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Abstract 

Cyanobacteria are photo-autotrophic organisms with a worldwide distribution, which can result 

in Harmful Algal Blooms (HABs) producing toxins. One of the most common strains of 

cyanobacteria is Microcystis aeruginosa, which produces the most abundant cyanotoxin, 

microcystin. In this study, we analyzed the effect of H2O2 on algae and microcystin using both 

lake and reagent grade water. The first objective was to determine the effect of H2O2 on algae 

and cyanobacteria in lake water that was nutrient enriched. The second objective was to detect 

the effect of H2O2 at oxidizing microcystin in spiked deionized water and lake waters. For the 

first experiment, H2O2 significantly reduced the concentrations of cyanobacteria as the doses 

were increased, and H2O2  was effective at low doses (e.g. 50 μL Lି ଵ). The addition of 100 μL 

H2O2  Lି ଵ  or more showed reductions in cyanobacteria that were not significantly different from 

each other. The second experiment on deionized water and lake water did not work, and the 

results did not show microcystin reduction as doses were increased. The first results suggests 

H2O2  as an effective treatment for cyanobacteria algal blooms. However, the second experiment 

should be repeated in order to prove what other studies have suggested about H2O2  reducing 

microcystin concentrations.  
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Introduction  

        Eutrophication in bodies of water such as lakes, rivers, ponds, and reservoirs has increased 

mainly due to human activities. This process results from the excess of nutrients such as nitrogen 

(N) and phosphorus (P) that favor the growth of algae and cyanobacteria, causing potentially 

large blooms (Khan & Ansari, 2005). The proliferation of cyanobacteria can influence the 

beneficial uses of water resources, from drinking water, fishing, irrigation to recreational use. 

These algal blooms, particularly cyanobacterial, can become harmful when toxins like 

microcystin are produced (Chorus & Welker, 2021). The spread of these harmful cyanobacterial 

blooms in freshwaters has become a major concern for communities around the world. 

         Cyanobacteria produce, under certain conditions, a wide range of secondary metabolites 

that are toxic to eukaryotic organisms and potentially humans. These toxins are produced only by 

some genera of cyanobacteria, including Microcystis, Anabaena, Planktothrix, Nostoc, and 

others (Chorus & Welker, 2021). Some species are known to show high or low levels of toxicity 

under certain conditions including environmental parameters such as temperature, light intensity, 

and nutrients (Kaebernick & Neilan, 2001). These toxins have the ability to cause serious health 

and environmental problems.  

          One of the most common strains of cyanobacteria is Microcystis aeruginosa (Rinehart et 

al., 1994), which produces the most abundant hepatotoxin, microcystin. Nearly a hundred 

microcystins have been described, which are cyclic peptides in which non-protein amino acids 

intervene and whose synthesis is not carried out (Bouaïcha et al., 2019; Harada, 1996). It is not 

necessary for a large proliferation of cyanobacteria to occur for the population present to be 

toxic, since cyanotoxins are one of the most potent poisons (Chorus & Welker, 2021).    

            If present in water supplies microcystins require treatment in the drinking water plant.   

Conventional water purification systems such as coagulation, flocculation, or filtration can be 

effective for intracellular toxins where cells are removed, but they are less effective at removing 

extracellular toxins (Pietsch et al., 2002). Furthermore, these treatment options may simply 

transfer toxins from intracellular to free in the treated water. Chlorination has been used 

extensively in the USA (Driska et al., 2001) and has served as an accessible and easy way to 

oxidize microcystin in drinking water treatment (Zamyadi et al., 2013).  

          The effectiveness of control methods in natural waters varies according to type and size of 

the lake, retention time, degree of alteration, amount of nutrient load, quality and quantity of 
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sediments, amount of aquatic life, etc. (Bhateria & Jain, 2016). The reduction of nutrients, such 

as N and P, in non-point and effluent inputs is the ultimate preventive measure (Nagar et al., 

1974). The reduction of nutrients would likely result in reduced algal growth and blooms, but 

these reductions may take a long time to show up in terms of chemical water quality in streams 

(Meals et al., 2010). 

