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Abstract. Although traditional processing methods can be effective for removal of algal blooms of 
cells, also has the potential to provide a major breakthrough of microcystins in the course of normal 
operation. As a result, the presence of more advanced processing of algal toxins in drinking water 
treatment water. Along with the more traditional method of recognizing the need to oxidation, 
advanced oxidation process is a promising technology available for algal toxins in drinking water 
damage. Some advanced oxidation is currently being developed to detect microcystin damage. This 
study provides an introduction to the oxidation technology and its application, in order to eliminate or 
drinking water in cells and destroy red tide algae toxins. 

Introduction 
With the further development of the economy, it is bound to further increase the amount of sewage, 

and eutrophic water governance is a long-term and systematic project, so for a long period of time, 
blue-green algae blooms will still exist, and even more serious. When the outbreak of blue-green 
algae blooms, can lead to death portion of the biological and livestock, and the water supply as water 
quality deterioration. Algae can interfere with conventional water treatment processes in the 
coagulation, sedimentation and filtration of these solid-liquid separation process, such as a 
substantial increase in coagulant dosage, algae penetrate filter and high turbidity, etc., and some 
cyanobacteria produce algae toxins, cause taste and odor problems, would lead to serious incidents of 
urban water supply. Currently drinking water treatment by means of high algae water is still all the 
disadvantages, the development of new algae removal process has important guiding significance for 
drinking water treatment. 

Advanced Oxidation Processes for the Removal of Algal Cells 

Chlorine. MA et al. showed that chlorine had no significant effect on the majority of M. 
aeruginosa cell shape [1]. DALY et al that affect the integrity of the algal cells chlorine with chlorine 
dosage is increased [2]. And in order to continue to achieve the effect of algal cell lysis requires 
sustained investment and chlorine. Before oxidation cyanobacterial cells were smooth spherical, and 
in the oxidation of cell shape change significantly, which further proved that there CLO2 loss of 
integrity of the cell capacity.  

Ozone. Ozone destruction of algal cells are two main ways: an indirect reaction direct reaction of 
ozone molecules and OH • radicals, the two can attack cell walls and membranes, undermine the 
integrity of the film, so that cellular material released from cells and cells damaged split into pieces. 
Ozone destruction of algal cells are two main ways: an indirect reaction direct reaction of ozone 
molecules and OH • radicals, the two can attack cell walls and membranes, undermine the integrity of 
the film, so that cellular material released from cells and cells damaged split into pieces [3-4]. Miao et 
al confirmed by SEM the influence of ozone on algal cell morphology [5]. In this study, after ozone 
treatment the cell structure and cell wall have changed. In the natural environment, a single M. 
aeruginosa cells spherical or ellipsoidal. With the increase of ozone dose (1mg/L gradually increased 
to 5mg/L), the cell wall can be clearly observed morphological changes, increased cytoplasm and 
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release more cell damage. XIE et al. contrast ozone by flow cytometry for lysis of algal cells, 
discovery and ozone effects on algal cell lysis obvious effect, the molar concentration of ozone is far 
lower than even potassium permanganate, its effect is still due to the latter [6]. 

Photolysis and UV/Hydrogen Peroxide. OU et al studied the UV-C (short-wave ultraviolet 
254nm) of M. aeruginosa damaging cells [7]. The study found, UV-C dose of cells showed a 
significant contraction folds and 1.4 × 103mJ cm-2, while continuing to increase the dose to 4.2 × 
103mJ cm-2 and 5.6 × 103mJ cm-2, stromal cells was observed on the cell structure. It was fragmented, 
then off, and then observed cell necrosis and dissolution. When a dose of 8.4 × 103mJ cm-2 cell 
collapse visible separation of abundant intracellular spillage, no intact cells are present. 

Potassium Permanganate. The earliest permanganate for the removal of algae generally 
considered permanganate for microcystin degradation is usually effective, but it can not effectively 
penetrate or lysed cells. In the study of natural surface water removal MC also found that this 
phenomenon, also proposed in the practical application, it need to use the appropriate means to 
remove the newly formed manganese oxide [7]. Li et explanation of this phenomenon is shown, 
permanganate and algal cells first reaction upon contact with extracellular substance EOM, until 
permanganate on the cell surface accumulation reaches a certain amount, the middle of the stage[8]. It 
did not significantly affect the integrity of the cell. And then, near the cell wall lining of potassium 
permanganate and a large number of algal cells inactivated.  

