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1 Introduction 
This Vapor Intrusion Sampling and Analysis Plan (VI SAP) was prepared for the Department of 
the Army, Office of the Deputy Chief of Staff, G9 (Army) under Contract W91278-20-D-0024, 
Task Order No. W9127821F255 with the U.S. Army Corps of Engineers (USACE), Mobile 
District. This SAP describes suspected source areas for vapor intrusion (VI) from volatile 
organic compounds (VOCs) in soil and groundwater and presents methods to evaluate VI on 
the Main Installation (MI) of the former Defense Depot Memphis, Tennessee (DDMT).  

The environmental restoration program at DDMT is directed by the Army G9 Installation 
Services Environmental (ISE) Division, Base Realignment and Closure (BRAC) Branch. The 
regulatory oversight agencies are United States Environmental Protection Agency (USEPA), 
Region 4 and Tennessee Department of Environment and Conservation (TDEC). DDMT’s 
USEPA Identification Number is TN4210020570. 

The activities presented in this SAP were outlined in the Vapor Intrusion Conceptual Site Model, 
Revision 1 (VI CSM) (HDR, 2022b). The VI CSM and this SAP were prepared to comply with 
Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from Subsurface 
Vapor Sources to Indoor Air. Office of Solid Waste and Emergency Response (OSWER) 
Publication 9200.2-154 (USEPA, 2015) and DOD Vapor Intrusion Guidance (TSERAW, 2009). 
The Vapor Intrusion Investigation Process and Flowchart (TDEC, 2016) was also considered in 
preparation of this SAP. Applicable content from the DDMT Uniform Federal Policy Quality 
Assurance Project Plan (QAPP; HDR, 2018) was updated for inclusion in this SAP (Section 3).  

The 2022 VI SAP Revision 0 (HDR, 2022d) was submitted to USEPA and TDEC for review on 
October 13, 2022. USEPA submitted comments on January 2, 2023. TDEC concurred with the 
report on February 14, 2023. The Army submitted responses to USEPA comments on March 
13, 2023 with a redline-strikeout version of the report text, revised tables and updated 
worksheets from the DDMT QAPP. USEPA submitted a letter of concurrence for the revised VI 
SAP on April 13, 2023 and requested a clear copy of the revised report, with all revisions 
accepted, for final review. Responses to agency comments and approval letters from USEPA 
and TDEC are included in Appendix A. 

1.1 Location and Past Activities 
DDMT is located in Memphis, Tennessee, approximately 5 miles east of the Mississippi River, 
northeast of Interstate 240 and the Memphis International Airport. The property consists of 
approximately 634 acres and includes two components, the MI and Dunn Field. The MI contains 
approximately 567 acres with open storage areas, warehouses, former military family housing, 
and a golf course/recreational area. Dunn Field, which is located across Dunn Avenue from the 
northwest section of the MI, contains approximately 67 acres with former mineral storage and 
waste disposal areas. An aerial photograph of DDMT and the adjacent area is provided on 
Figure 1. 

DDMT originated as a military facility in the early 1940s to provide stock control, materiel 
storage, and maintenance services for the U.S. Army. It was selected for closure under BRAC in 
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1995; storage and distribution activities ceased in September 1997. During operations from 
1942 to 1997, DDMT received, warehoused, and distributed supplies to U.S. military services 
and civilian agencies. The supplies included hazardous substances; textile products; food 
products; electronic equipment; construction materials; and industrial, medical, and general 
supplies.  

Types of past activities that could have resulted in the presence of hazardous materials in 
environmental media at the MI include hazardous substance repackaging for storage or 
shipment, painting and sandblasting, vehicle maintenance and hazardous material 
handling/storage. Other historical activities in open and enclosed storage areas included storing 
transformers with polychlorinated biphenyls, storing and using pesticides/herbicides, and 
treating wood products with pentachlorophenol. These industrial activities resulted in the 
presence of metals, pesticides, and other less frequently detected chemicals in surface soil, 
surface water and sediment, and chlorinated volatile organic compounds (CVOCs) in 
groundwater. 

1.2 Project Organization 
Project personnel and contact information are listed on Table 1; qualifications of HDR and 
subcontractor personnel are listed on Table 2. The project schedule is listed on Table 3. 
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2 Background 

2.1 Current Land Use 
The MI is located in an area of mixed residential, commercial, and industrial land use. 
Residential areas are located to the south and west. Residential area, warehouses and 
industrial areas are located to the north. Airways Boulevard, on the east border of the MI, is the 
most heavily traveled thoroughfare in the vicinity and is developed with numerous small, 
commercial establishments, particularly in the area from DDMT south to the Interstate 240 
interchange. DDMT is currently zoned for light industrial use, except for the veterans housing 
area; zoning for the MI and the surrounding area is shown on Figure 2. 

All 567 acres on the MI have been transferred through public benefit and economic 
development conveyances. The Land Use Control Implementation Plan in Appendix C of the 
Main Installation Final Remedial Design (CH2M Hill, 2004) was prepared to implement the land 
use restrictions in the Memphis Depot Main Installation Record of Decision (MI ROD; CH2M Hill, 
2001), which prevent residential use, drilling of groundwater wells and production/consumptive 
use of groundwater, and casual access to the golf course. The former administrative and 
housing areas along the eastern boundary are available for unrestricted use, although current 
zoning restricts residential use to the former housing area.  

The MI is primarily used for warehousing and logistics in the Memphis Depot Industrial Park 
(MDIP) and for operations at Barnhart Crane and Rigging (Barnhart). The former administrative 
area is used for offices and parking by Barnhart and for the Memphis Police Department 
Airways Police Station. The former MI housing area is used by Alpha Omega Veterans 
Services. The Memphis Depot Industrial Park is primarily owned by an investment firm, 
Memphis Depot TIC, LLC; Supply Chain Logistics owns two buildings in the MDIP. The City of 
Memphis owns the golf course and leases it to Alpha Omega. The current ownership and land 
use for the MI is shown on Figure 3. 

2.2 Geology and Hydrogeology 
The shallow geologic units on the MI relevant to this VI study are loess and the fluvial deposits. 
The loess consists of wind-blown and deposited brown to reddish-brown, low-plasticity clayey 
silt to silty clay. The loess deposits on the MI are present from approximately the ground surface 
to 30 feet (ft) below ground surface (bgs).  

The fluvial (terrace) deposits consist of two general layers. The upper layer is silty, sandy clay to 
clayey sand and ranges from about 2 to 30 ft thick. The lower layer is composed of interlayered 
sand, sandy gravel, and gravelly sand, and ranges from 30 to 70 ft thick. The uppermost aquifer 
is the unconfined Fluvial Deposits Aquifer (FDAQ), consisting of saturated sands and gravelly 
sands in the lower portion of the fluvial deposits. Depth to groundwater in the FDAQ ranges 
from approximately 55 to 95 ft bgs on the MI (Annual LTM-2021 Report; HDR, 2022a). 

Where the clay layer at the base of the FDAQ is thin or absent, a hydraulic connection is 
established with the deeper Intermediate Aquifer (IAQ) and possibly the Memphis Aquifer 
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VISLs, but up to two orders of magnitude less than the 2019 sub-slab samples collected in the 
same area. The highest CVOC concentrations were reported in vapor monitoring point (VMP) 
TTA1N-1 near LTM well PMW21-04.  

Recent LTM analytical results (Table 4) had concentrations greater than groundwater VISLs for 
PCE, TCE and VC. The highest concentrations were PCE at 306 micrograms per liter (µg/L) in 
upgradient offsite well MW-269, TCE at 35.6 µg/L in onsite well PMW21-04, and VC at 51.4 
µg/L in onsite well MW-100B. PCE and TCE concentrations in offsite wells MW-269, MW-278 
and MW-315 indicate an offsite source contributing to groundwater contamination on the MI as 
well as potential VI impacts offsite (Figure 4).  

2.3.2 TTA-1 South 
The TTA-1 South (TTA-1S) plume is located southeast of TTA-1N at the southern end of 
Buildings 970 and 972. TTA-1S is underlain by low permeability clayey silt and silty clay to 
depths of 25 to 40 ft bgs. The depth to water ranges from 80 to 98 ft bgs and the groundwater 
flow direction is to the northeast (Figure 4). Enhanced bioremediation was performed in this 
area from 2006 to 2009 and 2012 to 2014. 

The MIP survey (e²M, 2009) identified elevated VOC concentrations in the area east of Building 
1087, south of DR1-5; however, soil sample analytical results did not warrant additional action. 
Soil vapor samples have not been collected in TTA-1S.  

Historical maximum concentrations reported were PCE at 530 µg/L in MW-101T (December 
2001) and TCE at 232 µg/L in abandoned well PMW101-08B (August 2006) located between 
the south end of Buildings 970 and 972. Recent LTM analytical results (Table 4) had 
concentrations greater than groundwater VISLs for TCE at 49 µg/L in PMW101-07B and VC at 
8.45 µg/L in DR2-6A. Based on these results, potential VI is limited to a small area between 
Buildings 970 and 972 (Figure 4).  

2.3.3 TTA-2 
The TTA-2 plume is in the southeastern MI. The historical plume location is near Buildings 
260/261 and 265, which were used for maintenance and equipment storage. Enhanced 
bioremediation was performed in this area from 2006 to 2009 and 2012 to 2014. Supplemental 
Remedial Investigation wells installed from 2015 to 2019 identified an expanded area of 
groundwater contamination to the northwest and west, extending from Buildings 250 and 350 
southwest to Buildings 360, 470 and 489 (Figure 4). TTA-2 is underlain by low permeability 
clayey silt and silty clay to depths of 26 to 40 ft bgs. The depth to water ranges from 72 to 96 ft 
bgs and the groundwater flow direction is to southwest toward the sink near MW-259.  

The MIP survey (e²M, 2009) identified elevated VOC concentrations between Building 260/261 
and Building 270 and between Building 260 and the Memphis Depot Parkway. Confirmation soil 
samples identified CT, CF and methylene chloride concentrations greater than RGs, but further 
action was not considered necessary due to limited vertical and lateral extent. 

Sub-slab vapor samples collected in Building 260/261 and a soil vapor sample from a shallow 
boring to the northwest (Figure 5) had CVOC concentrations greater than VISLs (HDR, 2019). 
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CT, CF, PCE, and TCE were detected at maximum concentrations of 31,451 µg/M3, 94,250 
µg/M3, 1,898 µg/M3 and 537 µg/M3, respectively (Table 5).  

Soil vapor samples were collected prior to the SVE pilot test (HDR, 2020b) at 31 to 44 ft bgs in 
the coarse-grained lower fluvial deposits around the exterior of Building 260/261 (Figure 5). The 
vapor samples contained PCE, TCE and CF at concentrations greater than VISLs. The highest 
CVOC concentrations were reported in VMP TTA2-3 located adjacent to LTM well DR2-1. The 
SVE pilot test conducted at TTA-2 removed approximately 200 pounds of CVOCs from August 
2019 to May 2020. Vapor and groundwater samples collected at the end of the pilot test 
remained above VISLs and present a continued VI risk. 

Recent LTM analytical results (Table 4) had concentrations greater than groundwater VISLs for 
TCE, VC, CT and CF. The highest concentrations were TCE at 29.7 μg/L in MW-267, VC at 31 
μg/L in MW-113, CT at 87.6 μg/L in MW-217, and CF at 11.9 μg/L in PMW85-01. In addition, CF 
was detected above the residential VISL (1.63 μg/L) in MW-50 (5.07 μg/L) located in the former 
housing area (Figure 4).  

2.3.4 West Central 
The West-Central plume is a broad area of elevated PCE concentrations approximately 1,500 ft 
northeast of TTA-1. The West-Central area is underlain by low permeability clayey silt and silty 
clay to depths of 20 to 42 ft bgs. The depth to water ranges from 80 to 97 ft bgs and the 
groundwater flow direction is toward the sink at MW-39 (Figure 4). Enhanced bioremediation 
was performed in this area from 2012 to 2014. 

The MIP survey (e²M, 2009) identified elevated VOC concentrations west of Building 770 at the 
former location of Buildings 873 and 875. Confirmation soil samples identified PCE 
concentrations slightly greater than RGs in two samples, but further action was not considered 
necessary due to relatively low concentrations and limited extent. Soil vapor samples have not 
been collected in this area. 

Historical maximum groundwater analytical results indicate generally widespread TCE 
contamination with concentrations ranging from 10 µg/L to 40 µg/L. PCE concentrations are 
approximately one order of magnitude greater than TCE, with the greatest concentrations 
reported in the vicinity of Building 770.  

Recent LTM analytical results (Table 4) had concentrations greater than groundwater VISLs for 
TCE in three wells and VC in one well. The highest concentrations were TCE at 34.9 µg/L and 
VC at 15.7 µg/L in MW-203B. VI risk appears to be limited to the undeveloped area between 
Building 970 and 770 (Figure 4).  

2.3.5 Building 835 
The Building 835 plume is an elongated TCE plume in the western section of the MI. The plume 
is oriented along the southern edge of the erosional window in the northwest corner of the MI; 
the southern end of the Building 835 plume merges with the North-Central plume near Building 
650. The Building 835 plume is underlain by low permeability clayey silt and silty clay to depths 
of 33 to 43 ft bgs. The depth to water ranges from 77 to 94 ft bgs and the groundwater flow 
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direction is to the southeast toward MW-39 (Figure 4). Enhanced bioremediation was performed 
in this area from 2012 to 2014. 

The MIP survey (e²M, 2009) identified elevated VOC concentrations near the northwestern 
corner of Building 835. Confirmation soil samples did not exceed RGs. Soil vapor samples have 
not been collected in the Building 835 area. 

The historical maximum groundwater concentration of TCE was 184 µg/L at MW-62 (October 
2007) located near Building 835. TCE concentrations in adjacent wells MW-142, MW-213 and 
MW-212 were significantly less, indicating a potential contaminant source near the northwest 
corner of Building 835, which is consistent with the shallow MIP response measured in 2008.  

Recent LTM analytical results (Table 4) had concentrations greater than groundwater VISLs 
only for TCE at two wells with the highest concentration at 55.4 µg/L in MW-212 (Figure 4).  

2.3.6 North-Central 
The North-Central plume is an elongated plume, which extends from the property boundary 
north of Building 319 to the southwest toward Building 650 where it merges with the West-
Central and Building 835 plumes. This area is underlain by low permeability clayey silt and silty 
clay to depths of 26 to 28 ft bgs. The depth to water ranges from 54 to 97 ft bgs and the flow 
direction is to the southwest toward the erosional window and the sink near MW-39 (Figure 4). 
Neither enhanced bioremediation nor soil or soil vapor sampling have been performed in this 
area. 

PCE and TCE concentrations greater than MCLs are observed in the North-Central plume, 
although the higher PCE concentrations are in downgradient wells southwest of the property 
boundary.  

Recent LTM analytical results (Table 4) had concentrations greater than groundwater VISLs for 
TCE and CF. The highest concentrations were TCE at 39.5 µg/L in upgradient offsite well MW-
310 and CF at 3.07 µg/L in onsite well MW-265. The TCE concentration in offsite well MW-310 
indicate an offsite source contributing to groundwater contamination on the MI as well as 
potential VI impacts offsite (Figure 4).  

2.3.7 South-Central 
The South-Central plume is an elongated area of elevated TCE concentrations in the south-
central MI. This area is underlain by low permeability clayey silt and silty clay to depths of 28 to 
48 ft bgs. The depth to water ranges from 85 to 90 ft bgs and the groundwater flow direction is 
easterly toward the sink near MW-259 (Figure 4). Neither enhanced bioremediation nor soil or 
soil vapor sampling have been performed in this area. 

TCE concentrations greater than the MCL are believed to be due to the recoupment and 
removal action at Building 873 (O. H. Materials, 1986); the building has since been demolished. 
Recent LTM analytical results (Table 4) had concentrations greater than groundwater VISLs for 
TCE, with the highest concentration of 83.2 µg/L in well MW-330. MW-330 was installed in 2021 
as a replacement for MW-97, which had been damaged and was abandoned. 
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2.3.8 Southeast 
The Southeast area is located near the southern boundary of the MI and the southwest corner 
of the golf course. LTM wells in this area have PCE and TCE concentrations greater than MCLs 
which appear to have different sources and are isolated exceedances rather than a plume. The 
area is underlain by low permeability clayey silt and silty clay to 17 to 32 ft bgs. The depth to 
water ranges from 60 to 71 ft bgs and the groundwater flow direction is westerly toward the sink 
near MW-259 (Figure 4). Enhanced bioremediation was not performed in this area. A shallow 
soil vapor sample (SG05) was collected adjacent to MW-270 in 2018. Naphthalene was 
detected at 3.46 µg/M3, below the commercial VISL and slightly above the residential VISL 
(Table 5). 

MW-270 had a TCE concentration of 285 µg/L in July 2015, but the concentration decreased 
consistently to 3 µg/L in 2019. Recent LTM analytical results (Table 4) had a concentration 
greater than the groundwater VISL for TCE, 83.2 µg/L in well MW-270. Groundwater samples in 
offsite background wells MW-275 and MW-312 located south of Ball Road (Figure 4) did not 
have concentrations greater than residential VISLs (Table 4).  

2.3.9 Erosional Window 
The window is an erosional feature in the northwestern MI. The ground surface is underlain by 
low permeability clayey silt and silty clay to depths of 32 to 40 ft bgs. The depth to water is 
approximately 90 ft and the groundwater flow direction is to the northwest and downward into 
the IAQ (Figure 4). Enhanced bioremediation was not performed in this area. 

Soil vapor samples were collected for the SVE pilot test (HDR, 2020b) at approximately 35 ft 
bgs in the coarse-grained lower fluvial deposits immediately west of Building 720 (Figure 5). 
Vapor samples contained TCE at concentrations greater than the VISL. The highest CVOC 
concentrations were reported in VMP 720-1 located at the southwestern corner of Building 720.  

The historical maximum groundwater concentrations were PCE at 98.6 µg/L in MW-286 (August 
2018) and TCE at 5.2 µg/L in well MW-285 (August 2018). Those concentrations and recent 
LTM analytical results (Table 4) are less than groundwater VISLs.  
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3 Project and Data Quality Objectives  
The data quality objectives (DQOs) were established in accordance with Guidance on 
Systematic Planning Using the Data Quality Objectives Process (USEPA, 2006). The following 
Work Sheets from the DDMT QAPP (HDR, 2018) have been updated and are provided in 
Appendix B.  

• WS 6, Communication Pathways 

• WS 23, Analytical SOPs 

• WS 24, Analytical Instrument Calibration 

• WS 25 Analytical Instrument and Equipment Maintenance, Testing, and Inspection 

• WS 31, 32 & 33, Assessments and Corrective Action 

• WS 34, Data Verification and Validation Inputs 

• WS 35, Data Verification Procedures 

• WS 36, Data Validation Procedures 

• WS 37, Data Usability Assessment 

3.1 Problem Statement 
The VI CSM (HDR, 2022b) documented VOC concentrations in soil vapor and groundwater 
greater than VISLs located near and beneath buildings, and a detailed investigation for VI is 
recommended (USEPA, 2015). The following data gaps from the VI CSM will be addressed to 
further evaluate and characterize VI risk. 

3.1.1 CVOCs in Subsurface Soil 
The Main Installation Remedial Investigation (CH2M Hill, 2000) did not identify areas with 
significant VOC contamination in soil and the selected remedy in the MI ROD did not include 
remedial action for VOCs in soil. However, the Human Health and Ecological Risk Assessment, 
Revision 1 (HHERA; HDR, 2020a) identified VI of CT, CF, PCE, TCE and VC into buildings from 
groundwater vapor as a potential health risk to workers; the VI pathway was not evaluated for 
onsite residents, as initial work on the VI Study began at about the same time as the HHERA 
and limited vapor data was available. Evaluation of the VI pathway for onsite residents within 
the former housing area on the MI was postponed to the VI study conducted using this SAP. VI 
evaluation of offsite residential areas will not be conducted because groundwater flow in the 
uppermost aquifer (FDAQ) is onto the MI from all sides; therefore, groundwater contamination 
from onsite sources does not migrate offsite and does not have potential for offsite VI. 

Findings from past investigations that indicate CVOCs in soil present a VI risk: 

• The 2008 MIP investigation identified the presence of VOCs in vadose zone soil, but at 
concentrations less than screening levels calculated to prevent impacts to groundwater. 



Vapor Intrusion Sampling and Analysis Plan 
Revision 1 Main Installation – Defense Depot Memphis, Tennessee  

 

April 2023 | 11 

• Sub-slab soil vapor samples collected in 2018 contained CVOCs at concentrations 
greater than VISLs.  

• Soil vapor samples collected from the lower fluvial deposits in 2019 contained CVOC 
concentrations greater than VISLs. 

• The 2018 sub-slab samples also contained VOCs (benzene, ethylbenzene and 
naphthalene) at concentrations greater than VISLs. These VOCs were not detected at 
concentrations greater than VISLs in deeper soil vapor samples or in groundwater 
samples, indicating that the VI risk may not be solely attributed to volatilization from 
groundwater. 

• The single well SVE pilot test in TTA-2 removed approximately 200 pounds of CVOCs 
from the vadose zone indicating residual concentrations in soil may present a VI risk.  

Soil vapor samples will be collected from locations throughout the MI and at varied depths in the 
different soil types. Sub-slab sample ports and VMPs with sampling screens at depths of 5 to 75 
ft bgs will be installed. 

3.1.2 Spatial and Temporal Variability of Soil Vapor Sample 
The initial soil vapor samples collected in 2018 were from shallow borings and sub-slab sample 
ports in TTA-1N and TTA-2. Analytical results from the MI SAI (e²M, 2009) and LTM identified 
these two areas as having the highest CVOC concentrations and presenting the greatest VI risk.  

The soil vapor sample results exhibited high temporal variability; for example, PCE was 
detected in sample SS08 at 13,562 µg/M3; when resampled approximately 2 months later, the 
PCE concentration in sample SS08-RE was 93.6 µg/M3 (Table 5). High spatial variability was 
also observed in the three sub-slab samples collected beneath Building 260/261. PCE detected 
in sub-slab samples SS02 and SS03, located approximately 50 ft apart (Figure 5) varied by an 
order of magnitude (Table 5). Causes of the analytical variability are unknown; but may be 
attributed in part to the following: 

• A change in atmospheric conditions (high barometric pressure in August 2018 compared 
to low barometric pressure in October 2018) may have contributed to the temporal 
variability in analytical results; and  

• Heterogeneity of vadose zone subsurface materials (e.g., utilities and backfill); soil 
moisture, which may impede soil vapor migration potential; and contaminant distribution 
are factors which may contribute to analytical variability among sub-slab soil vapor 
samples.  

Multiple, semi-permanent sub-slab sample ports and VMPs will be installed to allow multiple 
sampling events for evaluation of temporal and spatial variability. Vapor sample screens will be 
installed at different depths in the VMPs to evaluate the impact of volatilization from 
groundwater.  
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3.1.3 Preferential Pathways 
Underground utilities, including storm sewer and sanitary sewer lines, are present throughout 
the MI; the piping and trench backfill can provide preferential pathways for vapor migration into 
buildings.  

Attempts will be made to obtain public and facility records about utility and sewer locations, 
which may include maps, “as built diagrams,” or construction specifications. This information 
and passive screening vapor sample analytical results will be used to evaluate whether sewer 
lines and trench backfill may provide a preferential pathway for VI.  

3.1.4 Building Construction  
Information on construction of buildings within VI inclusion zones is provided on Table 6. Gaps 
in the information will be filled during the initial phase of the study. The information will be used 
to evaluate lines of evidence for VI and to prioritize buildings with greater potential VI risk for 
indoor air sampling.  

3.2 Goals of the Study 
The goals of this study are listed below. 

• Evaluate all areas on the MI to identify where VOCs in soil vapor may pose an 
unacceptable VI human health risk.  

• Evaluate effectiveness of the fine-grained loess and upper fluvial deposits as a barrier to 
VI from VOCs in groundwater. 

• Evaluate temporal, lateral and vertical variability for VOC concentrations in soil vapor 
and associated VI risk. 

• Determine whether a complete VI exposure pathway exists and whether VOCs in soil 
vapor are migrating to indoor air at concentrations sufficient to present an unacceptable 
human health risk. 

A complete vapor intrusion pathway exists when the following five conditions are met under 
current conditions (USEPA, 2015): 

1. Subsurface source of vapor-forming chemicals is present in soil or groundwater 
underneath or near buildings.  

2. Vapors form and have a route along which to migrate toward the buildings.  

3. The buildings are susceptible to soil vapor entry, which means openings exist for the 
vapors to enter the building and driving forces (e.g., buildings/subsurface pressure 
differential) exist to draw vapors from the subsurface through the openings into the 
buildings. 

4. One or more vapor forming chemicals comprising the subsurface vapor source(s) is or 
are present in the indoor environment. 
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5. The building is occupied by one or more individuals when the vapor forming chemicals 
are present indoors.  

The first condition is met on the MI; this sampling plan is intended to gather the information 
necessary to determine whether conditions 2 through 5 are met. 

3.3 Information Inputs 
The following information inputs will be used to achieve the goals of this study. 

• VI screening levels of groundwater, soil vapor and indoor air (Table 7) were developed 
to evaluate VI risk through comparison with analytical results. The screening levels were 
developed based on a target cancer risk of 1x10-6 target cancer risk and a noncancer 
target hazard quotient of 0.1. Screening levels were developed for the 
commercial/industrial and residential scenarios using the USEPA VISL Calculator 
(USEPA, 2022d) and USEPA Regional Screening Level (RSL) Calculator (USEPA, 
2022b). 

• Semi-quantitative analysis of shallow soil vapor screening samples to determine VOC 
concentrations across the MI with tighter spacing in VI Inclusion Zones and a second 
round of sample analyses to further delineate VISL exceedances in the initial samples. 

• Laboratory analysis of soil vapor samples from sub-slab sample points and permanent 
VMPs constructed at varying depths to vertically delineate VOCs and sub-slab soil vapor 
sampling within buildings; samples collected over time to determine temporal variability 
and samples collected during indoor air sampling. 

• Inventory of construction details, occupancy and primary use for buildings with the VI 
inclusion zone. 

• Initial screening with parts per billion (ppb) photoionization detector (PID) to evaluate 
exposure pathways prior to indoor air sampling. 

• Pressure differential measurement across slab foundations.  

• Laboratory analysis of concurrent indoor air and outdoor (background) samples collected 
from buildings where soil vapor sampling or other lines of evidence indicate a potentially 
unacceptable VI risk.  

• Regional and/or site-specific meteorological data to include wind speed, temperature, 
precipitation and barometric pressure to qualitatively support data interpretation when 
comparing changing VOC concentrations over multiple monitoring events.  

3.4 Study Boundaries 
The spatial boundary for this VI study is the MI property boundary. Offsite groundwater 
contamination migrating on to the MI is considered to result from offsite sources.  

The temporal boundaries are the initial soil vapor sample dates in 2018 through completion of 
the sampling described in this plan. The proposed schedule for this investigation is shown on 
Table 3. 
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3.5 Analytical Approach 
Soil vapor and air (indoor and outdoor) samples will be analyzed at Department of Defense 
(DoD) environmental laboratory accreditation program laboratories.  

Soil lithology for VMP borings will be described using the Unified Soil Classification System 
(USCS; American Society for Testing and Materials [ASTM] D2487-83). Field observations 
(e.g., odor and staining) will be noted in the field log.  

Laboratory analytical limits of quantitation (LOQ) and limits of detection (LOD) for active and 
passive air/vapor samples are listed on Table 8 with the most conservative applicable screening 
level from Table 7. The LOQs and LODs were compared to screening levels to confirm the 
screening level criteria could be met. LOQs and LODs were available for a majority of the VOCs 
for method TO-15 for soil vapor and indoor air, but were limited for method 8260C for passive 
sampling of soil vapor and sewer line vapor. Initial review of LOQs and LODs indicates they are 
below the screening levels in soil vapor and indoor air except for: 

• Soil vapor (passive sampling) – 1,1,2-trichloroethane and 1,2-dibromoethane.  

• Soil vapor (active sampling) – 1,2-dibromo-3-chloropropane, 1,2-dibromoethane, and 
acrolein.  

• Indoor air – The LOD and/or LOQ values are above the Industrial Air RSLs for 11 VOCs 
and above the Residential Air RSLs for 16 VOCs; however, CVOCs are less than the 
Industrial Air RSLs. 

The following guidelines will be used for further action based on review of analytical results: 

Screening Samples 

• If VOC concentrations in a 1,000-ft or 500-ft grid sample exceed the VISL (Table 7), four 
step-out samples will be advanced, one in each cardinal direction, at the next tighter 
density (500 or 100 ft); samples will be collected only on the MI. 

• If VOCs concentrations in a 100-ft grid sample exceed the VISL (Table 7), step-out 
samples, one in each cardinal direction will be collected at the 100-ft spacing in 
previously unsampled areas. 

• If more than 50 step out locations are identified, then locations will be prioritized for 
greater VISL exceedance and geographic spread. 

Utility Corridors Samples 

• Utility corridor samplers will be placed in 20 locations where initial or follow-up passive 
screening samples and/or recent groundwater samples have VOC concentrations 
greater than VISLs and the utility corridor services currently occupied buildings. If more 
than 20 locations are identified, then locations will be prioritized for greater VISL 
exceedance and geographic spread. 

VMP Samples 

• VMPs will be installed at locations selected based on VOC concentrations greater than 
VISLs in passive soil and sewer line screening samples, recent or historic groundwater 
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samples and/or previous soil vapor samples. VMPs locations will be prioritized based on 
greater VISL exceedance and geographic spread 

• VMPs will be installed with a single screen in the target soil type or multiple screens at 
target soil types and depths. Locations for VMPs with multiple screens will be prioritized 
based on recent and historic groundwater samples with greater VISL exceedance and 
on geographic spread. 

Sub-slab and Indoor Air Samples 

• Twenty sub-slab sample ports, will be installed in building foundations away from walls, 
cracks or penetrations. Up to 5 ports will be installed in each building with the number 
based on building size and the number of VISL exceedances in screening, sewer line 
and/or VMP samples. VMP sample exceedances will be given greater priority.  

• Fourteen air sample locations (indoor and outdoor) will be selected; the buildings to be 
sampled will be determined based on multiple lines of evidence, including active and 
passive soil vapor sample results. Additional criteria are provided in Section 4.5.2. 

Response Actions  

• If indoor air PID measurements or validated analytical results for indoor air samples 
exceed trigger levels (Table 14), prompt response action will be taken to include 
notification of building management, BRAC, USEPA, TDEC and USACE Mobile District, 
within 24 hours of review of validated data.  

3.6 Performance or Acceptance Criteria 
VI screening levels and criteria for additional sampling are presented on Table 7.  

Laboratory analytical results must meet USEPA method-specified laboratory quality control 
(QC) criteria and be shown to be useful for the intended purpose through data verification and 
validation. Performance criteria for analytical data are presented on Table 9. 

A Tennessee-registered land surveyor will establish horizontal and vertical control for each 
VMP. Vertical control will be established to 0.01 ft and will be based on the North American 
Vertical Datum of 1988. Handheld global positioning system (GPS) receivers, capable of sub 
meter accuracy, will be used to establish horizontal control for passive sample locations. 
Horizontal control will be based on the Tennessee State Plane Coordinate System. 

Field activities including soil vapor sampling and indoor air sampling, laboratory analysis and 
data validation will be conducted in accordance with:  

• this SAP; 

• ASTM D7758-17 Standard Practice for Passive Soil Gas Sampling in the Vadose Zone 
for Source Identification, Spatial Variability Assessment, Monitoring, and Vapor Intrusion 
Evaluations (ASTM, 2017);  

• OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from 
Subsurface Vapor Sources to Indoor Air (USEPA, 2015); 
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• DoD Vapor Intrusion Handbook Fact Sheet Update No. 010 (TSERAW, 2020); 

• DoD Vapor Intrusion Guidance (TSERAW, 2009); 

• DoD General Data Validation Guidelines (DOD, 2018);  

• Environmental Quality Guidance for Evaluating Performance-Based Chemical Data, EM 
200-1-10 (USACE, 2005); and 

• Vapor Intrusion Investigation Process and Flowchart (TDEC, 2016). 

3.7 Plan for Obtaining Data 
The project schedule is provided on Table 3, and sampling design and rationale and the task 
activities are discussed in Section 4. 
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4 Sampling Design and Rationale 
The sampling and analysis will be conducted in accordance with this SAP. Field activities will be 
conducted in accordance with Standard Operating Procedures (SOPs) in Appendix C and the 
Site Safety and Health Plan (HDR, 2022c). The investigation activities are summarized below.  

Field activities will be conducted in phases; a summary of each phase is provided with more 
detailed information in the following sub-sections.  

• The initial phase will include passive soil vapor screening samples to identify areas on 
the MI with shallow soil vapor above VISLs and to evaluate potential preferential 
pathways along sewer lines and other underground utility corridors. Passive soil vapor 
screening will be collected at approximately 100 grid locations; 98 sample locations have 
been identified and two more locations will be added, if warranted.  Follow-up passive 
screening samples will be collected at approximately 50 locations for additional vapor 
delineation and 20 passive screening samples will be collected within sewer lines and/or 
from backfill along sewer lines or other utility corridors. Additional information on 
construction and use of buildings within the VI inclusion zones will also be gathered 
during the initial phase.  

• The second phase will include installation of VMPs and sampling to confirm areas of 
VOC concentrations greater than VISLs identified during the first phase and/or historic 
groundwater samples. VMPs screens will be installed in the following soil types (depth 
estimated) to meet the goals of the study: loess (5 ft bgs); above the base of upper 
fluvial deposits (25 ft bgs); below the top of the lower fluvial deposits (30 ft bgs); and in 
the lower fluvial deposits approximately 10 ft above the water table (70 ft bgs). Twenty-
four borings will be advanced using direct push technology (DPT) to install single VMPs 
and eight borings will be advanced using sonic drilling to install two to four nested VMPs. 
A total of forty-seven VMPs will be installed with vapor samples collected from each 
VMP over two events spaced approximately 6 months apart.  

• The third phase will include sub-slab and indoor air samples at buildings selected based 
on analytical results and building construction/use. Twenty sub-slab sample ports will be 
installed and 14 indoor air samples will be collected; indoor air sample locations will 
have a paired sub-slab sample. Sub-slab samples will be collected following installation 
of the port and concurrent with indoor air samples from the building. Paired indoor air 
and sub-slab vapor samples will be collected twice, approximately six months apart; 
samples will be collected during heating (December through February) and cooling 
(June through August) seasons to represent a worst-case scenario.  

Data gaps identified during development of the CSM will be evaluated during implementation of 
this SAP. Additional samples at new locations or additional samples from the planned locations 
will be recommended based on review of analytical results. The types of samples to be 
collected are discussed below. 

• Passive Soil Vapor Samples: 150 passive soil vapor samplers will be deployed 
throughout the MI at varying densities to identify areas with near-surface VOC 
concentrations above VISLs site-wide, above groundwater plumes and near previous 
shallow soil vapor samples from TTA-1 and TTA-2. To evaluate VOC concentrations in 
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preferential pathways, 20 passive vapor samplers will be installed in sewer lines or in 
backfill adjacent to underground utilities. 

• Active Soil Vapor Samples: 47 permanent VMPs will be installed throughout the MI to 
confirm passive vapor screening results and to evaluate variability in VOC 
concentrations with depth. Up to 52 vapor samples will be collected from these and 
existing VMPs during two sample events for evaluation of seasonal variability.  

• Sub-slab and Indoor Air Samples: Up to 20 permanent sub-slab sample ports will be 
installed to evaluate VOC concentrations in soil vapor beneath buildings. Up to 14 air 
sample locations (indoor and outdoor) will be selected; the buildings to be sampled will 
be determined based on multiple lines of evidence. Sub-slab locations, at buildings 
selected for indoor air samples, will be sampled after indoor air sampling is completed. 
Sub-slab vapor and air samples will be collected during two sample events for evaluation 
of seasonal variability during heating and cooling periods. 