          The use of chemical substances would be a more short-term management option acting 

with high impact on cyanobacteria. Copper has been one of the best algaecides, and it is 

generally applied as copper sulfate (CuSO4·5H2O) (Murray-Gulde et al., 2002). However, the 

use of copper salts has some concerns such as non-selective toxic effect on non-objective aquatic 

organisms and potential negative consequences related to human health (Kenefick et al., 1993; 

Lam et al., 1995).  However, this technique is still widely use but other methods with a less 

negative impact on the aquatic environment exits.  

           Hydrogen peroxide (H2O2) is a well-known agent with a high oxidizing capacity, which is 

commonly used in disinfection and water treatment (Wang et al., 2000). Some studies have 

suggested the use of low concentrations of H2O2 for the selective elimination of cyanobacteria in 

lakes. Although adding chemicals to natural waters seems like an unusual strategy, this method 

can be an effective and relatively harmless way to remove or reduce cytotoxins (Matthijs et al., 

2012).  Its use in lakes or reservoirs does not lead to the accumulation of trace elements like Cu 

in the environment. H2O2 has the property of degrading in water in a short time, which represents 

a great advantage when using it to suppress cyanobacteria blooms in lakes (Piel et al., 2020). The 

only challenge with H2O2 is that it is a non-discriminatory oxidant, but there is little chance of 

developing resistance like with other algicides. 

          In this study we analyzed the effect of H2O2 on algae and microcystin using both lake and 

reagent grade water. The first objective was to determine the effect of H2O2 on algae and 

cyanobacteria in lake water that was artificially nutrient enriched. The second objective was to 

detect the effect of H2O2 at oxidizing microcystin in spiked deionized water and lake waters. 

With the results obtained from this study, it would be possible to prescribe an effective treatment 

for algal blooms and toxic concentration of microcystin in local recreational lakes. 

Material and Methods  

          Lake Fayetteville (36° 8′ 8″ N, 94° 8′ 21″ W) is within the limits of the City of 

Fayetteville, Arkansas. It has an area of approximately 0.78 kmଶ and broadly serves as an 
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outdoor recreational place where activities such as fishing are very common. Lake Fayetteville 

also has a park with an area of around 1.85 kmଶ  surrounded by forests. There are some 

amenities in Lake Fayetteville including an 8.85 km nature trail around the lake, a disc golf 

course, and a boat bock marina (Fayetteville, AR - Official Website, 2021). 

             The routine monitoring of Lake Fayetteville by the Arkansas Water Resources Center 

(AWRC) has documented the occurrence of HABs every year since monitoring began. In 2019, 

the maximum levels reported was 11 g Lିଵ of microcystin on May 17, and another harmful 

algal bloom was reported during June 2020 with levels up to 30 g Lି ଵ  (Fayetteville, AR - 

Official Website, 2019). The City of Fayetteville has issued warnings to all residents when 

occurrences of HABs. All visitors were advised to take safety measures and avoid areas of algae 

accumulation when visiting the lake.  The Environmental Protection Agency (EPA) suggested in 

2019 that a total microcystin concentration of 8 g Lି ଵ  or below of microcystin keeps public 

health protected (EPA, 2019). 

        The water and algal samples used for this study were collected during October 2020 and 

March 2021 from this lake, and algal growth was enhanced in the lab with added nutrients and 

incubation in the sunlight. To start the first experiment, 100 ml of lake water was added to 250 

ml flasks to be incubated on the windowpane at room temperature. The lake water in the flasks 

had initial measurements of the raw fluorescence (RFU) of phycocyanin and chlorophyll 

pigments using in vivo florescence with a CyanoFlour (Turner Designs, San Jose, Ca, USA). 

Phycocyanin and chlorophyll are pigments found in cyanobacteria and algae that capture energy 

from sunlight to carry out photosynthesis. Phycocyanin is produced exclusively by cyanobacteria 

while chlorophyll is found in other photosynthetic microorganisms like algae. Phycocyanin has 

been used as effective marker to detect cyanobacterial blooms in the fresh water (Woźniak et al., 

2016). That is why phycocyanin: chlorophyll ratios are considered good indicators of the 

presence of cyanobacteria, where ratios over one suggest cyanobacteria are abundant and 

dominant in the water (Thomson-Laing et al., 2020). 

