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Cyanotoxins 

• Cyanotoxins released by cyanobacteria 
through lysing or cell death (USEPA, 2012)

• Extracellular toxins 
• Health concerns to humans and environment 

(Falconer 2008)
• Hypoxia, carcinogenic, organ damage 

• Most common (Merel et al. 2013)

• Microcystins-LR, RR, LY (100+ congeners exist)
• Cylindrospermopsin 
• Anatoxins
• Saxitoxins

• Guideline of 1.0 µg L-1 for MC-LR (WHO, 2011)

• OH EPA action level of 0.3 µg L-1 (USEPA, 2015a)



Treatment 

• Cyanotoxin contamination of drinking 
water is a growing area of concern

• Increased nutrient load, population etc.
• Incorrect treatment practices could 

result in release rather than removal   
(WRF and AWWA, 2015) 

• Intracellular (I)
• Extracellular (E)

• Typical treatment methods include:               
(WRF and AWWA, 2015)

• Pretreatment Oxidation (I)
• Potassium permanganate (E)

• Coagulation/Sedimentation/Filtration (I)
• Membranes (I + E)
• DAF (I)
• GAC (E)
• PAC (E)
• Ozone (E) 
• Chlorination (E)



Local Utility 

• Worked with a local utility partner on practical questions
• Process

• Potassium permanganate > Alum > Polymer > Filters > GAC > Cl2
• Three GAC contactors in operation (April 2013)  

• GAC intended for reduction of DBP precursors
• Carbon is regenerated with 15% virgin makeup
• Each contactor regenerated twice per year

• What utility wants to know?
• What is the best way to manage GAC contactors for toxin removal?
• If the GAC is loaded with NOM…then how effective for toxins?

• Competition, fouling etc.



William H Harsha Lake

• Toxins detected (Allen 2015)

• MC-LR (Max-1.55 ppb)

• MC-RR (Max-0.52 ppb)

• MC-LY (Max-0.19 ppb)

• 7-desmethylated-MC-LR

• 2014 sampling resulted in max.   
MC-LR = 3.10 µg L-1 (Ohio EPA, 2010-2017)

• Saxitoxin has also been detected (Ohio 

EPA, 2010- 2017)



Previous Research

• GAC
• Represents an efficient solution for the 

removal of extracellular toxins (Sorlini and 
Collivignarelli 2011)

• GAC + conventional methods very 
effective (Karner et al. 2001)

• Mesoporous carbon is more effective 
at removing cyanotoxins (Westrick 2008) 

• 70-80% TOC in effluent, media 
replaced (Antoniou et al. 2014)

• MC adsorption during bloom event 
may not be viable (Karner et al. 2001)

• GAC + MC-LR 
• Flat, long breakthroughs and small 

steep curves (Huang et al. 2007, Carlile 1994)

• Bacterial colonization a hindrance and 
an important mechanism (Wang et al. 2007, 
Drogui et al. 2012, UKWIR 1996, Wang et al. 2006)

• RSSCTs
• Some work on SBAs (Short Bed 

Adsorbers)
• RCT showed 80% after 30,000 BVs (Hall et 

al. 2000)

• Research Gaps 
• Lack of data regarding the performance 

of GAC in removing cyanotoxins
• Reliable way to simulate full scale GAC 

adsorption (RSSCTs)
• Competitive adsorption of source water 

NOM and cyanotoxins



Objectives

• Use RSSCTs to assess the effectiveness of GAC 
in treating cyanotoxins, particularly MC-LR 

• Determine competitive adsorption/inhibition 
of NOM (TOC) and cyanotoxins 

• Use RSSCTs to evaluate the adsorption 
capacity of GAC in treating cyanotoxins when 
columns are preloaded with NOM at multiple 
levels



RSSCTs

• RSSCTs are small scale models of full 
scale processes (Poddar, Nair and Mahindrakar 2013)

• Reduced time and resources

• Mass transfer methods used to 
simulate performance (Poddar, Nair and 

Mahindrakar 2013)

• Carbon ground to reduced sieve size 
• Possibility to overestimate performance 

of preloaded GAC (Ho and Newcombe 2007)

• Proportional Diffusivity Model (Crittenden  et al. 

