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As the world transitions towards 
renewable energy sources, biomass 
is an important source of biofuel for 
the energy industry and chemical 
production (including dyes, cosmetics, 
pharmaceuticals and food additives). 
Biofuels can be made from algae, plants 
or biowaste generated by agricultural, 
industrial and domestic settings, 
providing oils that are alternative energy 
sources to the fossil fuels causing climate 
change. 

Cultivating algae in shallow, artificial 
(raceway) ponds is an economical 
method of generating the biomass 
needed for biofuels through the process 
of photosynthesis (where organisms 
containing the green pigment chlorophyll 
produce energy from sunlight, water 
and carbon dioxide). However, ponds 
often contain biological contamination 
from grazing species which reduce 
biomass quantities through competition 
between algal species and risks posed 
by infectious organisms. 

Dr Robert Pomeroy and his colleagues 
at the University of California, San 
Diego, identified an important need for 
regular, real-time pond observations to 
detect infections introduced by grazing 

microorganisms as soon as possible 
so that action can be taken quickly to 
protect pond algae populations. 

Detecting Infections to Save Crops

Microalgae can be grown rapidly in small 
spaces, with few additional resources, 
to produce large quantities of biomass, 
making them a sustainable energy 
source. Algae are often grown in open 
raceway ponds, with a paddle wheel 
to maintain water flow, as operational 
costs are significantly lower than for 
the laboratory cultivation of biomass. 
However, the lack of environmental 
controls on open ponds means that 
contamination by grazing species [such 
as viruses, bacteria, fungi and other 
microorganisms (ciliates and rotifers)] 
poses a significant challenge to growers. 
In fact, infections introduced by grazing 
species can decrease biomass yields 
by 10 to 30%, reducing the profitability 
of sustainable biofuel production by 
hundreds of millions of dollars.

Quickly identifying contamination 
and infections within algal cultures is 
therefore key to saving the crop. By 

providing growers with tools to detect 
pests as early as possible, appropriate 

treatment decisions can be made, such 
as killing the algal culture, slowing 
the growth of contaminant species or 
harvesting the crop before the infection 
spreads further.

Previous detection methods have 
used microscopy or automated optical 
techniques (including flow cytometry, 
the analysis of particles flowing 
past lasers) to detect the number of 
contaminants in a liquid sample taken 
from a raceway pond. These processes 
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Algal biofuels offer a renewable and carbon-neutral alternative to 
fossil fuels. These photosynthetic microorganisms can be grown 
inexpensively in large ponds, but being exposed to the elements risks 
biological contamination from other microorganisms. Dr Robert 
Pomeroy and colleagues at the University of California, San Diego, 
used chemical ionisation mass spectrometry to continuously measure 
the quantities and compositions of volatile gases produced by algal 
pond samples, allowing for the detection of infectious species and 
assessment of the impact such pests have on algal communities. 
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are cost-effective but time-consuming. Similarly, molecular 
biology techniques such as qPCR (a DNA measurement tool) 
can effectively identify grazers but require specialist molecules 
(primers) to conduct the reaction and sequence DNA in the 
sample. Therefore, the techniques currently available are not 
ideal for growers to rapidly sample infected ponds and action 
treatment procedures, which can be imperative as some grazer 
infections can destroy 1% or more of a pond’s biomass in an 
hour depending upon the density of grazers. 

Real-time Infection Monitoring

Researchers from the Centre for Aerosol Impacts on Climate 
and the Environment (CAICE), the California Centre for 
Algae Biotechnology (Cal-CAB), and the Centre for Marine 
Biotechnology and Biomedicine (CMBB) proposed chemical 
ionisation mass spectrometry (CIMS) as a real-time monitoring 
technique, which could identify infections introduced by grazers 
and the impacts these have on the growth of algal communities. 

Algal cultures produce small molecules and volatile gases as by-
products of their metabolic reactions during healthy population 
growth and in response to environmental stressors. Dr Pomeroy 
and his colleagues suggested that measuring changes in the 
volatile gases produced by algae could provide an indication 
of algal population health in a pond, as the volumes and 
compositions of the gases produced are controlled by factors 

such as environmental conditions, nutrient availability, light 
levels, growth rate and the presence of contaminants. 

To test the CIMS method, the team measured the gases 
produced by the cyanobacteria Synechococcus elongatus during 
healthy growth periods. In CIMS, an ionised gas is continuously 
mixed with volatile gases emitted from a sample inside a 
container. As the gases mix, interactions between the ions in the 
injected gas and molecules in the sample gas cause ionisation 
of the volatile gases. These ionised gas molecules can then pass 
through a detector and are separated out by mass spectrometry, 
an analytical tool which measures the mass and charge of 
molecules. 

