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Parameter Value 

Ta (sec) 240 

Tb (sec) 240 

Tc (sec) 180 

Td (sec) 210 

Te (sec) 150 

Ct (C) 20 

Ht (C) 70 

Et (C) 130 

Collect (sec) 75 

Clean (sec) 4 

Pre-Settle (sec) 4 

Settle (sec) 2 

Fire (sec) 6 

Table 1: Instrument 
Settings 

This cooler is used to achieve sub-

ambient temperatures for the GC.  
Heated transfer 

line carrying gas 

mixtures for the 

PAMS evaluation. 

Figure 1: The FROG-4000™ was equipped with a compact cooler to achieve sub-ambient GC temperatures. 

The 

Defiant Technologies participated in a Gas Chromatograph (GC) Evaluation Study funded by the US Environmental Protection Agency and 

organized by RTI International. The purpose of the study was to evaluate several options for auto-GCs to be used for Photochemical Assess-

ment Monitoring Stations (PAMS) around the US. The original regulation was passed in 1993, it required States and local monitoring agen-

cies to establish PAMS in ozone nonattainment areas classified as serious, severe, or extreme. The purpose of this study was to conduct a 

review of fully automated GC systems and review their suitability for use in the PAMS program. Defiant’s FROG-4000™ was one of 8 auto-

GCs that participated in the testing. 

The FROG-4000™  was equipped with a 4.1 meter MEMS GC column, a micro preconcentrator and a 10.6eV photoionization detector (PID). 

At under 5 pounds the FROG-4000™ stood in stark contrast to the other, much larger GC systems that participated. Defiant provided a ther-

mo-electric cooler (TEC) with the FROG-4000™ so that it could achieve sub-ambient GC temperatures. Table 1 shows the GC temperature 

parameters. The initial temperature was 20C and it ramped to 130C over two temperature ramps. The TEC can be seen in Figure 1 just 

behind the FROG-4000™. A blue transfer line injected cool air from the TEC to the GC chamber within the FROG-4000™.  

Zero air inoculated with metered amounts of the PAMS mixture or a TCEQ mixture were delivered to the each of the auto-GCs through a 

heated transfer line (also shown in Figure 1). The FROG-4000™ operated on a 20 minute analysis cycle providing up to 3 GC complete anal-

yses per hour. The FROG-4000™ was connected to a laptop computer used to log the data and provide remote connection to our lab in Al-

buquerque, NM.  
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Figure 2: PAMS Mix analyzed on the FROG-4000 portable GC. 

Figure 3: TCEQ Mix analyzed on the FROG-4000 portable GC. 

The study spanned nine days at RTI’s campus in Research Triangle Park in North Carolina. RTI collected data to evaluate precision, bias, 

chromatographic performance, method detection limit, effect of temperature/humidity, effects of non-target VOCs and other parameters. 

In a presentation at the 2014 National Ambient Air Monitoring Conference, the EPA presented a sub-set of the data collected during the lab 

evaluation. The FROG-4000 finished 6th out of 8 commercial GC systems with a reported precision of 24%, detection limit of 0.5ppbv, and 

listed in least expensive auto-GC category. The other auto-GCs involved in the study included 4 rack mount GC systems and 3 bench-top GC 

systems including a GC with a mass spectrometer. The FROG-4000 was invited to and will participate in the field evaluation over the course 

of the next year. 

Over the nine day test, two main gas mixtures were introduced. Both mixtures contained volatile organic compounds (VOCs) commonly 

associated with fuels. One gas cylinder contained the PAMS mixture and the other held the TCEQ mixture. These two mixtures were deliv-

ered at varying concentrations throughout the test sometimes with the introduction of humidity or other interfering chemicals other times, 

the gas mixture was heated to simulate different ambient temperature conditions. Figure 2 shows a chromatogram of a low concentration 

of the PAMS mixture. Figure 3 shows a chromatogram from the analysis of a high concentration of the TCEQ mixture. In both figures, the 

purple line shows the GC temperature profile and the red line shows the detector response.  Our micro preconcentrator needed only 75 

seconds of collection time for the system to achieve a detection limit of 0.5ppbv for the target analytes.  It is worth noting that while all of 

the other systems required one or more pressurized gas cylinders to operate, the FROG-4000™ scrubbed ambient air for its carrier.  