1991)

• Intraparticle diffusivity changes with 
particle size 

• Scaling relationship is a function of carbon 
particle size used in large and small scale



RSSCT Design

• V= 15 L water
• Estimated RSSCT run time= 33 days 
• EBCTsc = 0.84 min
• Hydraulic loading rate (v)= 1.73 m h-1

• Flow Rate= 0.32 mL/min
• Sieve size= 100x200
• MGAC = 0.128 g 
• RSSCT column diameter= 3.74 mm
• Bed Volume= 0.27 mL
• Bed Length= 2.42 cm
• dp LC = 1.29 mm
• dp SC= 0.11 mm
• SF= 11.8



GAC Prep and GACI (CFE)

• GAC was collected from Clermont 
County Water Resources Department 

• Regenerated with
15% virgin makeup                                                                                                          

• GAC was ground to meet 0.11 mm avg. 
particle size (100x200 sieve size)

• GAC rinsed to separate “fines” to 
prevent pressure buildup in column

• GACI (CFE) was procured from 
CCWRD  

• 240 L 



Chemicals and Analyses

• MC-LR 

• LC/MS/MS 

• USEPA Method 544

• NOM (Natural Organic Matter)

• TOC

• Combustion Catalytic TOC analyzer 
(TOC-Vcph Shimadzu Corporation, MD) 

• USEPA method 415.3

• UV254

• Analyzed on day of extraction 

• Standard Method 5910

• MC-LR stock solutions

• Beagle Bioproducts (Columbus, OH) 

• Verified by Beagle to be ≥ 95% pure HPLC

• Provided as dried film in 2 mL vial 

• Dissolved in 1 mL Milli Q water and diluted 
for analysis of stock via LC/MS/MS

• USEPA method 544 



Initial RSSCT
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Experiments to Minimize 
Biological Activity

• Refrigeration at 5 °C 
• Sodium Azide Inhibition

• Bottle tests

• RSSCT tests

• Sterile Techniques



Sodium Azide RSSCT 
Confirmation Test
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Sterile Techniques

• Sterile techniques
• Autoclaving
• Filtering (0.2 µm) GACI water 

collected from CCWRD
• Teflon tubing, pump, pulse dampener 

and RSSCT apparatus
• Cl2 (10 mg L-1)
• Ascorbic acid purge of Cl2 (25 mg L-1)
• Milli-Q for 4 days

• R2A HPCs
• Plate counts taken 2-3 times a week

• Influent and effluent



Partial Sterile RSSCT
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Partial Sterile RSSCT - HPCs
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Preloaded RSSCTs 

• Preloaded RSSCTs
• Preloading the GAC after grinding to 

prevent overestimation  
• Design of RSSCTs

• A – 0% preloaded (control)
• B – 55% preloaded 
• C – 100% preloaded 

• Columns preloaded with GACI NOM
• Assumptions based on previous TOC 

data and current UV254 data
• NaN3 contributes to UV254 

absorbance!

• Simulates real-world scenario

• Preloading
• RSSCT B

• 55% preloaded with TOC at 2,100 BVs
• RSSCT C

• 100% preloaded with TOC at 22,900 BVs



Preloaded RSSCTs

0

2

4

6

8

10

0 10000 20000 30000 40000 50000 60000 70000 80000

M
C

-L
R

 (µ
g 

L-
1 )

Bed Volumes

Influent A Effluent A (0%)

Influent B Effluent B (55%)

Influent C Effluent C (100%)



TOC and UV254
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TOC/MC-LR Breakthrough
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Biological Parameters

Temp. 
(oC)

Lag Phase 
(days) k (h-1)

Initial 25 6.86 0.07

Low Temp. 5 5.78 0.04

Confirmation 25 8.63 0.05

Inhibition 25 12.75 0.05

Mean - 8.51 0.05



Practical Implications –
Full Scale Simulation
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Practical Implications –
Biodegradation 

• Evaluated simulated biodegradation in full scale using EBCT = 10 min

• Biodegradation within the GAC column reduces MC-LR by 0.03 µg L-1

• Biodegradation within the GAC column is likely not significant at 

measured rates

• However, in presence of biological activity from WTP intake to 

distribution system, perhaps some significant biodegradation



Conclusions

• RSSCTs appear effective and inexpensive for simulating GAC processes with MC-LR

• RSSCTs with natural source water complicated by biodegradation - countermeasures required

• Adsorption only RSSCTs resulted in gradual breakthrough 

• Flat MC-LR breakthrough curve

• Exceeded OH EPA action level quickly (0.3 µg L-1)

• Competitive inhibition (NOM/MC-LR) - NOM preloaded GAC impacts adsorption of MC-LR

• 100% NOM preloaded column resulted in fast and steep MC-LR breakthrough

• However, 50% NOM preload not much different than control

• Biodegradation rates observed in experimental influents relatively insignificant for GAC EBCT



Future Research

• Pilot scale study

• BET/pore surface area analysis on the GAC collected 

from the water utility

• Size and distribution of the pores

• Additional investigation of competitive adsorption

• Multiple toxins



Acknowledgments

The authors are thankful for the EPA Environmental Technology Innovation Clusters 
program and Sally Gutierrez for funding assistance.  The authors also thank Stephanie 
Brown, David Griffith, Deborah Roose, and Thomas Weldon for chemical analyses.

