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APPLICATION NOTE

MONITORING THE FERMENTATION PROCESS

Applications in 
Pharmaceutical and 
Bioethanol Production

Ethanol (C2H5OH) is a product of fermentation that is an 
important commercial product as well as a quality indicator. 
Increasing interest in replacement fuel technologies has 
seen the development of numerous processes to develop 
bioethanol. These range from traditional processes such as 
turning corn into ethanol via starch and subsequent 
fermentation to processes based on the fermentation of 

non-food-based materials; agricultural waste, straw waste, 
etc. In the pharmaceutical industry, the concentration of 
ethanol must be monitored as an indication of whether the 
fermentation process is going off-specification.  

In each of these processes, the measurement of parts 
per million (ppm) levels of ethanol in the presence of 
percentage levels of oxygen (O2) and carbon dioxide (CO2) is 
required. Many ethanol sensors today rely on metal oxides 
and powders that catalyze the oxidation of ethanol and use 
electrical conductivity for detection. However, these sensors 
suffer from the drawback of slow response times and 
signal drifts, requiring frequent calibration. Process mass 
spectrometers, however, provide fast, real-time analysis 
of ppm levels of ethanol and many other volatile organic 
compounds.

Process mass spectrometry is well-suited to measure 
ppm levels of ethanol and other species in the presence 
of oxygen and carbon dioxide. Ethanol has a molecular 
weight of 46 amu. In the electron impact ion source of a 
mass spectrometer, ethanol molecules fragment in two 
primary fashions; loss of a methyl group resulting in m/z 31 
(CH3O+) and loss of a hydrogen atom resulting in m/z 45 
(C2H5O+). The m/z 45 ion is a secondary peak (51% of m/z 
31) and is overlapped by an isotope of carbon dioxide in the 
fermentation off-gas stream. The primary peak of m/z 31 for 
ethanol is adjacent to the primary peak of oxygen at m/z 32. 
However, a mass spectrometer with a high level of analytical 
performance can perform such a resolution reliably 
between this m/z 31 peak for ethanol at the ppm level and 
m/z 32 for oxygen  at the percent level.         

AMETEK’s ProLine and ProMaxion process mass 
spectrometers have been used successfully for many 
years in fermentation process control, monitoring both 
aerobic and anaerobic processes, in large part due to their 
abundance sensitivity. Abundance sensitivity is the ability 
of a mass spectrometer to measure a small peak next to Figure 1. Oxygen in air at 32 amu

a large peak and is a key indicator of the quality of the 
instrument. AMETEK’s quadrupole mass spectrometers have 
a unique mass filter construction. The proprietary geometric 
construction of quadrupole rods and alumina collars and 
spacers provides superior performance without the need for 
alignment components. This superior resolving performance 
is demonstrated in Figures 1 and 2. Figure 1 shows an analog 
scan of the oxygen peak in air (concentration 20.95%).  
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Figure 3. Analysis of 400 ppm ethanol in air over eight hours

Figure 4. Statistical report on ethanol analysis
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Figure 2. Ethanol (400 ppm) at 31 amu, oxygen in air at 32 amu

Figure 2 shows air with the addition of ethanol at 400 ppm.

To demonstrate the AMETEK MS’s ability to measure ppm 
levels of ethanol in air, a vaporizing system was set up to 
deliver a known stable concentration of ethanol in air to 
the MS. A known quantity of ethanol was evaporated into 
a known flow-rate of carrier gas at a carefully controlled 
temperature; the concentration of ethanol in the carrier gas 
can then be calculated easily and changed by adjusting the 
carrier gas flow. An AMETEK MS was set up to monitor 400 
ppm ethanol in air for an eight-hour period. As shown in 
Figure 3 and Figure 4, AMETEK’s MS demonstrated excellent 
accuracy with a precision of 1.5%.

SUMMARY

The high performance of the AMETEK MS means it is able to obtain adequate resolution to discern ppm levels of ethanol in 
a sample containing percent level oxygen and carbon dioxide. It provides accurate, precise quantitative analysis, making it 
ideal for continuous monitoring of processes in both the pharmaceutical and biofuel industries

Average Reading over 7 hours (ppm) 413.29

Standard Deviation Absolute (ppm) 6.28

Standard Deviation Relative (%) 1.5
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