• Soil Samples: Soil samples will be collected from VMPs borings where PID readings of 
the soil core are above 25 parts per million (ppm). Only the soil sample with the highest 
concentration above 25 ppm from a boring will be submitted for analysis. The sample 
results will be considered in evaluation of residual soil contamination.  

• Soil IDW Samples: Soil cuttings from borings advanced during the investigation will be 
sampled after completion of planned borings. The results will be used to determine the 
proper disposal alternative for the cuttings as investigation-derived waste (IDW). 

The location and number of samples and the rationale for the sample locations are listed on 
Table 10. Sample containers, preservation and hold times are listed on Table 11. The number of 
field and quality control samples are listed on Table 12. The field equipment to be used during 
sampling is listed on Table 13. 

4.1 Building Plan Reviews, Interviews and Inspections 
Numerous buildings on the MI are potentially subject to vapor intrusion (HDR, 2022b); however, 
it is not feasible or practical to sample indoor air in each building or soil vapor underneath or 
near each building. In such circumstances, USEPA generally recommends a “worst first” 
approach to prioritize buildings for investigation (USEPA, 2015). Buildings are generally 
prioritized by 1) the source, strength and proximity to VOCs, 2) building types and conditions, 3) 
vapor migration ease (e.g., preferential pathways), and 4) occupancy and receptors.  

During preparation of the CSM an initial review was conducted to determine use and 
characteristics of buildings on the MI potential for VI based on groundwater concentrations 
above VISLs; however, much of the necessary information was not available and was therefore 
identified as a data gap. To address this data gap interviews and plan reviews will be performed 
so that buildings can be prioritized for investigation.  

4.1.1 Plan Reviews 
Building and MI facility plans will be reviewed to supplement existing information and further 
document building physical parameters and potential preferential pathways. Plans maintained 
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by the MI property manager will be reviewed for each building and the underground utilities 
within VI inclusion zones to determine the following: 

• Building physical parameters (e.g., building foundation type, number of stories, and 
size).  

• Underground utility physical parameters (e.g., utility type, backfill material, 
depth/location, and manhole/cleanout location). 

Underground utility locations will be depicted on figures and used to identify sample locations.  

4.1.2 Building Grouping and Inspection 
Due to the number of buildings on the MI, relatively consistent use, and generally similar 
construction, detailed inspection of each building is not feasible nor warranted at this time. 
Buildings of similar design and constructed at the same general time, have been placed in six 
groups (Table 6).  

While building conditions (e.g., cracks, slab penetrations, usage) vary, construction is generally 
consistent within each group and details identified during review of building plans and inspection 
are assumed to be generally applicable within the group. Further building inspection may be 
necessary after soil vapor sampling if a potential health risk is identified. Detailed building 
inspection will be performed prior to indoor air sampling at each building where indoor air 
samples are to be collected.  

All buildings located within VI inclusion zones on the MI are listed on Table 6. The building 
groups are: 

• Group 1. Building numbers: 250, 350, 650. Single story warehouses, constructed in 
1942 with raised pile foundation. Currently used for commercial warehousing.  

• Group 2. Building numbers 429, 529, 530, 549, 630, 649. 109,000 square foot 
warehouses constructed in 1942 with unknown foundation type. Currently used for 
commercial warehousing.  

• Group 3. Building numbers 970 and 972. 276,000 square foot, slab on grade buildings 
operated by Barnhart for large vehicle maintenance.  

• Group 4. Building numbers 260/261, 265, 270, and 274. Up to 15,000 square foot slab 
on grade buildings, utilized for commercial office space, equipment storage and minor 
equipment maintenance.  

• Group 5. Building numbers 360, 470, 489, 670, and 689. Up to 208,000 square foot 
buildings constructed in 1950 with concrete slab foundation. Currently used for 
commercial warehousing.  

• Group 6. Building numbers 468 and 469, constructed in 1950 with unknown foundation 
type. Buildings utilized for landscaping equipment storage, equipment maintenance and 
enclosed office space.  
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Information obtained during building inspections will be used to update Table 6. The Building 
Evaluation Form (TSERAW, 2009) included in SOP 11 will be used to document condition of at 
least one building from each group listed above.  

4.1.3 Interviews  
HDR personnel will interview the building owner’s representative to document building use and 
characteristics for each building located within the vapor inclusion zone. The information to be 
documented is listed below: 

• Physical parameters (e.g., building foundation type, number of stories, and size).  

• Characteristics and locations of building occupants (e.g., sensitive populations; 
expectations for presence of general public in commercial or industrial settings; 
presence of multiple exposure units—due to different uses or activities and occupants).  

• Hours of building occupancy under current conditions (and reasonably expected future 
conditions, as appropriate). Hours of building occupancy are used to establish sampling 
duration for characterizing indoor air exposure levels. 

• The presence of sensitive receptors, such as the elderly, women of child-bearing age, 
infants, children, people suffering from chronic illness and disadvantaged populations 
that may be sensitive to health effects from VI. 

• Operating characteristics of HVAC systems.  

• Conditions that may warrant prompt action, such as odors reported by occupants, 
particularly if described as “chemical,” “solvent,” or “gasoline.”  

4.2 Preparation for Field Activities 
The following actions will be completed in preparation for field activities:  

• Provide sample location maps and the schedule for field activities to the MDIP property 
manager and other affected MI property owners. 

• Field verify planned sample locations for passive samplers and for VMP installation; 
adjust locations as needed to avoid underground utilities, structures, and other features 
as needed; and record coordinates with a sub-meter GPS receiver.  

• Mark boring locations and notify Tennessee 811 so that underground utilities can be 
located and marked.  

• Acquire permits for VMPs from the Shelby County Department of Environmental Health. 

• Verify the location of sewer manholes and ability to deploy passive samplers without 
confined space entry. 

• Contact property owners, building managers, and other personnel as necessary to 
schedule visits for building inspections and interviews; repeat contacts to discuss 
installation of sub-slab sample ports and indoor air sampling.  



Vapor Intrusion Sampling and Analysis Plan 
Revision 1 Main Installation – Defense Depot Memphis, Tennessee  

 

April 2023 | 21 

4.3 Passive Soil Vapor Screening  
Shallow passive soil vapor sampling is planned to identify areas with near-surface VOC 
concentrations above VISLs. Passive sampling entails burying a laboratory-supplied adsorbent 
sampler in a 3 ft bgs soil boring for 14 days to meet the laboratory LOQs listed on Table 8. 
Passive soil vapor sampling procedures are described in Appendix C, SOP 5. 

The samplers will be collected and shipped under chain of custody to Beacon Environmental 
(Beacon) in Forest Hill, MD, for analysis of organic vapors by USEPA Method 8260C. After 
review of analytical results for the initial samples and comparison to VISLs listed on Table 7, 
follow-up passive samplers will be installed, collected and analyzed in the same manner as the 
initial samples.   

Initial and follow-up passive soil vapor sample location coordinates will be recorded using a 
handheld GPS capable of submeter accuracy. Geospatial coordinates will be in the World 
Geodetic System 1984 reference system.  

4.3.1 Initial Passive Soil Vapor Sampling  
Systematic grid sampling is used to search for “hot spots” and provide a practical method for 
designating sample locations while ensuring uniform coverage of a site (USEPA, 2002). Passive 
soil vapor samplers will be placed using three grid densities: 1,000 ft for site-wide sampling, 500 
ft for sampling within VI inclusion zones and 100 ft in areas with previous soil vapor samples 
above VISLs and/or high groundwater historical maximum concentrations of PCE, TCE and CT 
(TTA-1N, TTA-1S and TTA-2). 

The MI was divided into 1,000 by 1,000-ft cells in a grid pattern for site-wide sampling to identify 
previously undiscovered areas of shallow VOC contamination (Figure 6). The MI measures 
approximately 6,800 ft by 3,600 ft and a 1,000 ft grid result in 28 cells. This scale is considered 
appropriate to evaluate vapor concentrations in areas where groundwater concentrations were 
below VISL criteria and residual soil contamination had not been observed.  

A random number generator was used to select latitude and longitude coordinates for the initial 
sample location in the northwesternmost cell. Sample locations in the other cells, outside of VI 
Inclusion Zones, were located on 1,000-ft centers within the MI boundary from the randomly 
selected sample. If the sample was located within a building, or other feature that would prevent 
sample collection, the sample location was moved from the obstruction toward an existing 
monitoring well which historically yields elevated CVOCs. When selecting locations adjacent to 
buildings, consideration will be made for the potential of HVAC operation to influence advective 
subsurface conditions within the building envelope.  

The sample spacing within VI Inclusion Zones, was reduced to 500-ft centers to provide greater 
resolution and lateral delineation of VOCs in these areas (Figure 6). If the sample was located 
within a building or other feature that would prevent sample collection, the sample location was 
moved toward an existing monitoring well which historically yields elevated CVOCs. Although 
Building 720 is not within a VI inclusion zone, two samples were placed in that area based on 
deep soil vapor samples exceeding VISLs (Table 5). 
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Within TTA-1N, TTA-1S and TTA-2, sample spacing was reduced to 100-ft centers to provide 
greater resolution and delineation of VOCs in these areas (Figure 7).  

The initial soil vapor screening samples will be collected at 98 grid locations: 21 samples for the 
1,000-ft grid, 32 samples for the 500-ft grid and 45 samples for the 100-ft grid.  

4.3.2 Follow-up Passive Soil Vapor Sampling 
Additional screening samples will be collected where initial samples exceed VISLs. Adaptive 
cluster sampling methodology (USEPA, 2002) will be used to provide lateral delineation of VISL 
exceedances observed during the initial grid sampling. Up to 50 step-out locations will be 
selected after laboratory analysis of the systematic grid samples using professional judgement 
and the following criteria. 

• If VOC concentrations in a 1,000-ft or 500-ft grid sample exceed the VISL (Table 7), four 
step-out samples will be advanced, one in each cardinal direction, at the next tighter 
density (500 or 100 ft); samples will be collected only on the MI. 

• If VOCs concentrations in a 100-ft grid sample exceed the VISL (Table 7), step-out 
samples, one in each cardinal direction will be collected at the 100-ft spacing in 
previously unsampled areas.  

4.3.3 Sewer Line and Utility Corridor Sampling 
Twenty passive samples are planned to be collected from sewer lines and backfill for sewer 
lines or other utility corridors throughout the MI. Initial passive soil vapor sample analytical 
results and recent groundwater analytical results will be used to identify potential VI pathways to 
existing buildings. Sample locations in these preferential pathways will be evaluated as follows: 

• Using the “worst first” approach (USEPA, 2015), utility corridors, which intersect areas 
with VOC concentrations above VISLs and where the utility services buildings within 100 
feet, will be considered for passive vapor sampling.  

• Utility lines in the selected areas will be located from existing utility maps, field 
observations and a Radio Detection pipe and cable locator. The coordinates for utility 
lines and manholes will be recorded using a handheld GPS capable of submeter 
accuracy. Sewer line manholes and cleanouts will be inspected for accessibility and type 
(e.g., closed or open grate type). 

• Sample locations will be prioritized for greater VISL exceedance and geographic spread. 
Samplers may be installed in hand-augered soil borings within the utility or sewer line 
backfill or be hung within the sewer line at cleanouts or manholes accessible for sampler 
deployment. Passive soil vapor samplers will be deployed in accordance with SOP 5.  

• An attenuation factor of 0.03 will be used to evaluate VI risk from VOCs detected in 
these preferential pathways. 

Beacon passive samplers will be deployed and collected during the follow-up passive sampling 
event in accordance Appendix C, SOP 5. Samplers will be deployed at 20 locations where initial 
or follow-up passive screening samples and/or recent groundwater samples have VOC 
concentrations greater than VISLs (Table 7) and the sewer line or utility corridor services 
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currently occupied buildings. Samplers will not be deployed at open grate manholes since they 
vent directly to the atmosphere and the analytical results would be less representative than 
those from closed manholes.  

The samplers will be suspended from the manhole approximately 2 ft above the bottom of the 
pipe or installed in sewer line backfill with hand tools and will remain in place for 14 days. The 
samplers suspended from manholes will be positioned to avoid contact with the side of the 
sewer pipe and one foot above the liquid level in the sewer line to prevent inundation and 
excessive moisture which could bias results low.  

4.3.4 Laboratory Analysis 
Passive soil vapor samples will be analyzed by Beacon for the VOCs listed on Table 8 per 
USEPA Method 8260C. Beacon SOPs are provided in Appendix D1-1 to D1-6. The analytical 
results will be presented in units of mass (e.g., nanograms [ng] of each individual compound) 
and converted to a concentration by dividing the mass (ng) by the sampler uptake rate (milliliter 
per minute [ml/min]) and the sampling period (min), which is then multiplied by a value of 1,000 
to convert ng/ml to µg/M3 in accordance with ISO 16017-2. Beacon will prepare isoconcentration 
maps of the soil vapor results; sewer line vapor results will be depicted on an underground utility 
map. 

4.4 Active Soil Vapor Sampling  
Soil vapor samples will be collected from VMPs installed at locations selected based on VOC 
concentrations greater than SLs in passive soil and sewer line screening samples, recent or 
historic groundwater samples and/or previous soil vapor samples. Absence of VOCs in passive 
shallow vapor samples will not be used as the sole line of evidence to eliminate an area for 
active soil vapor sampling. VMPs will allow soil vapor sampling in multiple events to evaluate 
temporal changes in VOC concentrations. VMPs will be installed with a single screen in the 
target soil type or multiple screens at target soil types and depths. 

Sub-slab sample ports will be installed through building foundations to provide a direct 
measurement of VOCs in soil vapor that have accumulated beneath the building and to 
measure the pressure differential across the building foundation during indoor air sampling 
events. Schematic designs for a nested VMPs and a sub-slab sample port are shown on Figure 
8.  

4.4.1 VMP Construction and Sampling 
Twenty-four DPT borings will be advanced to depths up to 30 ft bgs for single-screen 
completion VMPs screened in the loess, above the base of upper fluvial deposits and below the 
top of the lower fluvial deposits. Eight borings will be advanced via sonic drilling to install two to 
four nested VMP screens at the same depths planned for the DPT borings and in the lower 
fluvial deposits approximately 10 ft above the water table (70 ft bgs). The number of VMPs to be 
installed at the four depths are twenty-nine in the loess, three in the upper fluvial deposits, 
seven in the lower fluvial deposits and eight above the water table.  
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The borings will be continuously cored, VMPs constructed, and sampled in accordance with 
SOP 2. The soil core will be described using the USCS and screened for VOCs with a PID. 
boring logs will be prepared. Soil samples will be collected for laboratory analysis where PID 
readings exceed 25 ppm. Boring logs and VMP diagrams will be prepared for each location. 

Soil vapor samples will be collected from VMPs at least 48 hours after construction. Soil vapor 
samples may be collected immediately before or concurrently with sub-slab and indoor air 
samples, where possible. Prior to soil vapor sampling, atmospheric and vadose zone pressure 
differential will be measured in each VMP to determine vertical gradients with a manometer 
capable of measuring pressure to 0.001 inches of water.  

After pressure measurement, each VMP will be purged of three casing volumes at a flow rate of 
200 ml/min. If low soil permeability prevents a minimum flow rate of 100 ml/min, at a maximum 
vacuum of 100 inches of water, a sample will not be collected as the soil is not sufficiently 
permeable to facilitate advective vapor intrusion. Sampling under excessive vacuum may 
desorb VOCs from low permeability soil and may cause short circuiting through the annular 
seal. Both conditions would result in unrepresentative results.  

After purging three casing volumes, the VMP will be sampled at 200 ml/min using a 1-liter 
summa canister in accordance with Appendix C, SOP 5. The soil vapor sample will be shipped 
to ALS Environmental, Inc. (ALS) in Simi Valley, CA, for analysis of VOCs listed on Table 8 by 
Method TO-15. ALS SOPs are provided in Appendix D2-1 to D2-7. Soil samples will be 
submitted to CT Laboratories (CTL) in Baraboo, WI for analysis of VOCs by SW-846 Method 
8260B. CTL SOPs are provided in Appendix D3-1 to D3-5. 

4.4.2 Sub-slab Soil Vapor Port Construction and Sampling 
Twenty Vapor Pin®, or equivalent permanent sub-slab sample ports, will be installed in building 
foundations away from walls, cracks or penetrations, which could influence results. Installation 
will be per manufacture specification and procedures in Appendix C, SOP 5. Sample ports will 
be allowed to equilibrate for at least 48 hours following installation before sample collection.  

Prior to sampling, the interior building temperature and pressure differential, up to 0.001 inches 
of water, between the building indoor air and sub-slab sample port will be measured. The 
pressure differential is a complementary line of evidence to support data evaluation and data 
interpretation; it is a more direct means of assessing building under-pressurization than 
monitoring weather/climate factors.  

The sub-slab port and aboveground tubing will be purged of three casing volumes of air at 200 
ml/min. Sub-slab vapor samples will be collected using a 1-liter Summa canister fitted with a 
flow orifice pre-calibrated to collect the sample over a 5-minute period.  

4.5 Indoor Air Sampling 
Fourteen air sample locations (indoor and outdoor) will be selected; the buildings to be sampled 
will be determined based on multiple lines of evidence, including active and passive soil vapor 
sample results. As recommended by the USEPA, the decision to collect indoor air data will be 
supported by lines of site-specific or building-specific evidence (e.g., characterization of 
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subsurface vapor source(s) strength and proximity to building(s), vadose zone conditions, and 
building conditions) that demonstrate that vapor intrusion has the potential to pose a significant 
human exposure.  

Buildings and/or rooms identified for indoor air sampling will be selected where a complete 
exposure pathway is suspected and where VOCs are expected to be at greatest concentrations:  

• Occupied buildings where soil vapor and/or sewer line sample analytical results yield 
CVOCs greater than VISLs. 

• In buildings or rooms that are most susceptible to soil vapor entry.  

• Enclosed areas that are occupied throughout the workday.  

• Located to provide an adequate representation of the building.  

When indoor air samples are planned to be collected from buildings, concurrent samples 
collected from adjacent monitoring wells, and/or nested VMPs, and sub-slab sample ports may 
be used to as a line of evidence for VI and determine whether contaminants detected in indoor 
air samples may be the results of background contamination. Sub-slab samples will be collected 
after, or at least 24 hours prior to indoor air sampling to prevent contamination of indoor air, 
which may result from sub-slab sample collection.  

4.5.1 Pre-Sampling Survey  
At least one week prior to indoor air and sub-slab sampling, a pre-sampling survey will be 
conducted. The pre-sampling survey will include a field screening with a ppbPID (Honeywell 
ppbRAE 3000+ or equivalent), completion of a chemical inventory and interview with the 
building owner’s representative. The survey will be performed to identify potential background 
sources or potential soil vapor entry into the building (e.g., utility connections). The building 
owner’s representative will be provided information on the sampling procedures and 
precautions. 

The Honeywell ppbRAE 3000+ is capable of measuring concentrations of VOCs from 1 ppb to 
10,000 ppm; traditional PID are limited to the ppm range. USEPA guidance (OSWER 2015) 
states use of a PID or other field device capable of detecting ppb levels to directly survey 
suspected locations of soil vapor entry (e.g., utility penetrations, sumps) and finding elevated 
readings of VOCs may be used as a line of evidence to identify buildings susceptible to vapor 
intrusion. If VOCs are detected in these soil vapor entry points, the building or room may be 
selected for indoor air sampling with analysis at a stationary laboratory by TO-15.  

During this initial screening, and prior to indoor air sampling the ppbPID will also be used to 
screen indoor (e.g., cleaning cabinets, janitors closets) to identify potential background sources 
for removal prior to indoor air sampling.  

Products on the chemical inventory that contain CVOCs will be removed from the building, with 
permission from the building owner’s representative. The products will be moved offsite or 
stored in sealed containers outside the building until sampling is completed. 
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4.5.2 Indoor and Outdoor Air Sampling  
Up to 14 air sample locations (indoor and outdoor) will be selected; the buildings to be sampled 
will be determined based on multiple lines of evidence. Sub-slab sampling will be performed in 
the same building, after indoor air sample collection, as a line of evidence when evaluating 
whether VOCs detected in indoor air samples may be due to background sources. Sampling will 
be conducted over two events spaced approximately 6 months apart to evaluate CVOC 
concentrations in indoor air during heating and cooling seasons.  

Sampling will be conducted in accordance with the methods presented in SOP 11. Indoor air 
samples will be collected near the center of the room, away from doors and within the breathing 
zone (3 to 5 ft above the floor) using 6-liter Summa canisters. A dedicated flow regulator will be 
set to collect an 8-hour time-integrated sample, per USEPA guidance for commercial structures. 
Outdoor air samples will be collected from locations that are predominantly upwind from the 
indoor air sample locations, located a sufficient distance away from the soil vapor plume, and at 
least 10 ft beyond a tree’s drip line.  

To the extent practical during normal business operations, the building will be sealed (windows 
and doors shut) and mechanical fans, if used, will be turned off, at least 24 hours prior to the 
sampling event to minimize the dilution of potential contaminants, thereby achieving conditions 
typical of the “worst-case” scenario that is still representative of building occupancy conditions. 
Mechanical HVAC systems will be left in normal operating conditions during the sampling, 
thereby producing a temperature and pressure differential between the inside and the outside of 
the structure creating a stacking effect, which will draw air into the building. This will allow for 
sampling during the “worst-case” scenario.  

The 6-liter Summa canisters and flow regulators used for air sampling will be individually 
certified clean by the analytical laboratory; the sampling flow rate set to sample over an 8-hour 
period. The indoor and outdoor air samples will be shipped to ALS in Simi Valley, CA, for 
analysis of VOCs listed on Table 8 by Method TO-15.  

4.6 Field Support 

4.6.1 Surveying 
A Tennessee-registered land surveyor will establish horizontal and vertical control for new 
VMPs. Vertical control will be established to 0.01 ft and will be based on the North American 
Vertical Datum of 1988. Handheld GPS receivers, capable of sub meter accuracy, will be used 
to establish horizontal control for passive sample locations (Table 13). Horizontal control will be 
established to 0.1 ft and will be based on the Tennessee State Plane Coordinate System.  

4.6.2 Equipment Decontamination 
The purpose of decontamination and cleaning procedures during drilling, VMP installation, and 
sampling is to prevent foreign contamination of the samples and cross-contamination between 
sampling sites. Before use, drilling and reusable sampling equipment will be decontaminated by 
steam cleaning or pressure washing, or alternatively by washing with a non-phosphate 
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detergent such as Liquinox or equivalent followed by a potable water rinse. Specific 
decontamination procedures are described in Appendix C, SOP 9.  

4.6.3 Management of Investigation Derived Waste 
IDW, consisting of soil cuttings from the borings and wastewater from equipment 
decontamination, will be stored for analysis prior to disposal. Soil cuttings from borings will be 
stored on Dunn Field; the soil will be placed on plastic sheeting in piles not to exceed 5 cubic 
yards; the cuttings will be covered by plastic sheeting held in place by perimeter weights. Soil 
cuttings with suspected contamination (e.g., stained soil or hydrocarbon or solvent odor) will be 
drummed or placed in piles separate from other soil cuttings. Upon completion of drilling, one 
soil sample will be collected from the central section of each soil pile. At each sample location, 
approximately 6 inches of surface soil will be removed and samples will be collected for VOC 
analysis by standard extraction and by toxicity characteristic leaching procedure (TCLP) 
extraction. IDW soil samples will be submitted to CTL in Baraboo, WI for analysis of VOCs by 
SW-846 Method 8260B following preparation by Method 5035A for standard analysis and by 
and Methods 5030C and 1311 ZHE for TCLP analyses. CTL SOPs are provided in Appendix 
D3-1 to D3-5. 

Soil samples for standard extraction will be collected with a Terracore sampler. Soil samples for 
TCLP extraction, which requires greater sample volume, will be collected by completely filling a 
4-ounce jar for each location. If standard analysis demonstrates the VOC concentrations are 
less than the Dunn Field RGs, the soil cuttings will be spread on Dunn Field. If the soil 
concentrations exceed the RGs, TCLP VOC results will be reviewed to confirm the soil meets 
requirements for disposal as non-hazardous waste at a Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) approved facility. 

Water IDW will be stored in an aboveground storage tank (AST) on Dunn Field. As the AST 
approaches capacity, water samples will be collected for analysis in accordance with guidance 
from TDEC. The water will be discharged to the storm sewer on Dunn Field, if analytical results 
meet TDEC criteria. If criteria are not met, the water will be disposed at a CERCLA-approved 
facility. Documentation of sample analyses and discharge will be provided in a technical 
memorandum. 

4.7 Quality Control and Data Validation 
A description of methods to identify constructed field locations, identify samples, conduct quality 
control, and perform data validation is presented below.  

4.7.1 Sample Identification 
Individual samples will be identified by a unique alphanumeric code (sample ID) which will be 
written on the sample label and recorded on the chain of custody form. Sample media for all 
samples, other than IDW, will be vapor.  

The sample ID will include the source type: passive vapor (PV), VMP, sub-slab (SS), sewer line 
(SL), indoor air (IA), outdoor air (OA) and soil (SO). All sample locations will be shown on maps 
provided in reports; indoor and outdoor air samples will be shown on schematic floor plans. 



Vapor Intrusion Sampling and Analysis Plan 
Main Installation – Defense Depot Memphis Tennessee Revision 1 

28 | April 2023  

The locations for PV, VMP and SS samples will be numbered sequentially; VMP and SS 
location numbers will start with 101 to avoid confusion with previous samples: PV-01 to PV-150;  
VMP-101 to VMP-133; SS-101 to SS-120. VMPs will have one to four sample screens at the 
target soil type/depth; the sample ID will include a letter for each screen: A (loess, 5 ft bgs), B 
(bottom of upper fluvial deposits), C (top of lower fluvial deposits), and D (10 ft above water 
table). Soil samples will include the VMP number and the depth. 

Sewer line samples will include the nearest building or street name and a sequential number for 
each sample in that area. Indoor and outdoor air samples will include the building number and 
an identifier for the location; additional samples from a source type location will have a different 
sample date. 

• Passive soil vapor sample: PV-01 for the sample collected from location 01.  

• VMP soil vapor sample: VMP-105B for sample collected at location 105 from the sample 
screen at the bottom of the upper fluvial deposits. 

• Sub-slab vapor sample: SS-108 for sample collected at location 108. 

• Sewer line passive soil vapor sample: SL-B260-01 for first sample collected near 
Building 260. 

• Indoor air sample: IA-B260-K for the sample collected from the kitchen in Building 260.  

• Outdoor air sample: OA-B260-W for the sample collected from the west side of Building 
260. 

• Soil sample: SO-105-28 for the sample collected at VMP location 105 and a depth of 28 
ft bgs. 

IDW sample IDs will include the medium (S for soil and W for water), the sample sequence and 
sample number (IDW-Sxx-VI). 

Prefixes will replace the location for trip blanks (TB-xx-VI). Matrix spike and matrix spike 
duplicates (MS/MSD) will be collected for the soil samples only. Rinse blank samples are not 
planned to be collected. Additional information is provided in Appendix C, SOP 7, Sample 
Control and Documentation. 

4.7.2 Quality Control Samples 
Field duplicate samples will be collected for active soil vapor (VMP and SS) and air (IA and OA) 
samples. Trip blanks provided by Beacon will be kept with the passive soil vapor and sewer line 
samples. MS/MSD samples are not collected for passive or active soil vapor/air samples. The 
quality control samples will be analyzed at the frequencies shown below: 

• Field duplicate: one for every ten field samples. Duplicate samples will be collected with 
a Tee to split samples collected in Summa cannisters. Duplicate samples are not 
planned to be collected with passive samplers.  

• Trip blank: one for each shipping container with passive Beacon samplers.  
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4.7.3 Data Validation 
Laboratories will verify that required analytical data are complete for samples within each 
sample delivery group (SDG). Electronic data deliverables will be reviewed to confirm 
requirements established in this SAP and Appendix C, SOP 10, Data Verification are met. Data 
will be reviewed by the HDR project chemist in accordance with guidance documents listed in 
Section 3.6 (DoD, 2018 and USACE, 2005). Achievement of project-specific measurement 
performance criteria and data validation criteria will be evaluated, and the analytical 
measurement error will be assessed. A data validation report will be prepared for each SDG.  
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cm/sec in the loess and upper fluvial deposits) (USEPA, 2015); geotechnical information 
and cross sections in support of the attenuation factor are provided in the VI CSM 
(HDR, 2022b). The groundwater temperature was chosen based on the average 
groundwater temperature from previous sampling rounds in 2020 and 2021. The 
supporting documentation for the calculation of the VISLs is provided in Appendix E. 

5.2 Data Reporting 
The results of each phase will be summarized in data reports consisting primarily of tables and 
figures illustrating areas where concentrations are greater than VISLs.  

Data reports will be prepared for the following points during the study: 

• Initial Passive Screening Samples: Present initial screening sample data and 
recommendations for follow-up passive and sewer line sampling and for expedited 
sampling of active soil vapor, sub-slab and indoor air will be recommended, if warranted. 

• Follow-up Passive Screening and Sewer Samples: Present final screening and sewer 
line sample data, and expedited sample data, if conducted. Provide recommendations 
for active soil vapor sampling and for expedited sampling of active soil vapor, sub-slab 
and indoor air, if warranted. 

• Expedited Samples: Present expedited sample data following receipt and review with 
recommendations for further action, if appropriate.  

• VMP Samples: Present vapor sample data with comparison to screening data at nearby 
locations and vertical variation in VOC concentrations. Provide recommendations for 
sub-slab and indoor air sampling based on lines of evidence or building specific lines of 
evidence (e.g., characterization of subsurface vapor source(s) strength and proximity to 
building(s), vadose zone conditions, and building conditions) that demonstrate that vapor 
intrusion has the potential to pose a significant human exposure (USEPA, 2015). 

• Second Round of VMP Samples and Sub-Slab and Indoor Air Samples: Present 
vapor/air sample data with comparison of soil vapor to sub-slab and indoor air and 
VISLs. Provide preliminary recommendations for further action beyond the scope of this 
study. 

A detailed report will be prepared after completion of the second round of sub-slab and indoor 
air samples. The report will describe the field activities noting deviations from this SAP; data 
quality evaluation; regional and site-specific meteorological data collected during sampling 
events; analytical results with final data validation flags; findings from building inspections and 
interviews; a VI risk assessment (further described in Section 5.3); and recommendations for 
further action if warranted.  

The complete laboratory reports will be included with electronic copies of the report. The report 
will be submitted for internal review by Army and USACE and, following resolution of internal 
comments, the report will be submitted to USEPA and TDEC for review. 
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5.3 VI Risk Assessment 
A VI risk assessment will be performed after the second round of sub-slab and indoor air 
samples. The VI risk assessment will evaluate the analytical results from the soil vapor and 
indoor air samples that are associated with the VI pathway as demonstrated by a multiple line of 
evidence approach. The VI risk assessment will be conducted in accordance with USEPA Risk 
Assessment Guidance for Superfund (USEPA, 1989), DoD Vapor Intrusion Guidance 
(TSERAW, 2009), USEPA Region 4 Human Health Risk Assessment Supplemental Guidance 
(USEPA, 2018a), and USEPA OSWER Technical Guide for Assessing and Mitigating the Vapor 
Intrusion Pathway from Subsurface Vapor Sources to Indoor Air (USEPA, 2015). The USEPA 
Vapor Intrusion Screening Level Calculator (USEPA, 2022d) will be used to calculate 
cumulative excess cancer risks (ELCR) and noncancer hazard index (HI) values for 
commercial/industrial and residential exposure scenarios. The approach will consist of these 
steps: 

• Conduct a screening-level data assessment. 
o Compile the VMP and sub-slab soil vapor and indoor air analytical data. Refine the 

analytical data set for the risk assessment to consider only data associated with the 
VI pathway. 

o Screen the maximum detected concentrations in VMP and sub-slab soil vapor and 
indoor air analytical data using the screening levels presented in Table 7.  

o Identify the constituents that have maximum detected concentrations greater than 
the screening levels as constituents of potential concern (COPCs) in VMP and sub-
slab soil vapor and indoor air. 

• Estimate attenuation factors. 
o Analytical results will be used to calculate attenuation factors for the following: 

groundwater to near source soil vapor (e.g., deep soil vapor), soil vapor 
attenuation with depth (e.g., deep to shallow soil vapor), sub-slab to indoor air 
and preferential pathways to indoor air.  

• Conduct an exposure assessment. 
o The VI CSM report (HDR, 2022b) describes the source pathways and identifies 

potential receptors and potentially complete exposure pathways. The CSM is a 
dynamic tool that may change over the course of the investigation as new 
information comes to light. The CSM exposure scenarios will be re-evaluated during 
the risk assessment.  

o Develop exposure point concentrations (EPCs) for each COPC in VMP and sub-slab 
soil vapor and indoor air. USEPA ProUCL software (USEPA, 2022a) will be used to 
calculate 95% upper confidence limits (UCLs) on the arithmetic mean, if there is 
sufficient number of samples. The EPC will be the lower value of the 95% UCL and 
maximum detected concentration. If the 95% UCL on the arithmetic mean is 
determined to be unreliable, or if it is greater than all values in the data set, the 
maximum detected concentration will be used as the EPC.  

• Conduct a toxicity assessment. 
o The toxicity values will be selected in accordance with USEPA’s OSWER Directive 

9285.7-53, Human Health Toxicity Values in Superfund Risk Assessments (USEPA 
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2003). COPC-specific adjustments will be made, such as evaluating chloroform as a 
threshold carcinogen, in which only the noncarcinogenic toxicity endpoint will be 
evaluated initially; if the hazard is greater than one, then the cancer toxicity endpoint 
will be evaluated.  

• Conduct a risk characterization. 
o Calculate cancer risks and noncancer HQs for each COPC and exposure pathway 

using the EPCs and toxicity values. Compare the results to the acceptable cancer 
risk range of 1x10-6 to 1x10-4 for the ELCR and threshold of 1 for the overall HI. An 
analysis of separating the hazards by target organ will be performed for HI values 
that are greater than 1 and are based on more than one COPC. Constituents of 
concern (COCs) contributing to unacceptable risks and hazards for each receptor 
and exposure pathway, if any, will be identified.  

• Conduct an uncertainty evaluation. 
o Evaluate the uncertainties associated with the site investigation, the likelihood of 

exposures, and the toxicity of the COPCs. 

5.4 Response Actions 
Indoor air PID measurements and validated analytical results for indoor air samples will be 
compared to trigger levels shown on Table 14 indicating a need for prompt response actions 
(Section 7.5; USEPA, 2015). The supporting documentation for the calculation of the trigger 
levels is provided in Appendix E. The trigger levels for PID measurements are based on lower 
explosive limits (LELs) and the trigger levels for validated analytical results are based on the 
USEPA Removal Management Level (RML) Calculator (USEPA, 2022c) with a target cancer 
risk of 1x10-4 and target hazard quotient of 3. Default parameters were applied in the RML 
calculations and the RMLs for TCE were based on a target cancer risk of 1x10-4 and target 
hazard quotient of 1. 

During indoor air sampling, a ppbPID will be used to monitor the LEL of VOCs. Imminent threats 
and conditions that warrant prompt response action are reasonably suspected to exist when 
VOC concentrations of vapors in the building, utility lines, sumps, subsurface drains, or other 
structures directly connected to the building are above 10 percent of the LEL (USEPA, 2015). 
Since a ppbPID does not identify specific VOCs, a reading equivalent to the lowest 10% LEL 
concentration for the listed VOCs is considered a possible indicator of a potential explosion 
hazard. The analyte-specific correction factors for a standard 10.6 eV lamp and calibration using 
isobutylene gas and the ‘Adjusted 10% LEL’ are shown on Table 14. Hexane has the lowest 
Adjusted 10% LEL concentration at 256 ppm. Exceedances of this trigger level would require 
immediate notification of building management, BRAC, USEPA, TDEC and USACE Mobile 
District; next steps could be notification of the local police and fire department and evacuation of 
current occupants.  

