
completed by the QA Manager and either the immediate supervisor or Laboratory 
Director and retained on file as a demonstration of compliance.   

7.3.1 Quarterly Demonstration A demonstration of method sensitivity must be 
performed quarterly on each instrument performing this method.   

1) A spike at the current LOD must be analyzed if results are to be reported 
below the MRL.   

2) Verification of precision and bias at the LOQ must be performed.   

Refer to Section 12.4 (LOQ) and 12.11.1 (LOD) for additional information on 
how these demonstrations are to be performed as well as the acceptance 
criteria.   

7.3.2 Annual Demonstration Each analyst must perform this demonstration both 
initially and annually. Analyze four LCS standards at 1-4x the MRL (LOQ) either 
concurrently or over a period of days as a verification of precision and bias of 
the quantitation range. The standard deviation (n-1) and average percent 
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recovery of the four replicates are compared against current laboratory control 
limits for precision and bias. See Attachment 4. 

7.3.3 Change in Personnel, Instruments, Method and/or Matrix The requirements in 
Sections 7.3.1 and 7.3.2 must be performed per the schedule noted and when 
there is a change in personnel, instruments, method or matrix. “Change” refers 
to any change in personnel, instrument, test method, or sample matrix that 
potentially affects the precision and bias, sensitivity, or selectivity of the output 
(e.g., a change in the detector, column type, matrix, or other components of 
the sample analytical system, or a method revision).  

All attempts at this demonstration must be completed and turned into the QA 
department for retention. Once performance is found to be acceptable, a 
required certification statement will be completed by the QA Manager and 
either the immediate supervisor or Laboratory Director and retained on file as a 
demonstration of compliance.   

8) Sample Collection, Handling, and Preservation 

8.1 The samples are collected and delivered to the laboratory for analysis in either Tedlar 
bags, specially prepared canisters, or glass sampling bottles (Bottle Vac. Entech 
Instruments). Samples collected in bags must be analyzed within 72 hours after sample 
collection unless otherwise specified by the client. Samples delivered in cleaned, 
evacuated summa or other specially prepared containers do not have a specified 
holding time for atmospheric gases but this laboratory recommends that samples be 
analyzed within 30 days from the date of collection. 

9) Equipment and Supplies 

9.1 Gas Chromatograph The analysis is performed using a Hewlett-Packard model 5890 
series II gas chromatograph or equivalent equipped with a thermal conductivity 
detector.     

9.1.1 Column 6’ x 1/8” stainless steel column packed with 60/80-mesh carbosphere.   

 Conditioning of the chromatographic column is required prior to use of the 
system. The column should be conditioned with a continuous flow of 
chromatographic grade Helium and temperature programmed from 35°C to 
200°C at a rate of five degrees per minute. The column should be held at 200°C 
for at least four hours. 

9.1.2 Sample Loop Stainless steel tubing with a 1/16” diameter (various lengths). 

9.1.3 Conditioning System The system is able to maintain the column and sample 
loop at a constant temperature. 

9.2 Adsorption Tubes In addition to a thermal gas purifier incorporated into the system, an 
oxygen trap shall be utilized to remove any O2 from the carrier gas to help in 
extending the life of the TCD filaments. 

9.3 Sampling Media Tedlar bags, Summa canisters, or glass bottles may be supplied to the 
client for sampling purposes. These samples are submitted to the laboratory for 
analysis. Summa canisters must be conditioned and certified in accordance with the 
SOP for Cleaning and Certification of Summa Canisters and Other Specially Prepared 
Canisters.   

10) Standards and Reagents 

10.1 All samples, standards, and media must be stored separately. The concentration, 
preparation and expiration date as well as analyst’s initials must be identified on the 
standard label. Each standard must also be uniquely identified with a laboratory ID 
number.  
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All standard certificates shall be noted with the standard identification number, date 
received and initials of the receiving analyst. They must then be given to the quality 
assurance department where they will be maintained. For additional information on 
these and other requirements, refer to the SOP for Handling Consumable Materials.   

10.2 Carrier and Calibration Standard Balance Gas 

10.2.1 Helium UHP/ZERO (99.999%) or higher in purity 

10.3 Standards DoD compliance requires that second source standards be obtained from a 
second manufacturer. The use of a standard from a second lot is acceptable only when 
one manufacturer of the standard exists.   

10.3.1 Purchased Standards These standards must be stored in accordance with the 
requirements described in the SOP for Handling Consumable Materials. These 
standards must be stored at ambient temperatures for a period of up to 2 years 
or as recommended by the manufacturer.   

10.3.1.1Scott Specialty Gas or Equivalent 
 

Compound Concentration 

Carbon dioxide ~5.00% 

Carbon monoxide ~5.00% 

Hydrogen ~4.00% 

Methane ~4.00% 

Nitrogen ~5.00% 

Oxygen ~5.00% 

Balance Gas:  Helium 

Note: The concentrations of these standards will change with each 
purchase and the specific concentration of each compound will be 
denoted on the standard as well as the Certificate of Analysis and used 
in all calculations.  

10.3.1.2Matheson or Equivalent 
 

Compound Concentration 

Carbon dioxide ~5.00% 

Carbon monoxide ~5.00% 

Hydrogen ~4.00% 

Methane ~4.00% 

Nitrogen ~5.00% 

Oxygen ~5.00% 

Balance Gas:  Helium 

Note: The concentrations of these standards will change with each 
purchase and the specific concentration of each compound will be 
denoted on the standard as well as the Certificate of Analysis and used 
in all calculations.   
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   10.3.1.3AirGas or equivalent (Neat gas standards) 

 
Compound Concentration 

Hydrogen 99.999% 

Oxygen 99.999% 

Nitrogen 99.999% 

Methane 99.999% 

Carbon Dioxide 99.999% 

10.3.2 Ambient Air Ambient air is analyzed once per batch to assess injector 
performance. 

11) Method Calibration 

11.1 Initial Calibration 

Record the detector temperatures, GC temperature program, standard concentrations, 
and sample loop volume. All of the following information must be retained to permit 
reconstruction of the initial instrument calibration: calibration date, test method, 
instrument, analysis date, each analyte name, analyst’s initials, concentration and 
response, response factor. Refer to Section 16.4 for the acceptance criteria. 

11.1.1 Analysis Guidelines 

• Analyze differing concentrations covering the desired calibration range by 
utilizing different sample loops. The dynamic range may be amended as 
long as all documentation reflects the correct concentrations.   

• An ICAL shall be performed at a minimum annually. 

11.1.2 Initial Calibration Requirements 

Once a set of ICAL standards is analyzed, the previous ICAL may no longer be 
used to analyze new samples and it must be archived. The only time an 
archived ICAL can be used thereafter is to review or re-evaluate samples(s) 
previously processed using that ICAL.  

1. A minimum of 5 concentrations, must be used to calculate the calibration 
curve. 

2. Highest concentration, together with the lowest concentration, defines the 
calibration curve. 

3. Lowest concentration must be at or below the method reporting limit. 
4. The initial calibration event may not be interrupted by maintenance. 
5. Only one value per concentration may be used. 
6. Analyze calibration standards from low to high concentration. 
7. All ICAL analyses must be completed within 48 hours. 
8. One injection per 5 points (2 per 6) may be re-analyzed to replace “bad” 

injection(s). 
9. Point dropping policy: 

• The following are guidelines to follow if points are to be reviewed to 
determine the appropriateness of dropping a point or injection. 

• Lowest concentration must be at the MRL and may not be dropped 
unless another concentration is added to the upper end of the curve.  
This would in turn raise the MRL. 

• Points at the high end may be dropped but another concentration 
must be added and used in the calculation. The curve range must be 
noted.   

• Points must not be dropped from the “interior” of a curve unless 
there is an assignable cause* for doing so that affects many (if not 
all) the analytes in the calibration standard. If a calibration standard 
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is to be dropped from the interior of the curve, all the analytes in 
the calibration standard must be dropped from all the analytes’ 
calibration curves.  

• If a point or a calibration standard is dropped, the reason must be 
documented (and the results maintained with the documentation for 
the final ICAL). 

• A calibration standard may be re-analyzed if the first analysis of the 
standard has been dropped and other requirements in this policy 
are met (i.e., still within 48 hours). 

• Once the ICAL has been used to calculate and report sample results, 
it is not to be changed. 

* Assignable causes include  

- Standard preparation error 
- Instrument malfunction (e.g., it quits acquiring in the middle of 

the analysis) 
- Bad injection or purge 

10. A set of concentrations for a calibration curve is in the following table 
(Attachment 5). However these concentrations might change due to the 
availability of the standards. Other concentrations can be used as long as 
all other guidelines for the analysis of initial calibration are followed. 

Note: Hydrogen may not be linear; therefore, if an average response factor or 
linear regression cannot be used, a quadratic curve fit may be employed. A 
quadratic (second order) model requires a minimum of five calibration points.   

11.1.3 ICAL Update Procedure  

1. Open most recent method. 
2. Save to new ICAL method ID. The date used in method ID is the date files 

were analyzed. 
3. Clear all responses prior to update initiation and/or clear levels if different 

concentrations are to be used (Initial Calibration  Clear All Calibration 
Responses; Initial Calibration  Clear All Calibration Levels). 

4. Quantitate standard 
5. Review all peaks for retention time, integration, etc. 
6. Update responses for standard 
7. Repeat for all standards 
8. If necessary load midpoint standard and update retention times. 
9. Save method. 
10. Verify Calibration Files listed on Response Factor Report are correct (Both 

Primary and Secondary Reviewer). 
11. Verify responses of Page 3 of Edit Compounds are correct (Both Primary and 

Secondary Reviewer).  
12. Verify file ID, acquisition time, quant time, update time, and last update 

information is correct on the Calibration Status Report (Both Primary and 
Secondary Reviewer). 

13. Save Method. Confirm that no other copies of the method are open on other 
computer workstations.      

Note: It is also acceptable to quantitate all standards and review all peaks 
before updating responses but steps 1-2 still must be completed initially.  Step 
3 also must be done prior to beginning ICAL update.   

11.1.4 Initial Calibration Review  

The ICAL checklist is used to document the review and approval process. The 
Analyst’s calculation and assessment along with a peer review of all ICAL data 
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and documentation as stated in Attachment 2 is required before the ICAL may 
be used to analyze samples.   

11.1.5 Initial Calibration File 

An ICAL file is to be created for each initial calibration performed per 
instrument into which is placed the following ICAL documents. The file shall 
remain in the laboratory and be filed by instrument and date. 

• ICAL Checklist filled out, reviewed and approved 
• Blank analysis quantitation report 
• Calibration status report (aka Calibration History) 
• Relative Response Factor Report / Percent Relative Standard Deviation 
• Plot for quadratic fit for hydrogen, if necessary 
• Quantitation report for each calibration standard (including manual 

integration documentation – before and after manual integration) 
• ICV quantitation report and evaluate continuing calibration report (aka 

Percent Difference Report) 
• Injection log (optional) 

11.1.6 Initial Calibration Verification Verify the initial calibration by analyzing an 
independent calibration verification standard (ICV). Utilize the standard 
described in Section 10.3.1 for the analysis of a second source standard. Refer 
to Section 16.5 for acceptance criteria. 

