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SI-1. Spectrophotometric determination of Chlorophyll a (Chl-a) 

A spectrophotometric method was used for the determination of Chlorophyll a present in 

planktonic algae of surface waters at a concentration of 1 to 300 mg/m3. The principle of the 

method is based on the extraction of pigments from plankton concentrate with an aqueous 

solution of acetone and determines the optical density (absorbance) of the extract using 

a spectrophotometer. 
 

References: 

 American Public Health Association (Ed.) (2005). Standard Methods for the Examination of Water and 
Wastewater (21st ed.). American Water Works Association & Water Environment Federation, Washington, 
DC. - Standard Method 10200-H. Spectrophotometric Determination of Chlorophyll - Standard Methods for 
the Examination of Water and Wastewater.  

 

SI-2. Preparation of samples for taxonomy and enumeration analysis 

After collecting the raw water samples from the reservoir and transporting them to the 

laboratory, samples were prepared for taxonomy and enumeration analysis. 200-250 mL glass 

bottles with a PTFE septum stopper were used. Water was preserved with Lugol's iodine solution 

(0.5 – 1 ml, i.e. 10 - 20 drops) until the water color turned dark yellow (colour of weak tee or 

cognac). During transport, the samples were not be exposed to direct sunlight. Lugol’s iodine 

preserved samples were stored in a cool (1℃ - 4℃) and dark place in an upright position until 

they were measured.  
 

References: 

 American Public Health Association (Ed.) (2005). Standard Methods for the Examination of Water and 
Wastewater (21st ed.). American Water Works Association & Water Environment Federation, Washington, 
DC. - Standard Method 10200-B. Plankton. Sample Collection - Standard Methods for the Examination of 
Water and Wastewater.  

 

SI-3. Enumeration analysis of phytoplankton for raw water samples 

The quantitative and qualitative analysis of phytoplankton was based on Utermöhl's method 

which used an inverted microscope and cylindrical sedimentation chambers. 

The analysis was performed by an external laboratory: Stillwater Environmental, Paris Ontario. 
 

References: 

 Findlay, D. L., & Kling, H. J. (2001). Protocols for measuring biodiversity: phytoplankton in freshwater. 
Winnipeg: Department of Fisheries and Oceans. 

 Hopkins, G.J, & Standke, S.J. (1992). Phytoplankton methods manual: with special emphasis on waterworks 
operation internal methods manual. Limnology Section Water Resources Branch, Ontario Ministry of the 
Environment, Toronto. ISBN 0-7729-8923-0) 

 Padisák, J., Chorus, I., Welker, M., Maršálek, B., & Kurmayer, R. (2021). Laboratory analyses of cyanobacteria 
and water chemistry. Toxic Cyanobacteria in Water. A Guide to Their Public Health Consequences, 
Monitoring and Management,, 689-743. 
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SI-4. Water samples collected for analysis 

 
Figure S1. Photographs of the reservoir and raw water samples taken for analysis in non-bloom (A) and bloom (B) 

conditions. 

 

 

Figure S2. Photographs of glass fibre filters after filtration of non-bloom (A) and bloom (B) raw water samples  for 

Chlorophyll-a analysis. The method is shown in SI-1. 
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SI-5. NOM analysis by LC-OCD of raw and pasteurized water samples 

To characterize NOM fractions at non-bloom and bloom conditions, liquid size-exclusion 

chromatography with organic carbon detection (LC-OCD) technique was used (Huber et al., 2011). 

Water samples were freshly filtered through 0.45 µm PES filters on the sampling day.   
 

References:  

 Huber, S. A., Balz, A., Abert, M., & Pronk, W. (2011). Characterisation of aquatic humic and non-humic matter 
with size-exclusion chromatography-organic carbon detection-organic nitrogen detection (LC-OCD-OND). 
Water research, 45(2), 879-885. 