Prompt response actions may also be necessary after comparison of validated indoor air 
analytical results to RMLs. Exceedances of these levels would require notification of building 
management, BRAC, USEPA, TDEC and USACE Mobile District, within 24 hours of review of 
validated data.  
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SEQ-ICV1 64885 100 0.5 50 

Sample 1-20 92026(*) 200 0.5(1) 100 (ISTD/SURR) 

SEQ-CCV1 64882 100 0.5 50 

*10-fold Dilution of 92026 (see section 12.3)

(1)Note:  When analyzing dilutions, see dilution work sheet for correct spike amounts.

17.2.2 Purge spiked samples for 30 seconds in spiking rig. 

17.2.3 Load spiked tubes into Markes sample tube loading tray, in analytical 

sequence order. 

17.3 Chemstation Sequence 

17.3.1 Electronic audit trail functions are available, via the ChemStation software, 

for the GC/MSD, and must be in use at all times, and the associated data must 

be retained.  The Markes system does not have an electronic audit trail, but 

electronic records document the operation of these systems, and can be 

accessed from the path >Network/ChemStation/UnityChem/Reports for 

ChemStation and the equivalent path for ChemStation2, Chemstion 3. 

Chemstation 4 has text files describing the Markes sequence saved to the data 

hard drive. 

17.3.2 Create new sequence in Excel to later transfer to ChemStation consisting of: 

Standard/Sample Comments 

SEQ-TUN1 Bromofluorobenzene (BFB) Tune 

Batch-BS1 LCS, Primary Source 

Batch-BLK1 Lab Blank, Spiked with ISTD/SURR 

SEQ-ICV1 LCSD, Second Source 

Sample 1-20 <=20 samples per batch 

SEQ-CCV1 

17.3.3 See latest revision of SOP 58, ‘Batches and Bench Sheets in Element’ and 

SOP 61, ‘Sequences in Element’. 

Note:  Make sure the dilution factor is the first item in the comment column. 
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17.3.4 Start position numbering with the next available tube tray. 

17.3.5 Paste in the ‘LabNumber’ and ‘SxName’ columns from the Excel sheet 

created in Element (see SOP 61, ‘Sequences in Element’) into the instrument 

sequence excel sheet. 

17.3.6 Update ‘Data File ID’ using the format:  instrument Letter date (ISO format) 

file number (i.e. K20043001). 

17.3.7 Save Excel sheet. 

17.3.8 Copy Excel sequence into Chemstation or MassHunter Sequence 

� Edit Sequence
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Figure 2:  MassHunter 

Figure 1:  Chemstation 
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� Add or remove rows as needed by high-lighting row and right-clicking.

� To enable pasting into the Chemstation sequence, cut the contents of the entire

column.

� Copy the columns from the Excel sequence, one at a time, and paste into the

Chemstation sequence.

Note:  Can Paste entire Excel data into Chemstation at once.

Note:  MassHunter file location and method paths are included in sequence.

Can save data files to multiple folders.

17.3.9 Select location for data files to be saved:  Click ‘Browse…’ button and create

folder for instrument and data.

17.3.10 When completed click ‘OK” 

17.3.11 Save new sequence as instrument date (ISO format) (i.e. K200430) 
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17.3.12 Run Sequence: 

� Verify that Chemstation sequence is queued and ready for analysis

� Sequence > Run Sequence…

� Verify operator name and data file directory are correct and click ‘Run

Sequence’. Not applicable when using MassHunter.

� Verify and start sequence on the Markes Software.

� Upon completion of the sequences, check the Markes software for any

discrepancies in the sequence such as missed injections or leaks.

� Note the tube number and corresponding sample if a re-analysis and/or an o-

ring replacement must be performed on sequence sheet printed from Element.Unc
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18 DATA ANALYSIS 

18.1 File Management 

18.1.1 Copy data from ChemStation computer to \\beaconGCMS\data\year\month 

18.1.2 Put new data into the proper year month and date directory, create directory if 

necessary. 

� Folder nomenclature remains the same as the sequence of the copied data

files.

18.1.3 Analysis of TO-17 acquisition method is performed with the most recent

calibration’s analysis method

18.2 Quantitation Review 

18.2.1 Team effort performed by Analyst, Laboratory Director, and Quality 

Manager see latest revision of SOP 17, ‘Analytical Data Review’ and SOP 

62, ‘Data Entry and Review in Element’. 

18.2.2 After quantitation, generate pdf to include: 

� ISTD Summary Report

� Tune

� Continuing Calibration Evaluation

� Raw Data for QC and Samples in Analysis Order

18.2.3 Save pdf into the appropriate job folder in the Lab Data\Quant Sheet section.

18.2.4 Pdf name should include the Element sequence number and instrument data

folder name.

18.2.5 Enter data as per the latest revision of SOP 62, ‘Data Entry and Review in

Element’.

19 CALCULATIONS 

19.1 Passive Analysis Calculation: 

C�= 
1000×M×d

U�×t
��� �ppbv�=�C x

24.45

MW

where: C = concentration (µg/m3) 

Cppbv = concentration (ppbv) 

M = mass (ng)  

d = dilution factor 

U = Temperature corrected uptake rate (ml/min), 

t = sampling time (minutes) 

Ts = average temperature at sampling site in °C 
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Ta = Temperature used in uptake rate study (°C) 

MW = molecular weight 

V = Volume (L) 

Uc = U x (Ts + 273.15)1/2 

 (Ta + 273.15) 

19.2 Active Analysis Calculation: 

C�= 
M×d�

LIMs calculates the final concentration from the instrument ng concentration 

based on the sample data entered. 

20 METHOD PERFORMANCE 

See Section 4 for method performance information. 

21 POLLUTION PREVENTION 

Thermal desorption of air samples produces very little pollution, as sample 

preparation is kept to a minimum, vapor traps are used on the outlet of the gas 

chromatograph, and much of the sample introduced to the gas chromatograph is 

recollected.  Small quantities of solvent are used to prepare the calibration 

standards and quality control standards, and all solvents used are disposed of in 

accordance with local, state and federal regulations.  

22 DATA ASSESSMENT AND ACCEPTANCE CRITERIA 

22.1 See sections 14 and 24. 

23 

23 CORRECTIVE ACTIONS 

23.1 Corrective action will be initiated when quality control criteria are not met.  Refer to 

SOP-41 for the corrective action process. 
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24 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL DATA 

QC Check Minimum 

Frequency 

Acceptance Criteria Corrective Action 

Multi-point initial 

Calibration 

Quarterly RSD < 30%, or alternative 

model for more than five 

point calibration 

Remake standard, rerun, or 

clean system then retune 

and recalibrate, evaluate 

2nd source calibration 

verification, CALV 

Quarterly < 30% Difference Remake standard, rerun, or 

clean system then retune 

and recalibrate 

LCS / Calibration 

Verification 

Prior to analysis < 30% Difference Remake standard, rerun, or 

clean system then retune 

and recalibrate 

Internal Standards (IS) All analysis 

requires internal 

standards 

Within 40% of the IS areas 

on the CCV run for the 

sample group 

Review for co-elution or 

masking, re-run if possible, 

other-wise  discuss in report 

Method Blank / 

Laboratory Blank 

Prior to analysis, 

daily 

No compounds detected 

above the LOQ, or 

Contract required 

reporting limit 

Clean system with bake out, 

rerun method blank until 

system clean, retune and 

recalibrate 

LCSD for all analytes Prior to analysis, 

daily 

70-130% recovery (DoD: 

use DoD LCS limits) 

Remake standard, rerun, or 

clean system then retune 

and recalibrate 

Surrogate Spike Not required for 

TO-17, but used 

for internal 

purposes 

70-130 % recovery (DoD, 

use DoD LCS limits) 

For QA and field samples, 

correct the problem, then 

re-prepare all failed samples 

for failed surrogates, if 

sufficient sample is 

available.  If obvious 

chromatographic 

interference with the 

surrogate is present, re-

analysis may not be 

necessary.  If data can not 

be reanalyzed,  flag data 

and discuss in report if 

contracted to report 

surrogates  

MDL study Annually 

LOD/LOQ study Quarterly 

BFB tuning1 Prior to analysis Mass   Ion Abundance1

50     8-40% of m/e 95 

75     30-66% of m/e 95 

95  base peak, 100% 

96     5-9% of m/e 95 

173   <2.0% of m/e 174 

174  50-120% of m/e 95 

175  4-9% of m/e 174 

Clean the mass 

spectrometer, re-tune, 

recalibrate. 
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QC Check Minimum 

Frequency 

Acceptance Criteria Corrective Action 

176 93-101% of m/e 174 

177  5-9% of m/e 176 

Limit of quantification 

(LOQ) and Limit of 

detection (LOD) 

demonstrations 

Quarterly LOQ is the lowest point on 

the curve, LOD is the 

lowest standard made 

where detectable amounts 

can be resolved above the 

base line. 

Document and use these 

values for limits of 

reportable data. 

Field Sample Duplicates As required by 

contract 

When comparing 

quantitative results, 

calculate relative percent 

difference (RPD) between 

the two samples.  For the 

purpose of calculating 

correspondences, all non-

detections should be 

assigned, as a baseline 

value, the CRQL for the 

specific contaminant. The 

RPD limit is <30%.  

 Flag failed duplicates. 

Discuss in report 

1All ion abundance must be normalized to m/z 95, the nominal base peak, even though the ion abundance of m/z 174 may 

be up to 120% of that of m/z 95. 

25 WASTE MANAGEMENT 

25.1 Waste is minimized whenever possible, and recycling is used for glassware, paper and 

other recyclable items.  See the latest revision of SOP 75, ‘Waste Management’, for 

further details. 

26 REFERENCES 

17.2 Agilent 6890-5973 GC/MS with ChemStation Manual 

17.3 Markes AutoSecure Thermal Desorption System with Recollection 

Manual 

17.4 SOP 14, ‘Sample Receipt Storage Tracking and Disposition’ 

17.5 SOP 16, ‘Packing and Conditioning TO-17 Sampling Tubes’ 

17.6 SOP 17, ‘Analytical Data Review’ 

17.7 SOP 46, ‘Quality Control Evaluations’ 

17.8 SOP 62, ‘Data Entry and Review in Element’ 

17.9 SOP 58, ‘Batches and Bench Sheets in Element’  

17.10 SOP 59, ‘Calibrations in Element’ 

17.11 SOP 61, ‘Sequences in Element’ 

17.12 SOP 65, ‘Sample Receiving and Log-in in Element’ 

17.13 EPA Method TO-17, Determination of Volatile Organic Compounds in 

Ambient Air using Active Sampling onto Sorbent Tubes, Center for 
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Environmental Research Information, Office of Research and 

Development, US Environmental Protection Agency, January 1999 

17.14 EPA Method TO-15, Determination of Volatile Organic Compounds 

(VOCs) in Air Collected in Specially Prepared-Canisters and Analyzed by 

Gas Chromatography/Mass Spectrometry (GC/MS), Second Edition, 

1999. 

27 EQUIPMENT/INSTRUMENT MAINTENANCE 

27.1 All equipment and instruments are maintained in accordance with the manufacturer’s 

recommendations, modified as necessary and appropriate based on the number of and 

type of samples analyzed. 

28 COMPUTER HARDWARE AND SOFTWARE 

28.1 This method uses Agilent ChemStation software to operate the GC/MSD and Markes 

International software to operate the Markes equipment. 

29 TROUBLESHOOTING 

29.1 Section 23 summarizes basic troubleshooting for this method.  More advanced 

troubleshooting procedures can be found in the manufacturer’s manuals for the 

Agilent gas chromatograph, mass selective detector, Markes AutoSecure Thermal 

Desorption System with Recollection and Markes TC-20. 
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30 TRANSFERRING SAMPLES TO PACKED TUBES FROM SUMMA CANISTERS 

OR TEDLAR BAGS 

1.0 Summa Canister 

Summa Canisters are pressurized, and the VASTVAS (Volumetric air sample 

transfer value apparatus and syringe) is used to transfer a sample from the Summa 

Canister to a packed tube.  Figure 1, below, is a photograph of the VASTVAS. 
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A packed sorbent tube is attached to the free end of the VASTVAS.  The 

sampling end of the tube is attached to the Summa Canister fitting  usuing an 

appropriately sized Teflon® fitting, and the Summa cannister valve is incremently 

opened.  The needle valve is then opened, and the pressure in the syringe 

monitored.  When the syringe indicates approximately 50 mL, the Summa 

Cannister valve is closed, and the pressure allowed to equilibrate.  Once 

equilibrium is reached,  the needle valve is closed,.  Volume is recorded, or this  

procedure can be repeated until sufficient sample is collected on the packed 

sorbent tube.  Record the final volume collected on the chain of custody form. 

2.0 Tedlar Bags 

Tedlar bags are not pressurized, and to sample from these systems, a low flow 

sampling pump is attached to the non-sampling end of the packed sorbent tube by 

tubing, and the sampling end of the tube is attached to the Tedlar bag via an 

appropriately sized Teflon® fitting.  Measure the pump flow and sampling time to 

determine the volume of sample collected on the packed sorbent tube.  Record 

pump flow and sampling time on the chain of custody form. 

Unc
on

tro
lle

d



Proprietary 

SOP 7, Rev. 15 

 32 of 38 

31 PERFORMING ANALYSIS ON THREE-BED-GLASS TUBE (~115 MM X ~6.35 MM 

O.D.)

The Markes TD system must be configured for manual tube desorption with a 

tube heater that can accommodate the longer glass tube. The Markes TD system 

must be powered off to perform the manual reconfiguration. If the Markes TD 

system is not powered off parts will short out and will require replacement, 

breaking the system until parts can be ordered, delivered, and replaced. 

The 0.5 µL internal standards and surrogate injection is deposited into the glass 

wool of the numbered side of the glass tube. Notice, this side is where the tenax-

gr bed is. 

Immediately after spiking the glass tube, purge the spike into the tenax-gr bed for 

0.5 minutes with Hydrogen. Immediately insert the sample tube into the Markes 

TD Unity once the spike/purge is completed. 
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32 MARKES AND CHEMSTATION METHOD PARAMETERS: 

Parameters are subject to change. 

32.1 Dual Bed Tubes: 
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32.2 Carbopack X Tubes: 
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32.3 ChloroSorber Tubes: 
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32.4 Dual Bed Cylinders: 

There are also specific scanning parameters for the FIKE method. 
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32.5 The oven program and the column are the standard ones used for 8260C/TO17 

methods. 
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33 APPENDIX A:  SOP ANNUAL REVIEW 

The following document(s) has been reviewed as part of the annual review process: 
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1. REVISION HISTORY

Version 2:  Updated to DoD ELAP requirements, combined SOP 31, Primary review and SOP 32, 

Secondary review.

Revision 3:  Added instructions to lock cells to section 7.1.12.

Added steps 7.2.6 to 7.2.10, providing details of the primary review requirements.

7.2.11:  Added a requirement for form 23 or 29 to be completed and added to job

folder.

Revisions 4-6:  Updated review responsibilities and added form numbers.

Revision 7: Updated to meet the requirements of DoD QSM ELAP Rev. 5

Revision 8: Added information for the review of TIC data to Sections 7.1.14 and 7.4.11.

Revision 9: General edits

Revision 10:  Fixed paragraph numbering, updated to follow current review procedures for LIMS, 

     added references to review forms, Revised QA review to use LIMS & added TOC

Revision 11:  General procedural updates, added QA review/Beacon Utility procedures, removed

appendix B, updated TOC.

2. INTRODUCTION

Reviewing analytical sample data is essential to providing a high-quality product that meets BEACON 

quality control objectives. Multiple checks on data quality occur at sample receipt, sample staging, data 

collection, data analysis, data review, report generation, and report issuance.

3. SCOPE

All processes involved in data collection, sample analysis, and report generation in association with any

contract, specific client requirements, and for internal purposes, such as research and development, and 

proficiency testing samples require data review.

Reviewing data at each stage of report generation provides multiple data integrity checks and is carried 

out by the sample receipt custodian, analyst, the Laboratory Director, the data reviewing team, again by

the Laboratory Director, the Operations Manager, and the Quality Manager.

Data Review consists of multiple tiers of review:  Analyst review (100%), Secondary review by 

Laboratory Director or other qualified personnel (100%), QA review (10%), Project Manager review 

(100%).

4. RESPONSIBILITIES

4.1 Laboratory Director:

Responsible for the technical operations of the laboratory.

Provides supervision to all laboratory personnel to ensure adherence to laboratory-

documented procedures.

Maintains materials used for analysis.
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Generates/Reviews data acquisition.

Reviews quality control data.

Responsible for secondary data review, document on form 21.

4.2 Analyst:

Prepare samples according to the latest revision of SOP 14.

Batch/Sequence samples in LIMS according to the latest revisions of SOP 58 & 61.

Review Data according to this SOP and SOP 62.

Set up samples for analysis, quantify samples, set up data tables, and review data.

Responsible for reading data from sample print outs, verifying data table results, and

checking data reductions. 

Data review is documented on latest revision of form 68.

4.3 Project/Operations Manager:

Responsible for data table review.

Generates maps.

Generates reports.

Responsible for administrative review.

4.4 Quality Manager:

Responsible for the generation of the report, generating corrective actions, and assisting

in their resolution.

Responsible for the quality system and its implementation.

Responsible for QA review.

Provides final decision on all laboratory policies and/or resources.

Perform review to raw data on 10% of workorder, documented on LIMS QA checklist.

4.5 Project/Operations Manager (or Designee):

Verify final review, verify all steps of the review process complete and signed-off, and

issue data.

5. ACRONYMS/ DEFINITIONS

5.1 Acronyms

BLK:  Method Blank

BFB:  Bromofluorobenzene

CRQL:  Contract Required Quantitation Limit

CCC:  Calibration Check Compounds

CCV:  Continuing Calibration Verification

CCB:  Continuing Calibration Blank

DL:  Detection Limit (MDL in Element)

DOD ELAP: Department of Defense Environmental Laboratory Accreditation Program
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ICV/LCSD: Initial Calibration Verification/Laboratory Control Sample

LCS/BS:  Laboratory Control Sample

ICB:  Initial Calibration Blank

LOD:  Limit of Detection

LOQ:  Limit of Quantitation (MRL in Element)

ISTD:  Internal Standard

QA/QC:  Quality Assurance/Quality Control

QASP: Quality Assurance Surveillance Plan

QSM: Quality Systems Manual

SOP:  Standard Operating Procedure

SPCC:  System Performance Check Compounds

TPH:  Total Petroleum Hydrocarbons

5.2 Definitions

Data Table:  Information generated from sample analysis; tabular summary of analytical

results

Data Reduction: Transformation of numeric digital information derived empirically or

experimentally into a corrected, ordered, and simplified presentation.

Reported Value: Any detection or non-detection that appears on the Data Table

Analytical Batch:  Set of field and QC samples, of similar matrix, that are prepared

together as a group.

Analytical Sequence: Sets of field and QC samples that are prepared together as a group

and analyzed in an uninterrupted sequence and can consist of samples of various quality

system matrices and batches.

6. MATERIALS AND EQUIPMENT

6.1 Materials

GC/MS Quantitation Reports for analyzed samples

Appropriate Review form

6.2 EquipmentComputer/ChemStation/Analytical systems

Element Data Entry/Review

7. PROCEDURES

7.1 Sample Custodian Review:

7.1.1 Perform sample receipt verification (SRV) using the latest revision of form 61, “Sample 

Receipt Verification”, within 24 hours of sample login.

Form 61 is located: Z:\BEACON Administration\QA Documents\QA forms
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7.1.2 Record analyst’s initials, date of review and project/work order number in the appropriate 

section of the review form.

7.1.3 Store completed check form in the job folder.

7.1.4 Secondary review of the login is completed by the project manager or designee before 

samples are processed for analysis and verification email is sent to client.

7.1.5 Store completed check form in the job folder.

7.2 Analyst Review (Primary /Tier 1 Data Review):

7.2.1 Create PDF of Analysis containing:

ISTD/SURR check report

Tune report

LCS check report

PDF of sample and QC data/chromatograms

7.2.2 Save PDF into the job folder in the Lab Data\Quant File folder.

7.2.3 Complete data/entry and review according to the latest revision of SOP 62, “Data Entry 

and Review in Element”. Qualify data, lock and set to analyzed.

7.2.4 Use the latest revision of form 68, “Analyst Data Review Checklist” to document review.

Form 68 is located: Z:\BEACON Administration\QA Documents\QA forms

7.2.5 Generate draft report making sure report contains all required sections, QA meets data 

quality objective for project and save into job folder.

7.2.6 Complete documentation on control sheet and place job folder in the analyst data review 

complete rack.

7.3 Secondary/Tier 2 Date Review:

7.3.1 Perform the secondary data review using the latest revision of form 21, “Secondary 

Review for Initial Release of Data”. 

Form 21 is located: Z:\BEACON Administration\QA Documents\QA forms

7.3.2 The Laboratory Director (or alternate) initials and dates the project control sheet on the 

front of the project folder, noting that Data Review is complete and places the job folder 

in the secondary data review complete rack.

7.3.3 Beacon electronically imports all data into the LIMS. If for some reason data is manually 

entered, all manually entered data must be double checked for transcription errors. This 

includes all data manually entered into websites for PT submittal.
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7.4 Quality Manager Review

7.4.1 When secondary data review is complete, the QA Officer or designee, will complete the 

work order QA review checklist in LIMS.

7.4.1.1 In ‘Data Entry and Review’ in Element, query the work order data, right click and 

select ‘Reviewer Checklist’:
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7.4.2 Click ‘Add a List’:

7.4.3 Select “QA” Department and click “Find Checklist”:

7.4.4 Click on “QA Review Checklist” and “Add”:
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7.4.5 Click “Edit”, “AutoCheck” and “AutoCheck All”:

7.4.6 Review the Questions and click ‘Save’ and ‘Done’ when complete.

7.4.7 The QA review checklist reviews the work order for technical completeness and 

accuracy.

7.4.8 To generate a list of work orders that QA review has be completed:

7.4.8.1 In Element, go to Database Admin > SQl Query…
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Select ‘Beacon_WO_QA_ReviewerCheckList_Log’ query and click ‘Query’:

7.4.9 To export to Excel, click the export button , enter desired file name and browse to 

network location and click ‘Save’.

7.4.10 Alternately, daily an email is automatically sent to the QA manager through Message 

Manager.

7.4.11 Workorder QA review & the Beacon Utility:
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7.4.11.1 Select year.

7.4.11.2 ‘QA_ReviewCheckList_NotCompleted_WO_List’ will show the workorders 

needing Qo review.

Note: The workorder has to in at least Reviewable status to show in the list.

7.4.11.3 When QA review is completed the workorder will drop from list.

7.4.11.4 Reports can be generated for selected year by clicking the labeled buttons.

7.4.11.5 The %QA reviewed field helps determine that the 10% review to raw data is met.

7.5 Final Report Review/Project Manager Review:

7.5.1 The documents needed for this review include the project file, with all analytical data, 

date table, chain of custody and field reports, contract, and other project specific 

information, and the project analytical report. This is performed by the project manager 

or authorized designee.

7.5.2 Perform the final report review using the latest revision of form 26, “8260 Review 

Checklist” or form 28, “Review Checklist TO-17” 

Forms are located in Z:\BEACON Administration\QA Documents\QA forms

7.5.3 After the final review the report can be issued to the client.

8. Contingencies for Handling Unacceptable data.

Report unacceptable data to the Laboratory Director, who makes determinations on the 

corrective actions to implement. Document corrective actions in the corrective action log 

and on Beacon QA Form 14, located Z:\BEACON Administration\QA Documents\QA

forms.
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9. Appendix A:  SOP Annual Review

The following document(s) has been reviewed as part of the annual review process:

Document Rev. # Reviewed by Reviewed 

Date

Change needed?
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Revision History

Rev.3: Added TOC and standard numbering.

Rev.4: Added DoD section 4.16 reporting requirements, removed appendix B and updated TOC.

Rev.5:  Added DoD QSM 4.16 requirement, updated TOC.

Purpose

The purpose of this SOP is to define the requirements for data integrity, impartiality, including 

reviews of data and training.

Scope

This procedure applies to all data produced by the BEACON Environmental laboratory.

Requirements

The management of BEACON Environmental understands the importance of the data generated 

by their laboratory in the decision making of their clients and enforces a firm policy for data 

integrity and impartiality in all forms. This program includes:

4.1 Ethics, Data integrity and impartiality training;
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4.1.1 Signed data integrity commitments signed by all employees involved in data 

generation and review;

4.1.2 In-depth, periodic monitoring of data;

4.1.3 This data integrity SOP and Training 1 policy.

4.1.4 Data integrity training is provided as a formal part of new employee 

orientation and is also provided on an annual basis for all current employees. 

Topics covered are documented in writing and provided to all trainees. Key 

topics covered during training include organizational mission and its 

relationship to the critical need for honesty and full disclosure in all 

analytical reporting, how and when to report data integrity issues, 

impartiality, and record keeping. Training includes discussion regarding all 

data integrity procedures, data integrity training documentation, in-depth data 

monitoring and data integrity procedure documentation. Employees are 

required to understand that any infractions of the laboratory data integrity 

procedures will result in a detailed investigation that could lead to very 

serious consequences including immediate termination, debarment or 

civil/criminal prosecution. The initial data integrity training and the annual 

refresher training have a signature sheet or other form of documentation that 

demonstrates all staff has participated and understands their obligations 

related to data integrity. Senior managers acknowledge their support of these 

procedures by 1) upholding the spirit and intent of the organization’s data 

integrity procedures and 2) effectively implementing the specific 

requirements of the procedures.

4.1.5 Specific examples of breaches of ethical behavior are discussed including 

improper data manipulations, adjustments of instrument time clocks, and 

inappropriate changes in concentrations of standards. Data integrity training 

requires emphasis on the importance of proper written narration on the part of 

the analyst with respect to those cases where analytical data may be useful, 

but are in one sense or another partially deficient. The data integrity 

procedures also include written ethics agreements, examples of improper 

practices, examples of improper chromatographic manipulations, impartiality, 

requirements for external ethics program training, and any external resources 

available to employees.

4.1.6 The laboratory has a documented program to detect and deter improper, 

unethical, or illegal actions. The information in this program includes:

4.1.6.1 Definitions of improper and unethical, or illegal actions; 

4.1.6.2 An outline of elements of detection/deterrence programs for improper, 

unethical, or illegal actions; and 

4.1.6.3 Examples of improper laboratory practices. 

4.1.7 Data must be produced according to the project-specific requirements as 

specified in the final, approved project-planning documents, such as the 

approved QAPP, when these documents are provided to the laboratory. 
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4.1.8 Improper actions are intentional or unintentional deviations from contract-

specified or method-specified analytical practices that have not been 

authorized by the client. Unethical or illegal actions are the deliberate 

falsification of analytical or quality control results, where failed method or 

contractual requirements are made to appear acceptable. 

4.1.9 Detecting and deterring improper, unethical, or illegal actions begins with a 

zero-tolerance philosophy established by management. Improper, unethical, 

or illegal actions are detected through the implementation of surveillance 

protocols. The following are the minimum elements of an acceptable program 

for detecting and deterring improper, unethical, or illegal actions:

4.1.9.1 An ethics policy must be read and signed by all personnel; 

4.1.9.2 Initial and annual ethics training must be conducted;

4.1.9.3 Internal audits must be conducted as described in SOP 39;

4.1.9.4 Analysts must explain and sign-off on all manual changes to data;

4.1.9.5 Where available in the instrument software, all electronic tracking and 

audit functions must be enabled;

4.1.9.6 The laboratory must have a “no-fault” reporting policy that encourages 

laboratory personnel to report suspected improper, unethical, or illegal 

activities, without fear of retribution; and 

4.1.9.7 The laboratory must have a designated data integrity officer or 

ombudsman to whom personnel may confidentially report suspected 

instances of improper, unethical, or illegal activities. 

4.1.10 Prohibited practices:

4.1.10.1 Fabrication, falsification, or misrepresentation of data.

4.1.10.2 Creating data for an analysis that was not performed (dry lab). 

4.1.10.3 Creating information for a sample that was not collected (dry lab). 

4.1.10.4 Using external analysts, equipment, and/or laboratories to perform 

analyses when not allowed by contract. 

4.1.10.5 Improper clock setting (time traveling) or improper date/time recording. 

4.1.10.6 Resetting the internal clock on an instrument to make it appear that a 

sample was analyzed within holding time when in fact it was not. 

4.1.10.7 Changing the actual time or recording a false time to make it appear that 

holding times were met, or changing the times for sample collection, 

extractions, or other steps to make it appear that holding times were met. 

4.1.10.8 Unwarranted manipulation of samples, software, or analytical conditions. 

4.1.10.9 Unjustified dilution of samples. 

4.1.10.10 Manipulating GC/MS tuning data to produce an ion abundance result 

that appears to meet specific QC criteria. 
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4.1.10.11 Changing the instrument conditions for sample analysis from the 

conditions used for standard analysis (e.g., changing EM voltage). 

4.1.10.12 Unwarranted manipulation of computer software (e.g., forcing 

calibration or QC data to meet criteria, removing computer operational 

codes such as the “M” flag, inappropriately subtracting background, or 

improperly manipulating the chromatographic baseline). 

4.1.10.13 Turning off, or otherwise disabling, electronic instrument audit/tracking 

functions. 

4.1.10.14 Misrepresenting or misreporting QC samples. 

4.1.10.15 Representing spiked samples as being digested or extracted when this 

was not performed. 

4.1.10.16 Substituting previously generated runs for a non-compliant calibration or 

QC run to make it appear that an acceptable run was performed. 

4.1.10.17 Failing to prepare or analyze method blanks and the laboratory control 

sample (LCS) in the same manner that samples were prepared or 

analyzed.

4.1.10.18 Tampering with QC samples and results, including special treatments for 

QC samples (e.g., running extra rinse blanks prior to QC samples), over-

spiking, and adding surrogates after sample extraction. 

4.1.10.19 Performing multiple calibrations or QC runs (including continuing 

calibration verifications (CCVs), LCSs, spikes, duplicates, and blanks) 

until one meets criteria, rather than taking needed corrective action, and 

not documenting or retaining data for the other unacceptable data. 

4.1.10.20 Deleting or failing to record non-compliant QC data to conceal the fact 

that calibration or other QC analyses were non-compliant. 

4.1.10.21 Improper calibrations. 

4.1.10.22 Discarding mid-level points in the initial calibration to meet calibration 

criteria. 

4.1.10.23 Discarding points from a Limit of Detection (LOD) study to force the 

calculated LOD to be lower than the actual value. 

4.1.10.24 Using an initial calibration that does not correspond to the actual run 

sequence to make continuing calibration data look acceptable when in 

fact it was not. 

4.1.10.25 Performing improper manual integrations, including peak shaving, peak 

enhancing, or baseline manipulation to meet QC criteria or to avoid 

corrective action. 

4.1.10.26 Concealing a known analytical or sample problem. 

4.1.10.27 Concealing a known improper or unethical behavior or action. 

4.1.10.28 Failing to report the occurrence of a prohibited practice or known 

improper or unethical act to the appropriate laboratory or contract 

representative, or to an appropriate government official.
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4.1.10.29 Intentionally making false statements to, or seek to otherwise deceive, 

Beacon employees, management, or clients.

4.2 Impartiality

4.2.1 Laboratory activities must be undertaken impartially and managed to 

safeguard impartiality.  Management must be committed to impartiality.

4.2.2 Beacon is responsible for the impartiality of its laboratory activities and must 

not allow commercial, financial or other pressures to comprise impartiality.   

4.3 Data Integrity Documentation

4.3.1 Each employee of Beacon Environmental will sign a document indicating 

that they have read and understood, and will comply with, the data integrity 

policies and requirements outlined in BEACON Training 1.

4.4 In-Depth Data Monitoring

4.4.1 Periodically, the Quality Manager will review data packages, observe data 

analysis, and review all operations of the laboratory, both to verify 

compliance with the quality system, and compliance with the data integrity 

policy. This may also be done during any internal audit.  

Procedures

5.1 Management Support

5.1.1 The management of Beacon Environment understands the importance of the 

data generated by their laboratory in the decision making of their clients, and 

enforces a firm policy for data integrity in all forms.  This program includes 

following elements:

5.1.1.1 Data integrity training;

5.1.1.2 Signed data integrity commitments signed by all employees involved in 

data generation; and review;

5.1.1.3 In depth, periodic monitoring of data;

5.1.1.4 This data integrity SOP, QA manual and standard operating procedures.

5.2 Data Integrity Training
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5.2.1 Data integrity training is provided as a formal part of new employee 

orientation and is also provided on an annual basis for all current employees. 

Topics covered are documented in writing and provided to all trainees. 

5.2.2 Key topics covered in the Data Integrity Training program includes 

organizational mission and its relationship to the critical need for honesty and 

full disclosure in all analytical reporting, how and when to report data 

integrity issues, and record keeping.

5.2.3 Training includes discussion regarding all data integrity procedures, data 

integrity training documentation, in-depth data monitoring and data integrity 

procedure documentation. 

5.2.4 Employees are required to understand that any infractions of the laboratory 

data integrity procedures will result in a detailed investigation that could lead 

to very serious consequences, including immediate termination, debarment or 

civil/criminal prosecution. The initial data integrity training and the annual 

refresher training has a signature attendance sheet or other form of 

documentation that demonstrates all staff has participated and understands

their obligations related to data integrity. Senior managers acknowledge their 

support of these procedures by:

5.2.4.1 Upholding the spirit and intent of the organization’s data integrity 

procedures and 

5.2.4.2 Effectively implementing the specific requirements of the procedures.

5.2.5 Specific examples of breaches of ethical behavior are discussed including 

improper data manipulations, adjustments of instrument time clocks, and 

inappropriate changes in concentrations of standards. Data integrity training 

requires emphasis on the importance of proper written narration on the part of 

the analyst with respect to those cases where analytical data may be useful, 

but are in one sense or another partially deficient. 

5.2.5.1 The data integrity procedures also include written ethics agreements, 

examples of improper practices, examples of improper chromatographic 

manipulations, requirements for external ethics program training, and 

any external resources available to employees.

5.2.6 The Beacon Environmental data integrity training program includes 

information on the detection and the means of deterring improper, unethical, 

or illegal actions. The information in this program includes:

5.2.6.1 Definitions of improper and unethical, or illegal actions; 

5.2.6.2 An outline of elements of detection/deterrence programs for improper, 

unethical, or illegal actions; and 

5.2.6.3 Examples of improper laboratory practices. 

5.2.7 Data must be produced according to the project-specific requirements as 

specified in the final, approved project-planning documents, such as the 

approved QAPP, when these documents are provided to the laboratory. 
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5.2.8 Improper actions are intentional or unintentional deviations from contract-

specified or method-specified analytical practices that have not been 

authorized by DoD. Unethical or illegal actions are the deliberate falsification 

of analytical or quality control results, where failed method or contractual 

requirements are made to appear acceptable. 

5.2.9 Detecting and deterring improper, unethical, or illegal actions begins with a 

zero-tolerance philosophy established by management. Improper, unethical, 

or illegal actions are detected through the implementation of surveillance 

protocols. The following are the minimum elements of an acceptable program 

for detecting and deterring improper, unethical, or illegal actions:

5.2.9.1 An ethics policy must be read and signed by all personnel; 

5.2.9.2 Initial and annual ethics training must be conducted(see Training 1);

5.2.9.3 Internal audits must be conducted as described in SOP 39;

5.2.9.4 Analysts must explain and sign-off on all manual changes to data;

5.2.9.5 Where available in the instrument software, all electronic tracking and 

audit functions must be enabled;

5.2.9.6 The laboratory must have a “no-fault” reporting policy that encourages 

laboratory personnel to report suspected improper, unethical, or illegal 

activities, without fear of retribution; and 

5.2.9.7 The laboratory must have a designated data integrity officer or 

ombudsman to whom personnel may confidentially report suspected 

instances of improper, unethical, or illegal activities. 

