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Abstract. Effect of nitrogen dissolution characteristics of pond sediment by the immobilized EM 
technology was studied by the indoor simulation experiments in this paper. The results showed that 
ammonia nitrogen was the main forms of inorganic nitrogen dissolved from the sediment. The release 
of ammonia nitrogen from the sediment was related to the pH of the aquaculture wastewater. The 
ammonia nitrogen was escaped from the water with the higher value of pH and the concentration of 
ammonia nitrogen in water would be reduced. Applying microbial nano-silica balls would inhibit the 
release of inorganic nitrogen effectively from the sediments to the water and reduce the content of 
total nitrogen and ammonia nitrogen in aquaculture water. The dissolution amount of inorganic 
nitrogen was not related with the thickness of sediment for the treatment of CK, but it was faster in the 
early period with the thicker sediment. However, the inhibiting effect of inorganic nitrogen 
dissolution was reduced when the sediment was thicker for the treatment of EM nano-silica ball. 

Introduction 
In recent years, aquaculture production in China has accounted for about 2/3 in the world with the 

rapid development of intensive aquaculture [1]. Eutrophication phenomenon and water pollution 
caused by aquaculture were more and more serious due to the residual feed and excrement of fish, 
shrimp and crab in water ponds [2-3]. Pollutants accumulated in sediment would released into the 
overlying water and make the waters secondary pollution [4]. 

The high efficient microbial agent has been widely concerned in the field of agricultural production 
and wastewater treatment. The application of immobilized microbial technology has been gaining 
more and more importance for repairing the ecosystems of aquaculture wastewater. The immobilized 
microbial technology has the advantages of easy control of biological concentration, strong poison 
-resistant ability, high cell density, rapid response, small species loss, easy product separation, etc [5]. 
It has good effect in the treatment of surface water [6], sanitary sewage [7] and aquaculture 
wastewater [8]. 

The immobilized microorganism technology was successfully used to sediment ecological 
restoration at overseas [9],but the research and application about the immobilized microorganism 
technology used to recover the ecosystem of sediment was almost blank in China. The effect of 
nitrogen dissolution characteristics in sediment by the EM nano-silica ball was studied by using 
indoor simulation study in order to provide theoretical and experimental basis of the immobilized EM 
technology for the purification of aquaculture water. 
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Materials and Methods 

Materials 

Nano-Silica was purchased from Shanghai DiKe Industrial Co.LTD, zeolite powder was directly 
bought on TaoBao, EM bacteria liquids and molasses were purchased from EMRO (Nanjing) 
Co.LTD. 

Fermentation Production of EM Active Calcium 
EM active calcium was fermented by Effective Microorganisms (EM), molasses, deionized water 

and 2% calcium-containing substances [10]. The proportion of different materials in fermentation of 
EM active calcium was presented in Table 1. The materials for EM active calcium production were 
fermented by thermostatic shaking (QHZ-98A) under the condition of 37°C and 150r/min. 

Tab. 1 Proportion of different materials in fermentation of EM active calcium 

2% Ca2+ suspending liquid 
(ml) 

EM 
(ml) 

Molasses 
(ml) 

Deionized water 
(ml) 

The calcium content 
(%) 

18.0 9.0 9.0 24.0 0.6 

Preparation of Nano-silica Carrier and Microbial Nano Ball 
Firstly, 10% nano-silica, 10% zeolite powder and 80% aquiculture pond sediment were mixed. 

Then the mixture was soaked in EM active calcium for 2 days. After that, the mixture was put into the 
granulator granulation in order to get a 20-30 mm diameter spherical carrier. Finally, the spherical 
carrier was dried at about 250°C.The nano-silica carrier was soaked in EM active calcium for 2 days, 
and then was taken out and placed at room temperature for 2 days. The preparation of microbial nano 
balls was finished (the weighing was about 10g and the adsorption quantity of EM activated calcium 
was about 5ml). 

