
  
A Single Analyzer Solution for Refinery Flare Emissions Monitoring 
(40 CFR 60 Subpart Ja) Using Mass Spectrometry 
 
Introduction 
 
New environmental regulations have recently prompted many oil refineries and chemical 
manufacturers to adopt methods for measuring the composition of the waste gas streams headed to 
the flare. Most recently the EPA’s implementation of 40 CFR 60 subpart Ja has mandated the analysis 
of hydrogen sulfide, total sulfur, and BTU content in US refinery flare gas by November 2015. Similar 
laws have been enacted, or are in process, affecting other countries and different types of chemical 
manufacturers. 
   
Flare streams consist of a mixture of waste gas from various plant processes, meaning that they are 
subject to wide variation in terms of components present and their relative concentrations. The 
dynamic nature of these samples, and the potential for a high-level release of hydrogen sulfide, or 
another contaminant, makes process mass spectrometry particularly well suited to the flare 
monitoring application. A mass spectrometer can measure hydrogen sulfide, total sulfur, and 
hydrocarbon content, calculate the heating value (BTU) of the sample, and deliver the data in real-
time.   
 
To demonstrate the dynamic range, linearity, and response to high sulfur signals, an Extrel MAX300-
IG process control mass spectrometer was used to measure a number of simulated flare conditions.  
Results show the linearity and response to H2S up to 100%, and track total sulfur readings through 
the 0-300 ppm range. In addition to the Flare CEMS 
measurements required by Subpart Ja, mass spectrometry 
provides speciated sulfur and hydrocarbon data for root-
cause analysis in the event of a reportable release, and offers 
the potential for instrument validation procedures using safe-
to-handle standards. 
    
 
Figure 1. The MAX300-IG 
The MAX300-IG is a process mass spectrometer capable of 
performing quantitative analysis on a wide variety of 
compounds at concentrations ranging from 100 % down to 10 
ppb. The 19 mm quadrupole mass filter used by the system 
allows for increased sample throughput, generating high 
analysis repeatability and long term stability.  
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I.  Dynamic Range and Linearity of Hydrogen Sulfide 

 
Flare gas waste streams typically contain low (ppm) levels of a various sulfur compounds.  The most 
prevalent is hydrogen sulfide (H2S), with sulfur dioxide (SO2), carbonyl sulfide (COS), carbon disulfide 
(CS2), and other organic sulfur compounds possibly being present as well. To demonstrate the 
performance of the MAX300-IG sulfur measurements, a number of potential plant conditions were 
simulated using blended gas bottles, and the accuracy and linearity was recorded for both H2S (Figure 
2) and Total sulfur (Figure 3). The standards were comprised of H2S, COS, CS2, SO2, and methyl 
mercaptan at various levels representative of potential flare gas mixtures, and were gravimetrically 
blended prior to being validated using a lab GC-MS.* A single point calibration was recorded on the 
MAX300-IG using a blend containing ~2000 ppm of H2S, COS, CS2, SO2, and methyl mercaptan.   
 

 
 
* The site lab GC did not have the dynamic range to verify the actual concentration of the 79.94% H2S component.  
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The mass spectrometer's linearity on the H2S in the sample is particularly important to the flare gas 
application for two reasons: it ensures that a single point calibration will be accurate across the 
instrument's entire dynamic range, and it allows the potential for an alternative validation method 
for the H2S measurement using a low level sulfur standard in the place of costly and dangerous, high-
percent H2S blends. Due to the demonstrated linearity of the technique, an accurate validation at a 
low concentration validates the measurement at a high concentration as well. 
 
II. Total Sulfur and High Heating Value in Real-time 

 
The MAX300 measures each of the sulfur compounds present in a specific flare stream and uses 
these values to generate the calculated parameter required for reporting (Total Sulfur, Total Reduced 
Sulfur, etc.). Along with the H2S measurement, the MAX300 calculated Total Sulfur in the flare gas 
blends from the sum of the H2S, COS, CS2, SO2, and Methyl Mercaptan concentrations (Figure 3). 
 

 
 
A record of total sulfur values is required by 40 CFR 60 subpart Ja with any discharge over a stated 
limit being reported to the EPA, but the regulation also mandates the root-cause analysis of any 
discharge event. In these situations, the full, speciated analysis of each sulfur and hydrocarbon 
component is especially important; a spike of a specific chemical can point back to the source of the 
emission and facilitate easy reporting. 
 