12) Sample Preparation/Analysis 

12.1 Analytical Sequence The analytical batch must be completed for the analysis of ≤20 
field samples.   

Analytical Sequence Guideline1 

Sample Description (w/ICAL) Sample Description  
 Calibration Stds.2 CCV3 

 ICV4 MB5 

 MB5 Lab Air6 

 Lab Air6 Samples 1-107   
 Samples 1-107 CCV3    
 CCV3 Samples 11-197   
 Samples 11-197 LD8 

 LD8 LCS9 

 CCV3 CCV3 

  
1The batch QC may be analyzed in an order other than the one listed in this document; 
the analytical sequence specified below is a guideline.  

2The initial calibration must be generated in accordance with the guidelines detailed in 
Section 11.1.1 of this document. 

3In cases, where the ICAL is not performed the analytical sequence must begin with the 
analysis of a CCV standard. In an external standard calibration the CCV is to be 
analyzed no less frequently than every ten samples or every 12 hours, whichever is 
more frequent, and the analytical sequence is to end with the analysis of a CCV 
standard.  

4Every ICAL must be followed by a second source standard (ICV) which contains all of 
the target analytes. Same source as LCS; therefore, LCS is not required to be analyzed 
again. 

5The method blank must be carried throughout the entire analytical process and be 
analyzed prior to any samples within the sequence. A method blank (MB) shall be run 
to monitor for laboratory introduced contamination.   

6A volume of laboratory ambient air shall be analyzed at a rate of one per twenty 
sample injections or fewer. 
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 7EPA Method 3C requires a duplicate injection for each sample.  If the samples are 
being analyzed per a modified Method 3C, they are to be injected once (refer to note 
number 8).  ASTM D 1946 requires only a single injection.   

8Every batch must include the analysis of a laboratory duplicate. Samples selected for 
duplicate analysis shall be rotated among client samples. In addition, if performing 
EPA Method 3C without modification (duplicate injection), the laboratory duplicate 
analysis will not be necessary. A laboratory duplicate is considered a sample.   

9 A second source standard similar to 10.3.1.1 shall be analyzed once per twenty 
sample injections or fewer. 

12.2 Conditions 

The column and detector temperatures should be adjusted to the recommended levels.  
The column should be conditioned as instructed in Section 9.1.1. Once the GC/TCD 
system is optimized for analytical separation and sensitivity, the identical sample 
operating conditions must be used to analyze all samples, blanks, calibration 
standards and quality control samples.   

The recommended settings and system parameters for GC01 are as follows: 

Sample Inlet:   GC 
Injection Source:   Sample Loop 
Run Time:   ~8 min 
 
OVEN 

Initial Temperature: 50°C Maximum Temperature:   250°C 
Initial Time:   2.0 min Equilibration Time:   0.0 min 
 
Ramps: Rate:   30°/min 
 Final Temp.:   200°C 
 Final Time:   1 min  
 
COLUMN  DETECTOR 

Type:   Packed  Temperature: 260°C 
Model:   Carbosphere 60/80  Reference Flow: 45mL/min 
Dimensions:   6’ x 1/8”  He Make up: 20mL/min 
 
The recommended settings and system parameters for GC20 are as follows: 

Sample Inlet:   GC 
Injection Source:   Sample Loop 
Run Time:   ~6.5 min 
 
OVEN 

Initial Temperature: 50°C Maximum Temperature:   250°C 
Initial Time:   1.0 min Equilibration Time:   0.0 min 
 
Ramps: Rate:   30°/min 
 Final Temp.:   200°C 
 Final Time:   0.5 min  
 
COLUMN  DETECTOR 

Type:   Packed  Temperature: 300°C 
Model:   shin carbon ST 100/120 Reference Flow: 20mL/min 
Dimensions:   2 meters 1mm ID  He Make up: 2mL/min 
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12.3 Retention Time (RT) Windows 

Retention time windows for each target analyte must be generated whenever there is a 
major change in instrument conditions including flow rates or when standard analyses 
result in analyte retention times outside the established windows. The procedure for 
determining the retention time windows for this method is as follows. However, other 
approaches may be employed, providing that the analyst can demonstrate that they 
provide performance appropriate for the intended application. For example, the 
analyst may use the corresponding retention times from the initial calibration as they 
may show shifts in RTs due to the volume injected (higher concentrations lead to wider 
peaks). 

1. Make sure that the system is operating reliably and that the system conditions have 
been optimized for the target analytes in the sample matrix to be analyzed. 

2. Make four injections of all applicable standard mixes over a 72 hour period. Make 
the injections cover the entire 72-hour period or the end result could be windows, 
which are too tight. 

3. Record the retention time for each single component analyte to three decimal 
places. Calculate the mean and standard deviation of the four absolute retention 
times for each single component analyte and surrogate 

4. If the standard deviation of the retention times for the target compound is 0.000, 
then additional injections may be included or the use of a default standard 
deviation of 0.01 minutes. 

5. The width of the retention time window for each analyte is defined as ±3 times the 
standard deviation of the mean absolute retention time established during the 72 
hour period.  If the default standard deviation of 0.01 is used, the width of the 
window will be 0.03 minutes. 

6. Establish the center of the retention time window for each analyte by using the 
absolute retention time for each analyte from the continuing calibration verification 
standard at the beginning of the analytical shift. For samples run during the same 
shift as an initial calibration, use the retention time of the mid-point standard of 
the initial calibration. 

Retention time windows must be calculated for each analyte on each instrument. New 
retention time windows must be established when a new column is installed. 

12.4 LOQ Establishment, Verification, and Acceptance Criteria  

A) The LOQ must be set within the calibration range (≥ low std. of the current 
passing ICAL) prior to sample analysis.   

B) The LOQ for each analyte must be ≥ the analyte’s LOD. 
C) Initially a passing demonstration of precision and bias must be performed at the 

LOQ. 
D) Run CCV 2 times at LOQ and: 

1) Evaluate the LOQ for precision and bias using current control chart limits.   
2) Check the signal to noise ratio (S/N) using the software. The S/N ratio must 

be at least 3:1 for each analyte.   
E) If anything fails, verify at higher level and notify reporting. Also, make a note in 

the ICAL documentation. 
F) Turn in all LOQ verification data (quant reports and software reports/checks) to 

QA (regardless of pass/fail). 
G) Verify the LOQ on each instrument quarterly by running the CCV at the LOQ and 

verifying that ongoing precision and bias requirements are met.   

12.5 Continuing Calibration Verification 

A continuing calibration check shall be performed at the beginning and end of an 
analytical sequence and every ten field samples, not to exceed a 12 hour period. The 
concentration of the calibration verification may be varied within the established 
calibration range. Refer to Section 16.6 for acceptance criteria. 
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12.6 Laboratory Control Sample 

A second source standard similar to Section 10.3.1.1 shall be analyzed once per closed 
batch. Refer to Section 16.11 for acceptance criteria. 

12.7 Method Blank 

A method blank must be analyzed by sampling chromatographic grade helium.  Refer 
to Section 16.8 for acceptance criteria. 

12.8 Sample Analysis 

Refer to Section 16.10 for the acceptance criteria. 

12.8.1 Container Pressurization Sample analysis must be made using the same 
instrument parameters as that of the calibration standards. Refer to the SOP for 
Evaluation and Pressurization of Specially Prepared Stainless Steel Canisters for 
the procedure of how containers are to be pressurized prior to analysis. The 
analyst shall record the appropriate pressures on the Service Request form. 

12.8.2 Sample Analysis Sample analysis is performed with the utilization of a sample 
loop equipped with a pump. If the sample container is not equipped with a 
sampling valve appropriate for this use, the sample container shall be fitted 
with an adapter. The dead volume within the adapter shall be evacuated and 
the sample loop flushed then filled with sample gas. Analyze each sample in 
duplicate (calculate the percent difference of the calculated concentration of 
each analysis) unless performing a single injection modification or referencing 
ASTM D 1946 (refer to Section 12.8.3, #2).   

 Bottle Vacs use a proprietary quick connect fitting (Micro-QT, Entech 
Instruments). Each female Micro-QT fitting must be purged after use to remove 
any remaining sample residue and prevent contamination from subsequent 
usage. Connect a male Micro-QT fitting to a source of ultrapure or carbon-
filtered gas. Adjust the pressure to about 10 psig using an inline regulator. 
Connect the female fitting for several seconds, then remove and place in an 
oven kept at 60ºC until the next use. Do not heat the fitting higher than 80ºC. 

12.8.3 Sample Re-analysis  

1. If the response of any permanent gas analyte in a sample is greater than the 
response of that analyte in the ICAL (outside the ICAL upper calibration 
range) the sample shall be reanalyzed using a smaller loop. 

Dilution (i.e. Tedlar bags) would compromise sample integrity with the 
addition of laboratory air. Guidance in performing dilutions and exceptions 
to this requirement are given below. 

• The dilution factor chosen should keep the response of the analyte 
peak for a reported target compound in the upper half of the initial 
calibration range of the instrument. Additional compounds may be 
reported as long as they are within the calibration range.   

2. If the percent difference between the duplicate injection (analysis without 
modification) is greater than the acceptance criterion of 5%, the sample 
must be re-analyzed and repeated until acceptable consecutive numbers are 
achieved.   

12.9 Laboratory Duplicate (LD) 

If the method is being performed with a single injection modification, then the analysis 
of a LD is required to show precision. The laboratory duplicate should be rotated 
among clients, whenever possible. Refer to Section 16.9 for acceptance criteria. 
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12.10 Manual Integration 

The integration for each peak is checked to ensure that it has been integrated 
properly. Assuming an incorrect automatic integration the analyst shall conduct the 
manual integration in accordance with the SOP for Manual Integration Policy including 
all documentation and reviews associated with the process. The review shall include 
the analyst and peer reviewer initialing and dating the manual integration as an 
indication of acceptability and approval.  

12.11 Detection Limits and Limits of Detection 

If results are to be reported below the MRL, an MDL study must be performed in 
accordance with the procedure outlined in the SOP for Performing Method Detection 
Limit Studies and Establishing Limits of Detection and Quantitation. Method detection 
limits must be determined annually and each time there is a change in the test method 
that affects how the test is performed, or when a change in instrumentation is such 
that it affects the sensitivity of the analysis. The MDL study shall be performed on each 
instrument for which this method is performed. All supporting data must be approved 
and retained. 

The detection limit shall be used to determine the LOD for each analyte. Once 
determined on each instrument, the highest LOD (for each analyte from all instrument 
determinations) shall be used as the uniform LOD. 

12.11.1Performance and Acceptance Criteria  

1. Perform Limit of Detection (LOD) verification on all instruments (performing 
this method) immediately following the MDL study.  Spike the LOD at 2-4x 
the MDL; the spike level establishes the LOD.   

2. LOD Acceptance 
● Analyte must be detected reliably and identified by the method-specific 

criteria and produce a signal that is at least 3 times the instrument’s 
noise level (3:1 signal to noise ratio). 

