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• HAPs are pollutants that are known or suspected to cause serious health effects or adverse 
environmental effects.

• Examples include:

What are HAPs?

Benzene
Found in gasoline

Dichloromethane
Used as a solvent and paint stripper
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Background

• US EPA Method TO-15 is established method for hazardous air pollutants (HAPs).

• Utilises canister sampling method and thermal desorption gas chromatography mass spectrometry 
(TD-GC-MS).

• Ingress of water can negatively affect results.

• Standard run times limit sample throughput.

• Other challenges include the wide range of sample compound temperatures and varying 
temperature and humidity of samples.
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• Demonstrate an alternative chromatographic approach to speed up analysis compared to US EPA 
TO-15.

• Demonstrate the combined use of an innovative trap-based water removal device as part of a robust 
TD-GC-MS system.

• Demonstrate both typical and 0.5 – 50 ppb Calibration data for US EPA TO-15

Objectives
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Equipment

MarkesTM CIA AdvantageTM canister sampler 
coupled to a MarkesTM Kori-xrTM water removal 
device and a MarkesTM Unity-xrTM thermal desorber

Sample introduction Sample analysis

Thermo ScientificTM ISQTM 7000 mass 
spectrometer (MS) coupled to Thermo ScientificTM 

TRACE 1310 gas chromatograph (GC)

Terry.Jeffers@thermofisher.com | 9 - August - 20215



Sample flow path

Terry.Jeffers@thermofisher.com | 9 - August - 2021
6



MarkesTM CIA Advantage-xrTM

Canister sampling volume Up to 1000 mL

Water removal Kori-xrTM

IS loop fill 1 min

MarkesTM  Unity-xrTM

Trap type Cold trap, “TO-15/TO-17 Air toxics”

Trap temperature -30 °C to 300 °C

Flow path 120 °C

Loop equilibration 0.1 min

IS loop injection 1.0 min at 50 mL/min

Sample flow 50 mL/min

Sample Preparation Method conditions
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Thermo ScientificTM TRACE 1310 GC
Inlet temperature 260 °C

Injection mode Splitless, 3 min

Split flow 20 mL/min

Carrier gas flow He, 0.8 mL/min

GC oven temperature 
program

Initial 35 °C for 3 min,
Ramp 14 °C/min to 100 °C,
Ramp 20 °C/min to 230 °C, hold for 4 min

Total run time 18 min

Thermo ScientificTM ISQ 7000 mass spectrometer
Transfer line temperature 230 °C

Mode/range Full scan, 35-260 amu

Ion source Thermo ScientificTM ExtractaBriteTM

Ion source temperature 310 °C

Ionisation mode EI @ 70 eV

Solvent delay 1.09 min

Dwell/scan time 0.15 s

Emission current 25 µA

Column 
TG-VMS 20 m x 0.18 mm x 1.0 µm Film

GC-MS Method conditions
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Thermo Scientific ISQ 7000 MS - Never Vent
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IS and Tuning 
Mix added to 

Trap 
Working 

Targets 50 
ppbv

Working 
Targets 
50 ppbv

Custom VOC 
Mix (6 

Components)

TO-15 
65 Component 

Mix (65 
components)

TO-14A 
Internal 

Standard
Tuning Mix

Standard Preparation
Internal Standard and Tune Check      
added via 1 ml loop 

• Bromochloromethane, 1,4-Difluorobenzene, Chlorobenzene-d5 used as Internal Standards 
• 4-bromofluorbenzene – Tune Mix
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Result – Sample to Sample Cycle Time
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Sample Separation & 
Detection

Sample Results 

Sample Preparation

25 minutes – Sample to Sample



Result - Chromatography

Separation of 50 ppb standard achieved in under 13 minutes
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Result – BFB Tune Check

Tune Check – Top 3 scans across apex of peak 

> 20 Scans across Peak

13 Terry.Jeffers@thermofisher.com | 9 - August - 2021



Result – Internal Standard Chromatography

Internal Standards and Tuning Component 
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Result – Internal Standard Stability

Internal Standard Area Count Stability 

• Bromochloromethane = 15 %

• 1,4-Difluorobenzene = 9 %

• Chlorobenzene-d5 = 6 %

% RSD     
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Results - Chromatography

EIC for a 50-ppb standard from 1.23 min to 6 min
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Results - Chromatography

EIC for a 50-ppb standard from 6 min to 13 min
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Result – Method Validation 

• Multi point Calibration
• 10 calibration points 
• 0.5 – 50 ppbv

• Minimum Detection Limit Study
• 0.5 ppbv standard

• Initial Demonstration of Capability (IDC)
• 8.0 ppbv standard
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Results - Calibration
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Results – Sensitivity
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Results – Replicate precision
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Chromeleon CDS Benefits

• Data Review – at a glance 
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Application Notes 10729
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• Alternative column dimensions reduces analysis times, increasing sample throughput.

• Effective chromatographic separation and accurate quantitation of 60 HAPs in under 13 minutes is 
achieved.

• Sample to Sample run time is 25 minutes

• Excellent linearity was obtained over a concentration range of 0.5 to 50 ppb, comfortably meeting the 
requirements of <30% RRF RSDs.

• Replicate precision for all target compounds was below the requirement of <25% from n=7 replicates

• Sensitivity assessment demonstrated that lower method detection limits were achieved than required by 
the published method

Conclusions
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Thank you
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