Extremely Acidophilic Sulfur-oxidising Bacteria for Wastegas
Treatment

I ntroduction

The ability of micro-organisms to be active in extre environments offers challenges
to understanding the fundamentals of microbial fimmcand opportunities for
sustainable biotechnology. One group of micro-oigas that can grow and survive
under extreme acidic conditions are called acidephAcidophiles have a pH optimum
less than pH = 3 of which some of obligate acidigshiunable to grow at all at neutral
pH.

The search for unknown micro-organisms can also opeinteresting possibilities for
new biological wastegas treatment applicationfidtogical wastegas treatment
systems treating reduced sulfur compounds likednen sulfide and carbon disulfide,
sulfuric acid is the final product at complete cersion. This acidic water leaves the
biological wastegas treatment system when it isaipd without the additional of pH
neutralizing chemical such as caustic. When passibis operation without the
addition of chemicals is preferred as caustic aarelatively expensive and adds to
operational concerns as it requires safety measorgsoper feeding and storage.

The low pH process water can, on the other hantgsecaeveral problems. The acidity
increases the stress on many microorganisms meguftireduced activity as well as
incomplete conversion which leads to elementaus@tcumulation. The large amounts
of water required to remove the produced acid feoreactor treating highly
concentrated waste gasses can also be a limitgy feor many applications. With
extremely acidophilic micro-organisms, many of thesoblems can be solved.

In our quest to obtain new microorganisms, we éedcdifferent bacterial strains
converting reduced sulfur compounds under extrezitcaconditions. We found
micro-organisms capable of degrading different cedusulfur compounds at extremely
acidic conditions (pH < 0).

Microbial survival mechanismsat low pH

Acidophiles use a variety of mechanisms that eesaloiw pH tolerance. Baker-Austin
and Dopsohdescribed many of these mechanisms, which mairiylve maintaining a
pH gradient across the cellular membrane wall. Witk repertoire of genes for the cell
wall of acidophiles is indicative of a complex stiwre that probably limits the influx of
protons into the cell. In the highly impermeablenmbeane a predominance of



potassium-transporting energy-generating enzymé&®éaes) is found in many
acidophiles, which possibly creates the positivigirged molecules inside the cell
inhibiting the influx of protons. Also specific gm pumping systems to remove
protons from the cell have been identified althonghclearly defined yet.

Organic acids are harmful to acidophiles becausg déine protonated (and therefore
neutrally charged) in a low pH outside the cell aad pass relatively easy into the cell
(cyctoplasm) where the proton dissociates at theermpbl neutral conditions lowering
the pH in the cell. Many acidophiles have the cépdc degrade organic acids and it is
interesting to note that the most extreme acideglake all heterotrophs.

Our search for lifeat low pH

The aim of our project, is to find microorganisrhattuse carbon disulfide (@Sas a
carbon and energy source, with a high affinitydarbon disulfide, and able to tolerate
high acidity levels as extreme as 10% whASB)y, a concentration at which it is
economically viable to reuse the trickling watethin certain factories emitting carbon
disulfide.

In earlier work from a full-scale biotrickling refae, treating gas streams that contain
carbon disulfide and hydrogen sulfide, a sulfurdiming bacterium was isolated. The
bacterium, which will be described elsewhere, veamil to oxidize a variety of sulfur
compounds including carbon disulfide (.S arbonyl sulfide (COS), hydrogen sulfide
(H,S), elemental sulfur @pand thiosulfate ($5%). In contrast to other Thiobacilli-like
organisms which can oxidize carbon disulfide, thiganism was found to oxidize
sulfur compounds at extreme acidic conditions \pithvalues below 0. Since the strain
also showed degradation activity at neutral pH stin@in can be defined as an extremely
acidotolerant sulfur-oxidizing bacterium. Undera®c conditions these sulfur
compounds were completely oxidized to sulfate. Gistat cultivation experiments
have been performed in order to determine the ikipairameters (molar growth yield,
Ks value, maximum oxidation rate, maximum growth yatethe isolate under various
environmental conditions. Fluorescent DNA probeshkaing designed based on the
16S rDNA gene sequence in order to be able to miothie presence and changes in
mixed microbial communities similar to those intoickling filters which might contain
these microbes.
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Fig. 1. Extremely acidophilic bacteria

