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General Principles



Principle of Air Sampling 

� Air sampling is conducted by creating a controlled 
pressure differential via mechanical means to allow 

air flow into or through a collection device

Whole air sample 

collect air sample in 
container, return to lab

Sorbent sample

collect compounds of 
concern using solid or 
liquid media, return to lab



Introduction to Measurement 
Techniques for VOCs in Air



Regulatory Drivers

¨ Clean Air Act

¨ State Agencies

¨ OSHA

¨ RCRA 

¨ Local and State Board of Health



Air Analysis Methodology

¨ Compendium of methods (TO methods)

¨ Source test methods-40 CFR part 60 app. A

¨ NIOSH / OSHA methods

¨ IP methods (indoor air)

¨ MA DEP APH method (Air-phase  Petroleum 
Hydrocarbons)



Compendium of Methods (“TO” Methods)

� TO-4/TO-10 PCBs /Pesticides via PUF cartridges, GC-ECD

� TO-13 PAH’s collected on PUF cartridges, 
analyzed via GC/MS

� TO-14 VOC’s via ECD, FID, ELCD or MS

� TO-15 VOC’s via GC/MS, multi-bed trap

� TO-1/TO-2/TO-17 VOC’s collected and analyzed using 
thermal desorption tubes, GC/MS



Sampling Techniques 

Types of air matrices in regards to VI:

¨ Ambient (outdoor, indoor air)

¨ Soil vapor or soil gas



Air Sampling Equipment

¨ Canisters (FSL and SUMMA), 
Tedlar bags, tubes, or badges 
for VOCs

¨ MCE or PVC cartridges  for 
dust and inorganics

¨ PUF cartridges for 
semivolatile organics



Air Sampling Equipment-Semivolatiles

� PUF/XAD cartridges

• Low volume flow range = 1-5 L/min

• RL will be ~ 0.14 mmmmg/m3 at 2.5 L/min 

for 24 hr (0.5 mmmmg DL)

• High volume flow range = 200-280 

L/min

• RL will be ~ 0.0014 mmmmg/m3 at 240 

L/min for 24 hr (0.5 mmmmg DL)

Low Volume High Volume



Air Sampling Equipment-Semi-Volatile Sampling

Personal Sampling 

Pumps

¨ Hi-vol samplers



Principles of Instrumentation



GC/MS

� Gas chromatography / mass spectrometry 
(GC/MS)

• Moderate sensitivity compared to other detectors

• Greater QA/QC capabilities by using internal 
standards

• Analytical instrumentation has multiple applications



Selective Ion Monitoring (SIM)
vs. Full Scan Mode

� Refers to mass spectrometer modes of operation

� Full scan detects ions present over range (29-260)

� SIM detects specific ions at specific intervals

� Advantages / Disadvantages
• SIM mode increases sensitivity 25-fold
• Cannot do library searches on unknown compounds (TICs)
• Can be susceptible to false positives



Selecitive Ion Monitoring (SIM)
vs. Full Scan Mode



Pre-Concentration Techniques used in Canister 
Analysis

� Performs “sample prep” for GC/MS analysis

� System will withdraw an aliquot of sample

� “Freezes” VOC’s on trapping material 

� Removes majority of the matrix

� Injects sample into GC/MS



TO-15 Procedure



Specific Analytical Techniques



Method TO-15 and TO-14A

� EPA method for conducting analysis of VOCs sampled in 
passivated canisters

� TO-15 specifically written for GC/MS analysis

� No “method specific” target analyte list for TO-15

� TO-14A allows for conventional detectors, including MS

� QA/QC requirements more stringent for TO-15 than TO-
14A



MADEP APH 
(Air-phase Petroleum Hydrocarbons)

� “Hybrid method” of TO-15 and VPH methods

� Hydrocarbon ranges same as VPH

� Has additional target analytes (1,3-butadiene, 
naphthalene and 2-methylnaphthalene)

� Utilizes MS as detector, not PID / FID

� QA/QC requirements very similar to TO-15



Reporting of Results

30%25%RPD Limits

Every 24-hr or 20 
samples

Every 24-hr or 20 
samples

LCS/Tune Check 
Frequency

50-200%40-140%  (TO-15)
Internal Standard 
Recovery Limits

70-130%70-130%
LCS Recovery 

Limits

Dup, blank, LCSDup, blank, LCSQA / QC

ppbV (except 
ranges) and ug/m3 ppbV and ug/m3Units

APHTO-14/TO-15Method



Holding Times, Preservation, Field QC

Holding Times

Canisters -30 days 
(TO14/TO15)

28 days (APH)
Tedlar bags-varies

Field QC

Trip blanks
Field duplicates

Preservation: “Whole air samples” are kept at 
ambient temperature. Tedlar bags 
should be protected from light.