● It is specific to each combination of analyte, matrix, method and 
instrument configuration.  

● The LOD must be verified quarterly on each instrument (spiked at LOD) 
using the criteria listed above. 

 3. If the LOD verification fails (per #2), repeat the detection limit 
determination and LOD verification at a higher concentration or perform 
and pass two consecutive LOD verifications at a higher concentration and 
set the LOD at the higher concentration. 

4. The laboratory shall maintain documentation for all detection limit 
determinations and LOD verifications (regardless of pass or fail). 

Note:  Per the DoD QSM 5.0 and TNI Standard, it is not necessary to perform a MDL 
study when results are not to be reported below the LOQ/MRL.   

12.12 Ambient Air 

An ambient laboratory air sample shall be analyzed once per closed batch (20 or fewer 
sample injections). Refer to Section 16.7 for the acceptance criteria and corrective 
action. 

12.13 Method Modifications 

12.13.1 The following are EPA 3C method modifications: 

- Reporting carbon dioxide, methane, nitrogen, and oxygen from a single 
sample injection. 

- Reporting hydrogen and carbon monoxide (these compounds are not 
included in 3C method). 

- Sample results are normalized per ASTM D 1946. 

- Use of sample containers other than backfilled Summa canisters. 
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12.13.2 The modification for ASTM D 1946 is the omission of ethane and ethane. 

12.13.3 The column backflush procedure described in method ASTM D 1945-03 is not 
performed. 

12.14 Loop calibration 

The loop injection port has a standard loop of approximately 100ul to introduce 
sample to the instrument. There are other loops that are used to introduce smaller and 
larger amounts and these are calibrated against the normal loop for a known dilution 
factor. 

12.14.1 Calibration Procedure 

 A standard of approximately 50000ppm for all analytes is analyzed three 
times with the normal loop. The area counts for all analytes with the 
exception of hydrogen are summed for each standard. This summation is 
averaged of the three standard injections. This procedure is duplicated using 
another loop. The dilution factor is the ratio of the average area counts of the 
normal loop divided by the average area counts of the other sampling loop. 

For current Loop Ratios see Table 1. 

13) Troubleshooting 

13.1 Prepare new standards, check instrument maintenance, prepare a new curve as 
needed, etc. Refer to the corrective actions listed in Section 16 of this SOP for 
additional troubleshooting details. 

14) Data Acquisition  

14.1 Data System 

Load the appropriate analytical sequence (e.g., J:\GC1\sequence\fxgs_25c.s). Enter the 
analytical sequence information in the table window, including sample/standard name. 
Load the appropriate quantitation analytical method (e.g., 
J:\gc1\methods\”appropriate ICAL”). Run the sequence and analyze the standards and 
samples in the order specified. 

14.2 Storing Electronic Data 

The initial calibration data must be stored in a quantitation method (on the server) 
using a unique filename and may not be overwritten at any time in order to maintain 
an accurate audit trail. Files shall be named with a two-character notation indicating 
the compound list and the date of the corresponding initial calibration. In addition, all 
data files including method blanks, continuing calibration verification, laboratory 
control samples and client submitted samples files shall be saved in a unique sub-
directory on the server. An example of how the analyst must store analytical data is as 
follows:  

Instrument Number/Data/Method ID/yr_month/*.d 

* Injection (automatically assigned based on order of injection) 

14.3 Sufficient raw data records must be retained of the analysis, instrument calibrations 
and method detection limit studies. This includes analysis/calibration date, test 
method, instrument, sample identification, each analyte name, analyst’s initials, 
concentration and response, and standards used for the analysis and calibrations as 
well as any manual integrations and all manual calculations including sample dilutions. 
All information entered and reported on the quantitation reports must be complete 
and accurate. 
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14.4 The essential information to be associated with analysis, such as computer data files, 
run logs, etc. shall include: Sample ID code, date and time of analysis (both are 
required for Tedlar bags since the holding time is 72 hours), instrument operating 
conditions/parameters (or reference to such data), analysis type, manual integrations, 
all manual calculations, analyst’s initials, sample preparation (pressure readings and 
balance gas), standard and reagent origin, sample receipt, calibration criteria, 
frequency and acceptance criteria, data and statistical calculations, review, 
confirmation, interpretation, and assessment and reporting conventions. 

15) Calculation and Data Reduction Requirements 

15.1 Initial Calibration 

• Response Factor for each injection (equation number 5) 
• Mean Response Factor using all injections (equation number 6) 
• Percent Relative Standard Deviation (equation numbers 5,6,7, and 8) 

Hydrogen (if quadractic is used): 

• Coefficient of Determination (equation number 12) 

15.2 Initial Calibration Verification 

• Response Factor (equation number 5) 
• Mean Area Response (equation number 6) 
• Percent Difference (equation number 3) 

15.3 Continuing Calibration Verification 

• Response Factor (equation number 5) 
• Mean Area Response, where necessary (equation number 6) 
• Percent Difference (equation number 3) 

15.4 Laboratory Duplicate and Method 3C without modification 

• Relative Percent Difference (equation number 4) 

15.5 Sample Analysis  

Sample results must be quantitated from the initial instrument calibration and may not 
be quantitated from any continuing instrument calibration verification.   

All permanent gas results are normalized as dry gas to 99.99% proportionately, in 
order to reflect the true composition of the sample.  It is the practice of the laboratory 
to normalize results of permanent gas analysis, except under special circumstances 
that occur where the normalization of the results is not utilized or the normalization 
procedure is modified. For example, samples containing greater than 0.01% by volume 
of measured constituents other than permanent gases (for instance high hydrocarbon 
or sulfur levels) are normalized to 99.99% minus the percent contribution from 
components other than permanent gases. 

• Calculate the average area of the two injections, where necessary (equation number 
2) 

• Calculate the dilution factor, where necessary (equation number 1) 
• Analyte concentration (equation number 9) 
• Hydrogen concentration (equation number 14) 
• Normalization (equation number 11) 

When the analysis of a sample produces permanent gas results whereby the total is 
significantly less than expected, accounting for experimental error, it is the 
laboratory’s practice to reanalyze the sample in question as well as the laboratory air.  
This will determine if there is a problem with the analytical system. If there is no 
problem with the system and the results are the same refer to the following example. 
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If the total of the permanent gas analysis is less than 60.0% by volume and the 
laboratory is not requested to perform additional analyses, the results would be 
reported unnormalized. The decisions whether to report the unnormalized 
results is at the discretion of the analyst and department supervisor.   

15.6 Laboratory Control Sample 

• Calculate the percent recovery (equation number 10) 

15.7 Calculations 

 
15.7.1 Equation Number 1 

 
Dilution Factor 
 

S

STD

V
V

DF =  

Where: 
 

DF  =  dilution factor 
VSTD  =  volume of standard loop 
VS   =  volume of sample loop 

 
 

15.7.2 Equation Number 2 
 

Average 
 

n
yx +

 

where: 
 
x  =  response from the first injection 
y  =  response from the second consecutive injection 
n  =  number being averaged together 
 
 

15.7.3 Equation Number 3 
 

Percent Difference, %D,  
 
  The %D is used for evaluating ICV and CCV vs. the initial calibration  

 

%D  =  )100(
std

stdCCVorICV

C
CC −

  

 
where, for any given analyte: 
 

CCVorICVC  is the calculated concentration being evaluated 

stdC  is the concentration of the standard used 
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15.7.4 Equation Number 4 
 

Relative Percent Difference (RPD) 
 

100

2
21

21 x
RR
RR







 +

−
 

 
where: 
 
R1 First measurement value 
R2 Second measurement value 

 
15.7.5 Equation Number 5  
 

Response Factor (RF) 
 

The response factor, for analyte x is given by: 
 

 RF = 
x

x

C
A

         

where: 
 

xA = Area of the analyte in the standard 

xC = Concentration of the analyte in the standard 

 
 

15.7.6 Equation Number 6  
 

Average (or Mean) RF 
 

RF   =  
N

RF
N

i
i

=1     

where: 
RFi are the individual RFs from each injection in the initial calibration curve 
N is the number of injections 
 
 

15.7.7 Equation Number 7  
 

Standard Deviation, SD: 
 

SD  =  
( )

= −
−N

i

i

N
RFRF

1

2

1
    

 
where: 
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iRF  are the individual RFs from each concentration level in the initial 
calibration curve 

RF  Average (or Mean) RF of all injections in the initial calibration curve 
N total number of injections 

 
 

15.7.8 Equation Number 8  
 
Percent Relative Standard Deviation, %RSD: 
 

%RSD  =  ( )100
RF
SD

      

 
where: 
SD Standard Deviation calculated in equation number 3 

RF  Average or Mean RF 
 
 

15.7.9 Equation Number 9  
 
Concentration (C): 
 

C = 
RF

Area
 x 

SLV

SLV

A
D

 

 
or 
 

C = 
RF

Area
 x 

SLV

SLV

A
D

 

 
where: 
 
Area   is the area obtained from the chromatogram 

Area    Mean area for both injections, if performing analysis without 
modification 

RF  Average (or Mean) RF of all concentration levels in the initial calibration 
curve 

DSLV default sample loop volume 
ASLV actual sample loop volume 
 
 

15.7.10Equation Number 10  
 
Percent Recovery (%R): 

 

%R = 100x
S
C

  

 
where: 
 
C = Concentration of the analyte recovered 
S = Spiked amount 
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15.7.11Equation Number 11  
 
Normalization 
Divide each analyte’s calculated concentration (percent) by the percent sum of 
the permanent gases in the sample and multiply by 99.99 or the adjusted 
value. 
 
 

15.7.12Equation Number 12 
Quadratic (Coefficient of Determination) 
 

COD = 

( )



=

==

−

−







−
−−−

n

i
obs

n

i
iobs

n

i
obs

yy

Yy
pn

nyy

1

2

1

2

1

2 )(1)(
 

 
where: 
 

obsy  = Observed response (area) for each concentration from each initial 

calibration standard 

y  = Mean observed response from the initial calibration 

iY  = Calculated response at each concentration from the initial calibration 

n = Total number of injections  
p = Number of adjustable parameters in the polynomial equation (i.e., 3 for a 

third order; 2 for a second order polynomial) 
 
 

15.7.13Equation Number 13 
 

Quadratic Fit 
 
R = AX2 + BX + C 
 
where: 
 
R = response 
X = quantity, ng 
A, B and C = are coefficients in the equation 

 
 
15.7.14Equation Number 14 

 
Analyte Concentration (using equation number 13) 
 

X = 
A

BBCRA
2

)(4 2 −+−
 

 
15.8 Data Review 

The analyst must review data on a real time basis for all calibration and QC data. The 
QC data must be evaluated following the data review checklist in Attachment 3. The 
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data shall be reviewed and the sample results calculated and assessed by one analyst 
and reviewed by a second qualified analyst. The data review checklist shall be used to 
document the review process. Once it has been completed, the checklist must be 
initialed, dated and filed with each job file. Results must not be reported until after 
they are appropriately reviewed according to this SOP, the SOP for Data Review and 
Reporting and the SOP for Laboratory Ethics and Data Integrity.    

