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Acronyms and Abbreviations 

ALS Australian Laboratory Services 

CSM Central Shift Manager 

MFC Mass Flow Controller 

ML Mobile Laboratory 

PTR-MS Proton Transfer Reaction – Mass Spectrometer 

SME Subject Matter Expert 

VOC Volatile Organic Compound 
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1.0 INTRODUCTION 

During the week of March 4, 2019, through March 8, 2019, TerraGraphics personnel performed 
maintenance tasks, made minor modifications, and completed testing for the Mobile Laboratory 
(ML) while at the TerraGraphics warehouse in Pasco, WA.  The data team processed data from 
testing performed the previous week in the ML and the reporting team worked towards 
completion of the Week 26, Week 27, and Week 28 reports.  The following sections describe the 
activities performed during Week 31 in detail.  
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2.0 MARCH 4, 2019 – MOBILE LABORATORY MAINTENANCE AND 
MODIFICATIONS  

2.1 Summary 

Mobile Laboratory personnel arrived at the TerraGraphics warehouse at 11:00, after an ML 
status meeting, to continue the installation of mass flow controllers (MFCs) that was initiated on 
February 28, 2019.  At 11:15, Operators began to replace the MFCs in calibration box “cz-mhe-
02,” with a newly calibrated MFC.  The MFC being replaced (ID: 18070004) was situated in the 
calibration box in a way that required operators to also remove Variacs1 to reach it.  At 12:04, 
the newly calibrated MFC (ID: 18050003) was installed and Variacs were also reinstalled.  

At 12:07, a new identification tag was added to the Volatile Organic Compound (VOC) gas 
standard, as requested by Quality Assurance (QA).  Using the VOC gas standard, the SME 
performed a span/zero-air check under QA surveillance.  Data from the PTR-MS were copied 
onto an external drive for a data analyst.  One of the ML Operators completed a software tutorial 
for Igor Pro from WaveMetrics to develop a greater understanding of this program, which is used 
for ML data processing.  The appropriate take cover locations for ML personnel were verified 
with the Central Shift Manager (CSM). 

Figure 2-1 below shows the zero-air and span check performed on the PTR-MS on this day, 
using toluene expected concentration as the acceptance criteria.  The average toluene 
concentration observed during the span check was 9.77 ppbv.  The expected toluene 
concentration based on the VOC gas standard’s Certificate of Analysis (CoA) and the calibration 
system’s dilution was 10.76 ppbv, resulting in a 9.2% difference between expected and observed 
concentration.  This is within the 30% acceptance criteria deemed satisfactory for daily 
operation. 

 

Figure 2-1.  Toluene Span Check for March 4, 2019. 

 
1 Variac is a registered trademark of Instrument Service & Equipment, Inc., Cleveland, Ohio. 
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3.0 MARCH 5, 2019 –MOBILE LABORATORY TRAINING  

3.1 Summary 

The ML personnel arrived at the TerraGraphics warehouse at 08:45 on March 5, 2019.  The 
Subject Matter Expert (SME) began training the ML Operators on using toluene for PTR-MS 
zero-air and span checks instead of benzene.  At 09:22, Operators started the zero-air and span 
checks for all instruments in the ML.  At 09:30, Operators performed housekeeping activities, 
such as ML window cleaning.  At 09:45, the ML departed for a mock deployment at Site 6.  Site 
6 is located near the intersection of US Highway 395 and Clearwater Avenue in Kennewick, 
WA.  The ML arrived at Site 6 at 10:11 and the SME performed a manual zero and span check 
on the PTR-MS.  At 10:33, the heated inlet was turned on before the SME switched to sampling 
from the inlet.  At 14:40, the ML ended the mock deployment and prepared for departure.  The 
ML arrived back at the TerraGraphics warehouse at 15:05 and a new PTR-MS file was started 
shortly after arrival.  

Figure 3-1 below shows a time series plot of various typical signals encountered during the mock 
deployment at Site 6. 