       For the first experiments a total of ten flasks were labeled and treated with different rates of 

common 3% H2O2  stock solution. The proper volume of the stock H2O2 was added by pipet to 

the 100 ml of lake water in the flasks on October 29, 2020. Doses of 0, 50, 100, 200, 400, 600, 

800, 1000, 2500, 5000 μL Lିଵ of H2O2 were applied, respectively. These treatments were 

incubated at room temperature on the windowpane. The first RFU readings after H2O2 treatments 
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were taken on November 5, 2020 and the second readings on November 11, 2020. These RFU 

measurements were used as a proxy for cyanobacteria and algae content in the flasks. Data were 

entered into Excel and analyzed using analysis of variance (ANOVA) and least significant 

difference (LSD) with means separation.  

           For the second experiment the procedure followed was similar to the first experiment. 

Two set of treatments were prepared where one set was containing lake water and the other set 

was containing reagent grade water. The deionized water and lake water used was spiked with >5 

g Lି ଵ microcystin and then treated with various volume of 3% of H2O2. Doses containing 0, 5, 

10, 20, 40, 60, 80, 100, 250, 500 μL Lିଵ of H2O2 were added to the treatments in flasks of 100 ml 

and incubated at room temperature. The RFU readings for these treatments in lake water were 

taken the following day on March 19, 2021. Water from all treatments was set aside for total 

microcystin analysis following three freeze thaw cycles.  

         To measure total microcystin concentrations in the second experiment, enzyme-linked 

immunosorbent assay (ELISA) was used (Abraxis; EPA method 546). This method consisted in 

determine the concentration of microcystin based on color absorbance of samples. The protocol 

followed for this experiment was the same developed by Zaffiro et al. (2016). First, the 

treatments were placed on a 96-well microtiter plate where microcystin found in the samples 

would compete for binding to a primary detection antibody. The protocol was followed by two 

washes steps where after the first enzyme conjugated was added to bind to the primary antibody, 

and after the second wash tetramethylbenzidine substrate also was added to react and produce 

color on samples. The readings were taken using a plate reader from Abraxis (Warminster, PA, 

USA), and the method with a twofold dilution gave a maximum concentration of 10 μg Lି ଵ. 

Results 

Experiment 1 

Phycocyanin 

          In the first set of data (Table 1), the addition of 3% of H2O2  influenced the raw 

fluorescence of phycocyanin. On treatments from November 5, 2020, after seven days of 

incubation, the control had a mean value of 17747 RFUs for phycocyanin. On treatment with the 

least addition of H2O2 (50 μL Lି ଵ), the phycocyanin RFUs was significantly less (5615 RFUs) 

than the control; this value corresponded to three time less compared to the control. Within the 

least doses (50-200 μL Lି ଵ) the mean RFUs for phycocyanin were not different; however, these 
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treatments were all significantly less than the control. Mean RFUs of phycocyanin of treatments 

from 100 to 5000 μL Lି ଵ were not significantly different from each other, but all were 

significantly less than the control (Table 1).  

             Treatments from November 11, 2020 were measured after 14 days of incubation in the 

laboratory. The mean RFUs of the control (8951) was approximately half what was measured on 

November 5, 2020, and all H2O2 treatment had mean RFUs less than the control after 14 days of 

incubation. Treatments with doses from 800 to 5000 μL Lି ଵ were significantly different from the 

control, where 2500 μL Lିଵ had the least mean RFUs (162).  

Chlorophyll 

         The raw fluorescence of chlorophyll was used as a proxy for algal biomass in the water, 

where greater RFUs suggested greater biomass (Table 2). The control for the treatments from 

November 5, 2020, had a mean value of 24558 after seven days.  The least doses of 3% H2O2 

(50-200 μL Lି ଵ) had mean RFUs for chlorophyll that were not significantly different from the 

control (Table 2). However, H2O2 doses from 400-5000 μL Lି ଵ had mean RFUs for chlorophyll 

that were significantly different from the control.  

           November 11, 2020, the control had a mean value of 26467 RFUs. The three greatest 

doses (1000-5000 μL Lି ଵሻ had mean RFUs for chlorophyll that were significantly less than the 

control (Table 2).  The rest of treatments did not show means significantly different from the 

control.  