Initial calibrations must be reviewed in the same manner as QC data with all ICAL 
documentation retained in a separate file. Refer to the initial calibration checklist in 
Attachment 2 for the review guideline. The ICAL file must contain all the pertinent 
information stated in Section 11.1.5. 

15.9 Reporting 

The results of each test shall be reported clearly, unambiguously and objectively, and 
shall include all the information necessary for the interpretation of the test results and 
all information required by this SOP and the SOP for Data Review and Reporting. The 
following are situations whereby the results shall be reported as being analyzed by 
Modified EPA Method 3C: single injection, reporting hydrogen and carbon monoxide 
and if analyzing replicate injections (for 3C without modification) and the samples are 
submitted in Tedlar bags.   

15.9.1 EPA Method 3C Modifications 
• Single injection 
• Sample container other than backfilled Summa canisters 
• Reporting carbon monoxide and /or hydrogen 

15.10 Sample Preparation and Analysis Observations / Case Narrative Summary Form 

This form, which is included in the SOP for Laboratory Storage, Analysis, and Tracking 
must be generated when there are any specific sample composition information, 
sample preparation, analysis issues and/or observations. In addition, during the 
analysis, specific identification information or problems, interferences, calibration 
issues, flags, and additional/expanded explanation of flags should be added to the 
form. This form may be modified as long as the sections and basic concepts are 
reserved.   

This form is necessary as a means for documenting any unusual or noncompliant 
information.  This form, among other information, will be reviewed when compiling the 
final report and case narrative. All information regarding the job shall remain in the 
file, in order that sufficient documentation is available to recreate the job from sample 
receipt through preparation, analysis, data reduction, and reporting. 

16) Quality Control, Acceptance Criteria, and Corrective Action 

16.1 This section of the standard operating procedure contains technical acceptance criteria 
and preferred corrective actions to data nonconformities. Corrective actions shall 
follow the procedures outlined in the SOP for Nonconformance and Corrective Action, 
where appropriate. 

16.2 To the extent possible, samples shall be reported only if all of the quality control 
measures are acceptable. If a quality control measure is found to be out of control, and 
the data must be reported, all samples associated with the out of control quality 
control measure shall be reported with the appropriate data qualifier(s). 

16.3 It must be determined if there are any instrumentation problems contributing to out of 
control QC data and the analyst must determine if this has affected sample results. 
This being the case, all samples (including QC) that are affected by instrumentation 
problems must be re-analyzed following any necessary maintenance activity.   
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16.4 Initial Calibration 

16.4.1 Acceptance Criteria  

• If a quadratic fit (for hydrogen) is used it should be forced through zero. 
• The percent relative standard deviation (%RSD) for the response factors 

must be ≤15% for all compounds except hydrogen if utilizing a quadratic 
curve. 

• Hydrogen may be fitted to a quadratic curve where the coefficient of 
determination (COD) shall be ≥0.99. 

• The retention time for each point must within 0.06 minutes of the mean RT.  
However it must be noted that higher injection volumes and/or higher 
concentrations of any analyte may not meet this criteria, which is 
acceptable.   

16.4.2 Corrective Action  

If the initial calibration technical acceptance criteria are not met, inspect the 
system for possible sources. Check standards and re-analyze (per ICAL policy in 
Section 11.1.2), if necessary. Also, it may be necessary to perform maintenance 
or perform other corrective actions to meet the technical acceptance criteria. 
Attempt another initial calibration and make a notation in the maintenance 
logbook regarding any maintenance steps taken. If the recalibration does not 
meet the established criteria, new calibration standards must be made. A 
demonstration of an in-control system is required before proceeding with the 
analysis. 

16.5 Initial Calibration Verification (ICV) Standard 

16.5.1 Acceptance Criteria  

• The percent difference for each compound in the ICV must be ≤15%. 

16.5.2 Corrective Action  

If the ICV does not pass the criteria the standard must be reanalyzed and 
reevaluated.  If reanalysis also fails to produce an acceptable recovery, 
documented corrective action must be initiated. This may include instrument 
maintenance, a new ICV standard or the analysis of a new initial calibration 
curve.   

16.6 Continuing Calibration Verification (CCV) Standard 

16.6.1 Acceptance Criteria 

• The percent difference for each analyte in the CCV must be ≤10%, except 
hydrogen which must be ≤15%.   

• The retention time for each analyte in the standard must be within 
0.33minutes of the mean RT (of the corresponding analyte) from the ICAL. 

16.6.2 Corrective Action  

If the continuing calibration fails to meet expected criterion, the CCV may be 
reanalyzed (no more than two runs of the CCV standard may be analyzed 
without documented corrective action, i.e. a notation in the logbook). If the 
acceptance criterion is still not met, it may be necessary to perform 
maintenance prior to reanalysis. If routine maintenance does not correct the 
problem, a new initial calibration must be performed on the instrument.   

If the retention time criterion is not met, leak check the system, check the 
carrier gas cylinders, determine if there has been a loss of pressure in lines. If 
the analytes do not fall within the generated windows, a new retention time 
window should be generated.   
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DoD QSM 5.0 Requirement: If a CCV fails, the laboratory must immediately 
analyze two additional consecutive CCVs (immediately is defined as within one 
hour). 

• Both of these CCVs must meet acceptance criteria in order for samples to 
be reported without reanalysis. 

• If either of these two CCVs fail or if the laboratory cannot immediately 
analyze two CCVs, the associated samples cannot be reported and must be 
reanalyzed.  

• Corrective action(s) and recalibration must occur if the above scenario fails. 
All affected samples since the last acceptable CCV must be reanalyzed. 

• Flagging data for a failed CCV is only appropriate when the affected 
samples cannot be reanalyzed. The laboratory must notify the client prior to 
reporting data associated with a failed CCV. 

16.7 Ambient Air 

16.7.1 Acceptance Criteria  

• The sum of the results for nitrogen and oxygen/argon must fall between 
90% and 110% (un-normalized).   

16.7.2 Corrective Action  

Reanalyze the lab ambient air and if the results still do not meet the criterion, 
the sample line should be purged with nitrogen to release any blockage. This is 
particularly important if the results for the first criterion are low. Also, if the 
result is low the system should be checked for leaks. All standards, samples 
and QC samples associated with the lab ambient air should be reanalyzed 
following the maintenance activity if it is determined that the results could have 
been affected.   

16.8 Method Blank 

16.8.1 Acceptance Criteria 

• The method blank result for any target analyte must not be greater than the 
method reporting limit. Also, the blank should not contain additional 
compounds with elution characteristics that would interfere with 
identification and measurement of a target analyte. 

• For DoD samples, the method blank will be considered to be contaminated 
if: 

1. The concentration of any target analyte in the blank exceeds 1/2 the 
reporting limit and is greater than 1/10 the amount measured in any 
sample or 1/10 the regulatory limit (whichever is greater);  

2. The concentration of any common laboratory contaminant in the blank 
exceeds the reporting limit and is greater than 1/10 the amount 
measured in any sample or 1/10 the regulatory limit (whichever is 
greater); or 

3. The blank result otherwise affects the samples results as per the test 
method requirements or the project-specific objectives. 

The laboratory shall evaluate whether reprocessing of the samples is 
necessary based on the above criteria. 

16.8.2 Corrective Action  

Re-inject the method blank and if the results are the same, analyze an 
instrument blank (inject without turning on the pump) to determine if the 
contamination is the blank canister or the analytical system. Corrective action 
documentation must be initiated following a failed second analysis. If the 
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system is contaminated, then both the method blank(s) and the associated 
samples in question must be re-analyzed. 

16.9 Laboratory Duplicates (Modified EPA Method 3C) 

 16.9.1 Acceptance Criteria 

• Every batch of twenty or fewer samples, if performing EPA Method 3C with 
modification, must include the analysis of a laboratory duplicate as a 
measurement of method precision.  Refer to Attachment 4 of this 
document.   

16.9.2 Corrective Action  

If the replicate results do not fall within the technical acceptance window, the 
sample should be re-analyzed. If the results are still unacceptable and there 
does not appear to be any matrix effects, interfering peaks, or instrument 
problems, the results for both injections shall be reported to the client with the 
appropriate qualifier. 

16.10 Sample Analysis 

 16.10.1Acceptance Criteria 

• Samples out of holding time must be handled according to Section 16.12.  
• The sample replicate injections are acceptable when the RPD is within ±5% 

(analysis without modification must consist of consecutive injections).   
• Analyte retention time must be within the daily RT window and within 

0.33minutes of the mean RT in the ICAL. 

16.10.2Corrective Action 

Analysis Without Modification If the two injections do not agree, run additional 
samples until consistent area data are obtained in two consecutive injections.   

Analysis With or Without Modification If the retention time for any analyte falls 
outside of the retention time window from the latest daily calibration or 
average initial calibration retention time, the system must be inspected for a 
change in the head pressure and the results evaluated and reported 
accordingly. 

Results not bracketed by initial instrument calibration standards (within 
calibration range) must be reported as having less certainty, e.g., defined 
qualifiers or flags.   

16.11 Laboratory Control Sample (LCS) 

16.11.1Acceptance Criteria  

• The percent recovery must fall within the fixed recoveries of 85-115% or 
laboratory generated control limits when available.  Refer to Attachment D.  

16.11.2Corrective Action  

If the LCS criteria are not met, determine whether the cause is instrumentation 
problems, result of poor injection or a poor LCS. If necessary perform 
maintenance, re-inject the LCS or make a new standard. If the LCS criteria are 
still not met, a new ICAL must be run or the data must be qualified.   

16.12 Expired Sample Holding Time 

The customer shall be notified by the Project Manager (best attempt) when informed 
by an Analyst, Team Lead or SMO that the sample’s holding time was missed. The 
customer must decide if the sample analysis shall continue. The documentation of 
missed holding time and the client’s decision to proceed must be included in the 
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corresponding job file. A statement dictating all holding time occurrences must 
accompany the sample results in the final report.   

17) Data Records Management 

17.1 All data resubmittal forms and job documentation including Service Requests, Chain of 
Custody forms, Sample Acceptance Check forms and hardcopy electronic mail 
messages must be filed in the project file. Final reports, revised reports, and final 
invoices are stored electronically.  

17.2 All laboratory and client documentation must be retained for a minimum of five years.   

18) Contingencies for Handling Out of Control Data 

 18.1 To the extent possible, samples shall be reported only if all of the quality control 
measures are acceptable. If a quality control measure is found to be out of control, and 
the data must be reported, all samples associated with the out of control quality 
control measure shall be reported with the appropriate data qualifier(s) as detailed in 
Appendix D of the most current Quality Assurance Manual. 

18.2 When analysis quality control results are unacceptable: 

If the associated samples are within holding time, re-analyze the sample with criteria 
under control. Alternatively, evaluate the effect on the sample results and report the 
results with qualifiers and/or discuss in the case narrative if the effect is judged 
insignificant. 

