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VOC Emissions and Monitoring

- Emissions from a variety of industrial sources (e.g., refineries, chemical plants) contain
hazardous air pollutants (HAPs) which are detrimental to the environment and to human

health.

« The Environmental Protection Agency (EPA) designated 189 HAPs in the Clean Air Act
Amendments of 1990 for monitoring and regulation. This included a substantial subset of

volatile organic compounds (VOCs).
« EPA Method TO-14a covers 40 VOCs - all non-polar, most halogenated - down to 0.2 ppbV.

« EPA Method TO-15 expands the TO-14a list to 97 VOCs, including polar compounds.
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Current Sampling and Analysis for TO-14a and TO-15

« Pre-concentration is required to reach the target concentration range.
» Cryogenically cooled trap

« Solid sorbent concentrator (e.g., purge and trap) - thermal desorption

« Upto 1L ofsample may be used per run

« While non-specific detectors (FID, ECD, PID, NPD) can be used, the mass spectrometer
is the detector of choice.

« Full Scan mode - detect and positively identify all peaks

« SIM mode - greater selectivity and sensitivity for target compounds
« SO0 why use another detector?

* Only one mode (Full Scan, SIM) per run

« Struggles with co-eluting isomers (e.g., m- and p-xylene)

» Requires a more skilled operator
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LUMA - A Simple Yet Powerful Detector
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TO-15 Analysis with GC-LUMA

Selective

e 12 bands that span the VUV and UV regions can help highlight analyte(s) of interest from the surrounding matrix

* Ratios of bands can be used to confirm the identity of a peak and even allow for basic deconvolution

Sensitive

* Instrument detection limits (IDLs) of low- to sub-picogram for most analytes

* Choose the best absorbing band(s) for each analyte (can be multiple bands in a single run)

Simple
* Integrates directly into existing chromatography data systems (CDS), utilizing their data analysis tools

* No advanced user training

Sustainable

* Compatible with hydrogen and nitrogen carrier gases

* Minimum consumables = low cost of ownership
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GC-LUMA Run Conditions for TO-15 Analysis

NuTech 8910 Sample Preconcentrator
Sample Volume 300 mL
Injection Time 90 sec
Injection Temperature 140°C

Agilent 8890 GC

Restek Rtx-1
60m x 0.32mm ID x 3um df
Column Flow Rate 1.2 mL/min He, constant flow
35°C (hold 5 min), 15°C/min
to 220°C (hold 15 min)
VUV LUMA

GC Column

Oven Program

Flow Cell Temperature 275°C
Acquisition Frequency 10 Hz
Makeup Gas Pressure 14 psi N,
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TO-15+ Standard (~5 ppb)
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0.28

0.23

0.18

0.13

0.08

0.03

N | l
A ' l |
SN AN

- !-‘.h'i?h/mi : "l'l

8 9 10 1 12 1= 14

|
)1l
| ” ]

-0.02

Time (min)

Band 1(118-130 nm)
Band 2 (130-143 nm)

Band 4 (154-165 nm)
Band 5 (165-172 nm)

Band 6 (173-181 nm)
Band 7 (182-193 nm)
Band 8 (194-208 nm)
Band 9 (210-229 nm)
Band 10 (232-261 nm)

20 21 22

23 24 25




\WA\N
TO-15+ Standard (~5 ppb) - 6-11 minutes
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TO-15+ Standard (~5 ppb) - 6-11 minutes
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TO-15+ Standard (~5 ppb) - 11-16 minutes
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TO-15+ Standard (~5 ppb) - 11-16 minutes

Detector Response
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TO-15+ Standard (~5 ppb) - 11-16 minutes

Detector Response
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TO-15+ Standard (~5 ppb) - 11-16 minutes

Detector Response
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TO-15+ Standard (~5 ppb) - 16-21 minutes
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Dealing with m- and p-Xylene
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Dealing with m- and p-Xylene
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Xylene Deconvolution at Various Concentration Ratios
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Xylene Deconvolution at Various Concentration Ratios
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TO-15+ Standard (~5 ppb) - 21-26 minutes
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TO-15a Standard (~5 ppb)
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TO-15a Key Analyte: Ethylene Oxide (~5 ppb)
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Ethylene Oxide Standard (20ppb)
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Ethylene Oxide Spectral Comparison - LUMA vs VGA
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Conclusions & Future Work

« GC-LUMA is a powerful tool when analyzing sample mixtures
like TO-15. It is both selective (12 distinct absorbance bands) and
sensitive (high S/N on a 5ppb standard mix).

- Basic deconvolution can separate 2 co-eluting compounds,
leading to more accurate and precise data.

« GC-LUMA easily sees and can positively identify small molecules
(e.g., ethylene oxide) that GC-MS would struggle with.

* Further optimization of preconcentration and injection
conditions will minimize or eliminate water interference.

- Analyzing the same sample set using purge and trap will likely
yield an interesting comparison in the two sample introduction
methods.
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