This presentation has been subjected to the U.S. Environmental Protection Agency’s 
review and has been approved for external publication. Any opinions expressed are 
those of the authors and do not necessarily reflect the views of the Agency, therefore, 
no official endorsement should be inferred. Any mention of trade names or 
commercial products does not constitute endorsement or recommendation for use.



References

• Allen, J. N., Christopher. 2015. 2015 William H. Harsha Lake Data. USEPA.
• Bennett, M. C., G. W. Mlady, Y. H. Kwon & G. M. Rose (1996) Chronic in vivo sodium azide infusion induces selective and stable inhibition of cytochrome c 

oxidase. Journal of neurochemistry, 66, 2606-2611.
• Carlile, P. R. 1994. Further Studies to Investigate Microcystin-LR and Anatoxin-A Removal from Water.
• Çeçen, F. & Ö. Aktas. 2011. Activated carbon for water and wastewater treatment: Integration of adsorption and biological treatment. John Wiley & Sons.
• Chowdhury, Z. K. 2013. Activated carbon: solutions for improving water quality. American Water Works Association.
• Corwin, C. J. & R. S. Summers (2012) Controlling Trace Organic Contaminants with Granular Activated Carbon Adsorption (PDF). Journal-American Water 

Works Association, 104, E36-E47.
• Crittenden, J. C., B. Lykins, D. W. Hand & J. K. Berrigan (1987) Design of Rapid Fixed‐Bed Adsorption Tests for Nonconstant Diffusivities.
• Crittenden, J. C., P. S. Reddy, H. Arora, J. Trynoski, D. W. Hand, D. L. Perram & R. S. Summers (1991) Predicting GAC Performance With Rapid Small-Scale 

Column Tests. Journal (American Water Works Association), 83, 77-87.
• Delgado, L. F., P. Charles, K. Glucina & C. Morlay. 2012. The removal of endocrine disrupting compounds, pharmaceutically activated compounds and 

cyanobacterial toxins during drinking water preparation using activated carbon—A review. In Science of the Total Environment, 509-525. France: Elsevier.
• Drogui, P., R. Daghrir, M.-C. Simard, C. Sauvageau & J. F. Blais (2012) Removal of microcystin-LR from spiked water using either activated carbon or 

anthracite as filter material. Environmental technology, 33, 381-391.
• Edwards, C., D. Graham, N. Fowler & L. A. Lawton (2008) Biodegradation of microcystins and nodularin in freshwaters. Chemosphere, 73, 1315-1321.
• Falconer, I. R. (2008) Health effects associated with controlled exposures to cyanobacterial toxins. Cyanobacterial Harmful Algal Blooms: State of the 

Science and Research Needs, 607-612.
• Hall, T., J. Hart, B. Croll & R. Gregory (2000) Laboratory-Scale Investigations of Algal Toxin Removal by Water Treatment. Water and Environment Journal, 14,

143-149.
• Hart, J. & P. Stott. 1993. Microcystin-LR removal from water. Foundation for Water Research.



References

• Ho, L. & G. Newcombe. 2007. Evaluating the adsorption of microcystin toxins using granular activated carbon (GAC). In Journal of Water Supply: Research 
and Technology-AQUA, 281-291. Austrailia: IWA Publishing.

• Ho, L., T. Tang, D. Hoefel & B. Vigneswaran (2012) Determination of rate constants and half-lives for the simultaneous biodegradation of several 
cyanobacterial metabolites in Australian source waters. Water Research, 46, 5735-5746.

• Huang, W.-J., B.-L. Cheng & Y.-L. Cheng (2007) Adsorption of microcystin-LR by three types of activated carbon. Journal of Hazardous Materials, 141, 115-
122.

• Hyenstrand, P., J. Metcalf, K. Beattie & G. Codd (2001) Effects of adsorption to plastics and solvent conditions in the analysis of the cyanobacterial toxin 
microcystin-LR by high performance liquid chromatography. Water research, 35, 3508-3511.

• Karner, D. A., J. H. Standridge, G. W. Harrington & R. P. Barnum (2001) Microsystin algal toxins in source and finished drinking water. American Water Works 
Association. Journal, 93, 72.

• Knappe, D. R. U., V. L. Snoeyink, P. Roche, M. J. Prados & M.-M. Bourbigot (1997) The effect of preloading on rapid small-scale column test predictions of 
atrazine removal by GAC adsorbers. Water Research, 31, 2899-2909.

