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Abstract 
Pond water with algae blooms was collected, and maintained in the dark over 
a 2-day period without nutritional supplements. The physico-chemical 
parameters and the density of algae were measured. The concentration of NH 
4+-N, DIN and PO4--P in water in darkness significantly increased, and the 
density of algae decreased significantly. Isolated water was exposed to three 
bio-remediation water treatments: addition of green algae, Bacillus subtilis and 
photosynthetic bacteria. After remediation, the concentrations of NH4+-N, NO3-

-N, DIN and PO4--P in the three treatment groups were significantly lower than 
the control group. No difference was observed in the concentration of NO2--N 
between the control group and the photosynthetic bacteria group. Results from 
all treatments showed water quality deterioration along with increase in 
nitrogen and phosphorus concentrations. Bio-remediation methods can be 
effectively adapted in shrimp culture after algae decay, and  one of the most 
promising biological remediation strategies is the use of green algae. 
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Introduction 
Intensive culture of shrimp is widely practiced in China. In some super intensive white 
shrimp culture systems, production of over 20000-100000 kg/ha can be achieved 
(Miandare al., 2016; Verdegem et al., 2006). Open systems with high water exchange 
have been used in traditional shrimp culture. However, in intensive and super intensive 
shrimp culture systems, closed or recirculating seawater systems with zero or nearly zero 
water discharges are used. Therefore, for shrimp producers, one of the most difficult 
challenges is maintaining a stable relationship among the water, shrimp, and microscopic 
flora and fauna in their pond systems. Farmers try to maintain a rich bloom of green algae 
(500,000 to 2,000,000 cells/ml) in each pond (Lightner et al., 1984). Unfortunately, the 
lack of water exchange produces a big management problem, i.e., over-blooming algae 
that eventually die in mass. The dead algae cause a significant increase in ammonia in the 
water, a decrease in dissolved oxygen and a rise in organic material (Funge-Smith and 
Briggs, 1998). Gao et al. reported significant increase in colloidal phosphorus, organic 
carbon, particulate phosphorus and nitrogen over the course of cyanobacteria die off and 
the decomposition processes (Gao et al., 2013). Ammonia can be transformed to nitrite by 
ammonia oxidizing bacteria (Hooper et al., 1997). Both ammonia and nitrite are toxic to 
commercially aquatic animal (Lin and Chen, 2001; Lin and Chen, 2003).  

Traditionally, pond aquaculture uses photoautotrophic algae-based green water 
systems to control inorganic nitrogen (Ebeling and Timmons, 2008). Spirulina platensis 
was co-cultured with Penaeus monodon, and the results show that S. platensis reduced 
inorganic nitrogen and resulted in excellent water quality for shrimp (Chuntapa et al., 
2003). In several studies, water quality was improved with addition of probiotics. 
Commercial probiotics (contain Bacillus sp., photosynthetic bacteria, Saccharomyces 
cerevisiae and as well as other) was added into Penaeus vannamei ponds. In treated ponds, 
dissolved oxygen was significantly higher and dissolved reactive-phosphorus, total 
inorganic nitrogen and chemical oxygen demand were significantly lower (P<0.05) 
compared with control ponds (Wang, Y. B. et al., 2005). Bacillus sp. was applied regularly 
in a modified extensive shrimp (P. monodon) culture pond. Water quality was improved, 
and optimum transparency and low organic load were maintained in the experimental pond 
compared with the control group (Dalmin et al., 2001). Addition of Streptomyces as 
probiotics in P. monodon culture tanks also may help maintaining water quality, thereby 
improving survival and growth (Das et al., 2006). Piamsak et al. (2001) designed a shrimp 
broodstock, recirculating seawater system with a denitrification component. Including 
denitrifying bacteria resulted in enhanced removal of nitrate. 

The purpose of this study was to evaluate the effect of algae growth and decay on the 
water quality in a small experimental tank system and the effect of using different 
microorganisms to repair water quality. This study could strengthen guidance on water 
quality management and provide methods for microorganisms to improve water quality in 
shrimp culture.  
    