PC:CHL Ratios 

         On November 5th, the mean PC:CHL ratios, for the control had a value of 0.720. Most of 

the treatments did not show significant difference from each other after seven days of incubation 

in the laboratory. The least addition of H2O2  (50 μL Lି ଵሻ had a mean of 0.209  while the highest 

addition (5000 μL Lିଵሻ  had a mean of 1.03 (Table 3). However, the 1000 μL Lିଵ  treatment  was 

significantly different from the control and the rest of the treatments. It corresponded to the dose 

with the greatest mean value (3.21); this value was almost four times greater than the control 

mean RFUs.  

         For measurement on November 11th, 2020, the control had a mean PC:CHL ratio of 0.324 

(Table 3). Treatments with 50, 400, 1000 μL Lି ଵ	H2O2  doses had mean PC:CHL ratios 

significantly different from the control, where 50 and 400 μL Lି ଵ had lower mean ratios, and the 

1000 μL Lିଵ treatment had the highest ratio for this set of measurements.  
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Experiment 2  

Phycocyanin 

            The RFUs for phycocyanin were rather variable in this experiment. On March 19, 2021 

(Table 1), the control had a mean RFUs of 21337. The addition of H2O2  did result in mean RFUs 

for phycocyanin that were different from the control, except for 10 and 20 μL Lି ଵ. Mean RFU 

for phycocyanin at 20 μL Lି ଵ	treatment was less than the control, whereas mean RFU at 10 μL 

Lି ଵ	was greater than the control.  

Chlorophyll 

            The chlorophyll RFU readings for treatments on March 19th, 2020 had a control with a 

mean value of 12434 (Table 2). The treatments did not have mean RFUs significantly different 

from the control, except for 100 μL Lି ଵ which had a mean RFU of 63667 and was significantly 

greater from the rest of treatments.  

PC:CHL Ratios 

      For PC:CHL ratios on March 19th, 2021, the control had a mean value of 1.46 (Table 3). 

Dose of 10 μL Lି ଵ showed the greatest mean (4.23) but was not significantly different from the 

control. However, this dose had a mean PC:CHL ratio that was greater than that observed with 

treatments greater than 80 μL Lି ଵ. 

Microcystin  

           For treatment spiked with microcystin, it was expected to get decreasing concentrations as 

the doses of H2O2 treatment were increased. However, the results showed that the decrease in 

total microcystin concentrations was not consistent since there is not a pattern followed where 

higher H2O2 doses show more reduction in total microcystin concentrations. The control lake 

water had a total microcystin concentration of 9.086 µg Lି ଵ (Table 4), which was almost twice 

that intended with the spike solution. The other H2O2 treatments of lake water had concentrations 

less than 1.5 μg Lି ଵ, except two treatments which had total microcystin concentrations exceeding 

10 μg Lି ଵ (Table 4). All the treatments using deionized water spiked with the algal toxin had 

total microcystin concentrations less than 0.5 µg Lିଵ, including the control which had a total 

microcystin concentration less than the reporting limit (i.e., 0.3 µg Lିଵ).   

          
  



 11

 
Table1. ANOVA and LSD means separation results for raw fluorescent units (RFUs) of phycocyanin by treatment. 
Different lower-case letters indicate significantly different groupings (LSD test, p=0.05).  

DATE Treatment (μL H2O2 ିۺ) Mean        SE                      MS 
 
Nov 5, 2020  

0 
50 
100 
200 
400 
600 
800 
1000 
2500 
5000 

17747        771                       c           
5615          348                       b 
3091          269                      ab 
3402          788                      ab 
1540          380                       a 
1327          572                       a 
1010          253                       a 
1215          150                       a 
767            121                       a 
723              59                       a 

 LSD= 3487 
 

F= 2.39 
p= 5.36 E-8      df=9 

 
Nov 11, 2020 

0 
50 
100                                                             
200 
400 
600 
800 
1000 
2500 
5000 

8951           2508                    c          
1937          403                       ab 
3239           1399                    ab 
2692           1124                    ab 
1192           390                      ab 
5490           3273                     b 
3139           1467                     a 
355              61                        a 
162              31                        a 
175              28                        a 

 LSD= 4445 
 

F= 2.39 
p= 0.0012     df=9 

March 19, 2020 0 
5 
10 
20 
40 
60 
80 
100 
250 
500 
 

21387         11990                bc 
9631           2854                  ab 
50334         42077                 d 
32797         7808                   c 
1327           4344                   a 
13193         1812                  ab 
8982           1275                  ab 
5814           1567                  ab 
3871            226                   ab 
2838            186                   ab 

 LSD=19259 F= 2.39 
p= 0.3960    df=9 
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Table 2. ANOVA and LSD means separation results for raw fluorescent units (RFUs) of chlorophyll- a by treatment. 
Different lower-case letters indicate significantly different groupings (LSD test, p=0.05).  