• Lawton, L. & P. J. Robertson (1999) Physico-chemical treatment methods for the removal of microcystins (cyanobacterial hepatotoxins) from potable 
waters. Chemical Society Reviews, 28, 217-224.

• Manage, P. M., C. Edwards & L. A. Lawton (2009) Biodegradation of microcystin-LR by natural bacterial populations.
• Merel, S., D. Walker, R. Chicana, S. Snyder, E. Baurès & O. Thomas (2013) State of knowledge and concerns on cyanobacterial blooms and cyanotoxins. 

Environment international, 59, 303-327.
• Mohamed, Z., W. Carmichael, J. An & H. El-Sharouny (1999) Activated carbon removal efficiency of microcystins in an aqueous cell extract of Microcystis 

aeruginosa and Oscillatoria tenuis strains isolated from Egyptian freshwaters. Environmental toxicology, 14, 197-201.
• Newcombe, G., D. Cook, S. Brooke, L. Ho & N. Slyman (2003) Treatment options for microcystin toxins: similarities and differences between variants. 

Environmental technology, 24, 299-308.
• Newcombe, G. & B. Nicholson (2004) Water treatment options for dissolved cyanotoxins. Aqua, 53, 227-239.



References

• Ohio EPA. 2010-2017. Harmful Algal Blooms Sampling Results. Columbus, OH.
• Poddar, M., A. B. Nair & A. B. Mahindrakar (2013) A Review on the Use of Rapid Small Scale Column Test (RSSCT) on Predicting Adsorption of Various 

Contaminants. IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT), 3, 77-85.
• Quinlivan, P. A. L., Lei; Knappe, Detlef RU (2005) Effects of activated carbon characteristics on the simultaneous adsorption of aqueous organic 

micropollutants and natural organic matter. Water research, 39, 1663-1673.
• Sorlini, S. & C. Collivignarelli (2011) Microcystin-LR removal from drinking water supplies by chemical oxidation and activated carbon adsorption. Journal of 

Water Supply: Research and Technology—AQUA, 60, 403-411.
• UKWIR. (1996). Pilot Scale GAC Tests to Evaluate Toxin Removal. London, UK.
• USEPA (2005) Method 415.3 Determination of Total Organic Carbon and Specific UV Absorbance at 254 nm in Source Water and Drinking Water; 

EPA/600/R-05/055.
• USEPA (2012) Cyanobacteria and Cyanotoxins: Information for Drinking Water Systems.
• USEPA (2015a) Drinking Water Health Advisory for the Cyanobacterial Microcystin Toxins. 1-75.
• USEPA. (2015b). Method 544. Determination of Microcystins and Nodularin in Drinking Water by Dolid Phase Extraction and Liquid 

Chromatography/Tandem Mass Spectrometery (LC/MS/MS); EPA/600/R-14/474 
• Wang, H., L. Ho, D. M. Lewis, J. D. Brookes & G. Newcombe (2007) Discriminating and assessing adsorption and biodegradation removal mechanisms during 

granular activated carbon filtration of microcystin toxins. Water research, 41, 4262-4270.
• Wang, H., G. Newcombe, J. Brookes, L. Ho & D. Lewis (2006) Separated adsorption and bacterial degradation of microcystins in GAC filtration.
• WRF & AWWA (2015) A Water Utility Manager's Guide to Cyanotoxins. 1-18.
• Westphal, K. S., S. C. Chapra & W. Sung (2004) Modeling TOC and UV254 Absorbance for Reservior Planning and Operation. JAWRA Journal of the American 

Water Resources Association, 40, 795-809.
• WHO (2011) Guidelines for Drinking-water Quality. 344-346.


	Using Rapid Small Scale Column Testing to Evaluate Granular Activated Carbon Adsorption of Cyanotoxins from Drinking Water
	Outline
	Cyanotoxins 
	Treatment 
	Local Utility 
	William H Harsha Lake
	Previous Research
	Objectives
	RSSCTs
	RSSCT Design
	GAC Prep and GACI (CFE)
	Chemicals and Analyses
	Slide Number 13
	Experiments to Minimize Biological Activity
	Sodium Azide RSSCT Confirmation Test
	Sterile Techniques
	Partial Sterile RSSCT
	Partial Sterile RSSCT - HPCs
	Preloaded RSSCTs 
	Preloaded RSSCTs
	TOC and UV254
	TOC/MC-LR Breakthrough
	Biological Parameters
	Practical Implications –              Full Scale Simulation
	Practical Implications –Biodegradation 
	Conclusions
	Future Research
	Acknowledgments
	Slide Number 29
	Slide Number 30
	Slide Number 31

