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Abstract: Combined purification system of microorganism - aquatic plants were established
by adding immobilized 3.0x10"° CFU/ m® EM (Effective Microorganisms) to Eichhornia
crassipes and Pistia stratiotes, to study the purification effect on prawn aquaculture water. The
results showed that the purification effect of 2 groups of immobilized microorganism - aquatic
plants (SEE and SEP) on ammonia nitrogen (NH,*-N), total nitrogen (TN), total phosphorus
(TP) and chemical oxygen consumption (COD) were significantly better than those of the
immobilized microorganism SEM group (P<0. 05). The degradation efficiency of SEE and
SEP system to ammonia nitrogen were 98.37% and 96.22%. The degradation rate of TP were
90.28% and 86.11% respectively. The removal efficiency of COD were both close to 86%. At
the same time, Eichhornia crassipes was slightly better than Pistia stratiotes in microorganism
- aquatic plants system.

1. Introduction

The zero discharge of ecological aquaculture and aquaculture water pollution is the direction and
inevitable requirement of aquaculture development in China. Different experts and scholars adopt
different methods to study the purification of aquaculture water. Effective microorganisms (EM) are
composed of a variety of beneficial bacteria (Photosynthetic bacteria, Ni trobacteria, Lactobacill,
Actinomy cetes, Yeast and Bacillus cohn), which play an important role in purifying water quality,
reducing the concentration of ammonia nitrogen (NH," -N) and nitrite nitrogen (NO,-N) and so on
and realizing healthy culture [1], [2]. Wang added EM to source water in the ratio of 1 to 10000 into
the experimental container, supplemented with low speed intermittent aeration treatment for 8 to 9
days, and the removal rates of TN, TP and COD in water samples were 45.25%, 55.48% and 82.37%,
respectively [3]. Ma use the inoculation amount of 1 to 5 000 EM bacteria to treat nitrogen containing
wastewater and this method has the characteristics of energy saving, sludge production less and
deodorization [4]. Brasker and Han use immobilized algae bacteria to remove COD and ammonia
nitrogen from aquaculture wastewater, and the effect is ideal [5], [6]. Mittler, Fraser, Badigannavar,
Hunter and Hunter used aquatic plants to treat eutrophic aquaculture water, the results showed that
aquatic plants such as shallot, Potamogeton crispus and other aquatic plants had better removal effect
on N and P [7]-[10]. Tong used aquatic plants to control the eutrophic water body of the fish pond.
The results show that 6 kinds of aquatic plants, such as golden fish and bitter grass, have good removal
effect on total nitrogen and total phosphorus in water, but the effect on improving COD and DO is not
obvious [11]. Therefore, under the indoor conditions, the immobilized effective bacteria group (EM)
and the higher aquatic plant (Pistia stratiotes) and the water hyacinth (Eichhornia crassipes) were
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combined to purify the circulating aquaculture wastewater, and the effects of the combined action of
immobilized microorganism and two aquatic plants and the immobilized microorganism on the
purification of the aquaculture wastewater were emphatically analyzed. The purpose of this study is to
provide a basis for constructing an efficient and stable purification mode of aquaculture wastewater.

2. Materials and methods

2.1 Reagents and instruments

EM original solution is provided by Zhengzhou Nong Fukang Biotechnology Co., Ltd. The effective
microorganism content is 3*10*° CFU/ ml.

2.2 Eexperimental device

The experiment was carried out in the indoor aquarium (30 cm x 20 cm X 25 cm), and 2 treatment
groups and 1 control group were set up. SEE was the strengthening group of the immobilized EM with
Eichhornia crassipes, the SPE was the strengthening group of the immobilized EM with Pistia stratiotes,
and the SEM was the control group of the immobilized effective bacteria group

2.3 Sampling and analysis method

The experiment time was from April 5 to April 30, 2018. During this period, the water temperature
was maintained at about 28°C with the heating rod. The aeration for 12 h and the static for 12 h were
used alternately, and the distilled water was supplemented every day to keep the water volume in the
aquarium constant. Sampling 1 time every 4 days. The analysis indexes include CODcr, NH," -N, TN,
TP.

2.3.1 Determination of water quality

Sampling time was 10:30 a.m. and water samples were collected at the same point. The collected
water samples were immediately sent to the laboratory for testing. Determination method reference
[12]: determination of COD with potassium dichromate method; determination of ammonia nitrogen
(NH," -N) with Nessler Reagent Spectrophotometry; determination of total nitrogen (TN) with
potassium persulfate oxidation UV spectrophotometry; determination of total phosphorus (TP) with
Mo-Sb-Vc¢ spectrophotometry method.

2.4 Data analysis

The experimental data were analyzed by SPSS16. 0 software, and P < 0.05 was significant difference.
Microsoft Excel 2007 is used for chart processing.