DATE Treatment (μL H2O2 ିۺ) Mean              SE                   MS 

Nov 5, 2020 0 
50 
100 
200 
400 
600 
800 
1000 
2500 
5000 

24558              1442                 c         
22762              9742                 c 
18538              2526                 bc 
20828              2520                 bc 
10922              1979                 ab 
7258                 4895                 a 
1539                  804                  a 
490                    140                  a 
566                      34                  a 
717                      43                  a 

                                                                   LSD= 10969 
 

F= 2.39 
p= 0.00012      df=9 

Nov 11, 2020 0 
50 
100 
200 
400 
600 
800 
1000 
2500 
5000 

26467               4921                b       
12750               4221                ab  
13906               5292                ab 
10859               3054                ab 
12670               3888                ab 
20351               9281                 b 
19979               9897                 b 
613                    9.3                   a 
429                    25                    a 
446                    5.7                   a 

 LSD=15537 
 

F= 2.392 
p= 0.02     df=9 

March 19, 2020 0 
5 
10 
20 
40 
60 
80 
100 
250 
500 

12434                3937                 a 
10507                591                   a       
10866                635                   a 
14538                568                   a 
13142                1489                 a 
15372                1947                 a 
13110                 965                  a 
63667                40427               b 
12610                2874                 a 
8018                  355                   a    

 LSD= 17536 F= 2.393 
p= 0.18   df=9 
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Table 3. ANOVA and LSD means separation results for ratios of raw fluorescent units (RFUs) of chlorophyll- a  and 
phycocyanin by treatment. Different lower-case letters indicate significantly different groupings (LSD test, p=0.05).   

DATE Treatment (μL H2O2 ିۺ) Mean                     SE            MS 

Nov 5, 2020 0 
50 
100 
200 
400 
600 
800 
1000 
2500 
5000 

0.720                      0.02            a         
0.209                      0.044          a 
0.169                      0.011          a 
0.163                      0.028          a 
0.137                      0.012          a 
0.331                      0.15            a 
1.13                        0.47            a 
3.21                        1.32            b 
1.34                        0.142          a 
1.03                        0.14            a 

                                                                   LSD=1.33 
 

F= 2.39 
p= 0.0028      df=9 

Nov 11, 2020 0 
50 
100 
200 
400 
600 
800 
1000 
2500 
5000 

 0.324                     0.037          b       
0.178                      0.039          a 
0.227                      0.037          ab 
0.228                      0.035          ab 
0.126                      0.052           a 
0.231                      0.055          ab 
0.254                      0.098          ab 
0.576                      0.094           c 
0.373                      0.0543         b 
0.393                      0.0683         b 

 LSD=0.18 
 

F= 2.392 
p= 0.0023     df=9 

March 19, 2020 0 
5 
10 
20 
40 
60 
80 
100 
250 
500 

1.46                        0.624           ab  
1.23                        0.406           ab 
4.23                        3.573            b 
1.20                        0.543           ab 
1.00                        0.324           ab 
0.864                      0.069           ab 
0.711                      0.145            a 
0.408                      0.119            a 
0.361                      0.0412          a 
0.273                      0.028            a    

 LSD=3.46 F= 2.393 
p= 0.503   df=9 
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Table 4. Treatments with respective concentration of microcystin. Left column correspond to concentration of 
microcystin (µg ିܮଵ) in lake water while right column shows concentrations in deionized water.  