Materials and Methods 
Algae cultures 
Bacillu. subtilis (Zhanjiang Haike biotechnology co., LTD) and photosynthetic bacteria 
(Jangsu Luke biotechnology co., LTD) products were obtained directly from the 
manufacturers. The preparation and application of the products were carried out according 
to the manufacturer's instructions. The green alga, Chlorella pyrenoidosa, was cultured in 
laboratory under natural conditions. When cultures reached the mid-logarithmic growth 
phase, alga cells were collected by centrifugation at 4000×g for 10 min at 4 °C and washed 
with seawater, then added to shrimp culture tanks. 
 
Shrimp rearing and experimental conditions 
The experiments were carried out in a shrimp farm located at Shanya, Hainan. A batch of 
apparently healthy P. vannamei (mean body length of 4.15±1.12 cm) were collected 
directly from the shrimp pond. The shrimps were transferred to twelve plastic tanks (0.3 
m3) filled with pond water at a density of 30 shrimps per tank. Each tank was ventilated 
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by four air stones, and freshwater was added daily to maintain a constant salinity. Feces, 
uneaten feed and dead shrimp were removed daily by siphon, and water was returned to 
the same tank. Shrimps in each tank were fed three times daily with commercial shrimp 
feed (35% crude protein) at about 4% of body weight. 
 
Design of the experiment 
Pond water with algae blooms characterize the algal density and the dominant species 
composition was collected and transferred to twelve plastic tanks. All 12 tanks were 
maintained in darkness over a 2-day period. Keeping the algae without nutritional 
supplements from the sediment or external sources would deposit and decay. The physico-
chemical parameters in each tank, including NH4+-N, NO2--N, NO3--N, PO4—P, and DIN, 
would be measured at the beginning and end of the experiment. The number of alga cells 
were counted using a hemocytometer with light microscope. 

Following the darkness exposure, all 12 tanks were transferred into area exposed to 
natural light conditions. Tanks were divided into three treatment groups and one control 
group, with three replicates per treatment: shrimp cultured with C. pyrenoidosa (the algae 
group), shrimp cultured with photosynthetic bacteria (the PSB group) and shrimp cultured 
with B. subtilis (the bacillus group). The treatment without microorganism added was 
regarded as a control group. The physicochemical parameters in each tank were measured 
daily. The treatment lasted 6 days. The concentration of C. pyrenoidosa added to each 
tank was 106 cell/ml. Similarly, the concentration of Photosynthetic bacteria and B. subtilis 
added to each tank was 106 CFU/ml. 

 
Sample storage and measurement methods 
Total ammonia-nitrogen (NH4+-N), nitrite-nitrogen (NO2--N), nitrate-nitrogen (NO3--N) and 
dissolved reactive-phosphorus (PO4--P) were measured according to ‘Standard methods 
for the examination of water and Wastewater’. Each sample for chemical parameters was 
filtered through pre-combusted glass fiber filters. The sum of NH4+-N, NO2--N, and NO3--N, 
referred to as dissolved inorganic nitrogen (DIN), was calculated. Temperature, pH, and 
salinity were also monitored. 

Water samples (500 mL) from each tank were fixed with Lugol’s iodine solution (5 mL). 
The lower layer (50 mL) containing the algal sediment was counted using a light 
microscope. 

 
Calculations and statistical analyses 
Data collected was analyzed using SPSS version 13 (SPSS, American). Differences in mean 
values of water quality and algal populations were established using one-way Analysis of 
Variance (ANOVA). All data are expressed as means ± SD. 
 

Results 
Physicochemical parameters of darkness experiment 
Physicochemical parameters of water before and after the experiment are shown in Table 
1. Algae in the darkened tanks began to die and decompose, and various nutrition 
substances were released. Before the darkness exposure, the various physico-chemical 
parameters of the experimental water were at a low level. Darkness exposure significantly 
reduced algal density with significant increase in the NH4+-N, DIN, and PO4--P by 501%, 
405%, and 2282%, respectively.  
 