By analysing the results of mass spectrometry, Dr Pomeroy’s 
team were able to detect the different chemical compositions of 
gases within samples taken from an algal pond. Steps were also 
taken to simplify the method, such as continuous measurement 
of ambient gases, which could easily be observed and eliminated 
from the sample results. Additionally, the injection of the ionised 
gas was conducted gently, preventing fragmentation of ions, 
which would create more ions to be detected by the mass 
spectrometer and therefore complicate the results. As CIMS can 
monitor up to 10 samples an hour, the researchers hope that this 
method can be further modified for use in the field to improve 
the applicability of this technique in real-world situations and 
enhance the cost-effectiveness of the process.
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Finding Pests Quickly

Using CIMS, the molecule sulcatone (6-methyl5-hepten-2-
one) was identified as a metabolic indicator for the freshwater 
cyanobacteria Synechococcus elongatus. This molecule is a 
by-product generated during the exponential growth of the 
cyanobacterial community and the gas’s abundance suggests 
the population is growing healthily. 

Synechococcus populations were grown in 20-litre containers 
and monitored over 28 days. Tetrahymena (a single-celled 
organism) was added to the container, introducing an infection 
as Tetrahymena rapidly grazes on Synechococcus. Liquid 
samples were collected from the containers for daily analysis 
using microscopy, absorbance spectroscopy and fluorescence 
spectroscopy to cross-reference with CIMS data. Sterile air was 
also bubbled through the liquid sample to push gases to the 
surface and it is these gases that were fed into CIMS for analysis. 
The mass spectrometer produced 60,000 readings in 1 second, 
making sample analysis very rapid, and specific peaks on the 
graph (mass spectrum) revealed the compositions of the volatile 
gases being produced. In total, 49 ions were found to change 
in intensity over the lifetime of the experiment, indicating that 
biological processes were occurring within the algal culture in 
response to the injection of Tetrahymena.

After only 18 hours, nitrogen-based gases, such as ammonia 
and pyrroline, became more abundant during measurements, 
suggesting that these gases can help to indicate the presence 
of grazing species (such as Tetrahymena). CIMS was able to 
identify these changes in gas compositions much more quickly 
than traditional methods (such as microscopy and continuous 
fluorescence) which took between 25 and 76 hours longer 
than the CIMS method to detect infections introduced by 
Tetrahymena. The more timely detection of infection using 
CIMS is imperative for growers, as the method provides an early 
warning of contamination and gives growers time to respond to 
prevent biomass losses.

However, Dr Pomeroy and colleagues noticed that some of the 
higher density algal samples tested during the study showed 
a heightened response to microorganism infection than more 
sparsely populated samples. The denser samples produced 
larger changes in volatile gas volumes in response to the stressful 
stimuli (infection), suggesting that the CIMS method would be 
most successful to monitor dense, mature algal ponds, and 
that raceway ponds with less biomass may require additional 
analysis to provide a full picture of the algal community’s health.

Refining Use in the Field

This new method shows promise to be an effective tool for 
continuous monitoring of volatile metabolites to identify 
grazing in algal ponds. Future research will refine the technique 
to work on more specific algal-grazer relationships, which will 
account for variations in the volatile gases produced by different 
algal species and unwanted microorganisms. Additionally, 
modifying the method to work in situ at raceway ponds will 
require addressing environmental contaminants separate from 
the infecting microorganisms. Dr Pomeroy and colleagues 
propose a solution to this, by using a sampling interface across 
a large surface area of pond water, where the CIMS equipment 
is positioned next to a stream of clean air to minimise local 
airborne sources of contamination. 

Volatile gases provide a proxy for the state of health of the algal 
bloom, therefore, harnessing the power of CIMS can provide a 
1-to-3-day notice of upcoming biomass loss following infection. 
Identifying infections early can allow for treatment to protect the 
biomass in ponds and therefore reduce biomass losses for the 
energy industry. Furthermore, this pest monitoring technique 
could have wider applicability in other industries that require 
strict levels of hygiene, such as in the production of beer, cheese, 
antibodies and laboratory-grown meats. Predators, pathogens 
and competitors within raceway ponds reduce biomass quality 
and yield. Clearly, CIMS has the potential to prevent crop 
destruction by infectious species and increase the profitability 
of biomass production.
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