Clarification of Units

� ppbV ¹ ppb (i.e. mg/L)

• ppbV is a mass to mass ratio

• mg/L is a mass to volume unit

• mg/m3 is a mass to volume unit (= ng/L)



Clarification of Units

� Psig ¹ psia (psig=psia + 14.67) = ambient pressure

� Gauge vacuum ¹ absolute vacuum (in. Hg)

� The term “30 in. of vacuum” refers to gauge readings

� Absolute vacuum = 0 in. Hg, ambient pressure = 30. In. 
Hg absolute



Canister Description and Sampling 
Regulator Dynamics



Fused Silica Lined vs. SUMMA Canisters

� SUMMA refers to the electropolishing technique used to 
deactivate the interior of the canisters

� Fused silica lining (FSL) is a glass coating, a.k.a. 
Silcosteel and Silonite

� FSL more inert and more stable for storage of 
VOC’s

� Manufacturer claims holding time up to 7 days for 
sulfides and mercaptans



Canister Sampling Equipment 

� Flow controller 

configurations

� Composite or 

Grab?

grab filter
F.C. w/ soil vapor  

config. ambient air F.C.

2.7 Liter canister



Canister Sampling-Flow Controllers

� Passive sampling-non-
pressurized sampling 
technique

� Use for composite or TWA 
sampling (0.5 to 24 hr 
period)

� Flow controlled via critical 
orifice, diaphragm

� Calibrated at lab prior to 
sampling using flowmeter

� Adverse effects-high 
moisture, particulates

Ambient Air F.C.

Vacuum 
gauge

Mechanical 
diaphragm

Diaphragm 
adjustment

Critical 
orifice

2 ��� � m filter

Inlet

Outlet (to canister)



Canister & Flow Controller 
Decontamination Procedures



Sampling Media QA/QC

� Canisters
� After analysis is completed and reviewed canisters are cleaned
� Cleaning procedure-evacuate then “rinse” w/ humidified zero air 
� analyze one can in batch (10%) as blank to certify batch is clean
� Vacuum is checked prior to shipping to client

� Flow controllers 
� flow rate checked upon receipt (10% RPD) 
� cleaned and reused

� Canister and flow controller use recorded in logbooks



Regional Vapor Intrusion Guidance



MADEP IAQ 

Study 

Approach



MA DEP Sampling Locations and 
Nomenclature

� Zone A vapor entry points (grab)

� Zone A-1 Soil gas samples (grab)

� Zone B unfinished and unoccupied in contact w/ soil (G or C)

� Zone C Finished and occupied in contact w/ soil (comp.)

� Zone D First floor living area (comp., 4-24 hr.)

� Zone E Second or higher floors (comp., 4-24 hr.)

� Outside/Ambient (Comp)



CT RSR Criteria

� Does not address sampling

� Has specific target analyte list and limits for soil 
vapor, indoor air
• Residential
• Commercial

� References EPA Vapor Intrusion Guidance

� Currently working on new guidance



NHDES Draft Vapor Intrusion Guidance Manual

� Screening values for residential and commercial sites

� Specific target analyte list and RLs (Table 1)

� Soil gas sampling – maximum flowrate of 200 mL/min

� Ambient air sampling – 8 hr. or 24 hr. composite 
(commercial / residential)

� Living space closest to VI pathway



Maine Vapor Intrusion Guidance

� Current focus is on petroleum-related sites
• Has TAL list and action levels for limited pet. comounds

� Typically a 24 hr. sample is preffered

� Grab samples allowed for emergency sampling

� Does not address soil vapor sampling



EPA & ITRC Vapor Intrusion Guidance

ITRC – Interstate Technology and Regulatory Council

Vapor Intrusion Pathway: A Practical Guideline 

EPA - OSWER Draft Guidance for Evaluating the Vapor 
Intrusion to Indoor Air Pathway from Groundwater and Soils
(Subsurface Vapor Intrusion Guidance)



Questions ?

andrez@alphalab.com