Physicochemical parameters of breeding experiment 
The variation of NH4+-N in the experimental water during the remediation process is shown 
in Figure 1a. The concentration of NH4+-N in the control group increased constantly, while 
in the treated groups it increased during 2-3 days remaining at that level (bacillus group) 
or decreasing constantly (algae and PSB groups) afterwards. At the end of the experiment, 
the concentration of NH4+-N in the three treatment groups were significantly lower than 
that in the control group with a final removal rate of 25 %in the algae group and 40 % the 
PSB group (Figure 1a). 
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Table 1 Physico-chemical parameters of water before and after darkness 
treatment. 
 Initial value Final value Increase value  Percent increase 

value (%) 
NH4

+-N (mg 
/L) 

0.093±0.0037a 0.559±0.1228b 0.466 501 

NO2
--N 

(mg/L) 
0.005±0.0003a 0.015±0.0066a 0.010 200 

NO3
--N 

(mg/L) 
0.055±0.0201a 0.199±0.0789b 0.144 261 

DIN (mg/L) 0.153±0.027a 0.773±0.270b 0.620 405 

PO4
--P 

(mg/L) 
0.023±0.0135a 0.548±0.0201b 0.525 2282 

Algae (log10 
cell/L) 

6.038±0.040a 5.011±0.069b -1.028 - 

 
 

 
Figure. 1 The concentrations of NH4

+-N(a), NO2—N(b), NO3—N(c), DIN (d) and PO4—P(e) during 
breeding experiment. Different lower-case letters above bars indicate significant differences on that 
day (p<0.05). ♦ =control, ■ =algae, ▲=PSB, ×=bacillus. 
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The variation of NO2--N in the experimental water is shown in Figure 1b. The 
concentrations of NO2--N in all groups increased constantly. However, at the end of 
experiment, the concentration of NO2--N in algae and the bacillus treatments were 
significantly lower than the control (Figure 1b). 

The concentration of NO3--N in the control and the algae treatments increased 
constantly, while those in the PSB group and the bacillus group during 1-2 days to their 
highest level and then fell. At the end of the experiment, the concentrations of NO3--N in 
the three treatment groups were significantly lower than that in the control group with a 
final removal rate of 32 % in the PSB group and 23% in the bacillus group (Figure 1c).  

The concentration of DIN in the control group increased constantly, while those in the 
algae group and the PSB group increased during 3-4 days to their highest level and then 
fell. At the end of the experiment, the concentrations of DIN in the three treatment groups 
were significantly lower than that in the control group (Figure 1d).  

During the first day of the experiment the concentration of PO4--P in all groups 
increased. Afterwards it decreased steadily in all treatments, while in the control it 
increased from the third day on. At the end of the experiment the concentrations of PO4--
P in all treatment groups were significantly lower than that in the control (Figure 1e), with 
final removal rates of 20% in the PSB group and a little less in the other treatments. 
 