Treatment  
 (μL H2O2 ିۺ) 

Lake Water  
Microcystin  
(µg ିۺ) 
 

Deionized Water 
Microcystin  
(µg ିۺ) 
 

0 9.086 0.284 
5 1.456 0.238 
10 0.000 0.050 
20 0.094 0.102 
 40 0.098 0.000 
60 > 10.0 0.472 
80 > 10.0 0.062 
100 1.088 0.000 
250 0.896 0.000 
500 0.690 0.058 
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Discussion and Future Opportunities  

          Hydrogen peroxide has become a popular control mechanism to treat cyanobacterial 

harmful algal blooms (Guo et al., 2021). However, the required doses to control these blooms 

varies depending on environmental conditions (Neilan et al., 2013). In this study, the data 

obtained showed that H2O2 may reduce cyanobacteria, based on the decrease in mean RFUs for 

phycocyanin observed in experiment 1. In fact, the addition of any amount of H2O2 (50-500 μL 

Lି ଵ) reduced phycocyanin RFUs in the first experiment. These results support previous studies 

where H2O2  was proven as an effective treatment against cyanobacterial harmful algal blooms. 

Barrington et al. (2013) suggests H2O2 as algicide able to reduce cyanobacteria and microcystin 

effectively and fast. Also, a more recent study showed H2O2  can remove and inhibit the growth 

of cyanobacteria in water bodies (Kansole & Lin, 2017).  

              Furthermore, the results from RFUs for chlorophyll-a also showed a decrease in means 

as the doses of H2O2  were increased in experiment 1.  This suggests that H2O2   reduced the 

amount of total algae in the water not just cyanobacteria. Drábková et al.(2007) mentions that 

H2O2  could have an effect on reducing algae; therefore, H2O2  would likely be an effective 

algicide at Lake Fayetteville.   

         On the other hand, experiment 2 did not follow expected results. The concentration of 

microcystin in control from lake water was 9.086 µg Lି ଵ , which corresponded to an amount 

almost twice higher than expected originally (5 µg Lି ଵ).  This suggests that of the spike solution 

had almost twice the concentration of total microcystin, i.e. 1000 µg Lି ଵ . Despite this, the 

treatments did not show decreasing total microcystin concentration with increasing H2O2  dose. 

In fact, two of the treatment had total microcystin concentrations greater than 10 µg Lି ଵ.   

          The lake water used in the second experiment was different from the first, because it has 

larger groups of filamentous algae, which sometimes clogged the spout when dispensing lake 

water. The variability in algal content of the lake water might explain why phycocyanin and 

chlorophyll RFUs did not decrease with increasing H2O2  dose, like observed in the first 

experiment. This experiment was focused on the second objective, so the lake water variability 

was not an initial concern. In hindsight, the long filamentous algae should have been broken and 

mixed thoroughly in the lake water so this could not have introduced variability.  

            Also, the concentrations of microcystin in deionized water did not logically decrease as 

H2O2 treatments are increased. This observation was puzzling, and it was not the influence of the 
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algal content since it was deionized water. The treatment was incubated in the sunlight in both 

experiments, but maybe sunlight degraded the H2O2 in the reagent grade H2O much faster and it 

did not have the expected effect on reducing microcystin concentrations (Cooper et al., 1988). 

Also, it is possible that sunlight could degrade microcystin and, therefore, alter the 

concentrations in the reagent grade water (Schmidt et al., 2014). 

          For future research and experiments, the experiment 2 could be repeated making sure that 

a hand mixed is used to break apart long filamentous chains of algae in water. This will help to 

reduce variability in the results. Also, it is important to consider the exposure to sunlight since it 

could be a factor that could inhibit the effects of H2O2  on treatments. Before spiking water with 

microcystin, it should be well mixed without any algae chain left. Then, it is important to make 

sure to incubate the treatments in a place where exposure to sunlight could not affect the results. 

This could help to improve the results for next experiments.  

Conclusion 

         All in all, the first experiment showed that H2O2 has effect on reducing cyanobacteria 

numbers as the doses of H2O2 were increased. This supports previous studies (Barrington et al., 

2013) that demonstrated H2O2  as an effective algicide.  

          The second experiment did not work, but research has shown H2O2  remediates 

cyanotoxins like microcystin (Huo et al., 2015). This experiment should be repeated making sure 

to remove factors that introduce variability like samples with chains of algae on water and 

sunlight exposure.   

Acknowledgments 

          I would like to thank my family since they have been my support and inspiration to 

achieve my goals. Thank you to my friends who have become my second family away from 

home.  

          I also want to thank Dr. Haggard for allowing me to work on this project, and for his 

guidance and mentorship during my honor’s research. His explanations helped me clarify any 

confusion while working on this project.  