3. Results and dscussion

3.1 Purification effect of immobilized EM and aquatic plants on ammonia nitrogen in water
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Figure 1. The changes of ammonia nitrogen (NH, *-N) concentration and removal rate

From Figure 1, it can be seen that the fast removal of NH,*-N in the aquaculture water body of SEE,
SEP and SEM mainly appeared in the former 4 days. With the prolongation of the purification time,
the removal rate of NH,"-N was significantly decreased in three systems. After 4 days of degradation,
the removal rates of NH,"-N were 69.02%, 56.76% and 35.36% respectively by SEE, SEP and SEM.
Then after 28 days purification, the NH,-N removal rates can be 98.37%, 96.22% and 67.96%,
respectively. From the degradation effect of N NH,"-N, the removal rates of the two kinds of
composite strengthening systems were all above 90%, and the ranking of the removal rate (purification
effect) was SEE > SEP > SEM in turn.
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3.2 Purification effect of immobilized EM and aquatic plants on total nitrogen in water
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Figure 2. The changes of Total Nitrogen (TN) concentration and removal rate

The decrease of the total nitrogen mass concentration is faster in the first 16 days, and the decrease
speed in the following 12 days is obviously slow down. It may be the soil matrix that adsorb and
intercept part of the nitrogen. With the decrease of the mass concentration of TN in the water body, the
nitrogen intercepted by the soil matrix may release back to the water body, making the TN mass
concentration in the water body decreased slowly. The removal rates of SEE, SEP and SEM for
shrimp aquaculture water TN were 90.27%, 86.11% and 59.17% respectively. The effect of
combination of aquatic plants and immobilized EM to TN was better than that of Yuan, who using
single aquatic plant Acorus calamus (TN removal rate was 77.77%) [13]. The microbiological
enhancement effect of aquatic plant Eichhornia crassipes is close to that of Ma's experiment (TN
removal rate of 90.4%), which is better than that of the Pistia stratiotes strengthening group [14].
Although the main degradation of organic nutrients in water is microorganism, the study of Gersberg
[15] and Haberl [16] also showed that the main removal way of nitrogen is nitrification, denitrification
and not plant absorption. However, the existence of aquatic plant community provides the substrate
and habitat for microbes and microanimals. The microbe and aquatic plant form a good symbiotic
relationship between microbes and aquatic plants by adapting to survival [17]. Microbes can degrade
organic nitrogen and phosphorus and non soluble nitrogen and phosphorus in sewage into small
soluble molecules, and continue to be absorbed and utilized by aquatic plants.

3.3 Purification effect of immobilized EM and aquatic plants on total phosphorous in water
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Figure 3. The changes of Total Phosphorus (TP) concentration and removal rate

Figure 3 showed the purification effect of immobilized EM and aquatic plants on total phosphorous in
the aquaculture water. It can be seen that the removal rate of TP in the initial 4 days is lower, and the
removal rate is 19.4%, 22.2% and 13.89%, which may be related to a short adaptation period of the
aquatic plants which were initially implanted. In the following 5 to 16 days, the removal rate of TP
was greatly accelerated, and the removal rate of TP reached 66.67%, 72.22% and 58.33% after 16
days. Although the TP removal rate in the final 12 days of the experimental design had a small
increase, the effect was not very obvious, and the TP removal rates in 28th day were 86.11%, 90.28%
and 59.17%, respectively. The significant difference may be due to the fact that aquatic plants are the
main factors to remove TP. There was no significant difference between SEE and SEP during the
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whole degradation process, the enhanced microbial aquatic plant combination was stronger than that
of the enhanced microorganism SEM system for the removal of TP.
3.4 Purification effect of immobilized EM and aquatic plants on chemical oxygen demand
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Figure 4. The changes of Chemical Oxygen Demand (COD) concentration and removal rate in System
of SEE, SEP and SEM.

SEP[] SEEE SEM

CODcr removal rate(%)
8

ANAANANNAANANNNNNANANNNNNNNY

Y Y A A A A A e e AV A |

SSSSSSSSSSSN
P 2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

o

Time/day

From Figure 4, it can be seen that in the first 8 days of purification, the content of COD in the

immobilized microorganism system SEM is lower than the combined strengthening system of

microbiological aquatic plants, indicating that the removal rate of aquatic plants to COD is obviously

lower than that of the immobilized EM during this period, which may also be related to an adaptation

period after the implantation of aquatic plants. From the tenth day, the removal rate of COD in the

aquatic plant strengthening system was improved rapidly. The removal rate of COD by SEE and SEP

aquatic plants was higher than that of SEM system containing EM. In the subsequent 20 days of

purification process, the concentration of COD in each system decreased gradually, and the COD

removal rates of 3 systems in 28th day were 86.92%, 86.03% and 68.2%, respectively.

4. Conclusion

(1) Both the immobilized microorganism SEM and the combined strengthening system of

microorganism and aquatic plant (SEE and SEP) have better purification effect on the removal of

NH,"-N, TN, TP and COD in the wastewater of shrimp culture. The removal of NH,"-N by SEE and

SEP is the best, the removal rate can reach 98.37% and 96.22%. The removal rate of SEE to TN is up

t0 90.27%, and the degradation rate of SEP to COD is higher than that of SEE.

(2)In most cases, the effect of the combined Strengthening System of microorganism and aquatic

plants on the purification of shrimp culture wastewater is better than that of the immobilized effective

bacteria group, and the addition of EM can greatly enhance the purification effect of combined

purification system on aquaculture water.

(3) Considering the efficiency of comprehensive purification, two kinds of floating aquatic plants

Eichhornia crassipes and Pistia stratiotes, Eichhornia crassipes are higher than those in the study.
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