Discussion 
In intensive shrimp culture systems, high phytoplankton concentrations are frequently 
observed because of nutrients from feed addition and shrimp excretion. Shrimp farmers 
try to maintain phytoplankton concentrations within a certain range in each pond (Lightner 
et al., 1984). Studies have shown that the use of ammonia nitrogen by phytoplankton is 
preferred over the use of nitrate (Glibert et al., 2016). Algae normally have a life span of 
1-2 weeks, followed by a die off and release of nitrogen species into the water. In this 
study, algae decaying was promoted via darkness exposure of the water with no 
supplementation of nutrients. During the darkness exposure algae began to die and 
decompose which resulted in the release of various nutrition substances. The 
concentrations of NH4+-N, DIN, and PO4--P increased significantly, while the algal density 
decreased significantly. A similar phenomena was described by John and Falkowski (1998) 
with Dunaliella tertiolecta which underwent catastrophic cell death after about 6 days of 
darkness which was accompanied by a large increase in protease activity. The induction of 
a specific protease was considered as the reason for cell death. Bidle and Falkowski (2004) 
reported that massive algae cell (Microcystis aeruginosa) died after 48 h treatment under 
darkness and O2 limitation. When healthy cells were incubated in darkness, morphological 
characteristics of cell, including migration of chromatin to the outer part of the nuclear 
membrane, degradation and lysis of nuclear DNA and other internal organelles were 
detectable in transmission electron micrographs (TEM). Gao  et al. (2013) documented 
significant increase in colloidal phosphorus, nitrogen, organic carbon, particulate 
phosphorus, and nitrogen during the die off and decomposition of cyanobacteria. Chuai et 
al. (2011) documented high dissolved phosphorus following a die off and decomposition of 
cyanobacteria bloom. During the cultivation of cyanobacteria in darkness, the death of a 
large number of algae led to a decrease in dissolved oxygen in the water, and the 
concentration of ammonium and phosphate in the water increased greatly, indicating that 
the changes in nutrients are related to the decrease of dissolved oxygen (Zhu et al., 2011). 
Anaerobic decomposition of cyanobacterial blooms in Lake Taihu caused a sharp increase 
in total phosphorus, total nitrogen, and ammonium (Ma et al., 2013). Several researchers 
also documented that nitrogen (N) and phosphorus (P) are the two main pollutants in 
effluent water from intensive aquaculture (Gilles et al., 1998; Sidik et al., 2008). 

Algae are being used in many aquaculture operations. Although their main applications 
are related to nutrition, they are also been used for stabilizing and controlling pond water 
quality. Ebeling and Timmons (2008) documented Spirulina platensis was used for 
controlling water quality, and results show that S. platensis reduced inorganic nitrogen and 
resulted in excellent water quality for shrimp. Our study indicates a possibility for 
introducing algae for improve water quality. Our findings clearly show that algae prevent 
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the deterioration of water quality led by algae death. Algae removed inorganic nitrogen 
and dissolved reactive phosphorus, and resulted in relative excellent water quality for 
shrimp. Balode et al. (1998) added different nutrients from seawater and found that the 
concentrations of NH4+-N, NO2--N, NO3--N, DIN and PO4--P in the algae treatment group 
gradually decreased. 

The findings of this study showed that the use of probiotics in the experimental tank 
system decreased the water rate and helped remove inorganic nitrogen and dissolved 
reactive phosphorus. This may be due to the different microbial composition to reduce the 
content of nitrogen and phosphorus in the water. The data suggest that Although the level 
of some water quality parameters in probiotic treatments also increased, the data suggest 
that the probiotics enhanced the number of beneficial microbial communities in these 
treatments. It is most likely that these microbial communities helped to decompose organic 
matter and to reduce the nitrogen and phosphorus concentrations compared to the control 
group. Although most bacteria assimilate nitrogen in the form of NH4+ to use in biosynthetic 
pathways, nitrogen removal is classically predominated by autotrophic bacteria in natural 
systems. Most strains of the photosynthetic bacteria isolated from photosynthetic sludge 
reactors are capable of using nitrate as the terminal electron acceptor (Hiraishi et al., 
1991). Photosynthetic bacteria can utilize nitrate as a nitrogen source (Idi et al., 2015; 
Nagatani et al., 1971). There have been several reports suggesting a contribution by 
Bacillus. Bacillus is able to utilize ammonia, nitrate or nitrite as a nitrogen source (Gerard 
et al., 1989; Nakano et al., 1998). After applying Bacillus sp. in shrimp culture pond, water 
quality improved (Davis et al., 2008; Wang et al., 2005). Three natural isolates (Bacillus) 
were obtained from mud sediment, and were capable of decreasing ammonium, nitrite, 
nitrate and phosphate ions (Lalloo et al., 2010). 
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