18.2.1 Method Blank If an analyte in the method blank is found to be unacceptable 
and the analyte is also found in associated samples, those sample results shall 
be “flagged” in the report. If the analyte is found in the blank but not in the 
sample and all other quality control meets acceptance criteria then the results 
for the sample may be reported without a qualifier. However, if other QC is out 
of control then an evaluation must be made and the results reported 
accordingly.   

18.2.2 Laboratory Duplicate (Analysis with Modification) If the results from the 
reanalysis are unacceptable, and there does not appear to be any matrix 
effects, interfering peaks, or instrument problems, the results for both 
injections shall be reported to the client. In addition, other results from the 
same analytical sequence should be reported with the appropriate qualifier.   

18.2.3 Laboratory Control Sample An unacceptable LCS must be evaluated along with 
the sample analysis and reported accordingly.   

18.2.4 Initial Calibration Sample data may NOT be reported with an unacceptable ICAL. 

18.2.5 CCV Sample data associated with an unacceptable calibration verification may 
be reported as qualified data under the following special condition: 

 When the acceptance criteria for the continuing calibration verification are 
exceeded high, i.e., high bias, and there are associated samples that are non-
detects, then those non-detects may be reported. Otherwise the sample affected 
by the unacceptable CCV shall be reanalyzed after a new calibration curve has 
been established, evaluated and accepted. 

18.3 Sample Out of Control  

18.3.1 Hold Time All Tedlar bag samples analyzed outside of the required hold time of 
72 hours must be reported with the appropriate qualifier.   

18.3.2 Retention Time All analytes outside of the retention time window (following a 
retention time evaluation) must be reported with the appropriate qualitative 
uncertainty, where necessary.   
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18.3.3 Duplicate Results (Analysis without modification) If the results from any of the 
repeated injections are still unacceptable (and other sample results were 
acceptable), and there does not appear to be any matrix effects, interfering 
peaks, or instrument problems, the results for both injections shall be reported 
to the client. If the out-of-control results are due to matrix interferences, report 
the results with a matrix interference qualifier. 

19) Method Performance 

19.1 An on-going assessment of method performance is conducted in order to ensure that 
the laboratory is capable of reporting results which are acceptable for its intended use.  
Validation of the method is confirmed by the examination and provision of objective 
evidence that these requirements are met. 

19.2 Method Detection Limit (MDL)  

The procedure used to determine the method detection limits are as stated in the Code 
of Federal Regulations (40 CFR 136 Appendix B) as defined in the SOP for Performing 
Method Detection Limit Studies and Establishing Limits of Detection and Quantitation.  
The MDL is defined as the minimum concentration of a substance that can be 
measured and reported with 99% confidence that the value is above zero.  MDLs can be 
obtained using standards at a concentration of about 300ppm to 1000ppm and 
making at least seven replicate measurements of the compounds of interest, 
computing the standard deviation, and multiplying this value by the appropriate 
Student’s t value for 99 percent confidence.     

The MDL actually achieved in a given analysis will vary depending on instrument 
sensitivity and matrix effects. Refer to Section 12.11.1 for the LOD verification criteria. 

Note:  Per the DoD QSM 5.0 and TNI Standard, it is not necessary to perform a MDL 
study when results are not to be reported below the LOQ/MRL.  

19.3 Accuracy and Precision 

Refer to Section 16.9 for information on replicate precision criteria for method 
performance. Single laboratory accuracy is presented as the second source initial 
calibration verification standard, which meets the method performance criteria of 15%.  
Additionally, laboratory generated control limit data for LCSs are presented for the 
analytes of interest and may be referenced in attachment 4.  Refer to Section 12.4 for 
the accuracy and precision LOQ requirements. 

19.4 Demonstration of Capability 

This laboratory has continuously performed this method since before July 1999. 
Ongoing demonstration of capability shall be performed and documented; however, 
the initial demonstration of method capability is not required.  

20) Summary of Changes 
 

Table 20.1 
Revision Number Effective Date Document Editor Description of Changes 

13.0 12/31/15 C. Humphrey 7.3 – Removed reference to NELAC 
   12.11.1 – Removed reference to 

NELAC 
   12.13.1 – Revised to add clarification 

to EPA 3C method modifications 
   19.2 – Removed reference to NELAC 
   Attachment 4 – Updated control limits
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22) Appendix 

22.1 Tables 

Table 1 – Loop Ratios 

22.2 Attachments 

Attachment 1 – Training Plan 

Attachment 2 – Initial Calibration Checklist 

Attachment 3 – Data Review Checklist 

Attachment 4 – MRLs and Control Limits 

Attachment 5 – Calibration Curve Concentrations 

 
Table 1 

 

Loop Ratios 

Normal Loop 1.00 

Small Loop 0.1556 

Medium Loop 1 0.4202 

Medium Loop 2 0.8521 

Large Loop 1.280 

        
Note: New loop ratios may be established prior to the revision of this document, refer to the most 
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Training Plan for Analysis of Fixed Gases by GC/TCD 

Trainee __________________________  Trainer ________________________  Instrument _________ 

1. Read SOP Trainer ____ Trainee ____ Date ______ 

2. Read Method: EPA Method 3C, ASTM D 1946, ASTM D 1945 Trainer ____ Trainee ____ Date ______ 

3. Demonstrated understanding of the scientific basis of the analysis   

Gas chromatography     Thermal Conductivity Detector Trainer ____ Trainee ____ Date ______ 

4. Demonstrated familiarity with related SOPs  Trainer ____ Trainee ____ Date ______ 
SOP for Batches and Sequences 
SOP for Making Entries onto Analytical Records 
SOP for Manual Integration Policy 
SOP for Significant Figures 
SOP for Nonconformance and Corrective Action 
SOP for Performing MDL Studies and Establishing Limits of Detection and Quantitation 

5. Observe performance of SOP Trainer ____ Trainee ____ Date ______ 
___standard preparation 
___sample preparation (gas-phase dilutions) 
___analytical sequence setup 
___initial calibration and initial calibration verification 
___continuing calibration verification 
___sample analysis 
___EnviroQuant introduction 
___data reduction and reporting 

6. Perform SOP with supervision Trainer ____ Trainee ____ Date ______ 
___standard preparation 
___sample preparation (gas-phase dilutions) 
___analytical sequence setup 
___initial calibration and initial calibration verification 
___continuing calibration verification 
___sample analysis 
___EnviroQuant use 
___data reduction and reporting 

7. Independent performance of the SOP Trainer ____ Trainee ____ Date ______ 
___standard preparation 
___sample preparation (gas-phase dilutions) 
___analytical sequence setup 
___initial calibration and continuing calibration verification 
___sample analysis 
___EnviroQuant proficiency 
___data reduction and reporting 
___initial demonstration of competency 

___ Four consecutive laboratory control samples 

8. Instrument operation and maintenance Trainer ____ Trainee ____ Date ______ 
___gas chromatograph and column installation (packed) 
___detector (TCD) setup and maintenance 
___data system Pr
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Initial Calibration Checklist (Fixed Gases) 
 

Analysis: EPA Method 3C / ASTM D 1946 / ASTM D 1945     
 
ICAL Date ______________________   Instrument   GC01      GC _____ 

 
Analyst Reviewer 

 1. Is the required documentation in the ICAL file?   
 Sequence report 
 Blank analysis Quantitation Report 
 Calibration Status Report (aka Calibration History) – Initial 
 Response Factor Report and Plot for Hydrogen 
 Quantitation Report for each calibration standard (including manual  

integration documentation – before and after printouts) 
 ICV Quantitation Report and Evaluate Continuing Calibration Report  

(aka Percent Diff. report) 

 2. Was the ICAL performed continuously (i.e., not interrupted for maintenance or  
 sample analysis)?  

 3. All the calibration standards analyzed within 48 hours of each other?  

   4. Were the standards analyzed from low concentration to high concentration?  

 5. Are all the analytes in the blank analysis < MRL?  

 6. Does each analyte’s ICAL include a minimum of 5 consecutive concentrations?  

 7. Was each standard concentration included in the ICAL?   

 8. If a point is dropped, is information noted in the ICAL explaining the reason?  

   9. Does this follow the Laboratory’s point dropping policy?  Are the injections dropped for  

 that concentration for each analyte?  

 10. For each analyte, is the lowest standard’s concentration at or below the analyte’s MRL?  

 11. For each analyte, are there no levels skipped?   

 12. For analytes calibrated using RF, is the RSD ≤15%?  For Hydrogen ≥0.99?  

 13. For the ICV analysis, is the percent recovery for each analyte 85-115%?  

 14. Are all peak integrations including manual integrations (per SOP for Manual  
  Integration Policy) acceptable? If so, initial and date the appropriate pages.  
 

COMMENTS: 
  

  

  

  

 
 
 
Analyst ____________________________  Secondary Reviewer _____________________________ 
 
Date _______________________________  Date _____________________________ 
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Data Review Checklist 
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Fixed Gases per EPA Method 3C / ASTM D 1946 / ASTM D 1945 
Data Review Checklist 

 (Note exceptions and include Sample Preparation and Analysis Observations / Case Narrative Summary Form as appropriate) 
 

Analysis Date   Instrument   GC19      GC _____     

Client ___________________________  QC Level __________________________   

Project # ________________________  Due Date _________________________  

Modification   Yes    No  
 
Analyst Reviewer 
Initial Calibration 

 1. Is the referenced ICAL the most recent ICAL performed?  NA 

 2. Has the referenced ICAL been peer reviewed and all associated documentation including the 
ICAL review checklist available for review? NA 

 3. Were all associated requirements within the specified limits? NA 
Data 

 1. Is the sample data documentation present and correct?  
   Sample raw data? 
   All target analyte responses within calibration range? 
   All peak integration acceptable? 
   All manual integrations flagged and documented (before and after)?  If so, initial and date. 
   All analyte retention times within the generated RT window? 
   All calculations correct? 
   First quantitation report initialed and dated by analyst? 

 2. Do all sample duplicate injections (if analyzing without modification have a RSD ≤5%?  

 3. CCV have a percent difference of ≤10% (≤15% for hydrogen)?   

 4. Is the retention time (for CCV) for each analyte in the standard within 0.33min from the  

  mean RT (of the corresponding analyte) from the ICAL?  

 5. Is the sum of the gases in the lab air within 90% and 110%?  

 6. Are the %R for the LCS within the acceptance criteria for each analyte?  

 7. Are the analytes in the MB < MRL?  

 8. Do all reported analytes fall within the generated retention time windows?  If not, is the  

  reason for reporting analyte in the sample documented?  