 

Table S3. NOM composition of raw and pasteurized water in non-bloom and bloom conditions  

 
CDOC: chromatographable DOC; BP: biopolymers; HS: humic substances; BB: building blocks; LMA: low-molecular-weight acids; LMN: low-
molecular-weight neutrals; DON: dissolved organic nitrogen; N/C: nitrogen:carbon ratio; SUVA: specific UV absorbance at 25unm; Mn: molecular 
weight 
 

 

Figure S3. LC-OCD chromatograms of the studied reservoir water in non-bloom and bloom conditions 

with responses for organic carbon detection (OCD), UV-detection at 254 nm (UVD) and organic nitrogen 

detection (OND).  Offsets in signal response were intentionally made for clarity. 
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SI-6. MC-LR adsorption analysis 

Adsorption capacity 

The amount of adsorbed substance, i.e. the adsorption capacity (µg/mg), was calculated 

on the basis of the mass balance equation (Worch, 2012): 

𝑞 =
(𝑐0−𝑐𝑡)∙𝑉

𝑚
       (E1) 

Where q is the amount of substance adsorbed from the solution (µg/mg), V is the volume of the 

adsorbate solution (L), c0 represents an initial MC-LR concentration (µg/L), ct is MC-LR 

concentration after adsorption (µg/L) and m represents the mass of the adsorbent (mg). 

 

Freundlich isotherm parameter determination  

The experimental data were fitted to the Freundlich equation, which is commonly used 

for activated carbon adsorption of adsorbates (e.g. Worch, 2012). The equation is given by: 

𝑞𝑒 = 𝐾𝐹𝐶𝑒
1

𝑛      (E2) 

Where KF and n are the Freundlich parameters; KF is a constant that expresses the maximum 

adsorption on the sorbent surface, the adsorption strength; 1/n illustrates the energetic 

heterogeneity of the active surface of the adsorbent; 𝑞𝑒 represents the solid phase concentration 

of an adsorbate, ce represents MC-LR concentration at equilibrium in 𝜇𝑔/𝐿 (Worch, 2012). 

 

Adsorption kinetics 

The kinetic experiment data were fitted to the pseudo-first order adsorption equation 

(proposed by Lagergren) and the pseudo-second-order model - determined by Ho (Simonin, 2016; 

Ho & McKay, 1998). The two empirical models are curve-fitting relationships describing 

experimental data and are used to compare adsorption performance.  

 
References: 

 Ho, Y. S., & McKay, G. (1999). Pseudo-second order model for sorption processes. Process biochemistry, 
34(5), 451-465. 

 Simonin, J. P. (2016). On the comparison of pseudo-first order and pseudo-second order rate laws in the 
modeling of adsorption kinetics. Chemical Engineering Journal, 300, 254-263. 

 Worch, E. (2012). Adsorption technology in water treatment. In Adsorption Technology in Water Treatment. 
de Gruyter. 
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SI-7. Pseudo-first and -second order kinetic models fitting 

Both pseudo-first and -second order kinetic models were fit to the MC-LR removal data obtained 

from the samples with PAC doses 50 and 25mg/L over time using linear fitting. 

Table S4. Pseudo-first order kinetic model parameters for PACs (dose 50mg/L) in surface water for non-
bloom and bloom water samples 

 
 

Table S5. Pseudo-second order kinetic model parameters for PACs (dose 50mg/L) in surface water for non-
bloom and bloom water samples  

 

 

Figure S4. Pseudo-first order (A) and pseudo-second order (B) kinetic model with linear fits of MC-LR 

adsorption by three PACs in non-bloom and bloom conditions (50mgPAC/L) 
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Table S6. Pseudo-first order kinetic model parameters for PACs (dose 25mg/L) in surface water for non-
bloom and bloom water samples 

 

Table S7. Pseudo-second order kinetic model parameters for PACs (dose 25mg/L) in surface water for non-
bloom and bloom water samples  

 

 

Figure S5. Pseudo-first order (A) and pseudo-second order (B) kinetic model with linear fits of MC-LR 

adsorption by three PACs in non-bloom and bloom conditions (25mgPAC/L) 
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Figure S6. Residual plots for pseudo-first order fit of MC-LR adsorption in non-bloom (triangle markers)  

and bloom (circle markers) water conditions for 50mgPAC/L (A) and 25mgPAC/L (B) 

 

Figure S7. Residual plots for pseudo-second order fit of MC-LR adsorption in non-bloom (triangle 

markers) and bloom (circle markers) water conditions for 50mgPAC/L (A) and 25mgPAC/L (B) 
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SI-8. Additional figures: MC-LR adsorption capacity and removal efficiency 