5.2.10 The following practices are prohibited and are included in the training 

program:

5.2.10.1 Fabrication, falsification, or misrepresentation of data. 

5.2.10.2 Creating data for an analysis that was not performed (dry lab). 

5.2.10.3 Creating information for a sample that was not collected (dry lab). 

5.2.10.4 Using external analysts, equipment, and/or laboratories to perform 

analyses when not allowed by contract. 

5.2.10.5 Improper clock setting (time traveling) or improper date/time recording. 

5.2.10.6 Resetting the internal clock on an instrument to make it appear that a 

sample was analyzed within holding time when in fact it was not. 

5.2.10.7 Changing the actual time or recording a false time to make it appear that 

holding times were met, or changing the times for sample collection, 

extractions, or other steps to make it appear that holding times were met. 

5.2.10.8 Unwarranted manipulation of samples, software, or analytical conditions. 

5.2.10.9 Unjustified dilution of samples. 

5.2.10.10 Manipulating GC/MS tuning data to produce an ion abundance result 

that appears to meet specific QC criteria. 
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5.2.10.11 Changing the instrument conditions for sample analysis from the 

conditions used for standard analysis (e.g., changing EM voltage). 

5.2.10.12 Unwarranted manipulation of computer software (e.g., forcing 

calibration or QC data to meet criteria, removing computer operational 

codes such as the “M” flag, inappropriately subtracting background, or 

improperly manipulating the chromatographic baseline). 

5.2.10.13 Turning off, or otherwise disabling, electronic instrument audit/tracking 

functions. 

5.2.10.14 Misrepresenting or misreporting QC samples. 

5.2.10.15 Representing spiked samples as being digested or extracted when this 

was not performed. 

5.2.10.16 Substituting previously generated runs for a non-compliant calibration or 

QC run to make it appear that an acceptable run was performed. 

5.2.10.17 Failing to prepare or analyze method blanks and the laboratory control 

sample (LCS) in the same manner that samples were prepared or 

analyzed.

5.2.10.18 Tampering with QC samples and results, including special treatments for 

QC samples (e.g., running extra rinse blanks prior to QC samples), over-

spiking, and adding surrogates after sample extraction. 

5.2.10.19 Performing multiple calibrations or QC runs (including continuing 

calibration verifications (CCVs), LCSs, spikes, duplicates, and blanks) 

until one meets criteria, rather than taking needed corrective action, and 

not documenting or retaining data for the other unacceptable data. 

5.2.10.20 Deleting or failing to record non-compliant QC data to conceal the fact 

that calibration or other QC analyses were non-compliant. 

5.2.10.21 Improper calibrations. 

5.2.10.22 Discarding mid-level points in the initial calibration to meet calibration 

criteria. 

5.2.10.23 Discarding points from a Limit of Detection (LOD) study to force the 

calculated LOD to be lower than the actual value. 

5.2.10.24 Using an initial calibration that does not correspond to the actual run 

sequence to make continuing calibration data look acceptable when in 

fact it was not. 

5.2.10.25 Performing improper manual integrations, including peak shaving, peak 

enhancing, or baseline manipulation to meet QC criteria or to avoid 

corrective action. 

5.2.10.26 Concealing a known analytical or sample problem. 

5.2.10.27 Concealing a known improper or unethical behavior or action. 

5.2.10.28 Failing to report the occurrence of a prohibited practice or known 

improper or unethical act to the appropriate laboratory or contract 

representative, or to an appropriate government official. 
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5.2.10.29 Intentionally making false statements to, or seek to otherwise deceive, 

Beacon employees, management, or clients.

5.3 Data Integrity Documentation

5.3.1 Each employee of Beacon Environmental will sign the Training 1 form

indicating that they have read and understood, and will comply with, the data 

integrity policies and requirements outlined in this document and Training 1.

This document will be provided to the employees during the annual training, 

or for new hires, their initial training. 

5.4 In Depth Data Monitoring

5.4.1 The Quality Manager is responsible for reviewing at least 10% of all data 

packages, observe data analysis, and review all operations of the laboratory, 

both to verify compliance with the quality system, and compliance with the 

data integrity policy.  Additional monitoring will also be provided during the 

internal audits, which must be performed at least annually.

5.4.2 Risks to impartiality will be monitored on an ongoing basis.  This assessment 

will include risks that occur from its activities, or from its relationships, or 

from the relationships of its personnel.

5.4.3 A relationship that threatens impartiality can be based on ownership, 

governance, management, personnel, shared resources, finances, contracts, 

marketing (including branding), and payment of a sales commission or other 

inducement for the referral of new customers, etc.

5.4.4 Detection of an ethical or impartiality issues will initiate an investigation, 

which will be documented in a report.

5.5 DoD Data Integrity Reporting

5.5.1 Instances of inappropriate and prohibited practices must be reported to PJLA 

within 15 business days of discovery.

5.5.2 Discovery includes findings of such inappropriate practices by laboratory 

staff or customer stakeholders. DoD ELAP laboratories must submit records 

of associated corrections taken or proposed corrective actions to PJLA within 

30 business days of discovery. PJLA will then have the responsibility of 

informing the EDQW (for DoD-ELAP) and/or ASPM (for DOECAP-AP) of 

the laboratory’s deviation from the requirements of the DoD/DOE QSM.

5.5.3 These practices include those of laboratory staff or customer/subcontractors.

5.5.4 Reported records must include the investigation and corrective action report 

and records.

5.5.5 The accrediting body (PJLA) has the responsibility of informing the EDQW 

(DoD).
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PERRY JOHNSON LABORATORY 
ACCREDITATION, INC.

No

Certificate of Accreditation
Perry Johnson Laboratory Accreditation, Inc.

ALS Environmental - Simi Valley
2655 Park Center Drive, Suite A, Simi Valley, CA 93065

has assessed the Organization of:

Accreditation claims for such activities shall only be made from the addresses referenced within this certificate. This Accreditation 
is granted subject to the system rules governing the Accreditation referred to above, and the Organization hereby covenants with 
the Accreditation Body’s duty to observe and comply with the said rules.

For PJLA

Perry Johnson Laboratory 
Accreditation, Inc. (PJLA)
755 W. Big Beaver, Suite 1325
Troy, Michigan 48084

The validity of this certificate is maintained through ongoing assessments based 
on a continuous accreditation cycle.  The validity of this certificate should be 

confirmed through the PJLA website:               www.pjlabs.com

Initial Accreditation Date: Issue Date: Expiration Date

Accreditation No: Certificate No:

This accreditation demonstrates the technical competence for the defined scope and the

(As detailed in the supplement)

Tracy Szerszen
President

(Hereinafter called the Organization) and hereby declares that Organization has met the requirements of

March 25, 2022

Environmental Testing

United States Department of Defense
Environmental Laboratory Accreditation Program

(DoD-ELAP)

May 31, 2024January 11, 2010

65818 L22-248

(as outlined by the joint ISO-ILAC-IAF Communiqué dated April 2017):
operation of a laboratory quality management system

118

ISO/IEC 17025:2017 General Requirements for the competence of Testing and Calibration Laboratories and the United States 
Department of Defense Environmental Laboratory Accreditation Program (DoD-ELAP) requirements identified within the 
DoD/DOE Quality Systems Manual (DoD/DOE QSM) Version 5.4 October 2021 and is accredited in accordance with the:
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Certificate of Accreditation: Supplement

Code

2655 Park Center Drive, Suite A, Simi Valley, CA 93065
Contact Name: Evan Garner    Phone: 805-392-6482

Accreditation is granted to the facility to perform the following testing:

ALS Environmental - Simi Valley

Organic

ALS-SimiValley SOP VOA TO-15 by Gas Chromatography Mass Spectrometry (GC/MS) 10248803

Air
1,1,1-Trichloroethane 5160

1,1,2,2-Tetrachloroethane 5110

1,1,2-Trichloro-1,2,2-Trifluoroethane (Trichlorotrifluoroethane, Freon 113) 5185

1,1,2-Trichloroethane 5165

1,1-Dichloroethane 4630

1,1-Dichloroethylene 4640

1,2,4-Trichlorobenzene 5155

1,2,4-Trimethylbenzene 5210

1,2-Dibromo-3-Chloropropane (DBCP) 4570

1,2-Dibromoethane (EDB, Ethylene Dibromide) 4585

1,2-Dichloro-1,1,2,2-Tetrafluoroethane (Freon 114, 1,2-Dichlorotetrafluoroethane) 4695

1,2-Dichlorobenzene 4610

1,2-Dichloroethane (Ethylene Dichloride, EDC) 4635

1,2-Dichloropropane 4655

1,3,5-Trimethylbenzene 5215

1,3-Butadiene 9318

1,3-Dichlorobenzene 4615

1,4-Dichlorobenzene 4620

1,4-Dioxane (1,4-Diethyleneoxide, p-Dioxane) 4735

2,2,4-Trimethylpentane (Isooctane) 5220

2-Butanone (Methyl Ethyl Ketone, MEK) 4410

2-Hexanone (Methyl Butyl Ketone, MBK) 4860

4-Ethyltoluene (p-Ethyltoluene, 1-Ethyl-4-Methylbenzene) 4542

4-Isopropyltoluene (p-Isopropyltoluene, p-Cymene) 4910

4-Methyl-2-Pentanone (Methyl Isobutyl Ketone (MIBK), Hexone) 4995

Acetone 4315

Acetonitrile 4320

Acrolein (propenal) 4325

Acrylonitrile 4340

Allyl Chloride (3-Chloropropene) 4355

alpha-Pinene 6698

Benzene 4375

Benzyl Chloride 5635

Bromodichloromethane 4395

Bromoform 4400

Carbon Disulfide 4450

Issued: 3/25/2022                                            This supplement is in conjunction with certificate #L22-248 Page 2 of 8



Certificate of Accreditation: Supplement

Code

2655 Park Center Drive, Suite A, Simi Valley, CA 93065
Contact Name: Evan Garner    Phone: 805-392-6482

Accreditation is granted to the facility to perform the following testing:

ALS Environmental - Simi Valley

Organic

ALS-SimiValley SOP VOA TO-15 by Gas Chromatography Mass Spectrometry (GC/MS) 10248803

Air
Carbon Tetrachloride 4455

Chlorobenzene 4475

Chlorodibromomethane (Dibromochloromethane) 4575

Chloroethane (Ethyl Chloride) 4485

Chloroform 4505

cis-1,2-Dichloroethylene 4645

cis-1,3-Dichloropropene 4680

Cyclohexane 4555

Dichlorodifluoromethane (Freon 12) 4625

Di-Isopropylether (DIPE) 9375

d-Limonene 6208

Ethanol 4750

Ethyl Acetate 4755

Ethylbenzene 4765

Ethyl-tert-Butylether (ETBE, 2-Ethoxy-2-Methylpropane) 4770

Hexachlorobutadiene 4835

Isopropyl Alcohol (IPA, 2-Propanol, Isopropanol) 4895

Isopropylbenzene (Cumene) 4900

m,p-Xylene 5240

Methyl Bromide (Bromomethane) 4950

Methyl Chloride (Chloromethane) 4960

Methyl Methacrylate 4990

Methyl tert-Butyl Ether (MTBE) 5000

Methylene Chloride (Dichloromethane) 4975

Naphthalene 5005

n-Butyl Acetate 4415

n-Butylbenzene 4435

n-Heptane 4825

n-Hexane 4855

n-Nonane 5026

n-Octane 5027

n-Propylbenzene (1-phenylpropane) 5090

o-Xylene (1,2-Xylene) 5250

Propene 4836

sec-Butylbenzene 4440

Styrene 5100

Issued: 3/25/2022                                            This supplement is in conjunction with certificate #L22-248 Page 3 of 8



Certificate of Accreditation: Supplement

Code

2655 Park Center Drive, Suite A, Simi Valley, CA 93065
Contact Name: Evan Garner    Phone: 805-392-6482

Accreditation is granted to the facility to perform the following testing:

ALS Environmental - Simi Valley

Organic

ALS-SimiValley SOP VOA TO-15 by Gas Chromatography Mass Spectrometry (GC/MS) 10248803

Air
tert-Amyl Methyl Ether  (TAME) 4370

tert-Butyl Alcohol (TBA, 2-Methyl-2-Propanol, t-Butanol) 4420

tert-Butylbenzene 4445

Tetrachloroethene 5115

Tetrahydrofuran (THF) 5120

Toluene 5140

trans-1,2-Dichloroethylene 4700

trans-1,3-Dichloropropylene 4685

Trichloroethene (TCE, Trichloroethylene) 5170

Trichlorofluoromethane (Fluorotrichloromethane, Freon 11) 5175

Vinyl Acetate 5225

Vinyl Chloride (Chloroethene) 5235

ALS-SimiValley SOP VOA TO3 C1C6 by Gas Chromatography Flame Ionization Detection (GC/FID) 10247708

Air 
C1 - C6+ NC

Ethane 4747

Methane 4926

n-Butane 5007

n-Hexane 4855

n-Pentane (Pentane) 5028

n-Propane (Propane) 5029

Total Volatile Petroleum Hydrocarbons (TVPH) as Hexane NC

ALS-SimiValley SOP VOA TPHG TO3 by Gas Chromatography Flame Ionization Detection (GC/FID) 10247708

Air 
Total Petroleum Hydrocarbons Gasoline Range Organics (TPH GRO) 9408

EPA TO-15 by Gas Chromatography Mass Spectrometry (GC/MS) 10248803

Air
1,1,1-Trichloroethane 5160

1,1,2,2-Tetrachloroethane 5110

1,1,2-Trichloro-1,2,2-Trifluoroethane (Trichlorotrifluoroethane, Freon 113) 5185

1,1,2-Trichloroethane 5165

1,1-Dichloroethane 4630

1,1-Dichloroethylene 4640

1,2,4-Trichlorobenzene 5155

1,2,4-Trimethylbenzene 5210

1,2-Dibromo-3-Chloropropane (DBCP) 4570

Issued: 3/25/2022                                            This supplement is in conjunction with certificate #L22-248 Page 4 of 8



Certificate of Accreditation: Supplement

Code

2655 Park Center Drive, Suite A, Simi Valley, CA 93065
Contact Name: Evan Garner    Phone: 805-392-6482

Accreditation is granted to the facility to perform the following testing:

ALS Environmental - Simi Valley

Organic

EPA TO-15 by Gas Chromatography Mass Spectrometry (GC/MS) 10248803

Air
1,2-Dibromoethane (EDB, Ethylene Dibromide) 4585

1,2-Dichloro-1,1,2,2-Tetrafluoroethane (Freon 114, 1,2-Dichlorotetrafluoroethane) 4695

1,2-Dichlorobenzene 4610

1,2-Dichloroethane (Ethylene Dichloride, EDC) 4635

1,2-Dichloropropane 4655

1,3,5-Trimethylbenzene 5215

1,3-Butadiene 9318

1,3-Dichlorobenzene 4615

1,4-Dichlorobenzene 4620

1,4-Dioxane (1,4-Diethyleneoxide, p-Dioxane) 4735

2,2,4-Trimethylpentane (Isooctane) 5220

2-Butanone (Methyl Ethyl Ketone, MEK) 4410

2-Hexanone (Methyl Butyl Ketone, MBK) 4860

4-Ethyltoluene (p-Ethyltoluene, 1-Ethyl-4-Methylbenzene) 4542

4-Isopropyltoluene (p-Isopropyltoluene, p-Cymene) 4910

4-Methyl-2-Pentanone (Methyl Isobutyl Ketone (MIBK), Hexone) 4995

Acetone 4315

Acetonitrile 4320

Acrolein (propenal) 4325

Acrylonitrile 4340

Allyl Chloride (3-Chloropropene) 4355

alpha-Pinene 6698

Benzene 4375

Benzyl Chloride 5635

Bromodichloromethane 4395

Bromoform 4400

Carbon Disulfide 4450

Carbon Tetrachloride 4455

Chlorobenzene 4475

Chlorodibromomethane (Dibromochloromethane) 4575

Chloroethane (Ethyl Chloride) 4485

Chloroform 4505

cis-1,2-Dichloroethylene 4645

cis-1,3-Dichloropropene 4680

Cyclohexane 4555

Dichlorodifluoromethane (Freon 12) 4625

Issued: 3/25/2022                                            This supplement is in conjunction with certificate #L22-248 Page 5 of 8



Certificate of Accreditation: Supplement

Code

2655 Park Center Drive, Suite A, Simi Valley, CA 93065
Contact Name: Evan Garner    Phone: 805-392-6482

Accreditation is granted to the facility to perform the following testing:

ALS Environmental - Simi Valley

Organic

EPA TO-15 by Gas Chromatography Mass Spectrometry (GC/MS) 10248803

Air
Di-Isopropylether (DIPE, Propane) 9375

d-Limonene 6208

Ethanol 4750

Ethyl Acetate 4755

Ethylbenzene 4765

Ethyl-tert-Butylether (ETBE, 2-Ethoxy-2-Methylpropane) 4770

Hexachlorobutadiene 4835

Isopropyl Alcohol (IPA, 2-Propanol, Isopropanol) 4895

Isopropylbenzene (Cumene) 4900

m,p-Xylene 5240

Methyl Bromide (Bromomethane) 4950

Methyl Chloride (Chloromethane) 4960

Methyl Methacrylate 4990

Methyl tert-Butyl Ether (MTBE) 5000

Methylene Chloride (Dichloromethane) 4975

Naphthalene 5005

n-Butyl Acetate 4415

n-Butylbenzene 4435

n-Heptane 4825

n-Hexane 4855

n-Nonane 5026

n-Octane 5027

n-Propylbenzene (1-phenylpropane) 5090

o-Xylene (1,2-Xylene) 5250

Propene 4836

sec-Butylbenzene 4440

Styrene 5100

tert-Amyl Methyl Ether  (TAME) 4370

tert-Butyl Alcohol (TBA, 2-Methyl-2-Propanol, t-Butanol) 4420

tert-Butylbenzene 4445

Tetrachloroethene 5115

Tetrahydrofuran (THF) 5120

Toluene 5140

trans-1,2-Dichloroethylene 4700

trans-1,3-Dichloropropylene 4685

Trichloroethene (TCE, Trichloroethylene) 5170

Issued: 3/25/2022                                            This supplement is in conjunction with certificate #L22-248 Page 6 of 8



Certificate of Accreditation: Supplement

Code

2655 Park Center Drive, Suite A, Simi Valley, CA 93065
Contact Name: Evan Garner    Phone: 805-392-6482

Accreditation is granted to the facility to perform the following testing:

ALS Environmental - Simi Valley

Organic

EPA TO-15 by Gas Chromatography Mass Spectrometry (GC/MS) 10248803

Air
Trichlorofluoromethane (Fluorotrichloromethane, Freon 11) 5175

Vinyl Acetate 5225

Vinyl Chloride (Chloroethene) 5235

EPA TO-15 SIM by Gas Chromatography Mass Spectrometry (GC/MS) Selective Ion Monitoring (SIM) 10248858

Air
1,1,1-Trichloroethane 5160

1,1,2,2-Tetrachloroethane 5110

1,1,2-Trichloro-1,2,2-Trifluoroethane (Trichlorotrifluoroethane, Freon 113) 5185

1,1,2-Trichloroethane 5165

1,1-Dichloroethane 4630

1,1-Dichloroethylene 4640

1,2,4-Trichlorobenzene 5155

1,2,4-Trimethylbenzene 5210

1,2-Dibromo-3-Chloropropane (DBCP) 4570

1,2-Dibromoethane (EDB, Ethylene Dibromide) 4585

1,2-Dichlorobenzene 4610

1,2-Dichloroethane (Ethylene Dichloride, EDC) 4635

1,2-Dichloropropane 4655

1,3,5-Trimethylbenzene 5215

1,3-Butadiene 9318

1,3-Dichlorobenzene 4615

1,4-Dichlorobenzene 4620

1,4-Dioxane (1,4-Diethyleneoxide, p-Dioxane) 4735

Acetone 4315

Acrolein (propenal) 4325

Benzene 4375

Bromodichloromethane 4395

Carbon Tetrachloride 4455

Chlorobenzene 4475

Chlorodibromomethane (Dibromochloromethane) 4575

Chloroethane (Ethyl Chloride) 4485

Chloroform 4505

cis-1,2-Dichloroethylene 4645

cis-1,3-Dichloropropene 4680

Dichlorodifluoromethane (Freon 12) 4625

Ethylbenzene 4765
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Certificate of Accreditation: Supplement

Code

2655 Park Center Drive, Suite A, Simi Valley, CA 93065
Contact Name: Evan Garner    Phone: 805-392-6482

Accreditation is granted to the facility to perform the following testing:

ALS Environmental - Simi Valley

Organic

EPA TO-15 SIM by Gas Chromatography Mass Spectrometry (GC/MS) Selective Ion Monitoring (SIM) 10248858

Air
Hexachlorobutadiene 4835

m,p-Xylene 5240

Methyl Bromide (Bromomethane) 4950

Methyl Chloride (Chloromethane) 4960

Methyl tert-Butyl Ether (MTBE) 5000

Methylene Chloride (Dichloromethane) 4975

Naphthalene 5005

o-Xylene (1,2-Xylene) 5250

Styrene 5100

Tetrachloroethene 5115

Toluene 5140

trans-1,2-Dichloroethylene 4700

trans-1,3-Dichloropropylene 4685

Trichloroethene (TCE, Trichloroethylene) 5170

Trichlorofluoromethane (Fluorotrichloromethane, Freon 11) 5175

Vinyl Chloride (Chloroethene) 5235

No Preparation methods on scope

Footnotes:
Method codes are typically based on The NELAC Institute (TNI) Laboratory Accreditation Management System (LAMS) and are used to 
compare to the laboratory reported Performance Test (PT) results. Although the method code may not represent the specific method version, it 
is the method code used to represent the method/technology used to report PTs. (NC = No Code)

>
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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  

1) Scope and Applicability 

1.1 This document describes the procedures required to prepare all passivated containers, 
including stainless steel canisters and glass bottles, for sample collection and use within 
the laboratory. It outlines the steps necessary to internally clean the containers (all 
volumes) and document their acceptability for re-use. Also included are procedures for 
leak checking, evaluation of the condition of canisters, canister repair, and maintenance 
of the cleaning apparatus. Canister cleaning and certification is needed to ensure that 
each sampling container is free of contaminants and leaks that could jeopardize the 
integrity of the analytical data. The process must uniformly and consistently render each 
canister clean enough to meet the criteria for all of the relevant test methods. 

2) Summary of Procedure 

2.1 After all analyses are complete on the canister sample in question, the analyst records 
the identification and concentration level of the most prominent compounds found in 
the sample on the sample identification tag. This includes not only target compounds 
from the analytical methods, but tentatively identified compounds and any anomalous 
observations. Only after the corresponding data is reviewed and approved including 
verification that all reporting and QA/QC requirements are met are the canisters released 
for cleaning and certification. 

2.2 First, the canisters that contain elevated contaminant levels are pre-purged to remove 
the bulk of the sample from each canister. Then they are placed on a cleaning manifold 
inside an oven (ambient-level sample cans may be cleaned on manifolds without 
heating). The ovens are heated to 80 to 100C and the canisters are then serially filled 
and evacuated with humidified nitrogen. Following the cleaning process, a minimum of 
one canister per batch (10 to 16 canisters) is selected as the quality control (QC) canister. 
The canister(s) is analyzed by EPA Method TO-15 in accordance with the SOP for 
Determination of Volatile Organic Compounds in Air Samples Collected in Specially 
Prepared Canisters and Gas Collection Bags by Gas Chromatography/Mass Spectrometry 
(GC/MS).   

2.3 Following the cleaning procedure, the canisters are evacuated to approximately -14.3 
psig (-29 “Hg) and held for a minimum of 24 hours to determine if any leaks exist. The 
pressure of each canister is evaluated using a calibrated pressure/vacuum gauge and 
the results recorded. All canisters that pass both the batch analyte concentration QC and 
individual leak check are certified and ready for use.  

3) Definitions 

3.1 Summa Canister A stainless steel air sampling canister whose inner surface has been 
electropolished by the proprietary "Summa" process to provide chemical inertness.  

3.2 Silonite® Canister A stainless steel canister that has had the interior passivated with a 
fused-silica coating (Entech Instruments). 

3.3 Bottle Vac  A glass bottle (1000ml or 500ml) used for collecting whole air samples. The 
interior surface is chemically deactivated and the cap is fitted with a quick-connect style 
valve. Entech Instruments, Simi Valley, CA. 

3.4 psig pounds per square inch gauge 

3.5 GC/MS Gas Chromatography/Mass Spectrometry 

3.6 ppbv parts per billion, volume 
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3.7 ppmv parts per million, volume 

3.8 Pressurized Air Zero grade with <0.1ppmv of total hydrocarbons  

3.9 QC Canister This is a quality control canister selected and analyzed in order for the 
cleaning batch to be certified as clean. There may be more than one canister selected 
within a cleaning batch to serve as a QC canister and this is dependent on a number of 
factors each of which are included in this standard operating procedure.  

3.10 Standard Canister This is a canister labeled for containing standards; they are segregated 
from source and ambient canisters and are not to be sent to clients. Standard canisters may 
only be cleaned with other standard canisters on the manifolds. The most contaminated 
canister is analyzed in order to determine if the cleaning batch is to be certified as clean. 
There may be more than one canister selected within a cleaning batch to serve as a QC 
canister and this is dependent on a number of factors each of which are included in this 
standard operating procedure.  

4) Responsibilities 

4.1 It is the responsibility of all canister cleaning department technicians to accurately 
perform the procedures of this SOP and to complete applicable training documentation. 
Documented training plans must be completed by the trainee and trainer before 
submitting to the Quality Assurance department for final approval. This paperwork will 
be maintained by the QA department in an employee training file. 

5) Interferences 

5.1 Not applicable 

6) Safety 

6.1 Burns 

Caution must be exercised when working with the canister cleaning system ovens 
because of the potential for burns from the hot canisters which are often heated to 
100°C. The oil from the rotary vane vacuum pumps is also hot enough to cause burns 
when operating at normal system temperatures. The operator should wait for the oil to 
cool prior to attempting to change the pump oil.   

6.2 Contaminated Pump Oil 

Besides the burn hazard, contact with used oil from the vacuum pumps should be avoided 
since it becomes contaminated during normal use with toxic organic residues from the 
canisters. Proper attire must be worn when working with used pump oil that must be 
disposed of as hazardous waste in accordance with the Simi Valley Lab Waste Management 
Plan and applicable regulations. 

6.3 Electrical Shock 

All electrical wiring should be periodically checked for insulation cuts and chafing as 
electrical shock can occur from exposed wires. If an exposed metal wire is discovered, 
it must be repaired immediately. 
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6.4 Fires 

All flammable materials, especially solvents, shall be kept clear of the cleaning manifold 
and pumps since the canister heaters generate considerable heat. Also, all plugs must 
be securely seated in their receptacles. 

6.5 Hydrochloric acid (HCl) 

When Hydrochloric acid is used to prepare acidified water for manual cleaning, special 
care must be taken. Always wear protective eyewear and gloves when handling. Prepare 
mixture in a hood and keep tightly capped when transporting. Hydrochloric acid is a 
severe health and contact hazard. 

7) Sample Collection, Containers, Preservation, and Storage 

7.1 There are no requirements for sample collection in this document. The following are a 
list of canisters that may be cleaned, certified and maintained by this procedure. This 
list is not intended to be all-inclusive as it contains only the most requested and current 
canister types.   

• Six-liter Summa passivated stainless steel canisters 
• Six-liter Silonite® passivated stainless steel canisters  
• Three-liter Silonite® passivated stainless steel canisters 
• One-liter Summa passivated stainless steel canisters 
• One-liter Bottle-Vacs 

All canisters must be stored on the clearly designated shelves or rolling racks.   

8) Apparatus and Equipment 

8.1 The number and capacity of the pre-purge and cleaning manifolds may be increased or 
expanded depending on necessity as long as they are clearly identified. As long as the 
minimum requirements for identification, cleaning, certification and maintenance are 
met, additional manifolds may be added at any point during the effective dates of this 
document. Additionally, the equipment listed in this section may be modified as long as 
the performance of the equipment selected is at least equivalent and this may include 
the size of heating bands, pump horsepower, etc. 

8.2 Pre-purge System 

Each pre-purge manifold system consists of a vacuum pump and compressed nitrogen 
gas supply tube connected to a ten position manifold. The manifold is made of 1/4" 316 
stainless steel and Teflon tubing with stainless steel or brass fittings. Pressure is read 
with an in-line pressure gauge. The canister valve fitting is attached to the manifold 
using a brass Swagelok nut and ceramic-filled Teflon ferrule. 

The purge cycles are controlled manually or automatically with a three-way solenoid 
valve; one position connects to the nitrogen source, the second position connects to the 
pump, and the third position connects to the manifold. The canisters are pre-cleaned by 
serial evacuation and dilution with nitrogen. The solenoid valve is connected to a relay 
timer that can be programmed with the desired evacuation and fill time intervals and 
number of cycles. Programming is done using the keypad on the controller. The 
instruction for programming and starting the controller are found at the canister purge 
station. 
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8.3 Canister Cleaning System 

The canister cleaning system is comprised of cleaning manifolds, nitrogen source with 
humidifiers, high vacuum pumps, digital vacuum/pressure gauges (in millitorr), electric 
ovens, and electronic control units each described below. 

8.3.1 Canister Manifolds 

Currently, there are 11 cleaning manifolds. The cleaning manifolds are split into 
three groupings with the sample type or size serving as the source of the 
manifold designation for cleaning. 
 

Cleaning Manifolds #1 and 2 (Ovens) (12) Source Canisters Each 

Cleaning Manifold #3 (14) Ambient Canisters 

Cleaning Manifold #5 (16) Ambient Canisters 

Cleaning Manifold #6 (Oven) (6) Ambient/Source Canisters 

Cleaning Manifolds #7 & 8 (Ovens) (12) Source Canisters Each 

Cleaning Manifolds #9 & 10 (Ovens) (24) 1-L Bottle Vacs each 

Cleaning Manifolds #11 (Oven) (10) Ambient Canisters 

The manifolds are constructed of 1/2" or 3/8” 316 stainless steel tubing and 
fittings. Canisters are attached to the manifold with a Swagelok brass nut and 
soft ferrule or canisters are attached to the oven manifold with a Swagelok brass 
nut or Swagelok stainless steel nut with aluminum finger-tight body and 
graphite/vespel ferrule. The proper fittings reduce the chance of damaging the 
stainless steel canister valve. Each manifold has its own pump and vacuum 
gauge, but may share a common gas source. 

8.3.2 Gas Source with Hydrocarbon Trap and Humidifier 

The manifolds use the gas from the auxiliary vapor outlet on the bulk liquid 
nitrogen tank. It is plumbed into the building with copper pipe, filtered through 
a hydrocarbon trap (if necessary), reduced in pressure, humidified, and 
connected to the gas inlet valves. Tubing is ¼” copper, stainless steel, or PFA 
Teflon. The fittings, humidifier, and single-stage regulator are 304 or 316 
stainless steel. The vapor from the bulk tank ranges from 50 to 80psig, and is 
dropped to between 10 and 15psig before entering the humidifier via a regulator. 
The hydrocarbon trap may not be needed since this gas is typically ultra-clean. 

8.3.3 Vacuum Pumps 

For manifold 3 the vacuum pump is a dual-stage direct driven rotary-vane type, 
made by Alcatel Co. or Edwards Mfg. Co.  Each is rated at 285 liters per minute 
and is capable of achieving a vacuum of <10mtorr. An activated alumina filled 
foretrap is used to protect vacuum pump oil from system impurities and to 
prevent oil vapors from backstreaming into the canisters. The exhaust port of 
each pump is vented to the hood with Tygon tubing. 

Manifold #5 and the Entech 3100A systems for manifolds 1, 2, 6a and 6b, 7, 8, 
9 and 10 use a two-stage oil-less pumping system comprised of a molecular drag 
pump backed by a diaphragm-type roughing pump. The rough pump evacuates 
the system to less than 2psig before activating the drag pump. The system on 
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manifold #5 is a DriVac model BH200 (Vacuubrand MD4 roughing pump and 
Alcatel MDP 5011 drag pump combination) with integrated vacuum controller. 
The Entech systems use a Vacuubrand MZ2 or MZ2NT roughing pump and an 
Alcatel MDP 5011 drag pump combination.  

8.3.4 Conditioner Vacuum Gauges 

The gauges used to read the system pressure on each manifold are the Pirani 
digital type, capable of measuring between 0 and 2000 millitorr. 

8.3.5 Electric Ovens and Heating Bands 

During the cleaning process, each canister is heated to no more than 100°C using 
an electric oven or heating band. The bands are made of fiberglass-reinforced 
silicone rubber, and range in size depending on the canisters to be cleaned.  They 
are rated at 5 watts per square inch, and operate on 120 VAC. 

8.3.6 Controller Unit 

The canister cleaning manifolds are controlled through a remote I/O board and a 
custom designed PC-based software program. All electronic components of the 
system (except the power leads of the heating bands) are connected to an I/O 
board including solenoid valves, thermocouples, and vacuum gauges. The board 
is housed in a computer-style chassis with a 120 VAC, 60 Hz power supply. It is 
connected to the PC via a serial data port, and the interface software allows the 
operator to enter all the parameters necessary for automatic control of the cleaning 
process. 

8.3.7 Laboratory Information Management System (LIMS) 

The system (LIMS) has a number of essential functions including container history 
and maintenance, canister status (ready to be cleaned, etc.), cleaning set-up, post 
analysis information, and reports.   

8.4 Pressure/Vacuum Gauge 

A pressure/vacuum gauge that is calibrated and capable of measuring –14.7 psig (30 
inHg) to 100psig is used to provide a more accurate reading of vacuum/pressure, so 
that the initial leak check reading can be monitored and recorded. 

9) Standards, Reagents, and Consumable Materials 

9.1 Edwards 450g Charge Activated Alumina 
 Purchased from Scientific Instrument Services 

9.2 Vacuum Pump Oil #19 
 Purchased from VWR 

9.3 Hydrochloric Acid 

10) Preventive Maintenance 

10.1 Preventive maintenance is one of the best ways to keep the conditioning systems running 
optimally. Maintenance log entries must be made each time work is performed on a 
system no matter the extent. Types of maintenance activities include: changing pump 
oil, changing in-line foretrap activated alumina media, and replacing worn ferrules. 
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A hardcopy maintenance logbook must be kept and remain current. An entry shall be 
made in the log every time maintenance is performed (no matter the extent).  The log 
entry 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 QC may serve as proof that the maintenance is complete and 
the system 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.   

10.2 Vacuum System 

The mechanical vacuum pumps used in the canister cleaning system require periodic 
maintenance. The pump oil must be changed regularly, every three months or when the 
pump will no longer evacuate the system efficiently, whichever is more frequent. The 
pumps may also need to be returned to the manufacturer for rebuilding if they fail to 
perform to the necessary specifications. 

Preventive Maintenance Schedules are as follows: 

Rotary Vane Vacuum Pumps/Change Oil.............................3 MONTHS   
Foretraps/Change activated alumina media........................3 MONTHS 
 
Diaphragm Dry Pumps/Replace diaphragms........................1 YEAR or as needed 
Molecular Drag Pumps/Replace bearings............................As needed 

10.2.1 Procedure for Changing Pump Oil 

• Make sure there is a sufficient amount of fresh pump oil before the oil change 
begins.   

• Wear safety glasses and gloves when changing oil.  
• Set the control software to “EVAC ON” 
• Open one position on the manifold so that air is pulled through the pump. 
• Turn vacuum pump power switch to the off position and remove the power 

cord from the electrical outlet.  
• Vent the pump from above the foreline trap.   
• Detach the inlet and exhaust tubing from the pump.   
• Place pump on a sturdy level surface and remove both fill and drain plugs.  
• The pump oil is extremely hot and can cause severe burns. If possible, turn 

the pump off and let it sit for approximately 20 minutes to let the heat 
dissipate from the pump.   

• Drain the oil into an appropriate hazardous waste container.  Lift the motor 
end of the pump to get most of the used oil from the pump housing.   