 9. Is the RPD (with modification) for the LD within the laboratory generated RPD limits?  

 10. DOD:  Are manual integrations notated in the case narrative?  

COMMENTS: 
   

   

   

 

  LIMS Run Approval    LIMS Supervisor Approval 

Analyst ____________________________  Secondary Reviewer _____________________________ 
 
Date _______________________________  Date _____________________________ 
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Method Reporting Limits and Control Limits 
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Target Analytes with Associated MRLs 

 

Compound Method Reporting Limit 

Hydrogen 1000ppm 

Oxygen 1000ppm 

Nitrogen 1000ppm 

Carbon monoxide 1000ppm 

Methane 1000ppm 

Carbon dioxide 1000ppm 
 
 
 

 
 
 

Laboratory Generated Control Limits – ASTM D 1946-90 / Modified EPA 3C Single Injection 
 

Analyte LCS - LCL (%R) LCS - UCL (%R) LD (RPD) 

Hydrogen – H2 83 114 16 

Oxygen – O2 84 121 16 

Nitrogen – N2 88 122 21 

Carbon monoxide - CO 87 118 16 

Methane – CH4 85 116 16 

Carbon dioxide – CO2 84 117 16 

 
 
Note: New limits may be established prior to the revision of this document, refer to the most recent 
control limits. 
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Attachment 5 

 
Calibration Curve Concentrations 
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Suggested Calibration Curve Concentrations (ppm unless noted as %) 

 

ICAL Hydrogen Oxygen Nitrogen 
Carbon 

Monoxide 
Methane 

Carbon 
Dioxide 

1 373.69 467.11 466.18 470.85 373.69 467.11 

2 2000 2500 2495 2520 2000 2500 

3 7473.77 9342.21 9342.21 9379.58 7511.14 9323.53 

4 40000 50000 50000 50200 40200 49900 

5 467731.47 584664.34 584664.34 587002.99 470070.13 583495 

6 99.999%      

7  99.999%     

8   99.999%    

9     99.999%  

10      99.999% 

 
 

ICAL Amount of Standard Spiked onto Instrument 

1 small loop injection of a 2500ppm/2000ppm standard 1,2 

2 standard loop injection of a 2500ppm/2000ppm standard 1,2 

3 small loop injection of a purchased 5%/4% standard (see section 10.3.1.1) 2 

4 standard loop injection of a purchased 5%/4% standard (see section 10.3.1.1) 2 

5 large loop injection of a purchased 5%/4% standard (see section 10.3.1.1) 2 

6 through 10 standard loop injection of neat gas compounds (see section 10.3.1.1) 

 
12500ppm/2000ppm standard is made by introducing 600ml of a purchased 5%/4% standard into 
a 6 liter summa canister and pressurized to +14.7psig (29.4psi) with helium. 

2The loop injection volumes are calculated as described in section 12.14 and shown in Table 1. 
 

Calibration Range 

Hydrogen 1000ppm – 99.999% 

Oxygen 1000ppm – 99.999% 

Nitrogen 1000ppm – 99.999% 

Carbon Monoxide 1000ppm – 58.700% 

Methane 1000ppm – 99.999% 

Carbon Dioxide 1000ppm – 99.999% 
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DETERMINATION OF AIR-PHASE PETROLEUM HYDROCARBONS (APH) BY GAS 
CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) 

1) Scope and Applicability 

1.1 This procedure is based on and incorporates the requirements detailed in the Method 
for the Determination of Air-Phase Petroleum Hydrocarbons (APH), Revision 1, 
December 2009, Massachusetts Department of Environmental Protection. It is designed 
to measure the gaseous-phase concentrations of volatile aliphatic and aromatic 
petroleum hydrocarbons in air. Volatile aliphatic hydrocarbons are collectively 
quantitated within two carbon number ranges: C5 through C8 and C9 through C12. In 
addition, volatile aromatic hydrocarbons are collectively quantitated within the C9-C10 
range. Also, this method may be used to measure the individual concentrations of 
target APH analytes 1,3-butadiene, methyl-tert-butyl ether (MtBE), benzene, toluene, 
ethylbenzene, m-xylene, p-xylene, o-xylene, and naphthalene in air.  An extended list 
of target analytes also may be reported since this method overlaps with EPA Method 
TO-15.  

1.2 This method typically applies to whole air samples received in Summa stainless steel 
canisters, with subsequent analysis by gas chromatography/mass spectrometry 
(GC/MS). The method reporting limit (MRL) for this method for each of the collective 
aliphatic and aromatic fractional ranges is approximately 2.5 – 20ug/m3. The MRL for 
the target APH analytes is compound specific but is approximately 0.50ug/m3. Refer 
to the most recent method detection limit study and initial calibration for the 
corresponding method detection and reporting limits. The reported MRL may be 
adjusted higher; however, the capability of achieving lower MRLs for specific project 
requirements must be thoroughly demonstrated and documented. The number of 
samples that may be analyzed in a 24-hour period is about twenty. 

2) Summary of Procedure 

2.1 Samples are collected in pre-cleaned, evacuated Summa stainless steel canisters. An 
aliquot of an air sample is concentrated on a solid adsorbent trap to collect the 
analytes of interest. To remove co-collected water vapor, the concentrated sample then 
goes through a water removal (dry purge) step. After the sample is pre-concentrated 
on a trap, the trap is heated and the APHs are thermally desorbed onto a refocusing 
cold trap. The APHs are then thermally desorbed onto the head of a capillary column 
once the cold trap is heated. The oven temperature (programmed) increases and the 
APHs elute and are detected by the mass spectrometer. The GC/MS utilizes a linear 
quadrupole system, which allows for it to be operated by either continuously scanning 
a wide range of mass to charge ratios (SCAN mode) or by Select Ion Monitoring mode 
(SIM), which consists of monitoring a small number of ions from a specified compound 
list.   

2.2 Target APH analytes are identified and quantitated using characteristic ions. Collective 
concentrations of C9-C10 aromatic hydrocarbons are quantitated using extracted ions.  
Collective concentrations of aliphatic hydrocarbons fractions are quantitated using a 
total ion chromatogram, subtracting out target APH analytes and C9-C10 aromatic 
hydrocarbons. The target analytes will be quantitated and reported using EPA method 
TO-15. Since the sample pre-concentration steps and analytical conditions are identical 
for TO-15 and the Massachusetts APH method, all sample results can be generated 
from the same analytical run. P
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3) Definitions 

3.1 Cryogen A refrigerant used to obtain sub-ambient temperatures in the VOC 
concentrator and/or on front of the analytical column. Liquid nitrogen (cryogen) is 
used for this purpose and it has a boiling point of –195.8°C. 

3.2 Gauge Pressure Pressure measure with reference to the surrounding atmospheric 
pressure, usually expressed in units of psi. Zero gauge pressure is equal to 
atmospheric (barometric) pressure.   

3.3 MS-SCAN Mass spectrometric mode of operation in which the gas chromatograph (GC) 
is coupled to a mass spectrometer (MS) programmed to SCAN all ions repeatedly over a 
specified mass range. 

3.4 Analytical Sequence The analytical sequence describes exactly how the field and QC 
samples in an analytical batch are to be analyzed. 

3.5 Stock Standard A purchased, multi-component gas-phase mixture having certified 
concentrations, used to prepare working calibration standards. 

3.6 Working Calibration Standard A gas-phase mixture of all the target analytes at a known 
concentration prepared by diluting a gas-phase stock standard into a Summa canister.  
Used for calibrations. Standard canisters prepared from methanol stocks are not 
allowed. 

3.7 Calibration or Standard Curve A calibration or standard curve is a graph which plots 
the concentration of a compound (or an analyte) versus the instrument response to the 
compound. 

3.8 Initial Calibration Verification (ICV) Standard A gas-phase standard prepared in the 
laboratory containing known concentration(s) of analytes of interest. It is prepared 
from gas-phase stock standards which are from a different source than the standards 
used to prepare the working calibration standards. Standard canisters prepared from 
methanol stocks are not allowed. 

3.9 Continuing Calibration Verification (CCV) Standard A working calibration standard 
which is analyzed at specific intervals in order to verify that the instrument continues 
to meet the calibration criteria. 

3.10 Field Sample A sample collected and delivered to the laboratory for analysis. 

3.11 Manual Integration This term applies to a data file in which setpoints have been 
changed and reintegration has occurred under the changed setpoints; baselines have 
been adjusted; peak integration start and stop “ticks” have been changed; peak area, 
or peak height, are changed after the time of data collection and data file generation. 

3.12 Batch Quality Control (QC) Batch QC refers to the QC samples that are analyzed in an 
analytical batch of field samples and includes the Method Blank (MB), Laboratory 
Control Sample (LCS) and Laboratory Duplicate (LD). 

3.13 Internal Standard Calibration Compares the instrument responses from the target 
compound in the sample to the responses of specific standards (called internal 
standards), which are added to the sample or sample preparation prior to analysis.  
The ratio of the peak area (or height) of the target compound in the sample or sample 
preparation is compared to a similar ratio derived for each calibration standard.   

3.14 May This action, activity, or procedural step is neither required nor prohibited. 
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3.15 Must This action, activity, or procedural step is required. 

3.16 Shall This action, activity, or procedural step is required. 

3.17 Should This action, activity, or procedural step is suggested, but not required. 

3.18 Service Request A form generated, at the time of sample receipt, which details 
pertinent information such as client name, address, contact, client and laboratory 
sample identifications, sampling and receipt dates and times, requested analyses, 
sample type, canister pressures (initial and final), and the service request number 
(unique number for each submitted job) and serves as an inter-laboratory “custody” 
form which accompanies all samples throughout the laboratory.   

3.19 Air-Phase Petroleum Hydrocarbons (APH) These are defined as collective fractions of 
hydrocarbons compounds eluting from isopentane to n-dodecane, excluding target 
APH analytes. APH is comprised of C5-C8 aliphatic hydrocarbons, C9-C12 aliphatic 
hydrocarbons, and C9-C10 aromatic hydrocarbons.   

3.20 APH Component Standard  A mixture of the aliphatic and aromatic compounds listed in 
Table 4. The compounds comprising the APH Component Standard are used to define 
and establish the retention time windows for the collective aliphatic and aromatic 
hydrocarbon ranges of interest, and determine average chromatographic response 
factors that can in turn be used to calculate the collective concentration of hydrocarbons 
within these ranges. The APH target analytes are in a separate stock standard cylinder 
(also used for EPA Method TO-15) and are prepared as separate working standards in 
Summa canisters.  

3.21 Laboratory Control Sample A humidified canister fortified with a gaseous-phase 
mixture of the APH Component Standard obtained from a different stock solution than 
the APH working/calibration standards. 

4) Health and Safety Warnings 

4.1 Refer to the laboratory’s Environmental, Health and Safety Manual as it makes 
reference to the safe handling of chemicals, Safety Data Sheet (SDS) location, and the 
laboratory waste management plan for the safe disposal of chemicals and samples.  

4.2 Pollution Prevention and Waste Management  

All waste disposals shall be carried out in accordance with the requirements detailed in 
the SOP for Waste Disposal. In addition, canisters must be cleaned in accordance with 
the requirements detailed in the SOP for Cleaning and Certification of Summa Canister 
and Other Specially Prepared Canisters. 

4.3 This procedure may include CHEMICAL, OPERATIONAL and/or EQUIPMENT hazards. 
Employees must review and understand the following hazards and their preventive 
measures prior to proceeding with this activity. 
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Hazard information related to this activity which is not included or referenced in this document, 
should be immediately brought to the attention of the Department Supervisor. 

HAZARD ASSESSMENT 
Job Task #1:  
Standard and Sample 
Preparation 

Hazards Preventative Measures 

Compounds, mixtures of 
compounds, standards, 
surrogates, and samples. 

