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The acidification of freshwater aquatic systems, either by surface discharge or by precipitation, has been noted as an issue
of increasing environmental concern (Graham, Arancibia-Avila, and Graham 1996). In normal freshwater systems, an
average pH is usually between 6.5 and 9.0 (USEPA 1986). Aquatic organisms, including cyanobacteria that cause HCBs, exist
in a variety of environments over wide pH ranges. However, these organisms have a tolerance that, once a pH shift occurs,
may impact their ability to function and survive. Ecologists who have surveyed acidified lakes noted that cyanobacteria are
often absent in benthic habitats where the pH is less than 4.0 and mildly acidic lakes with pH ranges of 5.0–6.0 (Brock 1973).
Researchers proposed that shifting the pH into an acidic environment could control or eliminate cyanobacterial blooms
(Klemer et al. 1996). In a recent review (Triest, Stiers, and Van Onsem 2016), data from mesocosm experiments indicated
that the addition of CO2 to a pH around 7.0 kept cyanobacterial biomass low (Tessier et al. 2011 in Triest, Stiers, and Van
Onsem 2016). Similarly, following biomanipulation of Lake Vesijärvi in Finland, Keto and Tallberg (2000) suggested that low
pH may have prevented cyanobacterial dominance, and listed low pH as one parameter that limits cyanobacterial growth in
hypereutrophic ponds (Peretyatko et al. 2012).
Evidence of acidification occurring naturally has been reported. Planktonic species of cyanobacteria disappeared from the
epilimnion (upper layer of water) in Little Rock Lake, Wisconsin, as the pH fell to 5.2 (Klemer et al. 1996). In controlled
studies, blooms in experimental lakes remained dominated by cyanobacteria until the pH dropped below 5.2, at which point
filamentous green algae became most abundant for a limited time (Turner et al. 1995). This pattern of acidification does not
seem to be universal, however, as succession in the same lake showed a shift of Anabaena spp. and Lyngbya spp. to colonial
species of Merismopedia and Chroococcus. This shift in species is consistent with other field observations that low pH seems
to select for cyanobacteria that do not regulate their buoyancy by gas vesicles: As pH decreased from 5.9 to 5.1, the
abundance of cyanobacteria that form gas vesicles decreased, while abundance of those without gas vesicles increased
(Findlay and Kasian 1986).
There is limited applied data (see Teissier et al. 2011 mesocosm results above) to suggest that artificially acidifying water
will prevent or control an ongoing HCB. Experimental acidification has been studied in a number of benchtop and laboratory
assays that used bubbled CO2 to artificially lower the pH while the cells were growing under optimal conditions. These
studies had results similar to the field data above—growth of targeted species of cyanobacteria was adversely affected
starting at pH <6.0 (Wang et al. 2011).
While the exact method of action is not known, acidification could physiologically inhibit cyanobacteria growth or adversely
affect any number of biological processes the cyanobacteria use. Some laboratory observation data have highlighted that
low pH inhibits important cellular functions, such as CO2-concentrating mechanisms. It has also been observed that low pH
causes cyanobacterial cells to expend high levels of energy to maintain optimal intracellular pH range for metabolic
processes and that low pH causes cells to build up carbonic acid, which can interfere with photosynthesis (Mangan et al.
2016).

PLANKTONIC AND BENTHIC

EFFECTIVENESS
• Water body type: Pond, lake/reservoir 
• Depth: Shallow
• Any trophic state
• Any mixing regime
• Any water body use

NATURE OF HCB
• Cyanobacteria species that use gas vesicles to regulate buoyancy
• Unknown interaction with cyanotoxins
• Prevention strategy 



ADVANTAGES
• Field observations note that potentially problematic cyanobacteria species are absent in acidified environments.
• Limited experimental data show that artificially lowering pH causes gas-vesicle-dominated cyanobacteria to die.

LIMITATIONS
• There are few full-scale studies (on entire ecosystem impact) on artificially lowering pH.
• Limited field data noted that while gas-vesicle-forming species disappeared, species that do not form gas vesicles were
able to grow in their place.
• Laboratory studies that bubbled CO2 were conducted on pure cultures under non-field conditions.
• May affect all aquatic organisms 

Adding CO2 to a water body will not necessarily shift the pH adequately to prevent or disrupt blooms of cyanobacteria, as pH
depends on a variety of ambient conditions. Previous studies on acidification have pumped CO2 into vats of sample water
using tanks of liquid CO2, which can be readily acquired from various vendors. The cost of this method will depend partly on
whether the multiple bubble lines spanning a lake are derived from one tank or from multiple tanks. For larger waterbodies,
multiple tanks can be evenly spaced with individual bubblers. 
COST ANALYSIS PER GROWING SEASON: ACIDIFICATION
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Machinery $

Tools $
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Delivery $
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REGULATORY AND POLICY CONSIDERATIONS
Implementation of acidification equipment may require installation of temporary tubing as well as investment in
infrastructure to maintain and support the tools and supplies needed to maintain and monitor the supply of the bubbling
system. Monitoring lake pH should be embedded in the treatment, as there is no known quantified relationship between the
volume of gas added and the response of small lakes. Off-target effects are possible to fish and other aquatic life that may
be impacted by the sudden shift in pH. Additional concerns about mobilization and immobilization of various metals should
be considered and will depend on the chemistry of the water body and sediment. Various regulatory entities may prohibit
shifts in pH more than 1 unit above or below typical background levels to minimize off-target effects of treatment. Applicable
state water quality criteria must also be considered.
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