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were processed periodically to determine whether 
compounds of interest were being formed. In addition 
to the real-time analysis capability, when compared to 
gas chromatography-mass spectrometry (GC/MS), the 
diversity of functional groups (e.g., aldehydes, amines, 
and organosulfur compounds) and the volatility of the 
analytes makes the analysis more amenable to SIFT-MS 
than GC/MS.

Methods

1. The SIFT-MS technique
This work utilized a Syft Technologies Voice200ultra SIFT-
MS instrument operating on helium carrier gas. SIFT-MS 
(Figure 1) uses soft chemical ionization (CI) to generate 
mass-selected reagent ions (Smith et al. (2020)) that 
can rapidly react with and quantify VOCs down to part-
per-trillion concentrations (by volume, pptV). Up to eight 
reagent ions (H3O+, NO+, O2

+, O-, OH-, O2
-, NO2

- and NO3
-) 

obtained from a microwave discharge in air are now 
applied in commercial SIFT-MS instruments (Hera et al. 
(2017)). These reagent ions react with VOCs and other 
trace analytes in well-controlled ion-molecule reactions, 
but they do not react with the major components of air 
(N2, O2 and Ar). This enables direct, real-time analysis 
of air samples to be achieved at trace and ultra-trace 
levels without pre-concentration. Rapid switching 
between reagent ions provides high selectivity because 

INTRODUCTION

Bioreactors are used to cultivate algae for a variety of 
purposes, such as biomass production, wastewater 
treatment, and CO2 fixation. Biomass production of algae 
can be used as foodstuff or for extraction and refining of 
compounds such as bioethanol or higher value products 
(e.g., fatty acids and proteins). A common approach 
is to use photobioreactors equipped with LED lighting 
to provide energy and pumps to keep the aqueous 
system and dissolved gas and nutrients in constant 
circulation with the algae. Periodic harvesting of the 
biomass takes place over a production run of several 
weeks. To maximize the yield, it is important to monitor 
the health of the reactor. SIFT-MS offers a unique real-
time approach to monitoring a wide range of potentially 
critical volatile organic compounds (VOCs) produced 
in the photobioreactor, potentially at low parts-per-
billion by volume (ppbV) levels. Depending on the size 
of photobioreactor and the products being harvested, 
increasing yields can potentially lead to significantly 
increased production income per annum. 
This application note describes a feasibility study in 
which a Syft Technologies’ Voice200ultra SIFT-MS 
instrument was coupled to a pilot-scale photobioreactor. 
The photobioreactor consisted of several thousand 
liters of circulating aqueous media and allowed passive 
monitoring of evolved VOCs over several weeks of 
runtime using untargeted analysis. The acquired data 
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Algae can be cultivated in large bioreactors, using a range of technologies, for purposes as diverse 
as biomass production, water treatment, and carbon dioxide (CO2) fixation. Algae biomass can be 
extracted or refined to produce bioethanol or higher value products such as natural products, fatty 
acids, and proteins. Careful monitoring of the health of the bioreactor can significantly increase 
yields, leading to a commensurate increase in profit from harvested products. The ability of SIFT-MS 
to measure gas phase volatile organic compounds (VOCs), in real-time, offers a unique approach 
to monitoring critical compounds produced by the bioreactor, potentially at low parts-per-billion by 
volume (ppbV) concentration. This application note presents the results of a pilot-scale feasibility 
study conducted over several weeks, demonstrating the utility of SIFT-MS for maximizing production 
outcomes.

AN01_No33_Dec2022_Rev1 Pg. 01

Figure 1. Schematic diagram of SIFT-MS – a direct, chemical-ionization analytical technique. 



Figure 2. Sampling configuration utilized for proof-of-
concept bioreactor monitoring using SIFT-MS. 

Figure 3. Concentrations of isoprene, acetaldehyde, and 
propanal monitored over several weeks of production. The 
orange dashed lines show harvest points.
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the multiple reaction mechanisms give independent 
measurements of each analyte. The multiple reagent 
ions frequently remove uncertainty from isobaric 
overlaps in mixtures containing multiple analytes.

2. Sampling
Approximately 8 m of unheated ¼” Teflon tubing was 
run from the top side port of a large expansion tank 
attached to the flowing photobioreactor. To minimize 
residence time in the transfer line, the sampling tube was 
connected to the inlet of the instrument in a flow-past 
configuration, with a pump downstream from the inlet 
to increase the flow. Any volatile compounds produced 
during the production run were measured from the large 
headspace (several hundred liters) of the expansion tank 
(see Figure 2).