Exposure to potential 
health hazards through 
absorption through skin.  
Inhalation hazards. 

Reduce exposure through the use of 
gloves and fume hoods.  Safety 
glasses must be worn when working in 
the prep lab.  Care should be taken 
when handling standard material in a 
neat or highly concentrated form.  
Personal protective clothing (safety 
glasses, gloves, and lab coat) are 
required when handling standard 
material in neat form.   
 
Consult Safety Data Sheets (SDS) for 
compounds being handled in this 
procedure, and be familiar with proper 
safety precautions.   

Job Task #2:  Working with 
Liquid Nitrogen 

Hazards Preventative Measures 

Turning valves and handling 
tubing and fittings that have 
been in contact with the 
cryogen. 

Can cause serious tissue 
damage (frostbite) with 
only a few seconds of 
contact.   

Wear neoprene or leather gloves.  
Valves on cryogen dewars should be 
opened slowly so leaky fitting can be 
identified. 

Job Task #3:  Working with 
Pressurized Gases 

Hazards Preventative Measures 

Using and moving compressed 
gas cylinders. 

Gas leak, fire, and 
explosion.  Personal injury 
due to falling during 
transport.   

All cylinders must be secured in an 
upright position to a wall or 
immovable counter with a chain or a 
cylinder clamp when not in use.  Keep 
safety caps on when cylinders are not 
in use.  A handcart must be used when 
transporting cylinders.  The cylinder 
must be secured to the handcart with 
a chain or belt.  The regulator should 
never remain on small “D” size 
cylinders following use.  Full cylinders 
must be kept separate from empty 
cylinders.    Flammable gases (i.e. 
pressurized hydrogen) must be clearly 
labeled.  Flammables and oxidizers 
must be separated by a ½-hour fire 
wall or by at least twenty feet.             

Job Task #4:  Glass Syringes Hazards Preventative Measures 
Glass syringe use Skin lacerations and 

punctures. 
The proper use of syringes should be 
part of employee training for this SOP. 
Care should be taken to avoid 
personal injury as a result or improper 
handling techniques. P
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5) Cautions 

5.1 A maintenance log will be kept documenting maintenance performed on each 
analytical system. The serial numbers of each instrument shall be recorded, and each 
log entry must include a description of the maintenance performed and be initialed by 
the analyst performing or observing/authorizing maintenance by an outside 
contractor.   

The instrument maintenance log must be kept current.  An entry shall be made in the 
appropriate log every time maintenance is performed (no matter the extent). The entry 
in the log must include: 

(a) the date of maintenance 
(b) who did the maintenance 
(c) description of the maintenance 
(d) proof that the maintenance activity was successful 

A notation of a successful tune and continuing calibration or initial calibration and the 
file number that accompanies the data will serve as proof that the maintenance is 
complete and the instrument is in working order. 

The extent of the maintenance is not important, however, it is important that a 
notation be included for each maintenance activity such as changing a column, tuning 
the instrument, changing the pump oil, cleaning the source, or ordering a part. In 
addition, a notation should be made in the logbook stating that no samples were 
analyzed during the days that the instrument was down and no active maintenance was 
being conducted (i.e., where no other notation was made in the logbook for those 
days).   

5.2 Concentrating Trap Routine maintenance includes periodic solvent cleaning of the 
Silcosteel lines in the valve oven if contamination is suspected. Also, periodic 
replacement of the multi-sorbent or partial replacement of the trap if analyte specific 
deterioration is detected is required. After repacking the trap it should be baked for a 
minimum of two hours (until a clean blank is generated), whereas a partial repacking 
requires baking the trap for a minimum of 20 minutes (or until a clean blank is 
generated).   

5.3 GC System Column performance is monitored by observing both peak shapes and 
column bleed. Over time, the column will exhibit a poor overall performance, as 
contaminated sample matrices are analyzed. The length of time for this to occur will 
depend on the samples analyzed. When a noticeable decrease in column performance 
is evident and other maintenance options do not result in improvement, the column 
should be replaced (see Section 9.4). Whenever GC maintenance is performed, care 
should be taken to minimize the introduction of air or oxygen into the column. 

Clipping off a small portion of the head of the column often improves chromatographic 
performance. When cutting off any portion of the column, make sure the cut is straight 
and “clean” (uniform, without fragmentation) by using the proper column-cutting tool.  
When removing any major portion of the column, which will affect the retention times 
and elution characteristics, a change in instrument conditions may be required to 
facilitate nominal analytical activity.   

Performance can also be due to ineffective column ferrules, which should be replaced 
when a tight seal around the column is no longer possible. This can be detected with 
the use of a leak detector.   

P
ro

p
ri

e
ta

ry
 -
 U

n
co

n
tr

o
ll

e
d

 C
o

p
y



MADEP APH by GC/MS 
 VOA-MAPH, Rev. 09.0  
 Effective: 03/21/2015 
 Page 6 of 48 

R I G H T  S O L U T I O N S  |  R I G H T  P A R T N E R  

STANDARD OPERATING PROCEDURE 

5.4 Mass Spectrometer The Mass Selective Detector (MSD) ion source requires periodic 
cleaning to maintain proper performance. Symptoms of a dirty ion source include 
difficulty keeping the MSD in tune and fluctuating internal standard areas. The vacuum 
system should be serviced every six months, including changing the pump oil and 
checking the molecular sieve in the backstreaming trap. 

5.5 Instrument Tuning The instrument is tuned with guidance from the procedure 
described in the Agilent Operations Manual, when necessary. The tune shall meet the 
tune criteria described in this document. 

6) Interferences 

6.1 Summa Canisters Canisters should be stored in a contaminant free location and should 
be capped tightly during shipment to prevent leakage and minimize any compromise 
of the sample. The pressure/vacuum is checked prior to shipment and upon receipt 
from the field. Any problems with the sample from the field are noted on the service 
request form and the Project Manager contacted.  

Also, canisters must be cleaned and certified to be free from target analytes before 
being shipped to the field for sample collection. The procedure is described in detail in 
the Standard Operating Procedure for Cleaning and Certification of Summa Canister 
and Other Specially Prepared Canisters (refer to this procedure as well as Section 
12.7.1 for the acceptance criteria.).   

6.2 Analytical System The analytical system must be demonstrated to be free from 
contamination under the conditions of the analysis by running humidified zero air 
blanks. The use of non-chromatographic grade stainless steel tubing, non-PTFE thread 
sealants, or flow controllers with buna-N rubber components must be avoided. 

6.3 Glassware Interferences caused by contaminants in solvents, reagents, glassware, and 
other sample processing hardware results in discrete artifacts and/or elevated 
baselines in the detector profiles should be minimized. All glassware associated with 
this method must be scrupulously cleaned to avoid possible contamination. The 
cleaning shall be performed in accordance with the procedure outlined in the SOP for 
Glassware Cleaning. The use of high purity water, reagents, and solvents helps to 
minimize these problems.   

6.4 Organic Compounds Certain organic compounds not associated with the release of 
petroleum products, including chlorinated solvents, ketones and ethers will be 
detected by this method and quantified within an aliphatic or aromatic hydrocarbon 
range. When noted by the analyst, the identification and/or quantitation of such 
compounds must be disclosed on the laboratory report. Non-APH compounds may be 
subtracted out of the hydrocarbon ranges before reporting results. When requested by 
the data user the identification of such non-APH compounds must be disclosed on the 
laboratory report or case narrative. 

7) Personnel Qualifications and Responsibilities 

7.1 It is the responsibility of the analyst to perform the analysis according to this SOP and 
to complete all documentation required for data review. Personnel in the laboratory 
who have demonstrated the ability to generate acceptable results utilizing this SOP 
may perform analysis, and interpretation of the results. The analyst must also ensure 
that a second analyst that is familiar with this analysis reviews the results and all 
applicable QC.   

7.2 The supervisor/manager must ensure that method proficiency is documented initially 
and whenever significant changes in the instrument type, personnel, matrix or test 
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method are made.  

7.3 The department supervisor/manager or designee shall perform final review and sign-
off on the data. 

7.4 All analysts must be trained in accordance with the guidelines detailed in the SOP for 
Training Policy. The training plan (Attachment 1) shall be used to document the 
training certification of new analysts.   

8) Sample Collection, Handling, and Preservation 

8.1 Air samples are collected in the field and delivered to the laboratory and should be 
collected in a specially prepared, leak-free, stainless steel pressure vessel (with valve) 
of desired volume (e.g., 6L). It is also acceptable to use Bottle Vacs (Entech 
Instruments, Simi Valley, CA) which are specially treated amber glass bottles fitted with 
a fused silica-coated valve (typically one liter volume). The use of Tedlar bags is 
considered a modification and is discouraged due to the inherent chemical artifacts 
which can interfere with the analysis.  

8.2 Time-integrated samples require the use of a properly calibrated flow controller (refer 
to the Standard Operating Procedure for Flow Controllers and Critical Orifices). The 
flow controller must be calibrated prior to sample collection. Upon receipt at the 
laboratory, a post sampling calibration check must be performed on the flow 
controller. The relative percent difference (RPD) between the initial and post sampling 
calibration readings must be calculated. As long as the RPD is ≤20%, the calibration is 
considered to still be valid and thus the sample collection interval is also assumed to 
be valid. If the RPD is >20%, consideration must be given to whether resampling is 
necessary to achieve data quality objectives. If the sample is analyzed, a notation must 
be provided on the data reporting sheet and case narrative disclosing the RPD value.  

8.3 There are no special preservation requirements for canisters. Canisters should be 
stored on the appropriate shelves until they are to be analyzed. The required holding 
time for samples in canisters for this method is 30 days. 

9) Equipment and Supplies 

9.1 Gas Chromatograph (GC) An instrument capable of temperature programming, with a 
column oven that may be cooled to sub-ambient temperature at the start of the gas 
chromatographic run to result in the resolution of the VOCs.   

9.2 Autosampler 

Teledyne-Tekmar AutoCan Autosampler:  14-ACAN-074 
 Concentrating Trap (cryogenic trap, built-in): 14-6938-020   
 Cryofocusing Module w/split valve:  14-6520-A00 
 GAST Vacuum Pump:    DOA-P104-AA  

9.3 Mass Spectrometer (MS) A MS capable of scanning from 33 to 350 amu every second or 
less, using 70 volts (nominal) electron energy in the electron impact ionization mode.  
The mass spectrometer must be capable of producing a mass spectrum for 
Bromofluorobenzene (BFB) which meets all of the criteria when 50ng or less of BFB is 
injected onto the GC/MS system. 

9.3.1 Ionization Gauge Controller 

 Granville-Phillips 330 Ionization Gauge Controller: 330001/2/3 
 Hewlett Packard Ionization Gauge Controller: 59864B P
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9.4 Analytical Column 

Restek Rxi-1ms Fused Silica Capillary Column 
 60m x 0.25mm ID 
 1.0 micron film thickness 

NOTE: Based upon data obtained from the MADEP VPH Round Robin testing programs, 
the choice of chromatographic column may have a significant impact on the 
apportionment and quantitation of aliphatic and aromatic compounds within the 
fractional ranges specified in this method. Substitution of the required column is not 
allowed, unless it can be demonstrated that the selected column has equivalent 
chromatographic properties and elution order for the aliphatic and aromatic compounds 
and ranges of interest.  