Advanced Oxidation Processes for the Removal of Cyanotoxins 

Chlorine. Chlorine can degrade microcystins, but efficiency depends on the treated water quality 
conditions, and is heavily influenced by pH . That there are limits to the practical engineering 
application. ACERO et al. found that the apparent second-order rate constants of chlorine 
degradation MC-LR from 4.75 × 102M-1s-1 (pH = 4.8) is gradually reduced to 9.8M-1 s-1 (pH = 8.8)  
[10]. MEREL et al. showed that exist naturally in water algae toxins and NOM will compete 
disinfectants, reducing chlorine degradation efficiency of algal toxins [11]. Drinking water treatment 
under the conditions found that when a high humic acid content in the raw water, chlorine dioxide 
oxidation do the removal of the original algal toxins is very weak, even negligible, Effect of water 
conditions on the reaction rate determines the chlorine dioxide is not ideal algae water treatment 
agent [12]. Also a lot of research on alternative chlorine with chloramine showed that the reaction 
constant learning power is low, the removal of microcystin is invalid.  

Ozone. Shawwa and other shows that ozone destruction for microcystin toxin is extremely 
rapid[13]. Many studies have found that water quality conditions for ozone destruction microcystin is 
influential. Shawwa et al also found that in the presence of natural organic matter degradation rate 
decreases.Earlier studies found that, pH conditions affect the degradation rate [14]. Rositano and 
others also showed that for the destruction of microcystin, ozone compared to other oxidizing agents 
such as chlorine, peroxide, permanganate and so has a faster speed. Ozone destruction of microcystin 
Adda due to ozone attack key byproduct molecule amino lost toxicity after lysis. 

Potassium Permanganate. Permanganate similar to ozone, it is also part of the attack Adda cause 
toxic algal toxin is destroyed. Early studies with potassium permanganate degradation of microcystin 
Chen et al found that between 15~30℃, increasing the concentration of the reaction temperature and 
oxidant can increase the degradation rate of MC-RR. Under the experimental conditions the half-life 
of not more than 1min, MC-RR to achieve effective removal (99.5%) within 10min [15]. Meanwhile, 
Chen et al studied the pH in the MC-RR degradation rate 5.0,6.7,9 time, concluded respectively: 
MC-RR under acidic conditions degrade faster, but the difference was small. This conclusion is also 
RODRÍGUEZ et al. demonstrated that when they found between pH 6.2 to 8.2, its effect on the 
reaction rate can be ignored. MC rate by comparing different types of oxidant degradation can be 
found, the rate of potassium permanganate is much lower than MC can quickly react with ozone 
(k>104 M-1s-1) [10]. 

Photolysis and UV/Hydrogen Peroxide.  Photocata lytic oxidation method as an alternative to 
the traditional method of treatment is an environmentally friendly means. Natural environment 
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microcystin can in daylight ultraviolet irradiation decomposition, mainly due to the electron-hole 
pairs and hydroxyl radical (•OH) caused Adda side chain of conjugated double bonds broken, so as to 
eliminate microcystin toxicity effects [16]. In view of the ultraviolet rays in sunlight spectrum in the 
proportion of only a limited part, and ultraviolet radiation on algae toxin decomposition dependence 
and intensity, and therefore have developed a variety of methods behind and derivatives based on 
ultraviolet degradation MC [17]. And QIAO et al found that in 3.66 mW/cm2 light intensity measured 
microcystin half life of about 29 minutes [18]. Presumably due to differences between the two 
different performance conditions and water quality caused by photochemical reactor.  

Fenton Reaction. Fenton reaction has been a lot of research on treatment for microcystin. 
GAJDEK et al studies have shown that the use of the Fenton reaction can be achieved complete 
degradation of microcystin in 30 minutes [19]. BANDALA et al found that with the ultraviolet light, 
namely light Fenton method can effectively improve the treatment effect. Fenton system to MC-LR 
highest degradation rate is only 60 percent, while light Fenton oxidation system 30 to 40 minutes can 
achieve 100% MC-LR degradation [20]. Zhong et al. experimentally confirmed, under the best 
conditions, the Fenton reaction to the destruction of MC-RR can reach more than 99% [21]. Al 
Momani et al also proved toxins can be removed within 90 seconds toxoid [22].  

Summary 
Currently, advanced oxidation processes for the removal of algae have been numerous studies, but 

still inadequate, the problem is mostly concentrated in two areas: First, the effect is not ideal. 
Conventional drinking water treatment processes such as the removal of chlorine-based and other 
algae is not ideal, cannot meet the drinking water indicators, algae outbreak in the season can not be 
used. At the same time, the majority of advanced oxidation processes for water quality demanding, 
when there are other contaminants in water, it will affect the removal of algae, the practical 
application is very hard; second, follow-up questions raised. Ozone, UV and other advanced 
oxidation methods often cause cracking of algal cells, a large number of cell contents released into the 
water, but will increase the difficulty of treatment. And, also with the most progressive oxidation cell 
contents released into the water produced by the reaction of harmful disinfection byproducts. In 
addition, as used in drinking water treatment processes, the need to control its costs. In view of the 
above points, there remains a need to find good an effect, try not to produce toxic byproducts 
subsequent biological and low-cost algae removal means. 
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