References 

Barrington, D. J., Reichwaldt, E. S., & Ghadouani, A. (2013). The use of hydrogen peroxide to 

remove cyanobacteria and microcystins from waste stabilization ponds and 

hypereutrophic systems. Ecological Engineering, 50, 86-94. 



 17

Bhateria, R., & Jain, D. (2016). Water quality assessment of lake water: a review. Sustainable 

Water Resources Management, 2(2), 161-173. 

Bouaïcha, N., Miles, C. O., Beach, D. G., Labidi, Z., Djabri, A., Benayache, N. Y., & Nguyen-

Quang, T. (2019). Structural diversity, characterization and toxicology of 

microcystins. Toxins, 11(12), 714. 

Chorus, I., & Welker, M. (2021). Toxic cyanobacteria in water: a guide to their public health 

consequences, monitoring and management (p. 858). Taylor & Francis. 

Cooper, W. J., Zika, R. G., Petasne, R. G., & Plane, J. M. (1988). Photochemical formation of 

hydrogen peroxide in natural waters exposed to sunlight. Environmental science & 

technology, 22(10), 1156-1160. 

Drábková, M., Admiraal, W., & Maršálek, B. (2007). Combined exposure to hydrogen peroxide 

and light selective effects on cyanobacteria, green algae, and diatoms. Environmental 

science & technology, 41(1), 309-314. 

Drikas, M., Chow, C. W., House, J., & Burch, M. D. (2001). Using coagulation, flocculation, 

and settling to remove toxic cyanobacteria. Journal‐American Water Works 

Association, 93(2), 100-111. 

EPA Issues Recommendations for Recreational Water Quality Criteria and Swimming 

Advisories for Cyanotoxins. EPA, Environmental Protection Agency, 22 May 2019, 

www.epa.gov/newsreleases/epa-issues-recommendations-recreational-water-quality-

criteria-and-swimming-advisories.  Accessed on March 12th,2021.  

Guo, Y., O’Brien, A. M., Lins, T. F., Shahmohamadloo, R. S., Almirall, X. O., Rochman, C. M., 

& Sinton, D. (2021). Effects of hydrogen peroxide on cyanobacterium microcystis 

aeruginosa in the presence of nanoplastics. ACS ES&T Water. 1, 7, 1596–1607 

Harada, K. I. (1996). Chemistry and detection of microcystins. Toxic Microcystis, 103-148. 

Harmful Algae Present at Lake Fayetteville.  Fayetteville, AR - Official Website, 

www.fayetteville-ar.gov/CivicSend/ViewMessage/message/114543. Accessed on April 

2nd, 2021.  

Huo, X., Chang, D. W., Tseng, J. H., Burch, M. D., & Lin, T. F. (2015). Exposure of Microcystis 

aeruginosa to hydrogen peroxide under light: kinetic modeling of cell rupture and 

simultaneous microcystin degradation. Environmental Science & Technology, 49(9), 

5502-5510 



 18

Kaebernick, M., & Neilan, B. A. (2001). Ecological and molecular investigations of cyanotoxin 

production. FEMS Microbiology Ecology, 35(1), 1-9. 

Kansole, M. M., & Lin, T. F. (2017). Impacts of hydrogen peroxide and copper sulfate on the 

control of microcystis aeruginosa and MC-LR and the inhibition of MC-LR degrading 

bacterium Bacillus sp. Water, 9(4), 255. 

Kenefick, S. L., Hrudey, S. E., Peterson, H. G., & Prepas, E. E. (1993). Toxin release from 

Microcystis aeruginosa after chemical treatment. Water Science and Technology, 27(3-4), 

433-440. 

Khan, F. A., & Ansari, A. A. (2005). Eutrophication: an ecological vision. The Botanical 

Review, 71(4), 449-482. 

Lake Fayetteville. (n.d.). Retrieved April 13, 2021, from https://www.fayetteville-

ar.gov/3130/Lake-Fayetteville.  

Lam, A. K. Y., Prepas, E. E., Spink, D., & Hrudey, S. E. (1995). Chemical control of hepatotoxic 

phytoplankton blooms: implications for human health. Water Research, 29(8), 1845-

1854. 

Matthijs, H. C., Visser, P. M., Reeze, B., Meeuse, J., Slot, P. C., Wijn, G., & Huisman, J. (2012). 