To demonstrate equivalency of column chromatography, a mid-range calibration 
standard must be analyzed on both the required column and the proposed substitute 
column, with all other run and system parameters held constant. The concentrations of 
C5-C8 and C9-C12 aliphatic hydrocarbons, C9-C10 aromatic hydrocarbon ranges and 
target analytes must be determined for each column. The relative percent difference 
between the concentrations of each hydrocarbon range and target analyte, excluding 
naphthalene, obtained from each column must be ≤25. The RPD for naphthalene must 
be ≤40. The elution order of APH Components on the proposed substitute column 
must be equivalent to the elution order on the required column.  

9.5 Data Systems IBM-compatible PC with Windows 95/98/NT/XP and Hewlett Packard 
Chemstation software including EnviroQuant with Extracted Ion Current Profile (EICP), 
National Institute of Standards and Technology (NIST) library or equivalent. 

9.6 Canister Pressurization Station Vacuum/Pressure Gauge [0 to –30 in Hg; 0-90 psig] 

9.7 Canister Sampling Devices VICI Condyne Model 300 Flow Controller 

9.8 Gas Collection Devices 

• Lab Commerce, Aerosphere Model S6L, 6.0L Summa Passivated Canisters or 
equivalent 

10) Standards and Reagents 

10.1 Reagents 

10.1.1 UHP Grade Helium (99.999%)(GC carrier gas and preconcentrator purge/sweep 
gas) 

10.1.2 Cryogen - Liquid nitrogen (used to cool preconcentrator traps) 
10.1.3 UHP/Zero Grade Air 
10.1.4 ASTM Type II Water or equivalent 
10.1.5 High purity grade methanol 

10.2 Standards 

10.2.1 Instrument Performance Check, Internal Standard and Surrogate Spiking 
Mixture Prepare a standard solution of p-Bromofluorobenzene (BFB-used as 
both a tune check and surrogate compound), bromochloromethane, 
chlorobenzene-d5, and 1,4-difluorobenzene, 1,2-dichloroethane-d4(surrogate), 
and toluene-d8(surrogate) at 500ug/m3 each in humidified zero air or nitrogen.  
This mixture may be purchased from an approved vendor in a high-pressure 
cylinder at the working concentration and Summa canisters filled directly from 
it for use on the sample preconcentrator. Otherwise, prepare this standard 
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according to the procedure outlined in Volume 6.5 of the Tekmar-DOHRMANN 
Application Note.   

10.2.1.1 An intermediate standard can be prepared from neat compounds in a 
glass static dilution bottle (SDB). After the volume of the SDB is 
determined, calculate the mass of each compound to be spiked to 
achieve a final concentration of 5.0ug/mL. Then use the density of 
each neat compound to calculate the microliter amount to be spiked 
into the SDB. The SDB is then heated for a minimum of one hour at 
~60°C to completely volatilize all components.   

Concentration of the intermediate standard prepared in a SDB is 
5.0μg/mL. The amount required to achieve this concentration is 
determined through the use of the following equation.   
 

A = 
( )( )

D
VC

   (Equation 1) 

 
Where: 
 
A Amount of each compound required to achieve the desired 

concentration of the standard in the SDB (μL) 
C Desired concentration of SDB (μg/mL) 
V Actual volume of the SDB (mL) 
D Density of the compound in question (μg/μL) 
 
Example: 
 
Calculate the amount of neat bromochloromethane needed to achieve 
the final concentration of 5.0μg/mL of that compound in the SDB.   
 
V = 2010mL 
D = 1934.4μg/μL 
C = 5.0μg/mL 

 

A=

L
g

mL
mL

g

μ
μ

μ

4.1934

20100.5 







 = 5.2μL 

 Table 1 – Tune, IS and Surrogate Compound Densities 
 

 

10.2.1.2 The Working standard is prepared in a Summa canister by spiking an 
aliquot of the stock SDB standard (8.2.1.1) using a heated gastight 
syringe. Connect a cleaned, evacuated Summa canister to a source of 

Density (μg/μL) Compound 
1934.4 Bromochloromethane 
1170.1 1,4-Difluorobenzene 
1157 Chlorobenzene-d5 
1307 1,2-Dichloroethane-d4 
943 Toluene-d8 

1593 BFB 
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pure diluent gas (humidified zero air) using a teflon line with a 
stainless steel tee directly above the canister valve. One port of the tee 
is fitted with a septum. Spike the SDB stock and following removal of 
syringe a small flow of diluent gas to flush the spike into the can.  
Pressurize the can to positive 83.3 psig with humid zero air, and allow 
the contents to equilibrate for approximately 24 hours before using.   

 
Concentration of the working standard prepared in a Summa canister 
is 500ng/L. The final pressure of the canister is 83.3psig; therefore, 
the pressurized volume is 40L, which is obtained through the use of 
the following equation.   

 
PV = PDF(V)   (Equation 2) 
 
Where: 
 
PV Pressurized canister volume (L) 

PDF Pressure Dilution Factor, where PF = 
iatm

fatm

PP
PP

+
+

 

 

fP  Final Canister Pressure 

iP  Initial Canister Pressure 

V Volume of canister @ 1atm 
P

atm
 Atmospheric Pressure = 14.7psig 

 
Example: 
 

( )L6
07.14

3.837.14
+

+
 = 40L 

 
In order to prepare the canister with a concentration of 500ng/L, it 
must be determined how much of the intermediate standard is 
required. This is achieved through the use of the following equation.   

 

A= 
( )( )









g

ngC

VF

μ
1000)(

   (Equation 3) 

 
Where: 
F Desired concentration of working standard (ng/L) 
V Pressurized Volume of Canister (L) 
C Concentration of prepared SDB (μg/mL) 
A Amount of standard (mL) of the SDB required to obtain the 

desired working standard concentration 
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Example:   
 

A = 

( )

















g
ng

mL
g

L
L

ng

μ
μ 10000.5

40500
 = 4mL 

 
10.2.1.3 Currently the working standard is purchased in a cylinder at a certified 

concentration of 500ng/L (prepared by Liquid Technology 
Corporation). The working standard is filled directly into a summa 
canister to a pressure of 70 to 80 psig. 

10.2.2 APH Component Standard (Stock Standard) Stock standards are purchased 
from an approved vendor as a mixture in a balance gas of nitrogen in high-
pressure inert cylinders, and are available from several vendors. Each 
standard cylinder must be accompanied by a certificate of analysis stating the 
certified concentrations of each component. These concentrations must be 
used as the starting point when calculating the nanogram on-column 
amounts for the initial calibration points. See Table 5. 

10.2.3 APH Working Standards Prepare gaseous-phase APH Working Standards at a 
minimum of two concentration levels in 6.0L Summa canisters pressurized 
with humidified zero air to 14.7psig. The contents should be allowed to 
equilibrate for approximately 24 hours prior to use.   

Step 1:  Concentration of the working standards prepared in Summa canisters 
should be 200ng/L and 20ng/L. The final pressure of the canister is 14.7psig; 
therefore, the pressurized volume is 12L, which is obtained through the use 
of the following equation.   
 
PV = PDF(V)   (Equation 6)  
 
Where: 
 
PV Pressurized canister volume (L) 

PDF Pressure Dilution Factor, where PF = 
iatm

fatm

PP
PP

+
+

 

fP  Final Canister Pressure 

iP  Initial Canister Pressure 

V Volume of canister @ 1atm 
 
EXAMPLE: 
 

( )L6
07.14

7.147.14
+

+
 = 12L 

 
Step 2:  Use the Entech dynamic diluter to prepare the working standards in 
Summa canisters. The stock standard is typically at a concentration of 
1000ng/L, so a 200ng/L can will be a 5X dilution, and the 20ng/L can will be 
a 50X dilution. Instructions for using the diluter and calculating flows can be 
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found in the instruction manual and in the TO-15 SOP (VOA-TO15). 

10.2.4 Initial Calibration Verification (ICV) - (Laboratory Control Sample - LCS)  For the 
second-source standard, use the TO-15 second source working standard.  
This standard contains all of the target analytes and at least one calibration 
compound from each hydrocarbon range. 

Note 2: Any of the desired standard concentrations may change as long as 
the equations and the appropriate densities remain the same. In addition, the 
SDB volumes will change with each specific SDB utilized (indicated by the 
etched volumes on the specific SDB being utilized). The final pressures of the 
canisters may also change as long as the actual pressurized volumes are 
properly calculated in accordance with the corresponding equations detailed 
in this document. Use this section to calculate the alternate concentrations, 
pressurized volumes of the Summa canisters, etc., as needed.   

10.3 Storage and Expiration Dates 

• Static Dilution Bottle (SDB) standards (internal standard/surrogate) must be stored 
in an oven at a temperature of 60°C to ensure analyte vaporization. Every time a 
standard is prepared from the static dilution bottle (SDB), the concentration 
changes. To increase the useful lifetime of an SDB standard, remove volumes of 
25mL or less. The volume removed can be manipulated by increasing the SDB 
concentration or by adjusting the canister final volume/pressure. Depending upon 
the volume removed, a SDB intermediate standard is stable for approximately two 
months as long as new working standards made from this standard continue to 
meet acceptance criteria. These bottles must be in the oven at 60°C for a minimum 
of one hour prior to use in preparing working standards.   

• Stock Standard cylinders – These standards have an expiration date on the 
certificate of analysis (typically one year). Expired cylinders with sufficient volume 
remaining are sent back to the original vendor for recertification. 

• APH Working Standards (excluding the ICV/LCS) prepared in canisters may be 
stored at laboratory conditions for two months in an atmosphere free of potential 
contaminants. Upon preparation, canister standards should be allowed to sit for 
approximately 24 hours prior to use in order for equilibration to take place.  
Shorter equilibration periods may be necessary and acceptable as long as 
performance criteria are met. 

11) Method Calibration 

11.1 Initial Calibration The APH Component Standards are used to calibrate the GC/MS 
system.  Two distinct calibration operations are necessary: 

Target APH Analytes: Relative Response Factors (RRFs) are calculated for the 9 Target 
APH Analytes (Table 4) and internal standards, based upon a correlation between the 
mass of analyte and area counts for the relevant quantitation ions. This allows for the 
individual identification and quantitation of these specific compounds. IT IS NOT 
NECESSARY TO DEVELOP RESPONSE FACTORS FOR ANY OTHER INDIVIDUAL APH 
COMPONENT STANDARD. However, an extended list of target analytes may be reported 
if needed since all the APH target analytes are included in the calibration for EPA 
Method TO-15 which is performed using the same GC and data acquisition parameters 
as the hydrocarbon range calibration. 

Collective Aliphatic/Aromatic ranges: Relative Response Factors are calculated for C
5
-C

8
 

Aliphatic Hydrocarbons and C
9
-C

12
 Aliphatic Hydrocarbons based upon a correlation 
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