 

Figure 3-1.  Time Series Plot of Typical Urban Constituents During a Mobile Laboratory 
Mock Deployment to Site 6 on March 5, 2019. 
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4.0 MARCH 6, 2019 – MOBILE LABORATORY TESTING AND TRAINING  

4.1 Summary 

The ML personnel arrived at the TerraGraphics warehouse at 08:57 on March 6, 2019, to 
perform testing on the ML inlet system.  The PTR-MS sub-sampled from the outlet of calibration 
box cz-mhe-02.  A PTR-MS testing file was initiated and at 09:08, the zero-air flow rate was set 
to 2 slpm (2 volts).  A PTR-MS span check was performed at 09:22 that passed.  Operators 
replaced the VOC gas standard with a gas standard used for testing, which will be referred to as 
the Research and Development (R&D) gas standard.  The R&D standard contains a mixture of 
VOCs.  The calibration lines were purged several times to condition them for testing.  At 10:07, 
the calibration box output line was connected to the mast’s intake and the zero-air flow was 
increased to 3 slpm.  At 11:00, the R&D gas standard flow was set to 20 sccm (1 volt).  The 
concentration of most species in the R&D gas standard is close to 500 ppbv.  A sample stream of 
approximately 3.3 ppbv for each species exiting the calibration box was produced by blending 20 
sccm into 3 slpm.  From 11:51 to 13:59, the R&D gas standard flow rate was adjusted in 
20-minute increments to provide a multipoint calibration.  Figure 4-1 shows results for a few 
aromatic compounds during the multipoint calibration down the mast to study the ML sampling 
system line conditioning effects.  Toluene, which is more volatile than the larger C3- and 
C4-benzenes, suffers less line conditioning effects while the larger compounds take longer to 
establish an equilibrium with the walls of the sample line.  A more in-depth analysis will be 
discussed in 53005-81-RPT-059, PTR-MS Mobile Laboratory Vapor Monitoring Monthly 
Report – Month 7. 

While the multipoint calibration data were being collected, the Operators cleaned the interior of 
the warehouse and completed other housekeeping tasks.  At 14:14, the SME adjusted the 
PTR-MS transmission efficiency and restarted PTR-MS data collection.  Operators contributed 
content to the previous weekly report (Week 30) and read the most recent revision of the ML 
Operational Procedure (Revision 11) for training purposes. 

 

Figure 4-1.  Testing the Conditioning Effects of the Mobile Laboratory Sampling System 
Using the Volatile Organic Compound Standard Cylinder. 
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5.0 MARCH 7, 2019 – MOBILE LABORATORY TESTING AND TRAINING  

5.1 Summary 

The ML personnel arrived at the TerraGraphics warehouse at 08:33 on March 7, 2019, to 
continue testing on the ML inlet system.  Mobile Laboratory Operators connected the VOC gas 
standard at 08:41, prior to starting a new PTR-MS testing file.  To purge the lines, 2 slpm of zero 
air was passed through the calibration box.  A span check on the  PTR-MS was completed from 
9:54 to 10:22.  The 35-foot heated line was attached to the side port with the output of the 
calibration box connected to the inlet of the 35-foot line.  From 10:35 to 11:31, the Operators 
purged all sample lines and began sampling down the 35-foot line.  At 11:31, a multipoint 
calibration was initiated with the line unheated (ambient temperature).  The VOC standard flow 
was stepped down from 80 sccm to 60 sccm, 40 sccm, 20 sccm and 0 sccm.  Blended into 2 slpm 
of zero-air, this resulted in toluene concentrations of 19.2 ppbv, 14.6 ppbv, 9.8 ppbv and 5.0 
ppbv, in order.  Figure 5-1 shows the results of this multipoint calibration down the unheated 
35-foot sample line from 11:31 to 14:04.  The 35-foot line was then heated to 60°C and a second 
multipoint calibration was initiated at 14:50.  The same concentrations of toluene were generated 
by the calibration box and can be seen in Figure 5-1 from 14:50 to 16:08.   

Both calibrations show very accurate sampling of toluene down the 35-foot line, regardless of 
heating.  One observed difference is the time required to achieve a steady-state signal in the 
PTR-MS.  Compounds achieve equilibrium with tubing surfaces more quickly at higher 
temperatures, which is to be expected.  Further discussion of the 35-foot line testing will be 
discussed in 53005-81-RPT-059. 