• Check for oil leaks at the pump seals and gaskets (between the motor and 
the pump), also at the drain and fill plugs.  

• Install the drain plug and slowly refill with fresh vacuum pump oil.   
• The vacuum pumps use a sight glass to measure the amount of oil in the 

pump. Fill to the designated mark on the sight glass and install the fill plug.   
• Apply vacuum and exhaust tubing.  Plug in the power cord into the electrical 

outlet and turn on power switch.   
• The vacuum pump will take about an hour to prime to full vacuum. 
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10.2.2 Procedure for Changing Activated Alumina 

• Make sure there is a sufficient amount of fresh activated alumina before the 
change begins.   

• Wear gloves when handling the fore trap and the activated alumina.   
• Set the control software to “EVAC ON” 
• Open one position on the manifold so that air is pulled through the pump. 
• Turn vacuum pump power-switch to the off position and remove the power 

cord from the electrical outlet.  
• Vent the manifold from one of the canister positions with the evacuation valve 

open.   
• Detach the inlet and exhaust tubing from the pump.  
• Unscrew the cap from the fore trap and extract the activated alumina media 

holder. Unscrew the wing nut and remove the cover.   
• Dispose of the used activated alumina as hazardous waste and refill the 

holder with fresh media.   
• Install the cover and tighten the wing nut to the top of the holder.  Place the 

media holder back inside of the fore trap and tighten the cap to the fore trap.   
• Apply vacuum and exhaust tubing.  
• Plug in the power cord into the electrical outlet and turn on power switch.   
• The vacuum pump will take about an hour to prime to full vacuum. 

10.3 Dry Pump Diaphragm Replacement 

• Refer to the manufacturer’s user’s manual for detailed repair procedures. 
Replacement kits are available from VWR Inc. 

Models used: Vacuubrand MZ2, MZ2NT, and MD4 

10.4 Oil Contamination 

When canisters are cleaned on the conditioning manifolds, contaminates tend to remain 
in the pump oil and the activated alumina fore trap. This is normal and will not affect 
the normal workings of the pump and the conditioner. Occasionally, a canister will be 
conditioned that has high concentrations of a compound and will overwhelm the 
conditioning system. When this contamination occurs, the pump oil and the fore trap 
media must be changed. Additional conditioning cycles may be needed to purge the 
remaining contamination from the system. High contamination scenarios must be 
entered into the maintenance logbook. 

10.5 Gas Source with Hydrocarbon Trap and Humidifier 

• The step down pressure from the bulk nitrogen tank should be set to a minimum of 
15psig. 

• The water level in the humidifier should always be visible in the tubing and filled 
with ASTM Type II water of equivalent, such as boiled deionized water. When the 
water is low it shall be filled to the point where at least one inch of water is showing 
in the tubing. 

11) Procedure 

11.1 IMPORTANT:   

1. Canister Conditioning Technicians Canister barcodes are not to be hand entered into 
LIMS unless the barcode cannot be scanned, in which case a new barcode label must 
be generated. If this procedure is unavoidable the hand entered canister barcode 
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must be verified by a secondary reviewer. Additionally, complete comments must be 
entered for all changes and/or additions (after the fact) made in LIMS.      

2. Analysts and Canister Conditioning Technicians If during analysis or attempted 
analysis, a canister is identified as leaking refer to Section 11.8.3 for the specific 
requirements.   

11.2 Release of Canisters for Cleaning/Disposal 

Canisters are grouped by job number and are shelved accordingly.  Canisters ready for 
cleaning and disposal are released according to the SOP for Laboratory Storage, 
Analysis, and Tracking. Each canister in a group of canisters must include at least the 
concentrations of the primary or highest level compound(s) or a short description of the 
sample matrix if known. Samples which were not analyzed by a method that provides 
VOC matrix information and which are from suspected high-level sources should be 
segregated and processed separately. This may include individual QC for each canister. 

11.3 Pre-Purging 

All canisters containing samples with elevated contaminant levels, except canisters 
returned to the laboratory as unused, are evacuated and purged prior to cleaning. An 
exception may be made for canisters with very low analyte concentrations (<5000 ng/L). 
When pre-purging is performed, the operator selects a group of released canisters of 
similar analyte levels and places them on the pre-purge manifold. The pre-purge process 
may be performed manually or according to the following semi-automated procedure. 

• Use a 9/16" wrench to attach the canisters to the manifold 
• When the timer is off, the manifold is connected to the pump. Turn the manual three-

way valve to the ‘down’ position to open the manifold to the solenoid valve. 
• Turn on the pump and timer power strips. 
• Open the canister valves, and the canisters will begin to evacuate. 
• Set the current time on the timer to 1 AM (or whatever time has been programmed 

as the start time). Hold the CLOCK button down and use the HOUR and MIN buttons 
to set the time. 

• Use the MANUAL button to select AUTO OFF. This activates the timer. The canisters 
will evacuate and fill according to the program entered into the timer.  

• When the cycles have finished, close the canister valves. 
• Turn the manual three-way valve to the ‘closed’ position. 
• Turn off the pump and timer power strips. 
• Remove the canisters from the purge manifold and place them onto the cleaning 

manifold and follow the procedure detailed in 11.4 below.   

11.4 Bottle Vac Cleaning 

New Bottle Vacs are typically cleaned for a minimum of five cycles at no greater than 
75°C.  A minimum of one bottle per oven must be QC checked.  

11.4.1 The Micro-QT valves from Bottle Vac samples may be reused after special 
cleaning using the following procedure: 

• Remove the valve from the sample bottle under an exhaust hood. 

• Purge valve for several seconds by connecting to a clean gas source (air 
or nitrogen) at about 20 psig using a female Micro-QT adapter. 
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• Place valves in a one-liter glass headspace vessel with Micro-QT valve cap 
with o-ring seal (available from Entech Instruments). Up to 120 valves will 
fit into a vessel. 

• Connect vessel to an Entech 3100A canister cleaning oven by inverting 
and connecting to a port with a female Micro-QT adapter. 

• Run cleaning cycles overnight (typically at least 40 cycles): evacuate to 
less than 300 mtorr/pressurize to 15 psia (0 psig), oven ≤ 75°C. 

• Attach cleaned valves to a new passivated bottle (available from Entech 
Instruments) and then clean for a minimum of 5 cycles. A minimum of 
one bottle per oven must be QC checked. 

11.5 Canister Cleaning 

11.5.1 Cleaning Cycles 

The oven temperature of the Entech 3100A systems should be set no higher 
than 100C. This is sufficient to remove contaminants from all but the highest-
level samples and will prevent damage to the canister valves. 

The number of cleaning cycles needed to sufficiently clean a canister is 
dependent on the concentration of the sample previously in the canister. The 
exact number of cleaning cycles is not significant as a canister is only accepted 
as clean upon passing the QC check criteria outlined in section 12.2. 

Canisters are typically cleaned for twenty cycles as this is the number of cycles 
that can be performed during the overnight cleaning session. Shorter cleaning 
cycles are sufficient for low level canisters as these canisters do not require 
extensive cleaning in order to meet the QC check criteria. The following are 
examples of canisters where a minimum of five cleaning cycles may be sufficient: 

• Canisters used for ambient air sampling   
• Canisters that have been cleaned for sixteen cycles but still contain low 

levels of compounds 
• Standard canisters 
• Canisters returned by clients as unused 

Cleaning cycles may also be cut short as long as the QC check criteria are met.  
Forty or more cycles are used for weekend canister conditioning to minimize the 
time canisters sit evacuated on the conditioner following the procedure.         

If a QC canister fails to meet the QC requirements stated in Section 12.2 the 
operator and/or supervisor should determine if the problem is due to a high level 
canister in the set and decide whether to remove that canister (or canisters) 
before proceeding. If that canister is removed from the batch then the canister 
with the next highest levels must be analyzed as the batch QC. If the second can 
passes QC criteria the batch may be passed. Otherwise the entire batch must be 
cleaned again. Following the second reconditioning process, the canister that 
initially failed the QC must be analyzed unless that canister was removed from 
the set in which case the second highest canister must be analyzed. If the batch 
fails a second time, then either a third set of cleaning cycles may be performed 
or the entire batch taken off the conditioner and tagged for maintenance and 
manually cleaned. See Attachment 3 for a QC canister flow-chart and Section 12.2 
for QC canister acceptance criteria and corrective action details. 
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11.5.2 Evacuation and Fill Setpoints 

Typical cycle setpoints are 20-30 minutes for evacuation time and 10 minutes 
for fill time. The evacuation and fill times combined with the number of cycles 
necessary to sufficiently clean a canister are dependent on the sample previously 
in the canister. The evacuation and fill times may vary as long as the batch passes 
the QC check criteria in Section 12.2. The Entech 3100A systems use pressure 
setpoints as well as times. The canisters are filled to 10 to 15 psia (-5 to 0 psig) 
and typically evacuated to 1 psia using the rough pump and then below 500 
mTorr with the molecular drag pump. Weekend setpoints will typically be longer 
as to minimize the time canisters sit evacuated on the conditioner following the 
procedure. Shorter setpoints may be used for the following: 

• Canisters used for ambient air sampling 
• Canisters that have been cleaned for sixteen cycles but still contain low 

levels of compounds 
• Standard canisters 
• Canisters returned by clients as unused 
• Cleaning of new Bottle Vacs 

11.5.3 Quality Control Canister Selection and Analyses 

The following are strict guidelines that must be followed in order to ensure 
cleaning approval and that all documentation is complete and accurate.   

• All canisters used for standards must be cleaned separately and the highest 
concentration standard selected as the QC canister. 

• The canister or canisters, depending on the number of canisters within the 
batch (minimum of one per batch of 16 or fewer; two per batch of 20), 
selected for QC, must contain the highest level of contaminants as indicated 
on the back of the sample identification tag. When analyte concentrations in 
different canisters are within approximately 10%, the canister containing the 
analyte with the highest boiling point should be chosen as the QC canister. 
See Attachment 2 for TO-15 compounds listed in order by boiling point. If 
compound concentrations in different canisters are greater than 
approximately 10%, then the canister with the highest individual analyte 
concentration should be selected as the QC canister.    

• Based on the analysis to be requested by the client, as may be indicated on 
the media request, the batch may be analyzed specifically for TO-15, sulfur 
compounds, methane (% level), or other analytes or methods not covered by 
TO-15.  However, if the canisters are to be used for TO-15 analyses, they 
must be checked using this method and the acceptance criteria listed in 
Section 12.2 (as specified for the specific canister request, LIMS “Approved 
Container Orders”). 

• If the TO-15 analysis covers another method compound list, the QC canister 
may be analyzed by TO-15 for those compounds.   

• A notation of the method and analytes or specific reference to the compound 
list that the batch is approved for must be noted in the log (TO-15 is the 
default method; therefore, any method utilized other than TO-15 must be 
specified). 

• Make a notation in LIMS (Section 11.5.4) as to the canister or canisters 
selected as a QC canister.   
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• Make a notation on the sample identification tag that that canister was 
selected as the QC can, the manifold number and LIMS batch number.   

• An electronic copy (pdf) of the quantitation report and chromatogram along 
with the acceptability of the batch (example, 75 + TICS states that the 
canister batch passed for the TO-15 75 compound list as well as tentatively 
identified compounds) must be kept by the laboratory and be available for 
review. IMPORTANT - A failing or passing result is to be entered into batch 
comments with the instrument ID, acquisition date and data file name as 
well.  

Note: Refer to Section 12.2 for alternative uses for canisters that pass for specific 
compound lists.   

11.5.4 LIMS 

Once canisters are ready to be cleaned, they shall be placed on a conditioning 
manifold and the following steps taken to set-up and complete the cleaning 
procedure with respect to the Laboratory Information Management System (LIMS).   

1) When LIMS is launched click the Build/Update Batch button.Click the Create 
button 

2) Select the conditioning manifold 
3) Type in the number of cycles 
4) Scan in the canister barcodes 
5) Click the Save button 
6) Click the Finish button 
7) When QC results are ready, click the Open Existing button 
8) Enter QC instrument ID and filename in the comments field. 
9) Select the pass or fail criteria 
10) Click the Save button   

11.5.5 Manifold Cleaning 

Each canister batch must be entered into LIMS.  This may be done upon completion 
of the cleaning cycles since the actual number of cycles may vary depending on 
when the system is stopped. 

Perform the following procedure to clean canisters using manifolds 3 and 5: 

• Remove canisters from the pre-purge manifold and secure on the cleaning 
manifold with a 9/16" wrench.   

• Tighten the brass swagelok nuts ¼ turn past finger tight 
• Cap any unused manifold positions.   
• Perform a leak check prior to proceeding by: 

• Make sure the canister valves are closed; evacuate the manifold by 
using the manual control buttons on the main software window.   

• Activate the evacuation solenoid valve by clicking the "Evacuate" button, 
which will remain on until the "Evacuate Off" button is clicked.   

• With this valve on, the gauge reading should rapidly decrease to less 
than 100 millitorr within a few minutes. If the vacuum does not drop 
there is either a leak somewhere in the system, or there is a problem 
with the vacuum pump. As long as the vacuum gets below 400 millitor 
cleaning cycles may be initiated. 
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• The problem must be isolated and fixed before proceeding. If there is 
a leak found refer to Section 11.8 for the appropriate maintenance 
activity. 

• If it is necessary to remove a canister (or cap) from the manifold, turn 
off the evacuation valve first.   

• If the leak check is successful, power on the canister heaters and open 
the canister valves.   

• Start the automated sequence at this point. 
• Enter the parameters to be used for the automated sequence. 
• Start the program by using the shortcut on the Windows 95 desktop or by 

locating and running the "clean.exe" file on the local hard drive. This should 
be located in the c:\vivid subdirectory. The setpoint window is accessed by 
clicking the "Show Dialog Window" button in the lower left corner of the main 
window.   
• Step 1 is the vacuum reading down to which the manifold pumps before 

going on to step 2. This should be set to less than 100 millitorr (as long 
as the requirements of this document are met the vacuum may be less).   

• Step 2 is the time (using a 24 hour clock) that the program will wait 
before starting the cleaning cycles. This is used when a humidification 
step is necessary.  Make sure the PC clock time is set accurately.   

• Step 3 includes the number of fill/evacuate cycles to be performed. It 
also includes the times (in minutes) for each fill and evacuation period. 
Refer to Section 11.5.2 for this information.   

• Step 4 is the final evacuation vacuum reading to be achieved, typically 
<100 millitorr.  These setpoints are based on past experience, but other 
combinations may also be used if they can be demonstrated to achieve 
the QC criteria used to evaluate the canisters after cleaning. 

• Start the sequence by clicking the "start/stop" button on the main window.   
• After the cycles are completed and the canisters have been evacuated down 

to less than 100 millitorr, close the canister valves. 
• Stop the sequence by clicking the "start/stop" button again. 
• Follow the QC canister and leak check procedures detailed in Section 12.2 

and 12.3 of this document.   

Perform the following procedure to clean canisters using the Entech 3100A 
systems: 

• Attach each canister using a brass nut with a graphite/vespel ferrule. 
Tighten no more than ¼ turn past finger tight. Do Not Overtighten! Make 
sure the canister valves are closed tightly. 

• Using the software interface, evacuate the manifold manually by first 
clicking the Rough Pump button. If the pressure will not go below 1 psia 
check for leaks and then retry. If the pressure drops below 1 psia click the 
H.V. Pump button. The vacuum should drop below 2000 mtorr within 
about ten seconds and continue dropping to below 100 mtorr; if not, check 
for leaks and retry. As long as the vacuum gets below 400 millitor cleaning 
cycles may be initiated. 

• Click the All Off button to isolate the manifold from the pumps. 
• Load the desired cleaning method or edit the currently loaded method. 
• Open the canister valves and turn on the oven. 
• Click the Go button to start the cycles.  
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• When cycles are finished, turn the oven off and open the oven doors. Wait 
for the canisters to cool. 

• Close the canister valves. 
• Click the Stop button to terminate the method and isolate the manifold 

from the pumps. 
• See section 11.6 for instructions to initiate the leak check procedure. 

11.5.6 Manual Cleaning of Contaminated Canisters 

If a canister is deemed too highly contaminated to be cleaned on a conditioner, 
or if it will not meet the QC cleaning criteria by the standard procedure, it may 
be necessary to manually rinse the can with acidified water. The analyst will make 
this determination from the analytical data obtained for a canister. The manual 
rinse is followed by a drying step, before once again placing it on the cleaning 
manifold. This method will help remove semi-volatile compounds and 
particulates that may have entered the canister during sampling, as well as to 
dissolved salts which could have been deposited from condensed vapors. It may 
also help remove surface “lacquer” formed when the canisters are heated and 
contain condensed vapors.   

1. Prepare a slightly acidic aqueous solution by diluting 3 or 4 drops of 
concentration hydrochloric acid (HCl) in a liter of distilled water. The pH will 
be approximately 3. 

2. Using the appropriate pre-purge manifold, evacuate the canister to be 
cleaned (25”Hg is sufficient). 

3. Attach a length of ¼” PFA Teflon tubing to the first canister using a brass nut 
and ferrule. It may be a removable type ferrule, such as Teflon or M-4. 

4. The amount of acidified water used should be about 10% of the canister 
volume, i.e., 600mL for a 6L canister. 

5. Place the free end of the tubing into the water, then open the can valve until 
the desired volume has be drawn into the can. Close the valve and leave under 
partial vacuum.   

6. Remove the tubing and shake the can for at least one minute, making sure 
the entire inner surface come in contact with the liquid.   

7. Place the canister in an oven set to approximately 80°C overnight (or at least 
12 hours).   

8. Remove the can from the oven and pressurize to about 20psig with zero air, 
nitrogen or helium. 

9. Hold the canister upside down over the sink and open the valve, allowing the 
pressure to blow out the liquid. 

10. If liquid is discolored or there were a lot of particulates, repeat steps 4 
through 6 using non-acidified distilled water. 

11. Repeat step 8 and 9 until no more water comes out of the canister 
12. Evacuate the can on the pre-purge manifold, leaving it under vacuum for at 

least 30 minutes. 
13. Purge the canister two more times, which should remove enough residual 

liquid to allow the canister to be placed on the cleaning manifold.   
14. Put the canister through the normal cleaning cycles. QC each canister that 

was manually cleaned. 

11.6 Leak Check  

The leak check is an individual canister certification. The two procedures listed in this 
section must be completed following the cleaning procedure detailed in Section 11.5. 
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• All canisters should be at full vacuum (less than 300 mtorr) before removing from 
the manifold except for laboratory standard canisters which should be left under 
positive pressure. 

• A batch QC canister may be removed prior to evacuating the remaining canisters if 
it is in a position with its own isolation valve. Close all the other valves first and 
then evacuate the QC canister.  

• Using LIMS, finish each respective cleaning batch by noting the date, time, and initial 
pressure of all canisters under the “Initial Vacuum” tab of “Build/Update Batch”. 
Note: all non-QC canisters should have an initial pressure of -14.3 psig. 

• Disconnect all of the canisters from manifold.   
• Pressurize the QC canister(s) with humidified zero grade air (>20% RH) using the 

pressure/vacuum gauge to achieve the appropriate pressure (15psig).   
• Alternatively, these canisters may be pressurized utilizing a canister zero grade air 

fill station with humidifier.   
• Submit the QC canister(s) for analysis. 

Note 1: If a stable reading is not achievable, then each canister pressure must be 
evaluated individually and the reading recorded accordingly.   

• Allow each canister to sit for a minimum of 24 hours (Refer to Note 2 below). 
• Measure the final pressure (using a calibrated digital pressure/vacuum gauge) and 

record the reading (under the “Final Vacuum” tab of “Build/Update Batch” in LIMS) 
as well as the time of the measurement.   

• Acceptance criteria – a pressure change of <1.0psig (2 “Hg).   
• If any canister is deemed to be leaking per this procedure then follow the steps in 

Section 12.3.   

Note 2: All canisters including the QC canisters must be leak checked. If the leak check 
procedure is either not performed or cut short on any canister, it must done 
with the prior approval of the appropriate Project Manager. The person 
authorizing this departure from stated procedures as well as the specific reason 
for the departure must be noted in LIMS.   

11.7 Batch Approval 

Refer to Section 12.2 for information on batch approval requirements and approval with 
conditions.   

Once the QC results have been submitted by the analyst, access the “QC Results” tab 
under “Build/Update Batch” in LIMS.   

1)  Select Batch 
2)  Select User 
3)  QC results button 

a)  Select the appropriate passed for components 
b)  Add any necessary comments 
c)  Select the applicable update (batch or individual canisters) 
d)  Select the canister IDs, where appropriate 
e)  Select the analytes, where appropriate 
f)  Next 

4)  Add QC results, where appropriate 
5)  Update QC results 

11.8 Troubleshooting 

11.8.1 Leaking Conditioning Manifold 

U
N

C
O

N
TR

O
LL

E
D

 C
O

P
Y



 

STANDARD OPERATING PROCEDURE 
Canister Cleaning & Certification 
SMO-Can_Cert, Rev. 20.0 

ALS | Environmental – Simi Valley Effective 1/11/2021 

 Page 17 of 29 
 

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  

• By far the most common cause for the manifold to fail to fully evacuate is a 
faulty canister valve. If a leak develops in the canister cleaning manifold, and 
it is not due to a leaking canister, then the manifold must be systematically 
checked until the leak is found. The most obvious symptom of leaking 
manifold is when the system will not pump down to its normal ultimate 
vacuum and the pirani gauge reading rises quickly after the pump isolation 
valve is closed. With a full set of canisters attached (or unused positions 
capped), close all the canister valves tightly.  Open the pump isolation valve 
(Evac. on). The gauge should read <100mtorr.  If it does not, close the 
manifold valves (or cap the 3100A positions) one at a time while watching 
the gauge display. If the reading drops quickly after one valve is closed, the 
leak is at that position; proceed to the next step.                           

• Recheck the canister valve to be sure it is tightly closed. If the vacuum still 
does not go down to <100mtorr when that manifold valve is opened, the 
most common problem is a bad canister valve. 

• Remove the canister from the leaking position and cap the end with a brass 
cap. Reopen the manifold valve and watch the gauge display. If it drops to 
<100mtorr, the problem was the canister valve. If it still does not drop, 
proceed to the next step. 

• Close the manifold valve and replace the ferrule at the end of the flex hose.  
Recap the end and then open the valve. If this does not solve the problem, 
close the valve, remove the flex hose, and plug the valve fitting with a brass 
plug. 

• Reopen the valve. If the vacuum still does not drop, replace the valve.  
Otherwise replace the flex hose and brass nut. 

• For the Entech 3100A systems it is important to replace the graphite/vespel 
ferrules used to secure the cans to the manifold if they have been 
overtightened and become cracked. It may be necessary to replace the 3/8” 
graphite ferrules on the manifold pieces if a leak is isolated to the manifold 
itself. 

If the system will not pump down even with all of the manifold valves closed, the 
leak must be in the manifold itself or the problem may be a faulty pressure 
isolation valve. This is an extremely rare situation. Diagnose the problem using 
the following steps: 

• Disconnect the gas inlet tubing from the manifold. This will eliminate the 
solenoid valve from the system. Open the pump isolation valve and check 
the vacuum gauge. If it pumps down to <100mtorr, replace the pressure 
isolation valve. 

• If the manifold still does not pump down, carefully tighten each fitting on 
the manifold using the appropriate wrenches. If this does not solve the leak, 
it may be necessary to reconnect the gas source and replace the nitrogen 
gas with helium. Pressurize the manifold with helium and use an electronic 
leak detector to check each fitting. Replace any leaking pieces with new 
tubing and ferrules. 

• For the Entech 3100A systems it may be necessary to replace the 3/8” 
graphite ferrules on the manifold pieces if a leak is isolated to the manifold 
itself. Be very careful not to overtighten these fittings. 

11.8.2 Contaminated Conditioning Manifold 
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• Clean the manifold by closing all of the manifold valves and clicking the “fill 
on” button on the screen. This will pressurize the system with UHP Nitrogen 
gas and can purge the stainless steel lines of the contaminant.  

• Next use a heat source, i.e. heat gun, and start heating the fittings and the 
tubing at position one (1).  

• Open the manifold valve at position one (1).  
• Leave open for about one (1) minute and keep heating the tubing and the 

fittings surrounding the valve. This process will purge the contaminants 
from that valve’s outlet and the heat will help volatilize the compounds from 
the inner surface of the stainless steel tubing.   

• Close valve and move to the next valve.  
• Continue this process for valves two (2) through remaining valves on the 

manifold in question. 
• Refer to Section 11.3 for the pre-purging and canister cleaning procedure.   

11.8.3 “Leaking” Canisters (Identified by Analysts or Other Such Sources) 

This section is for those canisters that are suspected of leaking as identified by 
analysts using the AUTOCAN, during pressurization, or by other means and other 
individuals. This section is NOT for those canisters identified by the Canister 
Conditioning Department during the leak check or identified as leaking on the 
conditioner as those are required to go straight on Maintenance Hold.   

Identified canisters are to be handled according to the following instructions and 
number 1 is to be completed first. This is regardless of the PM’s or client’s 
instructions to proceed.  

1) Obtain a leaking canister or maintenance (yellow) tag, place it on the canister 
and label as leaking, add initials and date. 

2) Also, make a note on the tag whether or not the analysis proceeded (e.g. 
“Analyzed” or “Canceled”) 

3) If canceled, then the Canister group can proceed and place the can on 
Maintenance Hold to perform a formal leak check or clean and perform the 
required 24hr leak check. 

4) If analyzed, then the canister should be placed with the other canisters in the 
job and when cleaning is to take place then put the canister in question on 
Maintenance Hold. 

IMPORTANT: All canisters that are suspected of leaking MUST have a yellow tag 
stating such and NO canister that is deemed to be leaking is to go without the 
full 24hr leak check. 

12) Quality Control Requirements and Corrective Action 

12.1  All corrective action plans must be developed in accordance with the SOP for 
Nonconformance and Corrective Action.  

12.2 QC Canister Criteria 

Once the cans have gone through the cleaning process, it is necessary to verify that all 
previous contaminants have been removed. This is accomplished by selecting a 
minimum of one canister per manifold/batch (10 or 16 or fewer) and two for a 20 
canister batch (or fewer) to be analyzed for VOCs by GC/MS. However, all canisters that 
are to be analyzed for TO-15 (SIM mode) are individually analyzed/QC checked for the 
Client’s specific compound list.   
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In order for a canister to be considered acceptable no analyte concentration may be at 
or exceed the canister cleaning requirement of 0.2ppbv.  If the required reporting limit 
is lower than 0.2ppbV refer to the note below.   

 
Analyte Exceptions 

Acetone <1.26ppbv 

Vinyl acetate <0.85ppbv 

Ethanol <1.59ppbv 

IPA <0.31ppbv 

2-Butanone <1.0ppbv 

Carbon Disulfide <0.96ppbv 

Acrolein <0.65ppbv 
 

• There must be no compound detected as a tentatively identified compound above 
the level specified in the associated TO-15 method SOP. 

• If the canister has target contaminants above 0.2 ppbv or the MRL (if lower than the 
canister cleaning requirement), the entire batch is rejected and the cleaning process 
repeated.   

• All canisters selected as QC canisters (all canisters for TO-15 SIM) for a cleaning 
batch must meet the requirements detailed above in order for the batch to be 
certified as “clean”.   

IMPORTANT NOTE: Method Reporting Limit – A client may request a certain method 
reporting limit for TO-15 that is lower than the 0.2ppbV canister cleaning requirement.  
In this case, it must be conveyed to the analyst. All TO-15 SIM reporting limits are lower 
than this canister cleaning requirement; therefore, they are all individually analyzed and 
approved.   

DoD QSM Requirement Each canister must be individually certified.  A canister is 
considered clean if no reported analytes are detected at >1/2 the LOQ.   

Passed with Conditions 

Depending on what the QC canister fails for, the laboratory may be able to use it or the 
batch for other media requests. For example, if the canister (SIM) or batch (SCAN) passes 
for BTEX only it may be entered into LIMS as “passed with conditions” and labeled 
accordingly. In this case, the canisters may be used to fulfill a media request for canisters 
for the BTEX compound target analyte list.   

• A notation must always be made in LIMS if the QC canister(s) passed or failed.   

12.2.1 Corrective Action for Failed QC Canister 

If one QC canister has failed to meet the QC requirement stated above, or the 
batch may not be used for another analytical method, follow the procedure 
described in Section 11.5.1 and the corrective action guideline detailed in the 
flow chart in Attachment 3. The operator and/or supervisor should determine if 
the problem is due to a high level canister in the set and decide whether to 
remove that canister (or canisters) before proceeding. If the second QC can 
passes the batch may be passed otherwise a second cleaning run should be 
performed which will usually clean the batch sufficiently.  However, following the 
reconditioning process the canister that initially failed the QC must be analyzed 
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(if it has not been removed from the set, in which case the second highest must 
be evaluated). If the batch fails again, then either all of the canisters are taken 
off of the conditioner and put in a “Maintenance Hold” position, where they are 
tagged as needing to be manually cleaned or a third set of cleaning cycles is 
performed. Otherwise, if the canisters pass the QC check, the batch is released 
for use. 

If it is suspected or determined that the conditioning manifold is contaminated 
follow the cleaning procedure detailed in Section 11.8.2 and the corrective action 
in Section 12.4. 

Note 1: The requirements listed above are the minimum actions that must be 
taken.  There must be sufficient evidence (number of QC canisters analyzed 
within a single batch) to ensure that the entire batch of canisters meets the 
analyte concentration requirement of this document.   

Note 2:   No batch (SCAN) or canister (SIM) may be released unless all QC 
canisters have passed the analyte concentration requirements or it is safely 
selected for use for another method and analyte list.   

12.3 Leak Check Criteria  

There is no defined requirement for the initial reading; however, the initial reading for 
the vacuum should not be less than –28.0”Hg (i.e., 27.9, 27.8, etc.). The change in the 
initial and final readings must be <2.0”Hg in 24 hours. 

12.3.1 Corrective Action for Failed Leak Check  

Once a canister has failed the leak check, it must be placed on maintenance hold 
until repaired. All canister maintenance must follow the procedure detailed in 
Section 13.2.2.   

The most common cause is a leaking valve seat, which may be caused by 
repeated over-tightening or debris falling into the valve and preventing it from 
closing. Another possibility is that the valve is not sufficiently tightened onto the 
canister. It may be necessary to find the exact position of the leak by utilizing 
one or more of the following procedures:   

• It possible to find leaks by pressurizing the canister to 20 psig and 
submerging it in water and looking for a stream of air bubbles.   

• A leaking canister may also be detected by pressurizing the canister to 
20psig with UHP Helium gas and using a Helium gas leak detector to “sniff” 
out a leak. The operator will use the detector probe around the valve head, 
valve seat, valve body, valve stem and the fastener nut fitting of the canister 
to allow the detector to find the leak.   

12.3.2 Corrective Action for Leaking Valve  

If it is determined that a canister valve is leaking and needs to be replaced, a 
Entech TO-V or Nupro "H" Series stainless steel bellows seated valve should be 
used. The valve body has 1/4" male Swagelok end fittings and the only tools 
needed for changing a valve are a 13/16" and a 9/16" wrench.  

12.3.3 Corrective Action for Leaking Valve Stem  

If the leak is found at the valve stem, it may be replaced.   

• Remove the valve body with a 9/16” wrench. 
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• Remove the valve stem with 11/16” wrench from the canister inlet nut. 
• Use jewelers pick to remove any residual Teflon tape from the threads of the 

inlet nut. 
• Wrap the new valve stem with Teflon tape, about 4 turns. 
• Install the valve stem to the canister inlet nut and tighten with an 11/16” 

wrench. 
• If the leak is from the center seam weld, the canister must be sent out for 

repair and the supervisor notified. 

12.3.4 Corrective Action for Leaking Canister   

If a leaking valve is identified, it should be replaced with an identical or equivalent 
valve. The canister is tagged as such with a yellow tag and repairs are specified 
on the tag. The laboratory supervisor should be contacted regarding this type of 
repair. After replacing the valve, the canister shall be put in “to be cleaned” mode 
in the tracking database. It must be part of a cleaning set and pass batch QC 
before being put back in service. 

12.4 Corrective Action for Contaminated Manifold 

If it is determined that a manifold is contaminated, changing the pump oil and foreline 
trap adsorbent will usually solve the problem. After maintenance is performed on the 
system (Section 11.8.2), the canister or set of canisters which caused the contamination 
should be removed and cleaned by the procedure described in Section 11.5.1. A 
minimum of two canisters shall be QC checked and meet the criteria in Section 12.2 
before that set may be certified and further batches cleaned on that manifold. 

12.5 Corrective Action for Leaking Manifold  

If there is a leaking manifold, it must be repaired and any canister affected shall be 
reconditioned and a QC check performed. A leak check shall be performed (Section 11.8.1) 
following any maintenance to determine if the maintenance was successful.   

Replacement fittings and tubing may be obtained in house. However, if parts must be 
ordered for the manifold, the unit will be in a “Lock Out” or unusable mode and a notation 
of the “Lock Out” status entered into the maintenance log. 

13) Documentation and Records 

13.1 Logbooks and Analytical Records All logbooks and records (electronic or hardcopy) must 
be completed in accordance with the requirements specified in this document and the 
SOP for Making Entries onto Analytical Records.   

13.2 Documentation 

13.2.1 Canister Conditioning  

Information regarding each cleaning batch is maintained in LIMS. A notation is 
entered into LIMS for each cleaning batch regarding its QC status (Pass, Fail, etc.). 

13.2.2 Canister Maintenance 

Until the LIMS container tracking module has a functioning canister history 
component, colored tags must be utilized to track canister maintenance. A yellow 
tag must be used for canisters requiring any kind of repair, such as a leaking 
valve or fitting. The type of problem should be noted along with the date taken 
out of service. A red tag must be used for contaminated canisters that have failed 
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batch or individual QC and need further cleaning and individual QC before they 
can be put back in service.   

13.2.3 Manifold Maintenance 

Manifold maintenance is documented in hardcopy logbooks. Information must 
be entered for scheduled and non-scheduled projects. 

14) Method Performance 

14.1 Not applicable 

15) Pollution Prevention and Waste Management 

15.1 Activated Alumina and pump oil is considered hazardous waste and must be disposed 
of in accordance with the Simi Valley Lab Waste Management Plan. Air purged from 
canisters via the vacuum pumps is discharged to an outside hood. 

16) Contingencies for Handling Out-of-Control or Unacceptable Data 

16.1 In the case of unacceptable data being produced on a batch or specific canister, it shall 
be re-cleaned or put on maintenance hold for repair with the appropriate tag affixed. In 
certain cases a canister may become reclassified for use (ex. ambient to source). 

16.2 Analysts must notify the canister cleaning department if canisters have concentrations 
in excess of 1 million ng/L. These canisters must be individually QC’d and assessed as 
to whether they can continue to be used for TO-15 Analysis. If not they will be relabeled 
for GC only use.   

17) Training 

17.1 Training shall be conducted in accordance with the SOP for Training Policy. The training 
plan, which includes all of the responsibilities and requirements included in this SOP, 
must be completed for each trainee. In addition, an initial demonstration of proficiency 
(IDP) shall be performed prior to independent performance of the procedures detailed 
in this document. The IDP must consist of two successful QC canisters, from two 
separate batches utilizing the acceptance criteria specified in this document. 