 

 
 

Figure S8. MC-LR concentrations in positive control samples (MC-LR spiked in raw and pasteurized 

reservoir water, no PAC added) in non-bloom water (A) and bloom water (B). 
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Figure S9. Comparison of adsorption capacities for MC-LR in bloom vs. non-bloom water using coal- (A, C 

and E) and wood-based (B, D and F) PACs for different adsorption times (top: 0.5 and 1 h; middle: 1 and 

2d for coal- and 3 and 6h for wood-based PAC; bottom: 5 and 7d for coal- and 1 and 2d for wood-based 

PAC) displayed as Freundlich plots 
(Initial MC-LR concentration ~100 µg/L; carbon doses 5-50 mgPAC/L) 
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Figure S10. Comparison of adsorption capacities of coal- and wood-based PACs for MC-LR in non-bloom  

(A, C and E) and bloom water (B, D and F) for different adsorption times (top: 0.5 and 1 h; middle: 1 and 

2d for coal- and 3 and 6h for wood-based PAC; bottom: 5 and 7d for coal- and 1 and 2d for wood-based)  

PAC) displayed as Freundlich plots 
(Initial MC-LR concentration ~100 µg/L; carbon doses 5-50 mgPAC/L) 
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Figure S11. MC-LR adsorption capacities in the function of concentration in different contact times (0.5-

168h) for coal- (A and B), wood- (B and C), and coconut-based (E and F) PACs in non-bloom (left side) and 

bloom (right side) water conditions. No fittings were applied. 
(Initial MC-LR concentration ~100 µg/L; carbon doses 5-50 mgPAC/L) 
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SI-9. Non-linear regression for Freundlich equation 

Table S8. Freundlich equation parameters for MC-LR adsorption with coal-, wood-, and coconut-based PAC 
in surface water samples under non-bloom and bloom conditions with 95% confidence interval in brackets. 
(Parameters were calculated using non-linear regression i.e. non-linear least square model via the 
Levenberg–Marquardt error minimization algorithm) 
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SI-10. JCRs - 95% Joint Confidence Regions 

The mathematical form of Freundlich equation (Equation E2) is closely related to both coefficients 

(KF and 1/n) (Worch, 2012). Valuable information on the estimates of correlated parameters can 

be provided with joint confidence regions (JCR). JCRs allow to distinguish model fits with greater 

accuracy than using single-parameter confidence intervals.  

JCRs at 95% confidence level for the Kf and 1/n were calculated and fitted using the non-

linear least squares regression model, which is a conceptually simple way of developing 

estimators with good properties of minimize the sum of squares for error SSE (Stanford & 

Vardeman, 1994). JCRs were calculated and plotted using Python code, and followed equations 

shown by Fairey and Wahman (2013).  

 
References: 

 Fairey, J. L., & Wahman, D. G. (2013). Bayesian and frequentist methods for estimating joint uncertainty of 
Freundlich adsorption isotherm fitting parameters. Journal of Environmental Engineering, 139(2), 307-311. 

 Stanford, J. L., & Vardeman, S. B. (1994). Statistical methods for physical science (Vol. 28). Academic Press.  

 Worch, E. (2012). Adsorption technology in water treatment. de Gruyter. 
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Figure S12. JCRs (ellipses on figures) and point estimates (points on figures) for the Freundlich 

parameters generated for the adsorption of MC-LR with coal- (A and C) and coconut-based PAC (B and D) 

in non-bloom water (top, i.e. A and B) and in bloom water (bottom, i.e. C and D) for contact times from 

0.5h to 192h (8d) 
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Figure S13 Comparison of JCRs (ellipses on figures) and point estimates (points on figures) for both non-

bloom (dashed lines) and bloom (solid lines) water for coal-based PAC.  
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SI-11. Adsorption capacity of NOM fractions 

 

Table S9. Summary of the average adsorption capacities and removal efficiency of MC-LR and different 
NOM fractions with 50 mg/L of coal-, wood- and coconut-based PACs in non-bloom and bloom water 
samples  

 
 