 

 

Figure 5-1.  Multipoint Calibrations Performed While Sampling from the 
35-foot Heated Line, Before and After Heating. 
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6.0 MARCH 8, 2019 – MOBILE LABORATORY TESTING AND TRAINING  

6.1 Summary  

The ML personnel arrived at the TerraGraphics warehouse at 09:09 on March 8, 2019, to begin 
sorbent tube validation testing.  The purpose of this testing was to supply a known concentration 
of VOC standard at the inlet and sample for a specific time period in Carbotrap2 cartridges.  In 
order to do this, the ML Operators connected the outlet of the calibration box to the inlet of the 
ML.  The ML Operators stopped the PTR-MS file that had been running overnight and created a 
new file at 09:14.  At 09:21, after the PTR-MS procedure checks were complete, the ML 
Operators began connecting two Carbotrap samples to the sorbent sampling station.  At 09:25, 
the Carbotrap samples were connected and the Operators set the calibration box zero-air flow to 
2 slpm.  At 09:42, the calibration box blended a flow of 40 sccm of the VOC gas standard into 
the zero-air to complete the PTR-MS span check.  At 09:56, the PTR-MS was switched from 
sampling zero-air, to sampling off the ML inlet.  At 09:57, ML Operators replaced the VOC 
standard with the R&D gas standard .  At 10:17, the R&D standard flow was set to 20 sccm and 
the zero-air flow to 3.00 slpm.  This produced a standard stream of approximately 3.3 ppbv for 
most compounds in the R&D standard.    

At 11:20, when the PTR-MS showed a stable concentration of the R&D gas standard and zero-
air, sorbent sampling was initiated.  At 11:23, the sorbent flow was stopped due to fluctuating 
pressure.  The ML Operators worked with the SME to determine the problem.  At 11:31, it was 
discovered that the S1 and S2 air lines inside the sorbent box were uncapped and not allowing 
the proper flow to pull through S3 and S4, where the Carbotraps were connected.  At 11:37, with 
guidance from the SME, the air lines were fixed, and the sorbent box was reconnected.  At 
11:38, the sorbents were started again.  At 11:40, it was confirmed that all sample flows were 
correct.  The ML Operators collected sorbent samples for exactly one hour and stopped flow at 
12:40.  At 12:46, a new PTR-MS file was created for overnight sampling.  The Carbotrap 
information was collected on a Chain of Custody form and returned to the TerraGraphics office. 

Figure 6-1 below shows the PTR-MS toluene response to sampling R&D gas standard 
concurrently with the Carbotraps.  The fluctuations observed at approximately 11:20 represent 
the pressure and flow issues caused by the uncapped sorbent lines.  The time at which the signal 
stabilizes represents the point when the lines were capped, and the system was able to achieve a 
steady state.  Upon receiving the results of the TO-17 analysis by Australian Laboratory Services 
(ALS) for the Carbotraps, the known concentration and dilution factor of the R&D gas standard 
will be compared to the ALS results to determine percent recovery of the analytes present in the 
standard.  These results will then be contrasted with the results obtained by the PTR-MS in a 
more concerted attempt to measure accuracy compared to a known standard and an accepted 
analytical method.  The results of this analysis will be made available as part of the discussion of 
test data in 53005-81-RPT-059. 

 
2 Carbotrap is a registered trademark of Sigma-Aldrich Co., LLC, St. Louis, Missouri. 
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Figure 6-1.  Proton Transfer Reaction – Mass Spectrometer Toluene Signal 
During Sorbent Sampling in the Mobile Laboratory. 
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7.0 DATA PROCESSING AND REPORTING SUMMARY 

During the week of March 4, 2019, through March 9, 2019, the data processing team processed 
data from the testing performed the previous week in the ML.  The reporting team worked 
towards completion of Week 27, Week 28, Week 29, Week 30, Week 31, Month 4, Month 5, and 
Month 6 reports.  The reporting team also created Review Comment Records for Week 16 and 
Week 24 reports. 
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