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Abstract 

Eutrophication is an indicator of the decline of water quality and aquatic ecosystem changes. This 
problem occurs in the main water resources in Thailand and is getting more severe, particularly in fresh water.  
This research focused on using agricultural residues and aquacultural waste - rice straw and shrimp shells to 
eliminate dominant species of toxic algae Microcystis spp. in eutrophication.  In the laboratory scale experiment, 
5 groups of the two-substance mixture, including one controlled group were used. The ratios of the straw 
extracts and chitosan from shrimp shells mixture were 3:1, 2:1, 1:1, 1:2, and 1:3. The experiment result indicated 
that the mixture was effective in inhibiting the growth of toxic algae Microcystis spp. The different efficiency 
among the five groups was statistically significant at the level of .05.  The best achievement was from the ratio 
of 1:2 group that the cell numbers (42.42x105cells/mL) were reduced to 3.98x105cells/mL and a reduction of 
chlorophyll a content from 1667.13 μg/L to 511.94 μg/L. This optimum mixture was then used in the field 
experiments, resulting in the inhibition of cell number and chlorophyll a at 76.97 and 46.51%, respectively. In 
addition, the amount of ammonia nitrogen (NH3-N), nitrate nitrogen (NO3-N) and orthophosphate (PO4-P) were 
reduced by 85.82, 51.67 and 36.36%, respectively. 
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1. Introduction 
The rapid growth of toxic algae and blue-

green algae in a eutrophication the new sources of 
fresh water  is a common problem all over the world 
and escalates the violent skirmishes during the past 
decade [28]. Algal blooms, which are increasingly 
becoming a global concern, represent a significant 
threat to human health, tumor promoter of liver 
cancer and water ecosystems [36]. Algal blooms 
will reduce the water quality, alter the food webs 
through effects on zooplankton and fish species, 
and cause highly toxic pollutions [3]. It is caused by 
the water with nutrients and suitable conditions for 
the growth of toxic algae, and blue-green algae [14]. 
The issue was found in both the pool river basins 
and fresh water lakes. Toxic algae and, blue-green 
algae that grow quickly in water with high levels of 
nutrients were Anabaena spp., Microcystis spp., 
Aphanizomenon spp., Planktothrix spp., 
Gloeotrichia spp., Cylindrospermopsis spp., and 
Lyngbya spp. [26].  Especially a toxic blue-green 
algae, Microcystis spp. predominantly found in the 
eutrophication. Microcystis spp. can increase to 
very high densities, often forming a surface scum 
[6]. It can create toxins called microcystins a 
chemical cyclic heptapeptides [22]. Microcystins 
were toxic to the liver when toxins into the human 
body, causing diseases–hepatotoxic and classified 
as tumor-promoting compounds, which would 
accelerate liver cancer [8]. It also affects other 
living cells which are therefore multifaceted and 
include disruption of the cytoskeleton, DNA 
damage and apoptosis related to mitochondrial 

damage. Microcystins have also been demonstrated 
to be toxic to reptiles, amphibians, and aquatic 
species, as well as invertebrates and plant species 
[23], [11].  

For this reason, the whole world is aware 
of the problems caused by the rapid growth of 
Microcystis spp. Scientists are trying to solve these 
problems by getting rid of toxic algae in various 
ways, including physical, chemical and biological 
fields. The physical and chemical fields are costly 
and bring about the impact on the environment. 
However, this research will focus on using 
agricultural and aquacultural residues to eliminate 
the toxic algae Microcystis spp. for the reason of 
cost savings and environmental friendly by rice 
materials from agricultural waste. There are various 
types of compounds from the extracts that can 
inhibit the growth of toxic algae, Microcystis spp. 
such as oak extracts [19]. Many compounds can be 
isolated from rice hulls [3]. Shrimp shells are the 
waste from aquaculture in the production of frozen 
shrimp [20]. Pure chitosan can be extracted from 
shrimp shells [7]. Chitosan has taken algal blooms, 
as well as clusters of sediments that eventually sink 
to the bottom of the lake [16], [24], [30]. The oldest 
traditional coagulants to eliminate the toxic algae 
Microcystis spp. whether the ferric chloride (FeCl3) 
aluminum chloride (AlCl3) or polyacrylamide 
brought about algae in the form of lumpy sludge and 
the use of such substances may result in increasing 
doses of heavy metals in the water that has been 
treated and may affect the health of humans and 
animals that live in freshwater ecosystems [4]. 
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However, chitosan is not heavy metal elements and 
it is a substance that is biologically degradable 
naturally and friendly on the treatment waters which 
are contaminated with toxic algae Microcystis spp. 

