
Planktonic:
In-water Prevention Strategy
Limited/Emerging Supporting Field Data

Benthic:
Unknown Prevention Strategy
No Available Supporting Field Data

Results from several studies indicated that iron-based nanoparticles have the ability to adsorb cyanobacteria and degrade
cyanotoxins through oxidative transformation. The technology is used in remediating and treating water, wastewater, and
groundwater (Kharisov et al. 2012). No open-water case studies for HCB management were found. Zero-valent iron (nZVI)
and bimetallic nanoparticles, such as iron-nickel (Fe-Ni) and iron-palladium (Fe-Pd), can Several studies were reviewed that
focused on iron-based nanoparticles and their ability to adsorb cyanobacteria and degrade cyanotoxins through oxidative
transformation. The technology is used in remediating and treating water, wastewater, and groundwater (Kharisov et al.
2012). No open-water case studies for HCB management were found. Zero-valent iron (nZVI) and bimetallic nanoparticles,
such as iron-nickel (Fe-Ni) and iron-palladium (Fe-Pd), can degrade microcystin-LR (MC-LR) in drinking water treatment, with
Fe-Pd showing the greatest degradation of MC-LR over the broadest pH range (~95% removal, Gao et al. 2016). Other
metallic or elemental compounds in some nanoparticles include titanium dioxide (Okupnik, Contardo-Jara, and Pflugmacher
2015), zinc oxide (Mahawar et al. 2018), polypyrroles (Hena et al. 2016), graphene and graphene oxide (Malina et al. 2019),
copper-char (Li et al. 2019), silver (Duong et al. 2016), and silica (Xiong et al. 2017).

PLANKTONIC BENTHIC

EFFECTIVENESS
• Unknown in any field application

EFFECTIVENESS
• Unknown in any field application

NATURE OF HCB
• Effective at pH 7.0 for microcystin variants -LR, -LA, and -YR and at pH 9.0 for MC-
RR, as well as cylindrospermopsin
• Use is limited to drinking water
• Intervention strategy

NATURE OF HCB
• Unknown

PLANKTONIC AND BENTHIC

ADVANTAGES
• Quick reaction time
• Readily adsorbs and destroys many contaminants, including cyanotoxins
• Some by-products promote flocculation
• Can use magnetic particles
• Possible reuse

LIMITATIONS
• No field applications
• nZVI has poor performance but is effective when paired with other metal ions
• May bind other compounds before cyanotoxins
• Unknown long-term environmental impact
• Reused particles only 30%–40% effective after eight uses

COST ANALYSIS
Cost information is scarce due to the recent development of the technology and the limited commercialization of the
products (Adeleye et al. 2016).
Relative cost per growing season: Nanoparticles (iron-based)

ITEM RELATIVE COST PER GROWING SEASON



Material $–$$

Personal Protective Equipment Unknown

Equipment Unknown

Machinery Unknown

Tools Unknown

Labor Unknown

O&M Costs Unknown

Other Costs Unknown

OVERALL >$$

REGULATORY AND POLICY CONSIDERATIONS
Long-term toxicity of nanoparticles in the environment is unknown, which may limit the scope of use or release into the
environment. These materials are considered emerging contaminants by USEPA (2014). There are federal and local
regulations based on intended use and application area.
CASE STUDY EXAMPLES
Laboratory-scale: nZVI and bimetallic nanoparticles (Fe-Ni and Fe-Pd) have been used to degrade MC-LR in drinking water.
Fe-Pd showed the greatest degradation of MC-LR (~95% removal) with the broadest pH range. Ni and Pd act as a catalyst for
the degradation of MC-LR, whereas nZVI alone tends to readily form iron oxides and hydroxides in water, reducing its surface
reactivity with MC-LR (Gao et al. 2016).
The highest adsorption rate for MC-LR, -LA, and -YR was at pH 7.0, whereas the highest rate for MC-RR and
cylindrospermopsin was at pH 9.0. Removal from potable water can be done using magnetophoretic nanoparticles of
polypyrrole. Adsorption capacity dropped to 30–40% after reusing eight times. Polypyrrole/Fe3O4 had a high potential to
remove cyanotoxins and could potentially be a cost-effective solution based on its reusability (Hena et al. 2016).
Adeleye et al. (2016) noted that there is still the likely persistence of some nanomaterials in the environment after use. They
also suggested that research is needed to focus on predicting nanocomposite toxicity, so each new particle does not have to
be tested individually.
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