* The site lab GC did not have the dynamic range to verify the actual concentration of the 79.94% H2S component.  
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In addition to Total Sulfur, flares with a hydrocarbon reporting requirement can use the mass 
spectrometer to gather the necessary data for each of the non-sulfur components likely to be present 
in the flare stream. The flexibility of the system allows for site-specific customization of the 
components measured, and is fully software editable should mixture compositions or reporting 
requirements change over time. The high precision that the MAX300 demonstrates on the non –
sulfur components of the flare application allows for high accuracy and repeatability on the reported 
BTU Value (Table 1).  
 

 
 
As with the Total Sulfur measurement, BTU is calculated and reported to the plant control system in 
real-time, but the speciated concentrations of each hydrocarbon are recorded as well.  The ability to 
track all individual components across the entire dynamic range (up to 100%) during a release, 
provides another important resource for use in root-cause analysis. 
 
 

III.  Instrument Range and Linearity Independent of Component 
 
To demonstrate both the full dynamic range of the instrument and compare the linearity of response 
between different compounds, the MAX300-IG was connected to a sample system in which hydrogen 
sulfide and carbon dioxide were blended. Following a single-point calibration the sample composition 
was altered to measure H2S and CO2 from 0-100% (Figure 4). 
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The mass spectrometer uses the same equipment to analyze every compound in the flare gas 
application; there is only one sample path within the instrument. Unlike a GC column, in a mass 
spectrometer the separation principle is based on the physics of ion trajectories, not the chemistry of 
the sample molecules. As a result, the linearity and accuracy of a calibrated system is not component 
specific. This means that instrument accuracy can be validated at, or near, full range on the detector 
(100%) using any high concentration standard, regardless of chemical composition.   
 
For subpart Ja, or any regulation requiring daily validations using dangerous high-concentration sulfur 
standards, the mass spectrometer separation principle allows for an alternative approach using 
common, safe-to-handle gases like CO2, nitrogen or argon to validate analysis at the high range. The 
result is an overall increase in safety and reduction of cost for the installation and operation of the 
flare CEMS system. 
 

IV.  Sulfur Analysis Response Time and Hysteresis 
 
In the analysis of dynamic samples, the timely response to stream changes is essential. Clearing and 
hysteresis are of particular concern when dealing with compounds, like hydrogen sulfide, known to 
interact with steel surfaces. The MAX300 is configured for the analysis of sulfur containing flares and 
utilizes sulfur specific components for the wetted surfaces of the sample path.  A stream consisting of 
100% H2S was changed to 100% CO2, and the H2S concentration dropped quickly to a zero signal 
following the sample switch (Figure 5). 
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Figure 5.  Clearing time 100% to 0% 
H2S. The calculated T90 was less 
than 3 seconds. At an analysis rate 
of 1 second per update, the 3rd 
update reported 6.7% H2S. Overall 
H2S decreased from 99.9% to 
0.09% in less than 10 seconds. 
 
 
 
 
 
 
 
 
 
 
Within the 0-300ppm analysis range mandated by subpart Ja for the measurement of Total Sulfur, 
even slight instrument hysteresis can be detrimental to accurate measurement. A sulfur blend (H2S, 
COS, CS2, SO2, and Methyl Mercaptan) was diluted with nitrogen and the decreasing sulfur 
concentrations were recorded at various levels from 0 to 300 ppm. Next, the flow of nitrogen was 
reduced and the measurements were repeated on the now increasing sulfur concentrations. The 
results demonstrate the true linearity and lack of hysteresis on both the hydrogen sulfide and total 
sulfur measurement (Figure 6).  
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Conclusion 
 
The MAX300-IG is the only single-analyzer solution for the simultaneous measurement of H2S, Total 
Sulfur, and BTU content in flare gas. The MAX300 IG offers the speed-of-analysis, dynamic range and 
dynamic response required for compliance with regulations like subpart Ja, and can even monitor 
more than one flare (depending on distance) and still meet the 15-minute reporting cycle. Its 
extensive range allows for a single analyzer to measure from ppb to percent level changes, and 
respond rapidly to changing sample compositions. Speciation of all components provides essential 
information for root-cause analysis, and the instrument's linearity creates the possibility for two 
alternative validation strategies that mitigate risk by eliminating the need for dangerous and costly 
high-concentration H2S standards. 
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