In our recent quest to obtain such microorganisrasuse carbon disulfide as a carbon
and energy source, with a high carbon disulfidenayf and able to tolerate high acidity
levels, we enriched eleven bacterial strains fronu#ferent bioreactors treating carbon
disulfide containing waste gases from five différewlustrial plants, and five bacterial
strains from environmental samples collected aehrighly acidic, sulfur rich sites
(pooled hotspring samples, the Solfatara region Neples and the Solfarata region
near Rome). Although we observed substantial plyprotlifferences in growth
characteristics, 16S DNA analysis showed thattedirss were Acidithiobacilli. Several
known Acidithiobacillus strains for the ability tmnvert carbon disulfide were tested
but found this is not a trait shared by all Acidtbacilli. Also the tolerance for acidity
levels varied largely with some strains showingyu@gh tolerance for extreme acidic
conditions.

Biological process control at low pH

The low pH process water in a biological wastegaatinent reactor can cause several
problems when treating reduced sulfur compounda:dgcrease in removal efficiency
due to the low pH inhibiting growth and activity thle converting microorganisms, 2)
increased potential of clogging of the system leyrantal sulfur produced by stressed
bacterial cells, 3) an increase in costs due tdaitgee amounts of water required to
remove the produced acid during treatment of higblycentrated waste gasses.
Extreme acidophilic micro-organisms are able toecopuch better with the stress
condition of low pH and reduce or eliminate thessbfems.



In benchscale reactor experiments we have seen that thealsegrowth is reduce
when the process conditions of the m-organisms where more extreme acidic (¢
not shown here). Sulfuric acid concentration igbto be an importaifactor in the
development of pressure drop over the reactoru8alécid concentrations of > -4%
(w/w) significantly limited the development of peese drops over the reactors. At !
sulfuric acid the pressure drop over the reacteneseems to stilize. The expecte
accumulation of elemental sulfur was not observeti@nsequently did not cau
increase in pressure drop. Actual gas retentioa tietermination showed clearly t
difference in biofilters gas distribution at diféet acid conditios as effect on th
biomass accumulation. The reduced biomass acctionukt the more extreme acic
conditions can be explained by the reduced bioryiaés when the bacteria grow unc
more extreme stressful conditions. An alternativalanation for tle effect of sulfuric
acid on pressure drop development could be théiiidn of the growth of othe
secondary micr@rganisms that grow in the biofilm of the reducatius compounc
degrading micrarganisms. The lower biomass groat leasfprovides oportunities
to reduce the risk of extreme biomass growth imeelctor treating high loading

Relation between sulfunc acid concentration and pH or EC
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Fig. 2. Relationshifbetween acidity, pH and electrical conductivity {

To maintain the most optimal process condition maaeactor, control ¢
microbidogical process parameters is essential. The gdpscially important whe
extreme acidic conditions are maintained usingaahidic bacteria. At extreme lo
acidity the pH can not be measured accurate aneléc&-conductivity (EC) can b
used. Thé€eC value increaselinear with the acid concentratigeee Figure 2) anis
high enough to have no influence of other ions tik&ients. Using electrici
conductivity as a control parameter has the adganti@at frequent calibration is r
required and that some H@eters can even give a direct read-of sulfuric acic
concentration.



Applications

Biotechnological applications using acidophilegigresting because they can perform
conversion in an extreme environment that can rapertant advantages.

One of the examples of using extreme acidophilicroaorganisms is the wastegas
combined treatment of carbon disulfide hydrogefidel Carbon disulfide emissions
contribute to the greenhouse gas inventory, beczarb®n disulfide with its lifetime of
7-12 days is unstable and forms carbonylsulfide C@arbonylsulfide may be
transported to the stratosphere where its oxidasitinought to be a major source for
stratospheric sulfur aerosol. This aerosol inflesnihe earth’s radiation balance and
hence the climafe

Traditionally, the industrial emissions of carbasulfide have been treated by
adsorption or incineration. These conventionaltineat systems have relatively high
operational costs and use substantial amountsenfgnThey also require many safety
measures for explosion-safe operation and geneste streams (e.g. 2@missions

or spent activated carbon). Biological processesveiste gas treatment represent an
interesting alternative and have been applied dyr@adifferent industries

The sulfuric acid that is produced in a bioreactm be neutralized by caustic in the
bioreactor to form Ng&O,, but will require caustic which makes the proaesgh more
expensive. The produced sulfuric acid is a clepuidi, but with a concentration
normally too low the applicability for re-use irpkant production process is limited.
With the more extreme acidophilic micro-organisims tecycling of sulfuric acid is
now more interesting and economically feasibleartan situations.
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