The extract substance from rice straw and 
chitosan from shrimp shells has an active 
performance in the elimination of toxic algae; this 
research, therefore, used the mixture of the two in  
the removal of toxic algae Microcystis spp. This can 
also serve the cost saving purpose because the 
chitosan is commercially sold at a relatively high 
price. 

2. Materials and Experiment 
2.1 Exploration of the area with the growth 

of algae, Microcystis spp. 
Water samples were taken from the 

Sammakorn Village reservoir, Soi Ramkhamhaeng 
110, Ramkhamhaeng Road, Saphan Sung, Bangkok, 
Thailand. Here the growth of Microcystis spp. was 
found to be continuing throughout the year. 

2.2 Preparation of rice straw extracts and 
chitosan 

Chitosan and chitosan from shrimp shells: 
100 kg of raw shrimp shells enclosures of the 
selected shrimps were immersed in a 4% NaOH 
volume of 270 L at 25°C for 24 hrs. and were again 
immersed in 4% HCl volume of 270 L at 25°C for  
 

18 hrs. and dried at a temperature of 60 °C. 3 kg dry 
chitin from the earlier drying process was then 
immersed in 50% NaOH volume 30 L at 25°C for 
48 hrs. Again chitosan was immersed in 50% NaOH 
the volume of 12 L at 60°C for 48 hrs and dried at a 
temperature of 60 °C by step to adapt neutral pH [2]. 
The solution was prepared by dissolving 100 mg of 
chitosan into 1% concentration of HCl solution. The 
solution was stirred with a glass rod until it became 
homogeneous and then adjusted to one liter by 
distilled water [33].  
 Extract straw, rice RD 31 (Oryza sativa) 
was cut into pieces of approximately 2 cm. Then, 
straw pieces were dried at room temperature for 1 
week. 20 g of straw were mixed with reverse osmosis 
(RO water) volume of 400 mL were incubated at 25°C 
for 5 days. Solution was filtered through filter GF/C 
to remove the straw. The concentration of straw 
extract was adjusted to 50 g / L [27].  

2.3 Laboratory Experiment Design  
 Concentrations of extracts from 

agricultural and aquacultural residues (Table 1) were 
sprayed on the surface of the samples in 32 cm. x 20 cm. 
glass jars with 5.82x105 cells/mL and last volume of 
6 L of water. The glass jars were placed under a cool 
white fluorescent light of 2,500-3,000 lx. on 12 hr. 
light/day and 12 hrs. dark/day for 44 days and 
analysis of the sample was carried out every 3 days.

 
 
 
 

 
 
 
 

Table 1 Ratio of extracted from agricultural and aquacultural residues. 
 

Extract Concentration/Ratio 

Straw extract               2      4       6      8      10% 

Chitosan from shrimp shells               2      4       6      8      10% 
The mixture of extract of rice straw on chitosan from shrimp shells              3:1   2:1    1:1  1:2    1:3 
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2.4 Experimental Design in Experimental 
Ponds 

The best ratio of rice straw extract and  
chitosan from shrimp shells: 200 mL of straw 
extract mixed with 400 mL of chitosan from shrimp 
shells, the result from the experiment in the 
laboratory, was used with 42.42x105cells/mL of 
Microcystis spp. from natural sources in a final 
volume concentration  of 500 L in 1 diameter of a 
pond. The experiment was repeated 3 times. For the 
control group, straw extract and chitosan from 
shrimp shells were not added.  
 

2.5 Water quality analysis 
Microcystis spp. were isolated into single 

cells by ultrasonic and counted by haemacytometer. 
Chlorophyll a were analyzed by the method  
according to Nusch, 1975 modified by Yuwadee 
[32] for 44 days. Samples were analyzed every three 
days. Seven parameters of physical and chemical 
water quality were studied. (Table 2) The samples 
were analyzed every three days for 44 days. 

2.6 Statistical analysis   
Each series of experiments between rice 

straw extracts and chitosan from shrimp shells were  
 

 
 
 
 

 

Table 2 Methods for physico-chemical analysis [5]. 
 