Selective suppression of harmful cyanobacteria in an entire lake with hydrogen 

peroxide. Water Research, 46(5), 1460-1472. 

Meals, D. W., Dressing, S. A., & Davenport, T. E. (2010). Lag time in water quality response to 

best management practices: A review. Journal of Environmental Quality, 39(1), 85-96. 

Microcystin Algae at Low Levels in Lake Fayetteville, Advisory Dismissed. Fayetteville, AR - 

Official Website, www.fayetteville-ar.gov/CivicSend/ViewMessage/message/86544. 

Accessed on April 24th, 2021.  

Murray-Gulde, C.L., Heatley, J.E., Schwartzman, A.L., Rodgers, J.H., 2002. Algicidal  

            effectiveness of clearigate, cutrine-plus, and copper sulfate and margins of  

             safety associated with their use. Arch. Environ. Contam. Toxicol. 43, 19–27.  

Nagar, B., Datta, M., & Khakhar, M. (1974). Eutrophication and recovery in experimental lakes: 

Implications for lake management. Science, 184, 897-899. 

Neilan, B. A., Pearson, L. A., Muenchhoff, J., Moffitt, M. C., & Dittmann, E. (2013). 

Environmental conditions that influence toxin biosynthesis in cyanobacteria. 

Environmental Microbiology, 15(5), 1239-1253. 



 19

Orihel, D. M., Schindler, D. W., Ballard, N. C., Wilson, L. R., & Vinebrooke, R. D. (2016). 

Experimental iron amendment suppresses toxic cyanobacteria in a hypereutrophic lake. 

Ecological Applications, 26(5), 1517-1534. 

Pettersson, K. (1998). Mechanisms for internal loading of phosphorus in lake.  

Hydrobiologia, 373, 21-25. 

Piel, T., Sandrini, G., White, E., Xu, T., Schuurmans, J. M., Huisman, J., & Visser, P. M. (2020). 

Suppressing Cyanobacteria with Hydrogen Peroxide Is More Effective at High Light 

Intensities. Toxins, 12(1), 18. 

Pietsch, J., Bornmann, K., & Schmidt, W. (2002). Relevance of intra‐and extracellular 

cyanotoxins for drinking water treatment. Acta Hydrochimica et Hydrobiologica, 30(1), 

7-15. 

Randolph, K., Wilson, J., Tedesco, L., Li, L., Pascual, D. L., & Soyeux, E. (2008). Hyperspectral 

remote sensing of cyanobacteria in turbid productive water using optically active 

pigments, chlorophyll a and phycocyanin. Remote Sensing of Environment, 112(11), 

4009-4019. 

Rinehart, K.L., Namikoshi, M., Choi, B.W., 1994. Structure and biosynthesis of toxins from 

blue-green algae (cyanobacteria). Journal of Applied Phycology, 6, 159–176. 

Schmidt, J. R., Wilhelm, S. W., & Boyer, G. L. (2014). The fate of microcystins in the 

environment and challenges for monitoring. Toxins, 6(12), 3354-3387. 

Thomson-Laing, G., Puddick, J., & Wood, S. A. (2020). Predicting cyanobacterial biovolumes 

from phycocyanin fluorescence using a handheld fluorometer in the field. Harmful Algae, 

97, 101869. 

Wang, G. S., Hsieh, S. T., & Hong, C. S. (2000). Destruction of humic acid in water by UV 

light—catalyzed oxidation with hydrogen peroxide. Water Research, 34(15), 3882-3887. 

Woźniak, M., Bradtke, K. M., Darecki, M., & Krężel, A. (2016). Empirical model for 

phycocyanin concentration estimation as an indicator of cyanobacterial bloom in the 

optically complex coastal waters of the Baltic Sea. Remote Sensing, 8(3), 212. 

Zaffiro, A., Rosenblum, L., & Wendelken, S. C. (2016). Method 546: Determination of total 

microcystins and nodularins in drinking water and ambient water by adda enzyme-linked 

immunosorbent assay. US EPA (United States Environmental Protection Agency), 

Standards and Risk Management Division: Cincinnati, OH, USA, 1-21. 


	Effect of Hydrogen Peroxide on Algae and Microcystin in Control and Lake Waters
	Citation

	tmp.1639709962.pdf.bf_5N