18) Summary of Changes 
 

Table 18.1 Summary of Revision Changes 
Revision 
Number 

Effective 
Date 

Document 
Editor 

Description of Changes 

20.0 12/28/20 N. Nash Approval page – updated 
   8.3.1 – Updated canister manifold table 

   11.4 –  Reduced temperature from 80° to 75°C 
   11.4.1- Reduced temperature from 80° to 75°C  
   11.5.2 - Updated to 20 to 30 min evacuation time 
   11.6 – Updated 100 mtorr to 300 mtorr 
   12.3 – Added “in 24 hours” to last sentence. 
   Attachment 2 - updated 

19) References and Related Documents 
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19.1 SOP for Determination of Volatile Organic Compounds in Air Samples Collected in 
Specially Prepared Canisters and Gas Collection Bags by Gas Chromatography/Mass 
Spectrometry (GC/MS), SOP ID: VOA-TO15 

20) Attachments 

Attachment 1: Training Plan 

Attachment 2:  TO-15 Compounds Ordered by Boiling Point 

Attachment 3: QC Canister Corrective Action Flow Chart  
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Training Plan for Cleaning and Certification of Summa and Other Specially Prepared Canisters 

Trainee __________________________  Trainer ________________________  Date   

1. Read SOP   Trainer ____ Trainee ____ Date   

2. Demonstrated understanding of the scientific basis of the Trainer ____ Trainee ____ Date   
 Conditioning and Certification of Canisters  

3. Demonstrated familiarity with related SOPs  Trainer ____ Trainee ____ Date   

SOP for Making Entries onto Analytical Records  
SOP for Laboratory Storage, Analysis, and Tracking 
SOP for Nonconformance and Corrective Action 

4. Observe performance of SOP Trainer ____ Trainee ____ Date   
___Canister selection 
___Pre-purging of highly concentrated samples 
___Conditioning batches and placement of canisters 
___LIMS batch setup 
___Using conditioning manifold and conditioning program 
___QC canister selection and documentation 
___Batch certification 
___Leak check procedure and documentation 
___LIMS approval and labeling 
___Logbook documentation 
___Racking canisters back into available inventory 

5. Perform SOP with supervision Trainer ____ Trainee ____ Date   
___Canister selection 
___Pre-purging of highly concentrated samples 
___Conditioning batches and placement of canisters 
___LIMS batch setup 
___Using conditioning manifold and conditioning program 
___QC canister selection and documentation 
___Batch certification 
___Leak check procedure and documentation 
___LIMS approval and labeling 
___Logbook documentation 
___Racking canisters back into available inventory 

6. Independent performance of the SOP Trainer ____ Trainee ____ Date   
___Canister selection 
___Pre-purging of highly concentrated samples 
___Conditioning batches and placement of canisters 
___LIMS batch setup 
___Using conditioning manifold and conditioning program 
___QC canister selection and documentation 
___Batch certification 
___Leak check procedure and documentation 
___LIMS approval and labeling 
___Logbook documentation 
___Racking canisters back into available inventory 

7. Instrument operation and maintenance Trainer ____ Trainee ____ Date   
___Manual canister cleaning 
___Canister maintenance and logbook entries 
___Vacuum pump and manifold maintenance and logbook entries 

8. Troubleshooting Trainer ____ Trainee ____ Date   
___Finding leaks in manifold system 
___Detecting leaks in canisters 
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Attachment 2 
 

TO-15 Compounds Ordered by Boiling Point 
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Selection of QC Canister 

 
1.  Analyte concentrations in different canisters within approximately 10%, select canister 

containing the analyte with the highest boiling point as the QC canister. 
2. Analyte concentrations in different canisters greater than approximately 10%, select canister 

with the highest individual analyte concentrations as the QC canister.   
 

 
 

 
  

 

TO-15 Compounds Ordered by Boiling Point 
1 Propene 33 Ethyl tert-Butyl Ether 65 Styrene 

2 Dichlorodifluoromethane (CFC 12) 34 1,2-Dichloroethane 66 o-Xylene 

3 Chloromethane 35 1,1,1-Trichloroethane 67 n-Nonane 

4 
1,2-Dichloro-1,1,2,2-
tetrafluoroethane (Freon 114) 36 (REMOVED) 68 1,1,2,2-Tetrachloroethane 

5 Vinyl Chloride 36 (REMOVED) 69 Cumene  

6 1,3-Butadiene 38 Benzene 70 alpha-Pinene 

7 Bromomethane 39 Carbon Tetrachloride 71 n-Propylbenzene 

8 Chloroethane 40 Cyclohexane 72 (REMOVED) 

9 Ethanol 41 tert-Amyl Methyl Ether 73 4-Ethyltoluene 

10 Acetonitrile 42 1,2-Dichloropropane 74 1,3,5-Trimethylbenzene 

11 Acrolein 43 Bromodichloromethane 75 (REMOVED) 

12 Acetone 44 Trichloroethene 76 (REMOVED) 

13 Trichlorofluoromethane 45 1,4-Dioxane 77 1,2,4-Trimethylbenzene 

14 Isopropyl Alcohol 46 Isooctane 78 tert-Butylbenzene 

15 Acrylonitrile 47 Methyl Methacrylate 79 (REMOVED) 

16 1,1-Dichloroethene 48 n-Heptane 80 Benzyl Chloride 

17 tert-Butanol 49 cis-1,3-Dichloropropene 81 1,3-Dichlorobenzene 

18 Methylene Chloride 50 4-Methyl-2-Pentanone 82 1,4-Dichlorobenzene 

19 Allyl Chloride 51 trans-1,3-Dichloropropene 83 sec-Butylbenzene 

20 Trichlorotrifluoroethane 52 1,1,2-Trichloroethane 84 p-Isopropyltoluene 

21 Carbon Disulfide 53 Toluene 85 (REMOVED) 

22 trans-1,2-Dichloroethene 54 2-Hexanone 86 1,2-Dichlorobenzene 

23 1,1-Dichloroethane 55 Dibromochloromethane 87 d-Limonene 

24 Methyl tert-Butyl Ether 56 1,2-Dibromoethane 88 n-Butylbenzene 

25 Vinyl Acetate 57 Butyl Acetate 89 
1,2-Dibromo-3-
Chloropropane 

26 2-Butanone (MEK) 58 n-Octane 90 (REMOVED) 

27 cis-1,2-Dichloroethene 59 Tetrachloroethene 91 1,2,4-Trichlorobenzene 

28 Diisopropyl Ether 60 Chlorobenzene 92 Naphthalene 

29 Ethyl Acetate 61 Ethylbenzene 93 (REMOVED) 

30 n-Hexane 62 m- & p-Xylene 94 Hexachlorobutadiene 

31 Chloroform 63 Bromoform   

32 Tetrahydrofuran 64 Cyclohexanone    
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Attachment 3 
 

QC Canister Corrective Action Flow Chart 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: This flow chart is designed for SCAN analyses, for SIM the number of QC canisters must include 
all of the canisters designated for SIM reporting. The 24 hour leak check is not included in this chart; 
however, the batch is to be released after all of the canisters have passed this check. Any canister failing 
the leak check is to be placed on maintenance hold. 
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Conditioning Process 
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1) Scope and Applicability 

1.1 This document describes the procedure for performing pressure/vacuum evaluations 
and the pressurization of canisters and glass sampling bottles (Bottle Vacs) upon 
laboratory receipt. The procedure detailed herein is necessary to ensure consistency with 
respect to documentation, method, gas, and gauge type and use. This SOP is applicable 
to all samples submitted in specially prepared canisters and must be followed for each 
pressurization process performed. 

2) Summary of Procedure 

2.1 The initial (upon receipt) pressure/vacuum reading is taken using a calibrated digital 
pressure/vacuum gauge. The canister is usually pressurized to approximately 3.5psig 
(may be dependent on the altitude sampled) and the final pressure recorded. The gas 
(either humidified zero grade air, nitrogen or helium) utilized in this process is 
dependent on the analyses requested; therefore, the analyst must ensure that the 
selection of the pressurizing gas is chosen in accordance with the guidelines of this 
document.   

3) Definitions 

3.1 Summa Canister A stainless steel air sampling canister whose inner surface has been 
electropolished by the proprietary "Summa" process to provide chemical inertness.  

3.2 SiloniteTM Canister A stainless steel air sampling canister whose inner surface has been 
polished and coated with SiloniteTM to provide chemical inertness. (Entech Instruments)    

3.3 Bottle-VacTM An amber glass bottle used for air or vapor sampling that has been 
chemically deactivated and fitted with a Micro-QT (quick-connect) valve cap. (Entech 
Instruments) 

3.4 Service Request (SR) Form An internally generated document used to transmit sample 
and sample-analysis information to laboratory personnel. The service request number is 
a unique laboratory code which is assigned to a sample or group of samples submitted 
(at the same time) by the client representing one job or project.   

3.5 psig Pounds per square inch gauge 

3.6 psia Pounds per square inch absolute 

3.7 in-Hg Inches of Mercury  

4) Responsibilities 

4.1 It is the responsibility of all laboratory personnel who perform the duties described in 
this document to comply with the all documentation and procedural requirements.   

5) Interferences 

5.1 Sample Cross Contamination 

It is possible for sample canisters to cause cross-contamination in subsequent canisters 
if the lines are not sufficiently purged between pressurizations; therefore, a minimum 
of 5 seconds is recommended.   
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5.2 Balance Gas Contamination 

The pressure in the balance gas cylinders should not be allowed to go below 500psi.  
This is due to the fact that certain heavier contaminants such as argon settle and may 
be admitted into the sample upon pressurization.   

6) Safety 

6.1 The use of gases from high pressure gas cylinders is required for this procedure. Care 
should be taken when moving cylinders. All gas cylinders must be secured to a wall or a 
fixed lab counter with a chain or cylinder clamp at all times.  

6.2 Steel canisters should not be pressurized above 100 psig. They are not designed for 
higher pressures. Bottle Vacs should not be pressurized higher than 8 psig. 

7) Sample Collection, Containers, Preservation, and Storage 

7.1 Not Applicable  

8) Apparatus and Equipment 

8.1 Bubbler - Model ZAB2 (Lab Commerce, Inc. – San Jose, CA) or equivalent. 

8.2 Purifier - Standard activated charcoal-filled hydrocarbon trap 

8.3 Digital Compound Gauges - Vacuum/Pressure Gauge 

All digital compound gauges shall be used within manufacturer recommended 
specifications and undergo annual calibration service. Gauge calibration range 
requirements are -30 in-Hg (-14.73 psig) to 100 psig.  

8.4 Vacuum Pump – diaphragm type pump (oilless) capable of achieving 25 “Hg vacuum 

8.5 Miscellaneous Equipment 

SS Tubing / Toggle Valve 
9/16” Wrench 
Small Flat-Head Screwdriver 
Pressurized Gas Regulators - C580 (nitrogen and helium), C590 (air) 
Swagewlok-style ¼” stainless steel cross and toggle valves 
Entech Micro-QT fittings (male and female) 

9) Standards, Reagents, and Consumable Materials 

9.1 UHP Nitrogen - 99.999% purity 

9.2 UHP Helium - 99.999% purity 

9.3 Zero Grade Air - <0.1ppm total hydrocarbons 

9.4 DI Water – Laboratory produced  

9.5 Certificates and purity verifications must be maintained on file. 

10) Preventive Maintenance 

 10.1 Digital Compound Gauges 
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All gauges in use shall maintain current calibration status and be evaluated every 6 
months by performing calibration checks. This calibration shall be in compliance with 
the SOP for Calibration and Use of Laboratory Support Equipment and be documented. 

10.2 Replacing Cylinders 

The balance gas cylinder should be replaced before the pressure drops below 500psi.  
Make sure that the cylinder valve is closed prior to disconnecting the current cylinder.  
Attach the regulator to the new tank and turn cylinder valve on sufficiently in order to 
purge the connection. Allow the gas to flow for at least 10 minutes before filling a clean, 
evacuated canister for QC. Refer to Section 12.3 for instructions on certifying balances 
gases.  

10.3 Gas Source with Hydrocarbon Trap and Humidifier 

• The water level should always be visible in the tubing and filled with DI water.  When 
the water is low it shall be filled to the point where at least one inch of water is 
showing in the tubing.   

10.4 Replace the hydrocarbon trap with new carbon whenever the quality check of a gas 
source indicates a problem (Section 12.3.1).  Note the carbon replacement on the trap 
label.   

11) Procedure 

11.1 The pressurization step is an integral portion of the laboratory procedure as it affects 
final results. Reporting limits (RLs) are a function of the analytical system, the 
pressurization of the sample canister in the laboratory, and the concentration of target 
and non-target compounds.   

Sample RL = Base RL * Pressurization Dilution Factor (DF) * Analytical DF  

Pressurization Dilution Factor: The pressurization step performed by the laboratory at 
the time of receipt dilutes the sample and results in an increase in the base reporting 
limit. The reporting limit is calculated by multiplying the base reporting limit by the 
pressurization dilution factor. The pressurization dilution factor is simply the ratio of 
the final canister pressure and the initial (as received) sample pressure.  Therefore, the 
more sample volume collected (lower vacuum reading), the lower the dilution factor and 
reporting limit and the lower the final pressure due to the pressurization step, the lower 
the dilution factor.  The final pressure is typically dependent on the canister size.  A 6L 
canister is typically pressurized to ~3.5 psig, while a 1L canister is typically pressurized 
to ~5.0 psig to allow for sufficient volume for multiple analytical runs. A Bottle Vac is 
typically pressurized to 5.0 psig. However, for certain applications, alternative final 
pressures may be performed to minimize dilution and meet a lower reporting limit. Refer 
to all associated documentation to determine if alternative final pressures are required.  
Bottle Vacs must not be pressurized above 8 psig! 

In addition, canisters may require additional pressure in order for further analyses to be 
conducted. In this case, follow the procedure above. Gas usage, upon re-pressurization, 
must be consistent and every process must be properly documented in accordance with 
Section 11.4.   

11.2 Initial Pressure Check 

The initial pressure check must be performed on each submitted canister sample and 
should be performed on the day of receipt following sample log-in. The initial 
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pressure/vacuum is evaluated prior to pressurization as outlined in section 11.3. All 
values (initial and final) are recorded in LIMS using two decimal places. If the sample 
canister is not pressurized immediately after the initial pressure check, use the 
subsequent readings (immediately before and after pressurization) for calculating the 
pressure dilution factor. This is important because the temperature of the canister may 
change in the interim which would result in a deviation from the initial reading. The 
before and after pressures must be taken under the same conditions. See Sections 13.2.2 
and 16.3 for the procedure to deal with a discrepancy between the two readings. 

A digital pressure gauge with an up-to-date calibration verification must be used, as 
indicated on the calibration sticker located on the gauge. The person performing the 
checks must examine the chain of custody and check the tag on each canister before 
proceeding. For canister samples, use the procedure in Sections 11.3.1 through 11.3.3 
for recording the initial pressure. For Bottle Vac samples, use the manifold procedure in 
Section 11.3.4 for recording the initial pressure. 

11.2.1 Pressure/Vacuum Requirements 

Upon evaluation, readings for ambient and source canisters should be as follows: 

Ambient/Indoor Air - Grab samples should be near ambient pressure (-0.5 in-Hg 
or -0.2 psig to 0.5 psig). 

Time Integrated Samples - Should be slightly negative (down to –5 in-Hg or -2.5 
psig). 

Source - Varies with application but typically ranges from 5 psig to -5 in-Hg. 

11.3 Pressurization for Analysis 

There are a few very important guidelines that must be followed when pressurizing 
canisters submitted to the laboratory for analysis. The same pressurization gas must be 
used each time a canister is pressurized. Refer to the sample tag and Service Request 
form in LIMS for the gas utilized. A helium tag should be placed on each canister that 
requires pressurization with helium; however, all documentation must be reviewed.   

IMPORTANT: The pressurization of samples that are known to be trip blanks must be 
witnessed by a second person. Both individuals must initial and date the appropriate 
section on the back of the canister’s sample tag. 

Note 1:  The Service Request form in LIMS must be opened and the requested analyses 
must be checked to ensure that the proper pressurization gas is selected. If 
there is any question as to the required analyses, contact the Project Manager 
prior to pressurization.   

Note 2:  If the canisters are backfilled, the gas used to pressurize must be the same.   

Pressurization Gas Guidelines (See Attachment 3) 

1. If NEITHER TO-15 or EPA Method 3C (fixed gases) analyses are requested, pressurize 
with either humidified zero air or helium (Section 11.3.1 or 11.3.2). 

2. If EPA Method 3C (fixed gases) is requested and TO-15 is NOT requested; the 
canisters must be pressurized with helium (Section 11.3.1). 

3. If TO-15 is requested and EPA Method 3C (fixed gases) is NOT requested; pressurize 
with humidified zero grade air (Section 11.3.2). 
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4. If BOTH TO-15 AND EPA Method 3C (fixed gases) are requested, then one of the 
following must be observed.   

a. Two canisters with the same client sample identification must be submitted; 
one for TO-15 (Zero Air) and one for fixed gases (Helium). 

b. Pressurize with helium and note the pressurization gas on the tag and SR 
form. A notation of the pressurization gas used must be indicated so that 
method TO-15 is reported to the client as modified.     

If neither of these is observed then the person filling the canisters must contact the 
Project Manager so that the client may be contacted and appropriate corrective 
action taken, where necessary.     

IMPORTANT: It is possible for sample canisters to cause cross-contamination in 
subsequent canisters if the lines are not sufficiently purged between pressurizations.  A 
minimum of 5 seconds is recommended.  A separate manifold must be used for 
pressurizing Bottle Vac samples because the quick-connect valves must be purged and 
evacuated between each sample to ensure cleanliness. 

11.3.1 Helium Pressurization 

This gas is primarily used for backfilling and the pressurization of backfilled 
canisters and canisters deemed for analysis by EPA methods 3C and 25C.   

• Make sure the helium tank regulator is open and reads positive pressure of 
at least 500 psig.  If the pressure is under 500 psig then the tank will be 
replaced. 

• Turn the gas supply valve open to ≤40psig and allow to flow for 
approximately 15 seconds.   

• Zero the digital pressure gauge by pressing the Zero button. 
• Attach the tube fitting connector to the canister valve connector and tighten 

the fitting finger tight. 
• Turn off the valve and ensure there is a good seal (i.e. the pressure does not 

drop). 
• Open the valve on the canister and take a reading. Record the pressure (psig) on 

the Service Request Form under Can Pressurization Section: Pi (pressure initial - 
psig).   

• Open the gas supply valve and allow the canister to fill to a reading of about 
3.5 and close the gas supply valve.   

• Wait about 15 seconds for the pressure to equalize and record this value on the 
Service Request Form under Can Pressurization Section: Pf (pressure final - psig).  

• Close the canister valve and disconnect the digital compound gauge. 
• Enter the readings on the Service Request form in LIMS. Also, record the initial 

and final pressure readings on the back on the sample identification tag and 
pressurization gas utilized, where necessary.   

11.3.2 Humidified Zero Grade Air Pressurization 

• Make sure the zero air tank regulator is open and reads positive pressure of 
at least 500 psig.  If the pressure is under 500 psig then the tank will be 
replaced. 

• Turn the gas supply valve open to ≤40psig and allow to flow for 
approximately 15 seconds.   

• Zero the digital pressure gauge by pressing the Zero button. 
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• Attach the tube fitting connector to the canister valve connector and tighten 
the fitting finger tight. 

• Turn off the valve and ensure there is a good seal (i.e. the pressure does not 
drop). 

• Open the valve on the canister and take a reading. Record the pressure (psig) on 
the Service Request Form under Can Pressurization Section: Pi (pressure initial - 
psig).   

• Open the gas supply valve and allow the canister to fill to a reading of about 
3.5 and close the gas supply valve.   

• Wait about 15 seconds for the pressure to equalize and record this value on the 
Service Request Form under Can Pressurization Section: Pf (pressure final - psig). 

• Close the canister valve and disconnect the digital pressure gauge. 
• Enter the readings on the Service Request form in LIMS. Also, record the initial 

and final pressure readings on the back on the sample identification tag and 
pressurization gas utilized, where necessary. 

11.3.3 Nitrogen Pressurization  

This pressurization gas is utilized at the request of a client.  If this gas is used, 
a reference to the gas must be made on the SR form.   

• Make sure the nitrogen tank regulator is open and reads positive pressure of 
at least 500 psig.  If the pressure is under 500 psig then the tank will be 
replaced. 

• Turn the gas supply valve open to ≤40psig and allow to flow for 
approximately 15 seconds.   

• Zero the digital pressure gauge by pressing the Zero button. 
• Attach the tube fitting connector to the canister valve connector and tighten 

the fitting finger tight. 
• Turn off the valve and ensure there is a good seal (i.e. the pressure does not 

drop). 
• Open the valve on the canister and take a reading. Record the pressure (psig) on 

the Service Request Form under Can Pressurization Section: Pi (pressure initial - 
psig).   

• Open the gas supply valve and allow the canister to fill to a reading of about 
3.5 and close the gas supply valve.   

• Wait about 15 seconds for the pressure to equalize and record this value on the 
Service Request Form under Can Pressurization Section: Pf (pressure final - psig).  

• Close the canister valve and disconnect the digital pressure gauge. 
• Enter the readings on the Service Request form in LIMS. Also, record the initial 

and final pressure readings on the back on the sample identification tag and 
pressurization gas utilized, where necessary.   

11.3.4 Bottle Vac Manifold  

The manifold consists of a stainless steel Swagelok-style ¼” cross with the digital 
gauge mounted on the top arm. Each lateral arm is connected to a toggle valve. 
One toggle valve is connected to a vacuum pump (25 “Hg or lower) and the other 
to the pressurization gas. The bottom arm is fitted with the spring-loaded female 
quick connect fitting that connects to the Bottle Vac valve. NOTE: as soon as the 
connection is made to the bottle, the valve is open.  

• Make sure the pressurization gas tank regulator is open and reads 



 

STANDARD OPERATING PROCEDURE 
Canister Pressurization 
SMO-CAN_PRESS, Rev. 13.0 

ALS | Environmental – Simi Valley Effective 09/14/19 

 Page 9 of 20 
 

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                                   P P O P R I E T A R Y  –  U N C O N T R O L L E D  C O P Y  

positive pressure of at least 500 psig.  If the pressure is under 500 psig 
then the tank will be replaced. 

• Turn the gas supply valve open to ≤10psig and allow to flow for 
approximately 15 seconds before connecting to the manifold. 

• Before connecting the sample bottle, purge and evacuate the manifold 
three times by alternately opening and closing each toggle valve, ending 
with the manifold being under pressure. Make sure both valves are closed 
when finished.  

• Check that the manifold is leak tight by observing that the pressure 
reading is stable. 

• Insert a male quick-connect fitting to the female connector to release the 
pressure. 

• Zero the gauge and remove the male fitting. 
• Connect the sample bottle and record the gauge reading on the tag. 

Record the pressure (psig) on the Service Request Form under Can 
Pressurization Section: Pi (pressure initial - psig). 

• Open the gas supply valve and allow the canister to fill to a reading of 
about 5.0 psig and close the gas supply valve. It may take several times 
to achive the final pressure due to the restriction of the quick-connect 
valve. 

• Wait about 15 seconds for the pressure to equalize and record this value on 
the Service Request Form under Can Pressurization Section: Pf (pressure final 
- psig). 

• Remove the sample from the manifold and replace the plastic cap on the 
valve stem. 

• Enter the readings on the Service Request form in LIMS. Also, record the 
initial and final pressure readings on the back on the sample 
identification tag and pressurization gas utilized, where necessary. 

11.4 Documentation 

Each time the canister pressure/vacuum is evaluated/pressurized the reading and the 
gas utilized must be recorded. The same pressurization gas must be used each time. 
The sample identification tag should be used in conjunction with the LIMS form but not 
in lieu of this form.   

  Refer to Attachment 2 for the in-Hg to psig conversion chart.   

1. Initial pressure/vacuum (as received) reading, Pi (in-Hg or psig) under “Initial 
Reading”.  All in-Hg readings must be converted to psig (refer to Section 13.1). 

2. Initial pressure/vacuum (prior to pressurization); Pi (in-Hg or psig) under “Can 
Pressurization”. Record the reading to two decimal places. 

3. Final pressure (following pressurization); Pf (psig) under “Can Pressurization” 

4. Subsequent pressurization under “Can Pressurization, PF2” on the SR form. 

5. Pressurization gas utilized if EPA Method 3C and/or TO-15 methods are 
requested.   

6. Sample tag – initial and final pressures, initials of employee and dates of 
readings; trip blank witness initials and date. 
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12) Quality Control Requirements and Corrective Action 

12.1 The difference between the initial (upon receipt) and the initial (upon pressurization) 
should be reviewed to ensure that there are no apparent canister leaks, however changes 
in temperature of the canister will cause small discrepancies in these two readings. The 
calculation may be found in Section 13.2.2.   

12.2 Pressure/Vacuum Gauge Evaluation and Calibration 

All of the gauges must be within calibration tolerances of the range of use; this shall be 
found on the certificate and kept on file with the QA department. In addition, each gauge 
shall be evaluated biannually in accordance with the SOP for Calibration and Use of 
Laboratory Support Equipment.  

12.3 Balance Gas Certification 

All balance gas tanks received by the laboratory shall be traceable to a certificate produced 
from the vendor. This certification must include, product, grade, cylinder number, batch 
number, QC type (batch or individual cylinder), and impurities. The laboratory must be 
able to provide evidence of traceability to a valid certificate whenever necessary.   

12.3.1 Quality Check In addition, each cylinder utilized for canister pressurization must 
be quality checked prior to use. A cleaned/certified canister shall be pressurized 
with the gas in question to at least 3.5psig and analyzed by TO-15 for target 
compounds and tentatively identified compounds. No results for any analyte may 
exceed 0.2ppbV for the cylinder to be acceptable for use.   

12.3.2 Documentation Analytical documentation must include at least the canister 
identification, type of gas being quality checked (helium, zero air, nitrogen), gas 
cylinder identification and pass/fail based on the requirements listed above. All 
analytical documentation and associated tag for each quality check must be kept 
on file.   

Analytical Documentation:  
Lot number 
Cylinder number 
Gas type 
Initials of analyst 
Results 
Date of quality check acceptance determination 
Pass or fail 

Tag:  
Date changed 
Lot number 
Cylinder number 
QC date 
Instrument 
Initials and date 
Pass or Fail* 

 
*If the cylinder fails, it must be tagged with “FAILED QC CHECK DO NOT USE” and 
it should be sent back to the vendor.   
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12.4 Service Request Form 

All pressure/vacuum applicable evaluations including the balance gas utilized must be 
recorded on the Service Request form in LIMS. This documentation is imperative in 
providing information for ensuring that sampling occurred, the valve and/or canister are 
not leaking and confirming that the correct balance gas was used.    

13) Calculations 

13.1 Pressure/Vacuum Conversion 

The vacuum readings entered on the Service Request will be converted to psig 
automatically.  If needed, the conversion chart may be used to convert in-Hg (vacuum) 
to pounds per square inch (psig). The following is the formula used for this conversion 
(refer to Attachment 2). 

 In-Hg * 0.491154 = psig 

If this conversion is performed using a macro program, it must be validated and the 
documentation retained on file.   

13.2 Initial Pressure/Vacuum Verification and Dilution Factors 

13.2.1 Dilution Factors Dilution factors (DF) are calculated using the Pi (initial pressure) 
and Pf (final pressure). Calculate the DFs using the following equation. 

Dilution Factor (DF) 
 

7.14
7.14
+

+
=

i

f

P
P

DF  

 
where: DF  Dilution factor, psia 

Pf  final pressure 

Pi  initial pressure 

Note:  If there are multiple pressurizations then multiply the two DF together.   

If a canister was backfilled then the canister dilution factor is calculated using 
the following equation. 
 

DF = 
backfilledi

i

i

f

PP
Px

P
P

−
+

+
+ 7.14

7.14
7.14

 

13.2.2 Initial Pressure/Vacuum Verification Dilution factors for determining analytical 
concentrations shall be taken from the initial pressure reading taken at the time 
the sample canister is pressurized, not the reading recorded at login. If the 
reading taken during the initial pressurization is substantially different from the 
reading taken during sample receipt, make an effort to determine the cause. See 
section 16.3. A significant difference would constitute ≥10% difference (see 
equation below) between the calculated pressure dilution factors (DFs) using the 
equation in Section 13.2.1 and both Pi readings and the Pf following 
pressurization. Refer to Section 16.3 for corrective action.   
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Relative Percent Difference (RPD) 
 

RPD = 100

2
21

21 x
DFDF
DFDF







 +

−
 

 
 
where: DF1 First measurement value 

DF2 Second measurement value 

14) Method Performance 

14.1 Not Applicable 

15) Pollution Prevention and Waste Management 

15.1 Not Applicable 

16) Contingencies for Handling Out-of-Control or Unacceptable Data 

 16.1 This section is designed to provide a course of action for handling erroneous, out of 
control situations detailed in the preceding sections. Corrective actions include 
discrepancies at the initial pressure/vacuum evaluation, secondary pressure/vacuum 
check and pressurization as well as the possible causes. The SOP for Nonconformance 
and Corrective Action shall be followed, where applicable when determining course of 
action. The client must be contacted and informed of the non-conformity, regardless of 
the information that is available at the time.   

It is important to determine if the deviation was due to a system problem within the 
laboratory, human error, etc. This is imperative to ensure continuous improvement 
within the laboratory quality system. 

16.2 Initial Pressure/Vacuum Does Not Meet Criteria 

If the initial pressure/vacuum of a sample taken at sample receipt does not meet the 
guidelines detailed in Section 11.2.1 of this document the Project Manager must be 
contacted immediately. The reading shall be recorded as usual and the PM must contact 
the client for instructions on the fate of the sample.   

In addition, the laboratory must determine the cause, whenever possible, which could be 
a digital compound gauge / flow controller problem, sampler error or a leaking canister 
or valve. All determinations must be fully documented and retained in the corresponding 
job file. The outcome of any conversation with the client regarding the sample(s) in 
question must be documented and retained in the file. Review the following as a means 
to determine the possible/probable root cause of the pressure/vacuum reading error and 
the course of action, which must be taken.   

16.2.1 Flow Controller 

The first step is to evaluate the flow controller calibration (if used). If a flow 
controller was used in the sampling process, the laboratory must determine the 
controller serial number used and review the calibration records. A post 
calibration shall be performed in accordance with the SOP for Flow Controllers 
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and Critical Orifices. If it is determined that the flow controller is out of 
calibration tolerance, the reason for the deviation must be investigated. This 
includes the evaluation of both the fine and coarse adjustments located on the 
controller. The client must be contacted and told of any problem with the sample 
volume and all resolutions shall be filed in the associated job file. It may be 
necessary to qualify the data, if reported.   

If the calibration is consistent, then the flow controller may be ruled out as a 
possible cause and Sections 16.2.2 and 16.2.3 must be considered.   

16.2.2 Leaking Valve or Canister 

It is unlikely but possible that the canister developed a leak after being shipped 
from the laboratory. If the valve was securely closed and the cap tightened after 
sampling, and a leak is suspected, the canister leak check documentation must 
be reviewed and another leak check may be performed following any analyses, 
where necessary. The leak check procedure is detailed in the SOP for Cleaning 
and Certification of Summa Canisters and Other Specially Prepared Containers.   

If the cap was not secured, a leaking or improperly closed valve is the most 
common problem. The Project Manager must be contacted in accordance with 
Section 16.2 above. 

16.2.3  Sampler Error 

Unless the sampling event is well documented in the field, it will be difficult to 
attribute a particular problem to sampler error. If the sampler does not record 
the canister pressure after sampling, the lab cannot know for certain what the 
reading should be upon receipt.   

The most common problem is that the valve may not have been completely 
closed (refer to Section 16.2.2). The client must be notified and the data for any 
analyses may need to be qualified.   

16.3 Relative Percent Difference Does Not Meet Criteria 

The basic procedure for the investigation process is described in Section 16.2. In 
addition, the gauges used to take the two readings (if different gauges were used) may 
be evaluated against each other to determine if a difference exists. Another problem 
may be an erroneous recording. In either case, another gauge shall be used to verify the 
actual reading. If there was a significant temperature change in the canister between the 
two readings the pressure will change. This change will not introduce error in the 
calculations because the dilution factor is calculated from the initial pressure reading 
taken at the time of pressurization. If the samples are logged in and pressurized in the 
SMO room there should be very little difference because the ambient temperature does 
not vary greatly, unless the canisters were not allowed to equilibrate to room 
temperature before checking initial pressures at login. 

A full investigation must be initiated to determine the root cause. If it is determined that 
there was an error on the part of the laboratory (leaking valve or canister, flow controller 
error, etc.) a NCAR must be generated in accordance with the SOP for Nonconformance 
and Corrective Action.  The client must be contacted immediately and all documentation 
retained on file including any training, system revisions, etc. 
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17) Training 

17.1 Laboratory personnel shall have read, understood and agreed to perform the procedure 
detailed in this document including all documentation requirements, investigations and 
corrective actions described herein. The training plan (Attachment 1) shall be used to 
properly document this training, and will be retained on file.   

18) Summary of Changes 
 

Table 18.1 Summary of Revision Changes 
Revision 
Number 

Effective 
Date 

Document 
Editor 

Description of Changes 

13.0 09/14/19 C. Arend SOP updated using current ALS SOP template. 
Section headings renamed and sections 
reorganized. 