Physico-chemical Variable Methods of analysis [37] 
Dissolved oxygen; DO (mg/L) Azide modification method 
Biochemical oxygen demand; BOD (mg/L) 5 Days incubation and azide modification method 
Ammonia nitrogen; NH3-N (mg/L) Nesslerization method 
Nitrate nitrogen; NO3-N (mg/L) Cadmium reduction method 
Orthophosphate; PO4-P(mg/L) Ascorbic acid method 

 

Figure 1 The effects of an extract of rice straw in ratio of the number of Microcystis spp. cells. R= rice straw extracts. 
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compared using One Way Analysis of Variance 
(SPSS version 15.0) to analyze the performance of 
different concentration rice straw extracts and 
chitosan from shrimp shells in inhibiting the growth 
of Microcystis spp. 

3. Results and Discussion 
3.1 Elimination of Microcystis spp. by rice 

straw extracts  
 Among the concentration of 2, 4, 6, 8 and 

10% of rice straw extract, 8% straw extract was 
highly effective in inhibiting the growth of 
Microcystis spp. The number of cells and the 
amount of chlorophyll a were reduced during the 
treatment. Both value decreased continuously until  
 

the end of the trial on the last day of the experiment.  
The cell numbers were decreased to 64.21% and the 
amount of chlorophyll a decreased to 37.39% 
(Figure 1-2). 

3.2 Elimination of Microcystis spp. by 
Chitosan from shrimp shells 

The 10% chitosan from shrimp shells 
resulted in the highest performance at 79.69% 
inhibition and chlorophyll a decreased to 47.85% 
compared to the control group in 44 days. (Figure 
3-4) Chitosan effective removal of phytoplankton 
and biological sludge generated by phytoplankton 
[20]. It can destroy the cell walls of the algae can 
also be precipitated cell algae floating on the surface 
at 10 g/l [31].

 
 
 
 
 
 
 
 

 Figure 3 The effect of chitosan from shrimp shells in ratio of the number of cells Microcystis spp.  
CS=chitosan from shrimp shells. 

Figure 2 The effects of an extract of rice straw in ratio of chlorophyll a. R= rice straw extracts. 
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3. 3 Elimination of Microcystis spp. by rice 
straw extract and chitosan from shrimp shells 

In addition, treatment with the extract of 
rice straw mixed with chitosan from shrimp shells 
in the ratios of 3:1, 2:1, 1:1, 1:2 and 1:3 in each 
treatment resulted in significant decrease of cell 
algae Microcystis spp. continuing from 3 to 44 days 
of the trial.  Straw extracts and chitosan from shrimp  
shells in the 1:2 ratio formula is most effective in 
the removal of cell algae Microcystis spp. by 92.35%. 
(Figure 5) Concerning the effective inhibition of 
chlorophyll a, straw and extract chitosan from 
shrimp shells in the ratio of 1:2 can inhibit the 
highest amount of chlorophyll a at 77.76% compared 
with the control. (Figure 6) When analyzing the 

variance in individual sets, it was found that the 
difference among them is statistically significant at 
the .05 level and the mixture of rice straw extract on 
chitosan from shrimp shells in the ratio of 1: 2 
demonstrated the highest performance. In other 
words, the mixture was more efficient than the 
straw extract or chitosan from shrimp shells alone. 

3.4 Studies to inhibit the growth of algae 

Microcystis spp. in experimental  pond 
 Studies to eliminate algae Microcystis spp. 
in laboratory, extracts straw chitosan from shrimp 
shells and the mixture of extract of  rice straw on 
chitosan from shrimp shells showed that the ratio 
(rice straw extracts: chitosan from shrimp shells, R: 
CS = 1:2), is the best formula to inhibit the growth

 
 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 4 The effects of an extract of chitosan from shrimp shells in ratio of chlorophyll a. CS=chitosan from  
shrimp shells. 