3. Data acquisition and processing
Full mas scans from m/z 15 to 250 were acquired for the 
three positively charged SIFT-MS reagent ions (H3O+, 
NO+ and O2

+) at fixed intervals of ca. 16 min. Each analysis 
lasted 1 min. There was minimal interaction between the 
operators of the reactor and the SIFT-MS instrument 
during the entire sampling period.

A combination of compound identification from the 
SIFT-MS full-scan data and searching of the extant 
literature yielded a list of candidate compounds 
(ethanol, isopropyl alcohol, methylbutanol, pentenol, 
acetone, diacetyl, isoprene, acetaldehyde, propanal, 
pentenal, hexanal, heptadienal, decadienal, 
benzaldehyde, cyclocitral, ethyl acetate, methyl 
hexanoate, methyl phenylacetate, isobornyl 
acetate, ammonia, methylamine, dimethylamine, 
trimethylamine, dimethyl sulfide, dimethyl disulfide, and 
dodecane). Concentration data for these compounds 
were extracted from the full scans using the Syft 
LabSyft software. Some target compounds were not 
present or varied minimally over the duration of the 
study. Hence a limited number of volatile compounds 
that changed over the duration of the study are 
presented here.

Results and Discussion

Ethanol was the dominant VOC measured from the 
bioreactor headspace but is not a useful compound to 
monitor except to ensure that the SIFT-MS instrument is 
not overloaded. The reason for this was that ethanol was 
used to clean/sterilize the nutrient feed line, resulting in 
spikes in the data on a daily cycle. Nevertheless, despite 
significant excursions at feeding time other reported 
VOC measurements were not affected.

The concentration of various volatile compounds 
over the first 32.5 days of the culture process are 
summarized in Figure 3. Taking isoprene as an example, 
the same temporal dependence of concentration 
was observed in the four reagent ion-product ion pairs 
available for isoprene when using all three positively 
charged reagent ions. This confirms the identity of the 
target compound, while different trends compared 
to acetaldehyde and ammonia, for example, confirm 
that the variation is real and not due to underlying 
instrumental drift and/or noise (Figure 4). In fact, the 
variation in isoprene concentration correlates with 
periodic addition of nutrients, with rapid growth after 
feeding followed by gradual decline until the next 
feed point. Hence isoprene could be a key marker 
compound for tracking the growth of algae as it is 
emitted by many algae species.

a

b

a.) Headspace was sampled from the expansion 
tank

b.) ¼” Teflon transfer line to SIFT-MS instrument 
SIFT-MS with flow-past inlet



AN01_No.33_Dec2022_Rev1 Pg. 03

Figure 4. Concentrations of ammonia and methylamine 
monitored over several weeks of production. The orange 
dashed lines show harvest points.

Figure 5. Concentration of dimethyl sulfide monitored over 
several weeks of production. The orange dashed lines 
show harvest points.

In addition to compounds that may indicate beneficial 
biomass growth, certain volatiles may be produced 
by unknown or unwanted constituents of the overall 
biome, such as bacteria. These are often nitrogen or 
sulfur-based compounds, and they may reveal poor 
health in the photobioreactor. Figure 4 shows the 
data obtained for ammonia and methylamine, while 
Figure 5 shows results for dimethyl sulfide (DMS). 
Steadily rising concentrations of small nitrogenous 
compounds are evident (except at 12 and 31 days, 
where significant ethanol events occurred), whereas 
for DMS more excursions occurred from the general 
trend of increasing MS concentration with production 

Although only five weeks of data are reported here, the 
entire production run lasted approximately nine weeks. 
SIFT-MS measurements were made for a day at the 
endpoint, at which time the isoprene concentration had 
returned to baseline levels. This suggests that the end 
of useful biomass growth could be detected through 
diminished isoprene generation.

time. Figure 5 shows the markers corresponding to the 
two biomass harvests and it is noteworthy that the rise 
in DMS concentration stops after the first harvest and 
only starts to recover immediately before the second 
harvest point.
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Conclusions

• SIFT-MS enables bioreactor health to be monitored 
continuously over multi-week R&D or production runs.
• The wide dynamic range of SIFT-MS accommodates 
detection of trace volatile metabolites in the presence 
of higher ethanol concentrations. 
• Multiple reagent ions, which are switchable in 
real-time, enable the widest range of compounds 
to be detected (including aldehydes, amines, and 
organosulfur compounds) in a single run while 
delivering high specificity.
• SIFT-MS provides untargeted and targeted analytical 
approaches for R&D and production applications, with 
simple extraction of quantitative data from untargeted 
analyses.
• Simple to integrate and operate, with long-term 
stability.
• Multiple reactors can be monitored using multi-port 
inlet options.
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