   3.2 – new section; reorganized and renumbered 
following sections 

   11.2 – revised section to align with current 
procedure; Section previously 11.2.2 combined 
with section 11.2 

   11.3.1 – revised 3rd and 6th bullets to remove 
obsolete information  

   11.3.2 – revised 3rd and 6th bullets to remove 
obsolete information  

   11.3.3 – revised 3rd and 6th bullets to remove 
obsolete information 

   11.3.4 – 7th bullet revised to remove obsolete 
information  

   12.3.1 – removed “Summa” from 2nd sentence 
   12.3.2 – removed “Summa” and added nitrogen 

to list of gases   
   16.2.2 – updated SOP title 
   19.1 – updated SOP ID 
   19.4 – updated SOP title 

19) References and Related Documents 

19.1 SOP for Nonconformance and Corrective Action; ADM-NCAR 

19.2 SOP for Calibration and Use of Laboratory Support Equipment; ADM-SupEQ 

19.3 SOP for Sample Receiving, Acceptance, and Log-in; SMO-SMPL_REC 

19.4 SOP for Cleaning and Certification of Summa Canisters and Other Specially Prepared 
Containers; SMO-Can_Cert 

19.5 SOP for Flow Controllers and Critical Orifices; ADM-CNTRL 

20) Attachments 

20.1 Attachments 

Attachment 1: Training Plan for Canister Pressurization 



 

STANDARD OPERATING PROCEDURE 
Canister Pressurization 
SMO-CAN_PRESS, Rev. 13.0 

ALS | Environmental – Simi Valley Effective 09/14/19 

 Page 15 of 20 
 

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                                   P P O P R I E T A R Y  –  U N C O N T R O L L E D  C O P Y  

Attachment 2:  in-Hg to psig Conversion Chart 

Attachment 3: Pressurization Gas Flowchart 

 

 
 

 

 

 

 

 

 

Attachment 1 

Training Plan 
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Training Plan for Canister Pressurization 

 

Trainee __________________________  Trainer ________________________ Completion Date   

 

1. Read SOP   Trainer ____ Trainee ____ Date   

 

2. Demonstrated understanding of: Trainer ____ Trainee ____ Date   
 - Units 
 - Equipment utilized 
 - Equipment Requirements 
  Bubbler 
  Pressurization gas cylinders / certification 
  Gauges   

 

3. Observe performance of SOP Trainer ____ Trainee ____ Date   
___Pressurization Gas Guidelines 
___Contamination Prevention 
___Initial Pressure Verification Requirements 
___Conversions 
___LIMS and Tag 

 

4. Perform SOP with supervision Trainer ____ Trainee ____ Date   
___Pressurization Gas Guidelines 
___Contamination Prevention 
___Initial Pressure Verification Requirements 
___Conversions 
___LIMS and Tag 

 

5. Independent performance of the SOP Trainer ____ Trainee ____ Date   
___Pressurization Gas Guidelines 
___Contamination Prevention 
___Initial Pressure Verification Requirements 
___Conversions 
___LIMS and Tag 
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Attachment 2 

 
In-Hg to psig Conversion Table 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

in-Hg to psig Conversion Table 
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in-Hg psig in-Hg psig in-Hg psig in-Hg psig in-Hg psig in-Hg psig 

0.0 0.0 -5.0 -2.5 -10.0 -4.9 -15.0 -7.4 -20.0 -9.8 -25.0 -12.3 
-0.1 0.0 -5.1 -2.5 -10.1 -5.0 -15.1 -7.4 -20.1 -9.9 -25.1 -12.3 
-0.2 -0.1 -5.2 -2.6 -10.2 -5.0 -15.2 -7.5 -20.2 -9.9 -25.2 12.4 
-0.3 -0.1 -5.3 -2.6 -10.3 -5.1 -15.3 -7.5 -20.3 -10.0 -25.3 -12.4 
-0.4 -0.2 -5.4 -2.7 -10.4 -5.1 -15.4 -7.6 -20.4 -10.0 -25.4 -12.5 
-0.5 -0.2 -5.5 -2.7 -10.5 -5.2 -15.5 -7.6 -20.5 -10.1 -25.5 -12.5 
-0.6 -0.3 -5.6 -2.8 -10.6 -5.2 -15.6 -7.7 -20.6 -10.1 -25.6 -12.6 
-0.7 -0.3 -5.7 -2.8 -10.7 -5.3 -15.7 -7.7 -20.7 -10.2 -25.7 -12.6 
-0.8 -0.4 -5.8 -2.8 -10.8 -5.3 -15.8 -7.8 -20.8 -10.2 -25.8 -12.7 
-0.9 -0.4 -5.9 -2.9 -10.9 -5.4 -15.9 -7.8 -20.9 -10.3 -25.9 -12.7 
-1.0 -0.5 -6.0 -2.9 -11.0 -5.4 -16.0 -7.9 -21.0 -10.3 -26.0 -12.8 
-1.1 -0.5 -6.1 -3.0 -11.1 -5.5 -16.1 -7.9 -21.1 -10.4 -26.1 -12.8 
-1.2 -0.6 -6.2 -3.0 -11.2 -5.5 -16.2 -8.0 -21.2 -10.4 -26.2 -12.9 
-1.3 -0.6 -6.3 -3.1 -11.3 -5.6 -16.3 -8.0 -21.3 -10.5 -26.3 -12.9 
-1.4 -0.7 -6.4 -3.1 -11.4 -5.6 -16.4 -8.1 -21.4 -10.5 -26.4 -13.0 
-1.5 -0.7 -6.5 -3.2 -11.5 -5.6 -16.5 -8.1 -21.5 -10.6 -26.5 -13.0 
-1.6 -0.8 -6.6 -3.2 -11.6 -5.7 -16.6 -8.2 -21.6 -10.6 -26.6 -13.1 
-1.7 -0.8 -6.7 -3.3 -11.7 -5.7 -16.7 -8.2 -21.7 -10.7 -26.7 -13.1 
-1.8 -0.9 -6.8 -3.3 -11.8 -5.8 -16.8 -8.3 -21.8 -10.7 -26.8 -13.2 
-1.9 -0.9 -6.9 -3.4 -11.9 -5.8 -16.9 -8.3 -21.9 -10.8 -26.9 -13.2 
-2.0 -1.0 -7.0 -3.4 -12.0 -5.9 -17.0 -8.4 -22.0 -10.8 -27.0 -13.3 
-2.1 -1.0 -7.1 -3.5 -12.1 -5.9 -17.1 -8.4 -22.1 -10.9 -27.1 -13.3 
-2.2 -1.1 -7.2 -3.5 -12.2 -6.0 -17.2 -8.4 -22.2 -10.9 -27.2 -13.4 
-2.3 -1.1 -7.3 -3.6 -12.3 -6.0 -17.3 -8.5 -22.3 -11.0 -27.3 -13.4 
-2.4 -1.2 -7.4 -3.6 -12.4 -6.1 -17.4 -8.5 -22.4 -11.0 -27.4 -13.5 
-2.5 -1.2 -7.5 -3.7 -12.5 -6.1 -17.5 -8.6 -22.5 -11.1 -27.5 -13.5 
-2.6 -1.3 -7.6 -3.7 -12.6 -6.2 -17.6 -8.6 -22.6 -11.1 -27.6 -13.6 
-2.7 -1.3 -7.7 -3.8 -12.7 -6.2 -17.7 -8.7 -22.7 -11.2 -27.7 -13.6 
-2.8 -1.4 -7.8 -3.8 -12.8 -6.3 -17.8 -8.7 -22.8 -11.2 -27.8 -13.7 
-2.9 -1.4 -7.9 -3.9 -12.9 -6.3 -17.9 -8.8 -22.9 -11.3 -27.9 -13.7 
-3.0 -1.5 -8.0 -3.9 -13.0 -6.4 -18.0 -8.8 -23.0 -11.3 -28.0 -13.8 
-3.1 -1.5 -8.1 -4.0 -13.1 -6.4 -18.1 -8.9 -23.1 -11.3 -28.1 -13.8 
-3.2 -1.6 -8.2 -4.0 -13.2 -6.5 -18.2 -8.9 -23.2 -11.4 -28.2 -13.9 
-3.3 -1.6 -8.3 -4.1 -13.3 -6.5 -18.3 -9.0 -23.3 -11.4 -28.3 -13.9 
-3.4 -1.7 -8.4 -4.1 -13.4 -6.6 -18.4 -9.0 -23.4 -11.5 -28.4 -14.0 
-3.5 -1.7 -8.5 -4.2 -13.5 -6.6 -18.5 -9.1 -23.5 -11.5 -28.5 -14.0 
-3.6 -1.8 -8.6 -4.2 -13.6 -6.7 -18.6 -9.1 -23.6 -11.6 -28.6 -14.0 
-3.7 -1.8 -8.7 -4.3 -13.7 -6.7 -18.7 -9.2 -23.7 -11.6 -28.7 -14.1 
-3.8 -1.9 -8.8 -4.3 -13.8 -6.8 -18.8 -9.2 -23.8 -11.7 -28.8 -14.1 
-3.9 -1.9 -8.9 -4.4 -13.9 -6.8 -18.9 -9.3 -23.9 -11.7 -28.9 -14.2 
-4.0 -2.0 -9.0 -4.4 -14.0 -6.9 -19.0 -9.3 -24.0 -11.8 -29.0 -14.2 
-4.1 -2.0 -9.1 -4.5 -14.1 -6.9 -19.1 -9.4 -24.1 -11.8 -29.1 -14.3 
-4.2 -2.1 -9.2 -4.5 -14.2 -7.0 -19.2 -9.4 -24.2 -11.9 -29.2 -14.3 
-4.3 -2.1 -9.3 -4.6 -14.3 -7.0 -19.3 -9.5 -24.3 -11.9 -29.3 -14.4 
-4.4 -2.2 -9.4 -4.6 -14.4 -7.1 -19.4 -9.5 -24.4 -12.0 -29.4 -14.4 
-4.5 -2.2 -9.5 -4.7 -14.5 -7.1 -19.5 -9.6 -24.5 -12.0 -29.5 -14.5 
-4.6 -2.3 -9.6 -4.7 -14.6 -7.2 -19.6 -9.6 -24.6 -12.1 -29.6 -14.5 
-4.7 -2.3 -9.7 -4.8 -14.7 -7.2 -19.7 -9.7 -24.7 -12.1 -29.7 -14.6 
-4.8 -2.4 -9.8 -4.8 -14.8 -7.3 -19.8 -9.7 -24.8 -12.2 -29.8 -14.6 
-4.9 -2.4 -9.9 -4.9 -14.9 -7.3 -19.9 -9.8 -24.9 -12.2 -29.9 -14.7 
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Attachment 3 
 

Pressurization Gas Flowchart 
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Pressurization Gas Flowchart 
 
 

 
 
 
 
 
 
 
 
 

TO-15  
Not Requested 

EPA 3C  
Not Requested 

Pressurize with 
Humidified Zero Air or 
Helium 
 
Section 11.3.1 or 11.3.2 

EPA 3C 
Requested  

TO-15  
Not Requested 

Pressurize with Helium 
 
Section 11.3.1 

TO-15 
Requested 

Pressurize with 
Humidified Zero 
Air 
 
Section 11.3.2 

Two canisters with the same client 
sample ID must be submitted; one 
for TO-15(Zero Air) & one for fixed 
gases (Helium)  

Pressurize with 
helium and note the 
pressurization gas 
on the tag and SR 
form. 
Notation of 
pressurized gas is 
required so that 
method TO-15 is 
reported to the client 
as modified  

 PM
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1) Scope and Applicability 

1.1 This procedure is designed to provide the necessary steps and requirements for the 
assembly (critical orifices), calibration and post calibration of flow controllers (FC) and 
critical orifices (COA). These devices are needed to assure constant flow into the 
evacuated canister during sampling.   

1.2 The following describes the procedures used to prepare each flow controller prior to 
utilization in the collection of air samples as well as the guidelines for the evaluation of 
these controllers following use in the field. All flow controllers must be cleaned to ensure 
that samples are free of contaminants, which could jeopardize sample integrity.  In 
addition, calibration is required in order to comply with client specific requirements for 
time-integrated sampling. This document details the steps necessary for the proper 
cleaning and calibration of flow controllers. 

1.3 This document also describes the assembly and calibration of critical orifices. A critical 
orifice assembly is a low cost alternative to using mass flow controllers for source air 
contaminant sampling. A critical orifice is a small-opening device placed in an air stream 
to regulate the flow rate. When downstream and upstream pressure is maintained at or 
below a critical ratio (0.53), the air flows through a particular size orifice and will achieve 
sonic velocity. This condition stabilizes the flow rate at a value defined by the size of the 
orifice opening. The Hagen-Poiseulle Equation is used to calculate the dimensions and 
assemble a critical orifice. 

2) Summary of Procedure 

2.1 Flow controllers are cleaned and calibrated to the desired sampling rate and leak-tested 
prior to shipping out for sampling in the field. Individual QC certification occurs when 
required. When received back at the laboratory the flow rate is verified to determine if 
each unit performed acceptably.   

2.2 Critical orifices are constructed and calibrated for the desired sampling duration prior 
to use in the field. After they are returned from the field they are cleaned before reuse.  

3) Definitions 

3.1 Flow Controller (FC) A device used to collect time-integrated air samples into an 
evacuated collection vessel, i.e. canister. The flow rate is constant over the entire 
sampling period. 

3.2 Critical Orifice Assembly (COA) A device to regulate the air flow rate and used to collect 
air samples into an evacuated collection vessel at a reduced flow rate. The flow is 
constant until the pressure in the container is approximately 0.5 atmospheres (7.5 psia) 
after which the flow gradually slows down. 

3.3 Summa Canister A stainless steel air sampling canister whose inner surface has been 
electropolished by the proprietary “Summa” process to provide chemical inertness.  

3.4 SiloniteTM Canister A stainless steel air sampling canister whose inner surface has been 
polished and coated with SiloniteTM to provide chemical inertness. (Entech Instruments) 

3.5 Time Integration A sample collected for a specified time at a known constant flow rate.  

3.6 ml/min Milliliters per minute 

3.7  psig Pounds per square inch gauge 
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4) Responsibilities 

4.1 It is the responsibility of the analyst and/or technician who is cleaning and calibrating 
the flow controllers and critical orifices to comply with this procedure.  

4.2 Internal audits are conducted annually by the Quality Assurance Manager to verify 
compliance with this document. 

5) Interferences 

5.1 Extreme care must be taken when handling flow controllers as they are easily damaged 
and this could alter the set flow rate or calibration.   

5.2 Tubing and Fittings Tubing and/or fittings may be removed or damaged in the field. 

5.3 Filters Filters may be clogged if too much particulate is taken in during sampling.   

5.4 Moisture The controller flow may be blocked if too much moisture condenses from the 
air during sampling.   

5.5 COAs and Sulfur Compounds The media request must be reviewed to determine if the 
COA will be or might be utilized in the sampling of sulfur compounds as these 
compounds can be affected by stainless steel tubing; therefore, refer to Section 8.2.2 if 
this is determined to be the case so non-metal tubing is used. 

6) Safety 

6.1 After the cleaning process, caution should be taken in the removal of the flow controllers 
from the oven. Wearing insulated gloves will prevent burning of hands and fingers.   

7) Sample Collection, Containers, Preservation, and Storage 

7.1 Not Applicable 

8) Apparatus and Equipment 

8.1 Flow Controllers 

            Models used by the laboratory: 

 VICI-Condyne Model 202 Adjustable Span Gas Flow Controller, infinitely adjustable 
from 5ml/min to 1.6 L/min. 

 Restek Passive Air Sampling Kit (Veriflow SC423XL Flow Controller) 

 Entech CS1200E Passive Canister Sampler 

The Restek and Entech models use a replaceable restrictor orifice that determines the 
flow range of the controller.  

8.1.1  Cleaning Each flow controller cleaning system should be comprised of a 
manifold, a clean gas source, and an electric oven, as described below. 

8.1.1.1 Flow Controller Cleaning Manifold  

The manifold shall be constructed of 316 stainless steel tubing (1/4” or 
1/8” OD) and fittings. There may be as many connection ports as can be 
fitted in the oven conveniently. The outlet connection of each controller 
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shall be attached to the manifold so that flow will pass through in the 
opposite direction of sampling. 

8.1.1.2 Critical Orifice Cleaning 

The filter should be replaced prior to its reuse.  If the COA is returned 
and moisture is evident, or it otherwise failed during the collection of a 
field sample, the blank capillary tube must also be replaced. 

8.1.1.3 Gas Source 

The manifold must be connected to a source of clean nitrogen or 
breathing quality air. All tubing and fittings shall be made of pre-cleaned 
316 stainless steel or Teflon. The source pressure must be regulated such 
that it can deliver relatively constant flow down to 5mL/min through each 
FC on the cleaning manifold. It should be isolated from the manifold with 
a 316 stainless steel two-way toggle valve. 

8.1.1.4 Electric Ovens 

The manifold shall be held inside an electric oven where the temperature 
is set at approx 60°C (+/- 5C). This temperature shall be maintained using 
an integrated electronic thermostat or power controller.   

8.1.2 Calibration  

The FC and COA calibration system shall be comprised of an evacuated canister 
or vacuum pump (capable of pulling at least 20”Hg vacuum), and a calibrated 
digital flowmeter, as described below. 

8.1.2.1 Vacuum Source 

The evacuated canister or pump inlet must be fitted with a stainless steel 
tee. A vacuum gauge (analog or digital) that reads 30” Hg must be 
connected to one arm of the tee to monitor the vacuum level in the 
system. The third arm connects to the FC or COA for calibration. If using 
a canister it must be re-evacuated using a high vacuum pump (rotary vane 
or dry pump system) when it gets above 20” Hg. 

8.1.2.2 Digital Flow Meter  

There is no single flow meter that spans the full range of flows used by 
the various models and configurations of sampling devices used by ALS. 
There are several suitable types of flow meters that provide acceptable 
accuracy and repeatability, including electronic mass flow and volumetric 
meters. They are available in various flow ranges. It is important that the 
flow rate being measured is within the working range of the meter. All 
meters must have a current calibration and NIST – traceable certificate on 
file.  The working range of the sampling devices used by the laboratory 
is 0.5mL/min to 1250mL/min. 

The flow meter must be connected to the FC or COA using clean, flexible 
tubing (such as silicone). 

 

 

 



 
STANDARD OPERATING PROCEDURE 

Flow Controllers & Critical 
Orifices 
SMO-Flow_Cntrl, Rev. 15.0 

ALS | Environmental – Simi Valley Effective 7/16/21 
 Page 6 of 24 

 

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  

8.2 Critical Orifices 

The calibration of critical orifices uses the same equipment as is used for flow controllers 
(Section 8.1.2) with some additions (Section 8.2.1).  Refer to Sections 11.2 and 11.3 for 
additional assembly and calibration information.   

8.2.1 Calibration  

 Evacuated canister (6L or 15L) or vacuum pump capable of at least 20” Hg 
vacuum. 

 Digital flowmeter with current calibration certificate. See section 8.1.2.2. 

8.2.2 Assembly Refer to Section 11.3.2 for the additional information on assembly.   

 Type 304 or 316 stainless steel seamless tubing or Teflon - ¼” x 6’ 
(#89895K23, McMaster Carr) or equivalent 

 Sulfur COAs – PTFE Teflon tubing 
 Measure the appropriate length of tubing using a 12” ruler (Section 11.3, 

Attachment C) 
 Tubing bender for ¼” SS tubing. 
 File or tubing reamer to deburr cut tubing ends. 
 ¼” female stainless steel compression fitting  
 Superlok or Swagelok ¼”T 
 ¼”T reducer 
 ¼” brass nut 
 ¼” thermoplastic union (#50775K301, McMaster Carr) or stainless steel union 
 ¼” stainless steel ferrule  
 ¼” PTFE ferrule or equivalent 
 ¼” OD x 1/32” x 2um SS frit or PTFE-fiber filter (Markes International part U-

DISK3) 
 blank capillary fused silica tubing (guard column) 
 Cut about 1cm of the column past the septum with the column cutter 
 6mm GR-2 septa 100/pk, (Supelco #20442-U) 
 Column cutter 

8.2.3 Cleaning and Maintenance The filter should be replaced prior to its reuse. If any 
of the materials are modified which may affect the flow, a new COA must be 
assembled for calibration. If the COA is returned and moisture is evident, the 
blank capillary tube must also be replaced. 

9) Standards, Reagents, and Consumable Materials 

9.1 Not Applicable 

10) Preventive Maintenance 

10.1 Preventive maintenance is one of the best ways to keep flow controllers properly working 
for long periods of time. Types of maintenance include tightening ferrules, replacing 
filters, and replacing tubing, as necessary. Controllers requiring maintenance must be 
taken out of service (put in a box labeled “maintenance hold”).   

10.2 The filters for COAs should be replaced following any use in the field. Additionally, if 
needed the blank capillary tube must also be replaced if wear or moisture is noted or 
flow is blocked. 
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10.3 Flow Controller Station Maintenance Inspect tubing prior to beginning calibrations and 
look for cuts or holes in the silicone tubing. Replace tubing, nut, and ferrule if 
compromised or at least every six months. Toggle values and extension pieces should 
be replaced as needed. Document all maintenance including six month tubing 
replacement in the Flow Controller Station Maintenance Logbook.  

11) Procedure 

11.1 The calibration for all flow controllers and critical orifices must be checked and cleaned 
following any field use. The calibration must be evaluated per the procedure described 
in this document. The client may request a flow controller setting from 30 minutes to 
72 hours or critical orifice up to 72 hours and this information must be provided on the 
media request in accordance with the SOP for Media Request Fulfillment. This 
information is required to determine the correct assembly dimensions for the COAs as 
well as for performing the calibration procedures for the flow controllers and COAs. The 
request from a client may be performed as long as the required flow to be measured 
falls within the flow meter range specified in Section 8.1.2.2.   

11.2 Flow Controller 

Clients have the option to have samples taken in durations of 30 minutes to 72 hours.  
This is accomplished by calibrating the flow controllers to the flow rate needed to fill the 
canister (approximately 85% full) over the specified time period. This leaves a vacuum 
of around 5” Hg in the container. The flow rate is constant over the entire sampling 
period. The flow rate can be determined for any duration or size sampling container 
using the equation in Section 13.1.1.  Refer to Attachment B for additional information 
and a summary of the appropriate converted flows.   

11.2.1 Electronic Logbook An electronic calibration logbook contained within the 
“Materials Manager” section of LIMS shall be kept current and is organized by 
unique “Media Request” numbers sequenced by LIMS. An entry must be made 
every time a calibration or calibration check is performed. Data contained within 
each media request number includes client name, identification numbers, flows 
(ml/min) duration, post calibration flows, date (pre and post calibration), 
operator initials, and any necessary comments. Refer to Attachment D for a table 
containing acceptance criteria for initial and post calibrations. 

 
Percent Difference Equation 1 

 

 

Where: 

A initial flow measurement reading 

B post calibration flow measurement reading 

11.2.2 Calibration Turn on the power of the flowmeter and allow to equilibrate if necessary. 
Attach the inlet of the controller to the outlet of the flowmeter using flexible silicone 
tubing. Connect the outlet of the flow controller to the evacuated canister (minimum 
20” Hg vacuum). Open the canister valve, confirm there is adequate vacuum, and 
read the flowmeter. Adjust the flow controller to achieve the desired flow rate. 

100*
A

BA 
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For the VICI controllers, the coarse adjustment on the controller must be adjusted 
with a flathead screwdriver to get within 1-2mL/min. The fine adjustment must 
be adjusted with a small screwdriver to achieve the required unit rate mL/min.  
Set the fine-adjustment screw of each flow controller to the center position before 
adjusting the flow. Observe a stable flowmeter reading and record the value in 
the electronic logbook. Once the correct flow rate is achieved, close the canister 
valve and disconnect the flowmeter. Refer to Attachment B for sampling times 
and corresponding flow rates. Also, for those clients specifically providing 
sampling location information at high altitudes, refer to Section 13.1.2 for flow 
rates involving an altitude change from sea level. 

11.2.3 Securing the Calibration All flow controllers must be secured following 
calibration so the settings cannot easily be accidentally or willfully changed.   

11.2.4 Post-Calibration All flow controllers which are sent back from the field must be 
calibration checked (post calibration). Repeat the procedure detailed in Section 
11.2.2 and refer to Section 12 for additional information.   

11.2.4.1 Acceptance Criteria (Post Calibration) 

The percent difference between the initial flow measurement of the flow 
controller and the flow from the post calibration must be ≤20%.   

11.2.5 Resetting The controller shall be reset or zeroed by adjusting the fine 
adjustment, counterclockwise, all the way from the full open position using a 
small screwdriver. The coarse adjustment must be turned, with a flat-head 
screwdriver; counterclockwise to the full open position.   

11.2.6 Cleaning Following the resetting procedure (see note above), flow controllers 
must be cleaned. A manual batch processing system is used to clean flow 
controllers, where they are placed in an oven at approximately 60°C on a cleaning 
manifold and purged with high quality air for 2-3 hours. The controllers must be 
affixed to the outlet with a brass Swagelok nut with a 9/16” wrench. The nut 
must be tightened to the controller where a quarter-turn past finger-tight is 
sufficient. The two-way toggle valve must now be opened in order to start the 
flow of nitrogen through the controllers. If a full set of controllers is not being 
cleaned, any unused manifold position must be capped off with a 1/4” brass 
Swagelok cap in order to prevent nitrogen from bypassing the controllers and 
escaping through the open position.   

 Measure the flow through each FC on the cleaning manifold using an electronic 
flowmeter and adjust the regulator or needle valve on the nitrogen tank to get 
approximately 10ml/min. The flow will vary from FC to FC but as long as there 
is at least 2ml/min flow the cleaning process should be successful. 

Following the 2-3 hour cleaning cycle, close the two-way toggle valve, open the 
oven door and remove flow controllers from cleaning manifold with a 9/16” 
wrench. The flow controllers must then be placed in a bin, labeled “Clean/Ready 
for Calibration”.   

11.3 Critical Orifice 

Clients have the option to have samples taken in durations of up to 72-hours (Refer to 
9.1.2.2 for information on the flow meter limitations). Once the client has selected a 
time (in hours) for sampling, the critical orifice is assembled (if an assembled COA is 
unavailable or quantities are limited).  
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11.3.1 Electronic Logbook An electronic calibration logbook contained within the 
“Materials Manager” section of LIMS shall be kept current and is organized by 
unique “Media Request” numbers sequenced by LIMS. An entry must be made 
every time a calibration or calibration check is performed. Data contained within 
each media request number includes client name, identification numbers, flows 
(ml/min) duration, post calibration flows, date (pre and post calibration), 
operator initials, and any necessary comments. Refer to Attachment D for a table 
containing acceptance criteria for initial and post calibrations.  

11.3.2 Assembly and Identification The specific materials needed for the assembly are 
listed in Section 8.2.2.   

 Cut pieces of ¼” OD 304 stainless steel tubing at a length that exceeds the 
desired column length (typically 3 to 9 inches). 

 If desired or per client’s request, end one side of the tube to achieve a 90° 
angle at a point approximately 2/3 down its total length. A linear assembly 
is sufficient otherwise. 

 Ream the inside and outside at both ends of the tube to make it smooth. 
 Attach the ¼” brass nut with SS ferrule to the shorter (bent) end of the tube 

if applicable. 
 Attach the ¼” stainless steel open nut and ferrule to the other end of the tube 

or thermoplastic union for sulfur COAs. 
 Select the dimension of the blank capillary fused silica tubing (guard column) 

and insert it through the center of a ¼” blue septum (or equivalent) until the 
column pierces through. 

 Cut about 1cm of the column past the septum to eliminate the possibility of 
a clogged column. 

 Measure the column to the required length and cut.  Refer to Attachment C 
for the calculated dimensions and lengths of the capillary fused silica tubing 
for the time integrated sampling. 

 Remove ¼” SS nut and ferrule of the sample inlet end of the union and Insert 
the longer end of the protruding column from the septum first, into the 
stainless steel union. 

 If available insert a ¼”OD x 1/32” x 2μm SS frit (or equivalent) into the COA 
inlet opening. 

 Replace the ¼” SS ferrule inside the sample inlet fitting with a PTFE or 
equivalent ferrule and reconnect to the union. 

 Note the COA type built by using the following 5 character volume and time 
coding format, (e.g., 6L-24, where 6V represents a 6L canister and 24 is 
sampling time. This identifying code will be used when generating a LIMS 
barcode.  ‘COA’ is the prefix used for critical orifice assemblies. Sulfur COAs 
are designated the same except a 3S is used for 3L and SOA in the prefix 
used for sulfur. A barcode must be assigned i.e. OA#### sequenced by LIMS 
and etch back of tag with Canister volume and hour i.e. 6V-24 would be 6 
Liter Canister for 24 hours. 

11.3.2.1 Critical Orifice Assembly for Sulfur Compound Sampling 

Due to the high reactivity of sulfur compounds, stainless steel 
components cannot be used to construct a critical orifice. Therefore the 
device must be built with Teflon tubing and fittings. The assembly 
procedure follows the same steps as in Section 8.2.2 with the exception 
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that Teflon tubing is used instead of stainless steel and the critical 
orifice is not bent at 90° angle. In addition, a Teflon connector is used 
instead of a stainless steel nut. 

11.3.3 Calibration  

1. Turn on the power of the flowmeter and allow to equilibrate if necessary. 

2. Cut off the shrink wrap or remove stainless steel union and replace the frit 
(if available) on the COA.   

3. Attach the COA outlet to the evacuated canister. Open the can valve and 
ensure there is adequate vacuum (at least 20” Hg). 

4. Attach the digital flow meter to the inlet of the COA. 

5. Read the flowmeter. If the flow is within the acceptable limits the COA is 
ready to be cleaned. See Attachment D for the limits for common durations. 
See Section 11.3.3.1 for the calculation for other combinations. 

6. If the flow is not within limits it must be set aside or modified by re-cutting 
the capillary column or inserting a new piece.  If modified, re-measure the 
flow. 

11.3.3.1 Acceptance Criteria  

 The percent difference between the actual COA flow and the target 
flow must be ≤15%. 

 Post Calibration - The percent difference between the initial flow of 
the COAs and the flow after being returned should be ≤20%. The 
most important thing is that there is vacuum left in the sampling 
container at the end of the sampling period. If the final vacuum 
varies from 5” Hg the client must be notified and must decide if the 
results are acceptable. 

Percent Difference Equation 2 
 

 

 
Where: 
 
A Target COA Initial flow  
B Actual COA flow  
 

11.3.4 Cleaning Once the COA has been calibrated place it into the oven for 2-3 hours 
at ~ 60°C. For the COAs with the thermoplastic union, shrink wrap the Teflon 
connectors which houses the capillary column with 5/8” black shrink wrap tape.   

11.3.5 Post Calibration A calibration check is performed on all COAs sent back from the 
field (post calibration).  Acceptance is based on the same criteria as 11.3.3.1.   

12) Quality Control Requirements and Corrective Action 

100*
A

BA 



 
STANDARD OPERATING PROCEDURE 

Flow Controllers & Critical 
Orifices 
SMO-Flow_Cntrl, Rev. 15.0 

ALS | Environmental – Simi Valley Effective 7/16/21 
 Page 11 of 24 

 

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  

12.1 Flow Controller QC Certification 

Special requests, by clients, to have flow controllers’ quality control checked shall be 
honored. This is achieved by filling a clean canister (using the flow controller in question) 
with humidified zero air. The resulting sample is analyzed by GC/MS in accordance with 
the SOP for Cleaning and Certification of Summa Canister and Other Specially Prepared 
Containers. The controller is considered acceptable if the concentration is less than 70% 
(½ for DoD compliance) the reporting limit for any compound. 

12.2 Inventory and LIMS 

An inventory of all COAs shall be maintained either electronically or manually. In 
addition, LIMS must be used for inventory of all flow controllers. Malfunctioning flow 
controllers in need of repair must be placed in a box labeled “Maintenance Hold” to 
prevent them from going out to the field.   

13) Calculations 

13.1 Equations and Calculations 

13.1.1 Calculating flow rate for flow controllers: 

 

L

ml

t

V
F

100085.0
  

 

Where: 

F= desired flow rate, ml/min 

V = volume of sample container, L 

T = sampling duration, min 

 
 

13.1.2 Conversion of sampling time to mL/min for flow controllers at pressures 
beyond sea level: 
 

F = 
T

120

1

0


P

P
 

   Where:  

F is  Flow in mL/min 
 T is  Sampling time in hours 
 P0 is Pressure at sea level in mmHg 
 P1 is Pressure at designated elevation in mmHg 

 
13.1.3 Flow Measurement - The flow and the opening of the critical orifice can be 

determined by the following equations: 
 
Q = 7.2 * AO      or Q = 22.62 * r2 
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 Where: 

  Q volume of flow (lpm) 
AO Area of the orifice (mm2) 

 r radius of the opening 
 

13.1.4 The Hagen-Poiseulle Equation - As fluid flows through a tube, its flow is 
determined by pressure, diameter and length of the tube, and the fluid’s 
viscosity. 
 

    Q = 
ηL

πPd
128

4
 

    
   Where: 

   P   is Pressure 101325 Pa (1 atm) 
     d   is diameter of tubing (m) 
         is  3.1416 
          is air viscosity constant 0.0173 centipoises (0.000173 mPa*s) 
       L   is length of tubing (m) 
     Q  is flow rate (m3/s) 
 
 

13.1.5 Hagen-Poiseulle Equation Simplified: 
 

     Q = 
L(m)s) x mPa (0.00173  128

)m(d x mPa 101325  1000  44




 

  

     Q =  sm
L

d 3
4

1010144   

 

Since  Q (flow) = 
time

volume
; Q = 

T

V
 and therefore  T = 

Q

V
 

   Where:   

T = requested time of COA 
    V = volume of canister (6L or 3L) 
    Q = mass flow rate 
    T0 = baseline configuration for 1-hour COA (12.5cm, 0.25mm) 
    T1 = new time of requested COA 
    H = hourly ratio of new COA to baseline 1-hour COA 
 

  H = 
0

1

T

T
 = 

00

11

QV

QV
 = sm

L

d

Q

Q

V

V 3
4

10101.44  Q and  
1

0

0

1

  
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H = 
4

4

4

4

1

0

0
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0

1
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00
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L1 = 
 

1

0100
4

V

ddLVH 
 

      
    

Where: 
   V0 = 6L 

    L0 = 12.5cm (0.125m) 
    d0 = 0.25mm 
    H = hourly ratio 

Using this equation, a new configuration can be calculated for any COA based on 
time requirements. 

14) Method Performance 

14.1 Not Applicable 

15) Pollution Prevention and Waste Management 

15.1 Not Applicable 

16) Contingencies for Handling Out-of-Control or Unacceptable Data 

16.1 Unable to Calibrate FC 

Check for blockage in the filter by removing the filter and passing nitrogen through the 
flow controller without the filter. If the nitrogen flows freely then there is a blockage in 
the filter. Take the controller out of service by placing in a box labeled “Maintenance 
Hold” until the filter may be replaced.   

16.2 Post Calibration Failure 

If the post calibration differs from the original calibration by more than 20% (for flow 
controller or COAs) the Project Manager must be contacted as soon as possible.   

16.2.1 Flow Controllers Prior to any notification, check for blockage in the filter, note 
whether the caps securing the fine or coarse adjustments have been tampered 
with and check that all fittings are securely tightened. Determine the possible 
cause and document in the associated job file and in the calibration logbook.  
Contact the Project Manager in order for the client to be contacted to determine 
the fate of the sample(s). The resulting decision must also be documented.   

16.2.2 Critical Orifice Make sure that the evacuated canister has sufficient vacuum. Check 
for blockage in the filter. Also look for signs of condensed water vapor. Determine 
the possible cause and document in the associated job file and in the calibration 
logbook. Contact the PM in order for the client to be contacted to determine the 
fate of the sample(s). The resulting decision must also be documented.   
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16.3 Flow Controller QC Failure 

Trace the history of the flow controller in question by looking at previous maintenance 
activities, calibration, quality control checks, clients, and sample type (ambient or 
source). Re-clean the controller and perform a new quality control check. If the QC still 
does not pass, take the flow controller out of service (place in box labeled “Maintenance 
Hold”), replace filter, clean tubing, and check again.   

16.4 COA Calibration Failure 

If the OA fails the ≤15% criteria, check the items listed in the section above and, if 
necessary, modify it or make a new COA and perform the calibration again. Make sure 
to create a new ID number with each new COA assembled. If this COA is new and has 
never been calibrated or utilized in the field then the same identification may be used.  

17) Training 

17.1 All personnel performing the tasks on FC or COAs detailed in this SOP must have a 
completed training plan (see attachment A) and all documentation shall be retained on 
file. 

18) Summary of Changes 
 

Summary of Revision Changes 
Revision 
Number 

Effective 
Date 

Document 
Editor 

Description of Changes 

15.0 7/16/21 N. Nash Updated cover page using new SOP format and 
updated approval names 

   19.1 - Updated 
   Attachment D – Updated  

19) References and Related Documents 

19.1 TNI 2016 Standard 

20) Attachments 

20.1 Attachments 

Attachment A: Training Plan 

Attachment B:  Flow Controllers and COA Calibration Conversion Chart 

Attachment C: Critical Orifice Dimensions Chart 

Attachment D:   Critical Orifice Assembly (COA) and Flow Controller Flow Rates 
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Attachment A 

Training Plan 
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Training Plan for Flow Controllers and Critical Orifices 

Trainee __________________________  Trainer ________________________  Instrument   

1. Read SOP Training Duration  Trainer ____ Trainee ____ Date   

2. Demonstrated understanding of the scientific basis of time integrated sampling   

 Training Duration  Trainer ____ Trainee ____ Date   

3. Demonstrated familiarity with related SOPs  Trainer ____ Trainee ____ Date   

SOP for Making Entries onto Analytical Records Training Duration  
SOP for Significant Figures 
SOP for Nonconformance and Corrective Action 

4. Observe performance of SOP Trainer ____ Trainee ____ Date   

___Flow controller assembly set-up Training Duration  
___Calibration and post calibration of flow controllers 
___Container tracking 
___COA cleaning 
___Critical orifice assembly and calibration 
___Resetting flow controllers 
___Cleaning flow controllers 
___Logbook entries 
___COA for sulfur compounds 

5. Perform SOP with supervision Trainer ____ Trainee ____ Date   

___Flow controller assembly set-up Training Duration  
___Calibration and post calibration of flow controllers 
___Container tracking 
___COA cleaning 
___Critical orifice assembly and calibration 
___Resetting flow controllers 
___Cleaning flow controllers 
___Logbook entries 
___COA for sulfur compounds 

6. Independent performance of the SOP Trainer ____ Trainee ____ Date   

___Flow controller assembly set-up Training Duration  
___Calibration and post calibration of flow controllers 
___Container tracking 
___COA cleaning 
___Critical orifice assembly and calibration 
___Resetting flow controllers 
___Cleaning flow controllers 
___Logbook entries 
___COA for sulfur compounds 
___initial demonstration of competency  

___ Five consecutive flow controller calibrations (within 10% of trainers post calibration) 
 

 
 
 
 
 
 
 
 



 
STANDARD OPERATING PROCEDURE 

Flow Controllers & Critical 
Orifices 
SMO-Flow_Cntrl, Rev. 15.0 

ALS | Environmental – Simi Valley Effective 7/16/21 
 Page 17 of 24 

 

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  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Attachment B 
 

Flow Controller Calibration Conversion Chart 
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Flow Controller Calibration Chart 
 

Flow setpoints are determined based on an 85% fill of the sampling vessel at the conclusion of the 
sampling period.   
 