Figure 5 The effects of an extract made from two types of agriculture to the number of Microcystis spp. cells. 
R=rice straw. 

  extracts, CS=chitosanfrom shrimp shells. 
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of toxic algae Microcystis spp. This result has been 
field-tested. The decrease of cell number and 
chlorophyll a over the period was that the cell 
number decreased 76.97% and chlorophyll a 
decreased 46.51% over the 44-day experiment 
compared with the control. (Figure 7-8) This 
research studied how to get rid of harmful blue-
green algae Microcystis spp. bloom by using 
extracts from two kinds of waste–agriculture and 
aquaticultural residues i.e. rice straw and shrimp 
shells. By counting cells and measuring the amount 
of chlorophyll a, as a way to measure the inhibition 
of the growth of toxic algae Microcystis spp., it was  
found that the mixture of both could inhibit the 

growth of Microcystis spp. and the mixture of 1:2 
ratio was highly effective in inhibiting Microcystis 
spp. in accord with Wen et al. [27] the treatment 
with the extract of rice straw. Concentration of 10 
g/L is the most effective in inhibiting the growth of 
Microcystis spp., followed by extracts of straw at 
concentrations of 8, 6, 4 and 2 g/ L, respectively. 
Park et al. [17] showed that rice hull extract could 
inhibit Microcystis spp. higher than green algae. 
The above extracts decreased the cell density of 
Microcystis spp. by more than 95%, and green algae 
by less than 24%. Xiao et al. [29] reported that 
barley straw extract (2 g/L to 8 g/L) could reduce 
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Figure 6 The effects of an extract made from two types of agriculture to chrophyll a. R= rice straw extracts, 
CS=chitosan. 

   from shrimp shells. 

Figure 7 Variation of cell number Microcystis spp. during the therapy. R= rice straw extracts, CS=chitosan 
from shrimp shells. 
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the amount of chlorophyll a post-treatment. Iredale 
et al. [9] reported that fresh barley straw at a 
concentration of 5 g could inhibit the growth of 
Microcystis aeruginosa SD053 and Microcystis 
aeruginosa PCC7806 in condition 20°C and 27°C. 
Several studies have indicated that rice hulls contain 
a variety of  bioactive compounds. Park et al. [17] 
studied extracts of rice hull on the growth of 
Microcystis aeruginosa. It was found that β-
sitosterol-β-D-glucoside and dicyclohexanylorizane 
powerfully inhibited the growth of colonial 
Microcystis aeruginosa cells. Ahmad et al. [1] 
discovered oleioyl-β-D-arabinoside from Rice 
straw. This substance is the most effective to 
inhibiting Microcystis aeruginosa UTEX 2388 at a 
concentration of 100 ppm. Park et al. [18] studied 
three types of phenolic compounds: p-coumaric, 
salicylic and benzoic acid, and the mixture of these 
compounds showed inhibitory effect the growth of 

Microcystis aeruginosa. Mechanism of inhibiting 
algal cells- the extract from rice straw, was 
transported into the cytosol in cell. The enzyme in 
PS II reaction center was inhibited and destroyed, 
and the photosynthesis of cells was also inhibited 
[27]. Effect of chitosan treatment caused toxic algae 
Microcystis spp. to precipitate by protons of the 
amino groups of chitosan and induced a positive 
charge to bind to the negatively charged algal cells 
[31]. The surface of the cell covered with a thick 
layer of chitosan and connected by long-chain 
polymers of chitosan with Microcystis spp. became 
chunk of sediment. Microcystis spp. immersed 
under the water and could not be photosynthesized 
[21]. Several studies found that chitosan, a substance 
that makes the toxic algae Microcystis spp. 
precipitated. Dong et al. [4] reported that chitosan 
concentration of 7.31 mg/L and optimized 
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Figure 8 Variation of chlorophyll a during the therapy. R= rice straw extracts, CS=chitosan from shrimp shells. 
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mechanical conditions can get rid of Microcysis 
aeruginosa cell. Wang et al. [25] found that 
chitosan-montmorillonitenano composite with 
chitosan and montmorillonite. A combination 
effectively eliminates the toxic algae Microcystis 
aeruginosa passenger makes such toxic algae 
settling. Li and Pan [10] found that Moringa 
oleifera coagulant form seeds-chitosan modified 
sand contain with chitosan, sand and Moringa 
oleifera coagulant Microcystis aeruginosa together 
with sediment substances in the bottom. Pan et al. 
[15] studied modified local soil induced ecological 
restoration (MLS-IER) technology which could 
flocculates the algal blooms and was sinked them to 
the bottom of the lake. In addition, chitosan also 
absorbed nutrients and suspended solids in the 
water. 

3.5 Physical and chemical water quality 
 The study of some parameters of water 
quality by using an extract from rice straw and 
chitosan from shrimp shells with the ratio of 1:2 had 
shown the effect of dissolved oxygen in the water 
along with the duration of the experiment. From 
treatment with straw extracts and chitosan from 

shrimp shells (R: CS = 1: 2) it was found that the 
DO decreased from 6.67 mg/L to 6.20 mg/L within 
44 days of the experiment. (Figure 9) This trend, as 
well as the BOD values decreased from 1.41 mg/L 
to 0.58 mg/L, which was less than 44 internal 
control 0.21 mg/L. (Figure 10) when the 
photosynthesis enzyme in cell was destroyed by 
straw extract, cells components were incapacitated 
and decomposed naturally. As a result, none of the 
oxygen produced by photosynthesis process tends 
to lower the dissolved oxygen during the trial. The 
low DO concentration was due to waste discharges 
high in organic matter and nutrient near by the water 
and due to increase of microbial activity occurring 
during the degradation of the organic matter [34]. 
However, the dissolved oxygen in the ground water 
quality standard criteria Category 4 requires that the 
dissolved oxygen should not be less than 6 mg/L 
[13]. Ma et al. [12] reported dissolved oxygen 
between 5-6 mg/L suitable for the growth of the 
fish. According to Xu et al. [30], after the treatment,  
dissolved oxygen of water is higher and can be used 
for aquaculture. The BOD has lowered from 1.41 
mg/L to 0.58 mg/L. This may be due to higher rate 

Figure 10 The change of biochemical oxygen demand (BOD) value during therapy. R=rice straw extracts,  
                 CS=chitosan from shrimp shells. 
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Figure 11 The change of ammonia nitrogen (NH3-N) value during therapy. R=rice straw extracts,  
                  CS=chitosan from shrimp shells. 

Figure 12 The change of nitrate nitrogen (NO3-N) value during therapy. R=rice straw extracts,  
                  CS=chitosan from shrimp shells. 
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of organic matter decomposition at higher 
temperature and less water current [35].  

From (Figure11-13), the results showed 
the quantities of nutrients such as ammonia 
nitrogen, nitrate nitrogen and orthophosphate. After 
a trial period of 44 days, the amount of ammonia 
nitrogen decreased from 5.46 mg/L to 1.2 mg/L, 
representing 85.82% according to the amount of 
nitrate nitrogen decreased from 12.56 mg per liter 
to 8.16 milligrams on liter, representing 51.67% and 
orthophosphate was reduced by 1.52 mg/L to 1.12 
mg/L as a percentage of 36.36%. This indicated that 
ammonia nitrogen, nitrate nitrogen and 
orthophosphate volume were decreased at 85.82, 
51.30 and 36.36%, respectively when compared 
with the control According to Lochmatter et al. [38] 
studied nutrient removal in water sources by 
biological methods. Aerobic granular sludge 
reduced nitrogen content by 73-77% and 
phosphorus reduction by 98% within 60-150 days. 
Nitrate ammonium and nitrite may be removed 
from water by aquatic plants, algae and bacteria 
which imbibe it as a source of nitrogen.[39]. 
Moreover, concentrations of dissolved oxygen 
reduce to minimum values, facultative anaerobic 
bacteria such as Pseudomonas, Micrococcus, 
Bacillus, Chromobacter can apply nitrate as a final 
acceptor of electrons for resulting in the ultimate 
formation of nitrogen [40]. In this experiment, the 

nutrient content in the sample water is high and 
can’t be eliminated within 44 days. 

4. Conclusions  
From the present study, we found that 

chitosan from shrimp shells and rice straw extracts 
were able to remove Microcystis spp. in water. The 
best ratio between chitosan from shrimp shells and 
rice straw extracts was 2:1 (w/w). This ratio could 
reduce the cell number of Microcystis spp. and 
chlorophyll a at 46.51% and 76.97%, respectively.  
Furthermore, chitosan from shrimp shells and rice 
straw extracts demonstrated its nutrients adsorption 
ability. The amount of ammonia nitrogen (NH3-N), 
nitrate nitrogen (NO3-N) and orthophosphate (PO4-
P) being absorbed were 85.82%, 51.67% and 
36.36%, respectively. 
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