6L Canister – 30 minutes sampling time requirement, divide the selected sampling time (hour) into 85.  
For example, 85/0.5hr = 170 mL/min. 
 
1L Canister – 30 minutes sampling time requirement, divide the selected sampling time (hour) into 
14.17.  For example, 14.17/0.5hr = 28.3 mL/min. 
 

6L Canister 
Sampling Duration 

(hours) 
 

 
Flow (mL/min) 

1L Canister 
Sampling Duration 

(hours) 
 

 
Flow (mL/min) 

0.5 170 0.5 28.3 
1.0 85 1.0 14.2 
2.0 42.5 2.0 7.1 
3.0 28.3 3.0 4.7 
4.0 21.3 4.0 3.5 
6.0 14.2 6.0 2.4 
8.0 10.6 8.0 1.8 
12 7.1 12 1.2 
24 3.5 24 0.6 

 
 
To correct for pressure differences at higher elevations (above sea level), use the following formula to 
calculate the required flow: 
 

 
Hg) (mmgelevation  designatedat  Pressure

Hg) (mm level seaat  Pressure
    X   normal calibration flow (ml/min) 
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Attachment C 
 

Critical Orifice Dimensions Chart 
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Critical Orifice Dimensions Chart 
 
 

 
 
 

 
Time 
(min) 

 
Time 
(hour) 

 

 
Canister 
Vol (L) 

 
Capillary Column 

Inner Diameter (mm) 

 
Capillary Column 

Length (cm) 
 

T0 60 1.00 6 0.25 12.5 

T1 1 0.02 6 0.53 * 

T1 3 0.05 6 0.53 * 

T1 6 0.10 6 0.45 10.50 

T1 12 0.20 6 0.32 4.50 

T1 20 0.33 6 0.32 7.50 

T1 30 0.50 6 0.25 6.50 

T1 120 2.00 6 0.20 10.00 

T1 180 3.00 6 0.15 4.00 

T1 240 4.00 6 0.15 5.30 

T1 360 6.00 6 0.15 8.00 

T1 480 8.00 6 0.15 10.60 

T1 1440 24.00 6 0.10 10.00 

T1 90 1.50 3 0.15 4.00 

T1 360 6.00 3 0.10 5.00 

T1 480 8.00 3 0.10 6.50 

* To be determined 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
STANDARD OPERATING PROCEDURE 

Flow Controllers & Critical 
Orifices 
SMO-Flow_Cntrl, Rev. 15.0 

ALS | Environmental – Simi Valley Effective 7/16/21 
 Page 21 of 24 

 

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  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Attachment D 
 

Critical Orifice Assembly (COA) and Flow Controller Flow Rates 
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Critical Orifice Assembly (COA) Flow Rates 

Sampling 
Duration 

Canister 
Volume 

(ml) 

 Time 
(min.) 

Initial Flow Rate 
(ml/min.) 

15% 
Deviation 

Acceptable Flow Range 
Low High 

 
 
 
 
 
 
 

 
 
6 

Liter 

2 MIN 5100 2 2550.0 450.0 2100 3000 
3 MIN 5100 3 1700.0 300.0 1400 2000 
4 MIN 5100 4 1275.0 225.0 1050 1500 
5 MIN 5100 5 1020.0 180.0 840 1200 
6 MIN 5100 6 850.0 150.0 700 1000 
7 MIN 5100 7 728.54 128.6 600 857.14 
10 MIN 5100 10 510.0 90.0 420 600 
12 MIN 5100 12 425.0 75.0 350 500 
15 MIN 5100 15 340.0 60.0 280 400 
20 MIN 5100 20 255.0 45.0 210 300 
30 MIN 5100 30 170.0 30.0 140 200 
45 MIN 5100 45 113.33 20.0 93.3 133.33 
1 HR 5100 60 85.0 15.0 70 100 
1.75 HR 5100 105 48.54 8.6 39.8 57.14 
2 HR 5100 120 42.5 7.5 35 50 
3 HR 5100 180 28.33 5.0 23.33 33.33 
4 HR 5100 240 21.2 3.8 17.8 25 
6 HR 5100 360 14.17 2.5 11.67 16.67 
8 HR 5100 480 10.6 1.9 9 12.5 
10 HR 5100 600 8.5 1.5 7 10 
12 HR 5100 720 7.03 1.3 6 8.33 
24 HR 5100 1440 3.57 0.6 2.97 4.17 
72 HR 5100 4320 1.19 0.2 1 1.39 
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Critical Orifice Assembly (COA) Flow Rates 

Sampling 
Duration 

Canister 
Volume 

(ml) 

 Time 
(min.) 

Initial Flow Rate 
(ml/min.) 

15% 
Deviation 

Acceptable Flow Range 
Low High 

 
 
 
 
 
 
 

 
 
1 

Liter 

2 MIN 850 2 425.0 75.0 350 500.00 
3 MIN 850 3 283.33 50.0 233.3 333.33 
4 MIN 850 4 212.5 37.5 175 250.00 
5 MIN 850 5 170.0 30.0 140 200.00 
6 MIN 850 6 141.67 25.0 116.67 166.67 
7 MIN 850 7 121.46 21.4 100 142.86 
10 MIN 850 10 85.0 15.0 70 100.00 
12 MIN 850 12 70.83 12.5 58.33 83.33 
15 MIN 850 15 56.67 10.0 46.67 66.67 
20 MIN 850 20 42.5 7.5 35 50.00 
30 MIN 850 30 28.33 5.0 23.33 33.33 
45 MIN 850 45 18.92 3.3 15.62 22.22 
1 HR 850 60 14.17 2.5 11.67 16.67 
1.75 HR 850 105 8.12 1.4 6.72 9.52 
2 HR 850 120 7.03 1.3 6.0 8.33 
3 HR 850 180 4.76 0.8 3.96 5.56 
4 HR 850 240 3.57 0.6 2.97 4.17 
6 HR 850 360 2.38 0.4 1.98 2.78 
8 HR 850 480 1.78 0.3 1.48 2.08 
10 HR 850 600 1.37 0.3 1.07 1.67 
12 HR 850 720 1.19 0.2 1 1.39 
24 HR 850 1440 0.59 0.1 0.49 0.69 
72 HR 850 4320 NA 0.0 NA 0.23 
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Flow Controller Flow Rates 

Sampling 
Duration 

Canister 
Volume 

(ml) 

 Time 
(min.) 

Initial Flow Rate 
(ml/min.) 

15% 
Deviation 

Acceptable Flow 
Range 

Low High 
 

 
 
 
 
 

6 
Liter 

30 MIN 5100 30 170 25.5 144.5 196 
45 MIN 5100 45 113 17.0 96.3 130 
1 HR 5100 60 85.0 12.8 72.3 97.8 
2 HR 5100 120 42.5 6.4 36.1 48.9 
3 HR 5100 180 28.3 4.3 24.1 32.6 
4 HR 5100 240 21.3 3.2 18.1 24.4 
5 HR 5100 300 17.0 2.6 14.5 19.6 
6 HR 5100 360 14.2 2.1 12.0 16.3 
7 HR 5100 420 12.1 1.8 10.3 14.0 
8 HR 5100 480 10.6 1.6 9.0 12.2 
9 HR 5100 540 9.4 1.4 8.0 10.9 
10 HR 5100 600 8.5 1.3 7.2 9.8 
11 HR 5100 660 7.7 1.2 6.6 8.9 
12 HR 5100 720 7.1 1.1 6.0 8.1 
24 HR 5100 1440 3.5 0.5 3.0 4.1 
72 HR 5100 4320 1.2 0.2 1.0 1.4 

 168 HR  5100 10080 0.5 0.07 0.43 0.57 
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1) Scope and Applicability 

1.1 The purpose of this standard operating procedure (SOP) is to describe the requirements 
and guidelines necessary for effective sample receiving as well as the documentation 
associated with this process. Additionally, this document describes the procedures 
relating to the Sample Management Office for initiating any subcontract documentation.   

1.2 This standard operating procedure (SOP) is applicable to all samples delivered to this 
laboratory and subcontracted out for analysis. 

2) Summary of Procedure 

2.1 For the purposes of this document sample receiving is considered to be an all-inclusive 
system, which comprises sample custody transfer, sample acceptance, and sample login. 

2.2 This procedure is essential in identifying compromised samples and ensuring the validity 
of the laboratory’s sample data. Improper sample handling affects the credibility and 
acceptability of analytical results, regardless of their accuracy and precision. Therefore, 
it is essential that all samples be properly received and handled and that the 
documentation maintained accurately reflects the integrity and processing of samples.   

3) Definitions 

3.1 Custody The guardianship or safe keeping of a sample. A sample is considered to be in 
a person’s custody if it is physically in their possession, or it is in their view after being 
in their possession, or it was in their possession and then locked up or sealed to prevent 
tampering, or it is in a secure area. 

3.2 Chain of Custody (COC) Record that documents the possession of the samples from the 
time of collection to receipt in the laboratory. This record generally includes the number 
and types of containers; the mode of collection; collector; time of collection; 
preservation; and requested analyses. 

3.3 Internal Chain-of-Custody Procedures employed to record the possession of samples 
from the time of sample receipt until disposal/storage and are performed at the special 
request of the client. These protocols are handled electronically through LIMS.  

3.4 Compromised Samples Those samples which are improperly sampled, insufficiently 
documented, improperly preserved, collected in improper containers, exceeding holding 
times and/or not received intact when delivered to a laboratory. 

3.5 Holding Times (Maximum Allowable Holding Times) The maximum times that samples 
may be held prior to preparation and/or analysis and still be considered valid or not 
compromised. (40 CFR Part 136) 

3.6 Preservation Refrigeration and/or reagents added at the time of sample collection (or 
later) to maintain the chemical and/or biological integrity of the sample. 

3.7 Service Request (SR) / Job File A unique, computer generated laboratory number which 
is assigned to a sample or group of samples submitted (at the same time) by the client 
representing one job or project. The job or project includes specific sample management 
information, analysis data, client correspondence, analysis report and other pertinent 
information comprising a single sample submission containing one or more samples in 
a client’s project.  

3.8 COC Chain-of-Custody 
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The end user ultimately determines the acceptability of the data and is based on a 
number of factors including the data quality objectives of the project. It is important to 
understand that the application of data qualifiers does not ensure that the data will be 
acceptable to the end user.   

5.4 Primary Review 

This review must focus on the validity of the analysis and raw data generated, the 
technical accuracy and correctness of the analysis (the analytical procedure is in control), 
use of valid and approved procedures and methods, and interpretation of sample results. 
This review is to ensure the correctness of the raw data, the completeness of the quality 
control measures and that all criteria including special client requirements have been 
met.   

The analyst is responsible for processing all data according to the analytical method and 
corresponding method SOP. Additionally, due to the nature of Enviroquant software, 
processing data through screen dumping is not permitted.  Once the analyst has 
processed the data and generated the quantitation report and any other necessary 
documentation a checklist for that method is completed and submitted for secondary 
review. The analyst must follow Sections 5.2 and 5.3 above when reducing and reviewing 
data. Refer to Section 5.7.4 for information on the addition of information to the case 
narrative. 

5.5 Secondary Review 

The secondary review will be performed by someone other than the technical primary 
reviewer. The secondary review will make the same assessments as the primary reviewer, 
and check the interpretations, data manipulations, and decisions made by the primary 
reviewer. Additionally, the secondary reviewer will review the outputs from the initial 
review to the raw data.  This includes such things as data processing results/outputs, 
calculations, runlogs, benchsheets, QC analyses, etc. The secondary review certifies the 
completeness and validity of the data to be reported.   

The peer reviewer must use the appropriate method data review checklist and all 
associated documentation including client specific requirements to ensure compliance.  
In addition, they must determine that any manual calculations and integrations are 
documented and correct. A secondary review shall also check that generated data is 
correct and accurately reflects the analysis. It must consist of reviewing proper frequency 
of quality control samples as specified in the method specific SOP checklist as well as 
acceptance criteria. In addition to Section 4.2 and 4.3, the following must be reviewed. 

 The reviewer will ensure that the primary analyst is processing data using 
appropriate techniques, methodologies and SOPs.   

 Ensure all samples were analyzed under the current calibration curve and correct 
data processing method.   

 All manual calculations, transcriptions, and computer-generated transcriptions must 
be checked to 100 %, where necessary.  If a spreadsheet is properly validated and 
includes a version number and/or validation date then the computer-generated 
numbers do not require checking.   

 The secondary reviewer is also responsible for ensuring that none of the data has 
been produced through screen dumping. 

 If errors are found then the primary analyst shall be notified, or at a minimum 
another qualified analyst should be consulted; two reviews must be conducted for 
the approval of any change to a primary analyst’s data.   
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 Review all qualifiers including interference flags to determine acceptability.   

5.6 Tertiary Review 

All client-ready final reports will undergo review in this format, and is presented to the 
client; either by analysis fractions or in its entirety. This review will include verification 
of the accurate and correct reporting of sample and QC results; including accurate 
transfer of results from instrument data to report forms, report format, use of qualifiers 
and flags, and method citations. This review will also include verification of the correct 
project information, such as client name, project name, sample IDs, etc. The report 
review should ensure that the report is error-free and contains no inconsistencies. Refer 
to the Quality Assurance Manual – Table 21-1 for a list of standard data deliverables 
associated with each tier level. 

The reviewer must use the Tertiary Data Review Checklist, or the P-9290 Tertiary Data 
Review Checklist (Attachment 1 & 2) to ensure method / project compliance. They must 
ensure all documentation arriving with the sample is accurate compared with the client 
submitted chain of custody as well as all laboratory generated and client supplied 
documentation. This review is documented by the completed checklist.  

Data shall be reviewed and verified based on the following, where applicable: Chain of 
Custody, SR Form, Client supplied documentation, raw laboratory data, and laboratory 
spreadsheets. The information detailed in the checklist in Attachment 1 or 2 shall be the 
minimum that must be reviewed and validated, where applicable.   

The reviewer performs calculations to ensure transcription errors did not occur during 
final report production.  These are some of the frequently used calculations, for 
additional equations please reference the appropriate method SOP. 

 
 Calculate the method reporting limits on a specific Job.  

  
 Calculation:  Method Reporting Limit x Total Dilution 
                   Volume Analyzed 

 
 Calculate g/m3 or mg/m3 from concentration units in raw data. 

 
 Calculation:   Concentration Units x Total Dilution  
     Volume Analyzed 

5.7 Data Submission 

A complete report including case narrative, project manager’s signature, along with the 
data report pages are submitted to the client in accordance with requested report tier 
level or client specified report requirements.  

The date and time of analysis must be reported, this is especially imperative when the 
holding time is 72 hours or less or when time critical steps are included in the analysis 
(e.g., extractions and incubations). Semi-Volatile analysis extractions dates (if 
applicable) shall also be available to the client in the final report. 

DoD Requirement: Both date and time of preparation and analysis are considered 
essential information, regardless of the length of the holding time, and shall be included 
as part of the laboratory report. If the time of the sample collection is not provided, the 
laboratory must assume the most conservative time of day (i.e., earliest).   

The client is contacted in writing (email is sufficient) or by phone (with applicable notes 
added to the job file) regarding any event that casts doubt on the validity or 
completeness of results. All information of this type is included in the final report and 
the following describes each section of the final report and the information that should 
be consistently provided to the client for proper interpretation of the results.     
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5.7.1 Laboratory Report Format and Contents The information included in the report 
issued is listed below, which complies with all applicable accrediting body 
requirements. The laboratory certifies that the test results meet the requirements 
of the appropriate accrediting body or accrediting body standard or will provide 
reasons and/or justification if they do not. 

1) A title, (i.e., “Test Report” or “Laboratory Report”) 

2) Name and address of laboratory, and location where the test was carried out 
if different from the address of the laboratory and phone number with name 
of contact person for questions 

3) Certification identification  

4) Unique identification of the report (such as serial number), and on each page 
an identification in order to ensure that the page is recognized as part of the 
test report and a clear identification of the end of the report. This 
requirement may be presented in several ways: 

 The total number of pages may be listed on the first page of the report 
as long as the subsequent pages are identified by the unique report 
identification and consecutive numbers, or 

 Each page is identified with the unique report identification, the pages 
are identified as a number of the total report pages (example: 3 of 10, or 
1 of 20).  Other methods of identifying the pages in the report may be 
acceptable as long as it is clear to the reader that discrete pages are 
associated with a specific report, and that the report contains a specified 
number of pages. 

5) Name and address of client and project name if applicable 

6) Description and unambiguous identification of the tested sample including 
the client identification code. 

7) Identification of test results derived from any sample that did not meet 
sample acceptance requirements such as improper container, holding time, 
or temperature. 

8) Date of receipt of sample, date and time of sample collection, and time of 
sample preparation and/or analysis if the required holding time for either 
activity is less than or equal to 72 hours (unless a DoD project, where the 
date and time are required, regardless of the holding time requirement).  

9) The following are the laboratory criteria for evaluating compliance with 
required hold times.  

 If no sampling time is provided, hold times are considered valid until 
the end of the day.  However, for projects that require compliance 
with the DoD Quality Systems Manual (QSM), the most conservative 
time (earliest) will be utilized.   

 Time zones are not taken into consideration unless requested by the 
client.   

 Dates and times of collection must be taken into account when 
provided.  If not provided, a notation will be made on the Sample 
Acceptance Check Form.   
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 The start of sample preparation (e.g., addition of solvent), where 
applicable, is considered the end of the hold time.   

10) Identification of the test method used, or unambiguous description of any 
nonstandard method used. 

11) Any deviations from (such as failed quality control), additions to or exclusions 
from the test method (such as environmental conditions), and any non-
standard conditions that may have affected the quality of results, and 
including the use and definitions of data qualifiers. 

12) Test results that do not meet the requirement, or for which the laboratory is 
not certified, must be documented with the reason why the result does not 
meet the requirements and justification as to why the result was reported.   

13) For reports with samples originating within the State of Minnesota (EPA 
TO-15 analysis) when the laboratory analyzes samples by a procedure 
other than as written (such as any modification to the method), the 
laboratory record must include:  

 (1) The sample identification traceable to client  

 (2) The modification to the procedure  

 (3) The reason for the modification 

 (4) The client’s authorization or acknowledgement of the modification.   

14) The measurements, examinations, any failures identified and derived test 
results with, when appropriate, the units of measurements; whether data are 
calculated on a dry weight or an “as received” basis; the reporting or detection 
limit for each sample with appropriate units of measurement. 

15) When required, a statement of the estimated uncertainty of the test result(s). 

16) A signature and title, or an equivalent electronic identification of the 
person(s) accepting responsibility for the content of the certificate or report 
(however produced), and date of issue. 

17) Statements to the effect that the results relate only to the items tested or to 
the sample as received by the laboratory and the report shall not be 
reproduced except in full, without the written approval of the laboratory. 

a. The results included in this report relate only to the sample(s) submitted 
and identified herein, and in the documented condition received by the 
laboratory. 

b. All results are intended to be considered in their entirety, and the 
laboratory is not responsible for utilization of less than the complete 
report. 

18) Subcontracted results - clear identification, name and address and 
certification number of all test data provided by outside sources, such as 
subcontracted laboratories, clients, etc. 

a. For reports for samples obtained within the State of Minnesota (for EPA 
TO-15), the phrase “This report contains data that were produced by a 
subcontracted laboratory certified for the fields of testing performed”.   

19) Clear identification of numerical results with values outside of quantitation 
levels. 
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5.7.2 Initial Results Submission To meet client needs, a report may be transmitted to 
the client via email (PDF or only excel worksheets), electronic data deliverable 
(EDD), and/or ALS Limited Secure File Sharing system (Accellion) pursuant the 
client’s instructions.  

The case narrative and supporting documentation will not be included if the 
client requests an email of the excel worksheets; however, as with all client 
submissions the data must have been through all reviews (in accordance with 
this document).  A disclaimer is sent with each transmission and is dependent 
on the completeness of the results/report being supplied.   

5.7.3  Electronic Data Deliverable (EDD) is created by a trained individual and then 
checked.  This review should include, at a minimum, a 10% review of the data 
and is to be noted in the space provided on the Tertiary Data Review Checklist. 
This checklist indicates the file pathway for the document, the creator and 
reviewer’s initials (if different from the creator) and the sample(s) and QC 
reviewed for correctness. The reviewer may be the creator as long as training has 
been completed. 

5.7.4  Case Narrative and Cover Letter Preparation and Approval 

The report shall include a statement to the effect that the results relate only to 
the samples included in the report. In addition, at the laboratory’s discretion, a 
statement included that the report shall not be reproduced except in full, without 
the written approval of the laboratory. 

Once the log-in folder has been approved in LIMS by the Project Manager, the 
cover letter and case narrative are to be initiated and saved in 
G:\STARLIMS\Coverletter. The person generating the framework (method 
autotext included) of these documents should initiate the Case Narrative 
Checklist (Attachment 3) and must verify the sample data based on the following 
documentation, when available – Chain of Custody, Media Request/Sample 
Supplies Summary, Service Request, Sample Acceptance Check Form and any 
additional paperwork sent with the samples. Each method autotext is to be added 
with the initial setup of these documents.   

Analysts must add any necessary text to the case narrative based on any 
anomalies observed with the samples and/or analyses as described in the 
SOP for Laboratory Storage, Analysis, and Tracking.  If information is missing 
from the case narrative and an analyst is unable to add the necessary text, 
another employee may add the applicable text (such as the Project Manager or 
Data Reviewer), as long as the final case narrative and cover letter conform to the 
requirements of this document and Quality Assurance Manual. The Project 
Manager is responsible for the final review of the cover letter and case narrative 
and ensuring that all of the necessary information regarding the samples and 
analyses is included.   

The cover letter, case narrative and final report pages are given to the Project 
Manager for final approval and signature. The Project Manager assumes 
responsibility for the laboratory by signing the final report. Final signed reports 
are paginated and submitted to the client via PDF email to the client, and/or ALS 
Limited Secure File Sharing system (Accellion) submission. On rare occasions, 
hard copy reports are requested and are sent via United States Postal Service, or 
other commercial delivery service (FedEx, UPS, etc.). 

5.7.5 Data Packages 
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Data packages will be assembled according to a standard format unless a client 
specified criteria has been requested and agreed upon by the client and the 
Project Manager. When the client has requested an upper tier level report, a Data 
Reporting Specialist or other trained employee will verify that all necessary 
deliverables are included in the report package.  

Standard format includes but is not limited to final report of analyses, raw data, 
QC forms, initial calibrations, continuing calibrations, tunes (GC/MS only) and 
run logs. (Note: Standard format will vary based on type of GC or GC/MS analyses 
performed; i.e., not all GC analyses have QC forms.) If available, previous data 
packages for those projects are referenced to ensure the correct client specified 
format when compiling the data package. Specific QC levels must follow the 
current levels detailed in the most recent Quality Assurance Manual.   

Each Tier IV report that is generated shall be documented in an Excel spreadsheet 
(R:\WORDPROC\WIP\REPORTS\MISC\DATAPACK\Completed Data Packages) 
stating the following: 

 SR number  

 Date Completed  

 Client name 

 Due Date 

 Employee initials that compiled the Data Package 

 DoD or non-DoD Job  

Verification of deliverables to the client shall be performed by the PM or other 
qualified employee.  

5.8 Reporting Uncertainty 

The laboratory is only responsible for estimating the portion of measurement 
uncertainty that is under its control. Test reports shall include a statement of the 
estimated uncertainty of measurement only when specifically requested by client 
instruction.  For additional information on uncertainty, refer to the SOP for Control 
Limits, Trending and Uncertainty. 

DoD Projects: If a DoD project requires measurement uncertainty to be reported, the 
laboratory shall report the estimated uncertainty based on project-specific procedures 
or, if not available, any other scientifically valid and documented procedures. The 
estimated measurement uncertainty can be expressed as a range (±) around the reported 
analytical results at a specified confidence level. A laboratory may report the in-house, 
statistically-derived LCS control limits based on historical LCS recovery data as an 
estimate of the minimum laboratory contribution to measurement uncertainty at a 99% 
confidence level.  

5.9 Report Revision 

 After issuance of a formal report to the client, the original laboratory report shall remain 
unchanged. However, a revised report may be issued and regardless of the 
circumstances of the revision, the procedures described below shall be consistently 
followed. 

5.9.1  Electronic Submittals: The revised report pages shall be indicated by “Revised 
Page” located at the bottom of the page.   

5.9.2  A revision letter (approved and signed by the Project Manager) shall accompany 
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the revised report and shall include: 

 Date of revision 
 Report file number being revised 
 Identification of revision including all affected samples 
 Statement detailing that the enclosed is a revised report as indicated by the 

“Revised Page” footer   
 Project Manager contact and phone number 

5.10 Report Addendum 

An addendum may be issued if there is an omission of data information from the original 
report such as quality control data or analytical results.  

5.10.1 Electronic Submittals: The report in its entirety shall be resubmitted to the client 
and the added report pages shall be indicated by “Added Page” located at the 
bottom of the page. The report will be repaginated following the addition of the 
added pages.     

5.10.2 An addendum letter (approved and signed by the Project Manager) shall 
accompany the addendum report or pages and include: 

 Report file number 
 Identification of addendum including all affected samples 
 Statement detailing that the enclosed is an addendum report and how added 

pages are identified   
 Project Manager contact and phone number 

5.11 Data Transference 

The transfer of data from one place to another or from one medium to another is a 
potential source of error. Reducing data transfers to a minimum is strongly 
recommended. However, when transfers are inevitable, proper guidance must be given 
on the techniques and reviews necessary in order to minimize error. Computer programs 
or templates that calculate results can be used as long as they are validated and properly 
protected to prevent alterations to the program or template. 

5.12 Spreadsheet Requirements and Validation 

All templates in use must be validated to ensure they provide data that is both complete 
and accurate. These templates include but are not limited to the following: 

 Method spreadsheets for calculating results 
 Spreadsheets that calculate recoveries, percent differences and relative percent 

difference for batch QC and QC 
 Reporting templates used to perform calculations and/or rounding 

Spreadsheet validations shall be documented, reviewed and approved by the appropriate 
employees and QA Manager. The following documentation guidelines are the minimum 
requirements when providing a validation for approval and subsequent use.   

Spreadsheet Requirements 

 Each spreadsheet must include a unique file name, version or the date of generation 
or revision. 

 Each subsequent revision of a spreadsheet must be given a new version number 
and/or date. 

 Date of analysis or date work is performed 
 Job number 
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 Method (or other task performed) 
 Analyst(s) 
 Sample identifications 
 QC which may include all continuing calibration verification standards within the 

sequence necessary to show that each sample and batch QC sample result is 
acceptable. 

 Batch QC including method blank, laboratory control sample, laboratory control 
sample duplicate (if applicable), and laboratory duplicate (for batch precision 
evaluation). 

Validation Documentation Requirements 

 Identification of method or task 
 Date of validation 
 Version or Revision of spreadsheet 
 Initial employee performing validation 
 Pathway on the network (including unique filename), where it is saved 
 All formulas and/or any macros must be printed 
 Example manual calculations for each formula used in the spreadsheet (used to 

compare with the spreadsheet results) 
 Example spreadsheet calculations for each formula used in the spreadsheet (used to 

compare with the manual results) 
 The template shall not be used until the approval process is complete 

Additions or changes to any spreadsheet formulas made after validation must be re-
validated and the spreadsheet template properly secured before implementation. 

Lock-Out and/or Access Control 

Once a template has been approved and prior to use, it shall be appropriately protected 
to prevent unauthorized editing of formulas.   

5.13 Review of Training Records 

The record keeping system must allow historical reconstruction of all laboratory 
activities that produce analytical data. As applicable, demonstration of capability naming 
conventions must be consistent between chain-of-custody records, extraction or 
desorption records, laboratory benchsheets, and quantitation reports. Traceability must 
be maintained.    

Training records must be performed in the same manner as routine sample analyses. 
For example, if routine sample analysis requires a front and back section of a tube to be 
analyzed, training records must also include front and back sections. Laboratory records 
must include this documentation on desorption records and benchsheets. For example 
the following naming convention could be used:   

IDC-1 (Back), IDC-2 (Back), IDC-3 (Back), IDC-4 (Back), IDC-1 (Front), IDC-2 (Front), IDC-3 
(Front), and IDC-4 (Front).  

Training records will be reviewed using the Demonstration of Capability Review Checklist 
(Attachment 4). This is usually performed by the QA manager, but may be performed by 
a designee.  

The QA Manager will review all documentation prior to approval. Final DOC training 
certification requires sign off by QA manager and Technical Director or Laboratory 
Director. Once the training record is complete, the training spreadsheet shall be 
updated. Completed training records shall be stored as a PDF in Q:\0-REFERENCE 
ONLY\Training Records\Employee name.  
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6) Quality Assurance 
6.1 Primary and secondary data reviews shall be performed by qualified personnel who have 

documented training on either the analysis itself or training specific to the data review 
and method SOPs.  Personnel preparing reports (reporting specialists) who may do some 
level of administrative review or proofreading do not require technical knowledge of the 
test, but must be knowledgeable of reporting systems and requirements. In addition, 
they must be knowledgeable about the calculations, conversions, etc. for computing 
final results.   

6.2 Nonconformity 

Nonconformities shall be documented in accordance with the appropriate method SOP 
as well as the SOP for Nonconformance and Corrective Action.   

6.5  Systematic Errors 

If an analysis has systematic errors, the QA manager shall be notified, and a Corrective 
Action report (CA) must be initiated by the QA Manager. Closure of a corrective action 
comes from collaborative efforts of analyst(s), team lead(s) and upper management.  All 
experiments, procedural changes and subsequent validations shall be documented and 
appropriately maintained by the Quality Assurance department in SharePoint.   

6.6 Data Qualifiers 

Refer to the most recent version of the Quality Assurance Manual for the list of applicable 
qualifiers; however, client and project specific qualifiers (i.e., Arizona, DoD qualifiers) 
may be used. In addition, these qualifiers may be modified depending on the specific 
need.  

6.7 The following subsections are primarily intended for Reporting Specialists, Data 
Reporters, and Project Managers in the front office. It also includes information 
pertinent to analytical personnel. 

6.7.1 Continuing Calibration Verification (CCV) 

In the event a CCV fails low or high, the analyte(s) must be flagged in the final 
report with the appropriate qualifier on all field samples regardless is a hit was 
detected. “V” is the commonly used qualifier. RL checks may be performed, and 
the case narrative must be noted. 

Exception:  If the CCV is biased high, and the field samples are “ND” for the 
analyte(s), then a qualifier is NOT used, but the case narrative still must be 
noted. 

6.7.2 Holding Times 

In the event that a method and/or method SOP required / recommended / 
suggested hold time was exceeded, a statement with the reasoning behind failing 
to meet the hold time must be denoted in the case narrative as to the occurrence.  
Samples failing to meet hold time requirements shall be flagged with the 
appropriate qualifier in the final report. Typically “H1” or “H3” qualifiers are used 
in this situation.  

6.7.3 Control Limits 

Control limits and assessment procedures may be project-specific. Project-
specific requirements may supersede routine protocols. Use any applicable 
Quality Assurance Project Plan (QAPP) for assessment procedures and limits.  

When an LCS (and LCSD if applicable), fail low or high, the analyte(s) must be 
flagged with the appropriate qualifier in the final report (Tier II and above). The 
qualifier (usually an “L”) description on the report must state biased low or high 
for recoveries of that analyte. The case narrative needs to include a statement of 
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any LCS (and LCSD if applicable) results that failed to meet established control 
limits. 

6.7.4 Relative Percent Difference  

RPD is used to show precision of a test. RPD can be calculated by LCS and LCSD 
results or field sample and field sample duplicate results. The RPD shall be 
compared with specified limits. If reported results from an analyst exceed the 
required RPD limits the appropriate qualifier (usually an “R”) shall be listed for 
that analyte. The case narrative must be noted with this anomaly unless the 
results used to calculate the RPD are lower than the RL\MRL. 

Analysts shall refer to the associated analytical SOP when RPD failures occur.   

6.7.5 Surrogate Recoveries 

When surrogates fail to meet the method or laboratory established criteria for 
surrogate recoveries the appropriate qualifier shall be stated on the final 
report. Additionally the case narrative shall be noted with the anomaly. 

6.7.6 Method Blank 

The objective of data from the method blank is to show contamination 
stemming from the analytical process. If quantifiable hits are at or above the 
MDL and the client is requesting a report down to the MDL, separate qualifiers 
should be marked on the specific analyte(s) on the final report for both the 
method blank and field sample.  

If quantifiable hits are found in the method blank, but not the sample results 
then no qualifier shall be place on sample results. This applies to MDL and MRL 
reports. In all cases, the case narrative is not noted. 

6.7.7 Matrix Interference 

The final report shall have the appropriate qualifier on the specific analyte(s) 
affected by matrix interferences. The case narrative is not noted in this 
situation. 

7) Documentation and Records 

7.1 Documentation and Records 

This document is used in conjunction with the SOP for Laboratory Storage, Analysis, 
and Tracking and the SOP for Project Management; therefore, those records may apply 
as well. Records produced by the execution of the procedures specified herein are 
documented on the appropriate checklist(s) specific to the type of review or documented 
on the hardcopy data by signature (or initials and date) of the final report.   

 
 Primary and Secondary Data Review checklists 
 Tertiary Data Review checklist  
 Case Narrative checklist 
 Approved cover letter 
 Approved initial report page (produced during tertiary review) 

7.2 All of the reviews shall be documented by a checklist (primary, secondary), initials 
(tertiary, with checklist) or report signature (Project Manager). 
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8) Summary of Changes 
 

Summary of Revision Changes 
Revision 
Number 

Effective Date Document 
Editor 

Description of Changes 

17.0 5/30/2022 N. Nash Minor updates and revisions throughout 
document 

   Attachment 1 - Updated 
   Attachment 2  – New ; subsequent 

attachments renumbered. 
   Attachment 3 - Updated 

 

9) References and Related Documents  

9.1 2016 TNI Standard 

9.2 DoD/DoE Quality Systems Manual Version 5.4, 2019 

9.3 General Requirements for the Competence of Testing and Calibration Laboratories, 
ISO/IEC 17025, second edition, 2005-05-15. 

9.4 Naval Sea Systems Command Laboratory Accreditation Program (LAP), S0005-AC-TED-
010, Revision 4, March 1, 2020. 

9.5 Minnesota Administrative Rules, Department of Health, Chapter 4740, Laboratories; 
Accreditation Requirements. 

10) Attachments 

10.1 Tables 

Table 1 Reporting and Manual Integration Abbreviations 

 10.2 Attachments 

  Attachment 1 Tertiary Data Review Checklist 

Attachment 2 P-9290 Tertiary Data Review Checklist 

  Attachment 3 Case Narrative and Data Package Checklist 

  Attachment 4  Demonstration of Capability Review Checklist 
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Table 1 
 
Reporting Manual Integrations 
E; Estimated MP; Missed Peak 
FP; False positive  BLC; Baseline Correction 
NR; Non-target compound, not reported  IPC; Interfering Peak Correction 
<RL; Concentration less than reporting limit  SP; Split Peak Correction 
<DL; Concentration less than detection limit RTS; Retention Time Shift 
NC; Compound not confirmed WRT; Wrong Retention Time 
CE; Co-eluting compounds (target &/or non-target) WP; Wrong Peak 
<3X; Peak height less than 3 times the baseline noise  PIM; Pattern Integration Missed 
QFP; Quadratic false positive  IC_____; Integration correction 
ABS; After Background Subtraction  
BBS; Before Background Subtraction 
M; Matrix Interference 

 
Note: This table is also included in the SOP for Laboratory Storage, Analysis, and Tracking (Table 1). 

The abbreviation categories may be used interchangeably to fit the situation.   
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