Sample Collection and Preparation 
The test sediment was collected in the aquaculture pond at stone village located in HengXi town, 

Jiangning District,Nanjing after the pond was cleared and drained in the winter. The samples were 
collected on the surface of 0 ~ 10cm and put into plastic containers with Grab borrow devices. The 
excess water, shellfish, twigs and other larger objects were removed. The sediment was taken back to 
stand in ventilated place to prevent pollution and used for simulation test when it was natural dry 
grinding to pass 10-mesh sieve. Background values of the sediment were shown as in Table 2. 

Tab. 2 The background value of the sediment 

Measurement 
indicators 

organic matter
（g/kg） 

total nitrogen  
(g/kg) 

alkaline hydrolysis nitrogen 
(mg/kg) 

concentration 259.04 17.43 329.43 

Experimental Designs 
First, sediment bulk density was taken as 1.25g/cm3. According to the designed sediment 

thickness, the dried sediment samples were weighed as 1227g(2cm), 3068g(5cm) and 6136g(10cm), 
and loaded into a plastic pail container respectively. The deionized water was slowly added to the 
treatment group along the plastic pail container wall to avoid stirring the sediment surface. When the 
water layer overlaid a height of 15cm, there was 10594mL of water for each treatment group. The 
treatment of CK which was as a blank and the treatment of EM which was put into 20g of microbial 
nano balls were set up, each with three replicates in a randomized complete design. Under the static 
condition indoors, the upper 200mL water samples was taken for analysis and the pH, NH4

+-N, TN, 
NO3

--N and NO2
--N values were tested for the 2,4,6,9,12,15,19,23,31day after the reaction. The 

deionized water was added to keep the height of 10cm for each treatment. 
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Testing Methods 
NH4

+-N was measured by the Nessler reagent spectrophotometry, TN was measured by the 
Potassium persulfate digestion of ultraviolet spectrophotometry, NO3

--N was measured by the 
ultraviolet spectroscopy, NO2

--N was measured by the N-(1-naphthyl)- ethylenediamine 
spectrophotometry, pH was measured by the pH meter. 

Calculation 
According to the concentration of each water quality index for each measured value, the total 

amount of sediment nutrient of the treatment dissolved out to the overlying water with the following 
formula in different period. 

Mi=Ci×2686+ (C1+C2+…Ci-1) ×200 

where, M was the dissolution for the total nutrients (ug), C was the nutrient concentration in the 
water (ug/mL), I was the number of sampling times (i=1,2,…,9).  

Results and Analysis 

Effect of the EM Immobilized Technology on NH4
+-N Dissolution Characteristic 

From figure 1, it could be seen that dissolution characteristics of NH4
+-N in sediments under 

different treatment was quite different. Dissolution rate and content of NH4
+-N dissolved from the 

sediment of the CK groups were higher than the EM groups. The NH4
+-N content of each group 

increased sharply, but the rate of each group of EM in NH4
+-N content increasing was lower than that 

of CK in the first nine days after the treatment was set. The amount of NH4
+-N tended to rise in each 

treatment group until the end of the test, but the concentration of NH4
+-N in EM group reduced 

compared with that of CK group. And the dissolution of total nitrogen was decreased by 30.1% in 
5cm group respectively. 

These results showed that dissolution rate and content of NH4
+-N dissolved from the sediment of 

the EM groups were lower than those of CK groups. Because the EM bacteria had just entered the 
aquaculture wastewater and Microbial Nano-Silica Balls basically did not inhibit the dissolution of 
NH4

+-N from the sediment in six days after the test. With the adaptation of EM bacteria to water 
environment, the nitrification was conducted to promote the mycelium of ammonifying bacteria to 
consume oxygen which NH4

+-N could be converted to NO3
--N and NO2

--N. Finally, the 
denitrification made the nitrate become the N2 gas to escape into the atmosphere so that the content of 
NH4

+-N could be reduced. With 5cm or smaller sediment thickness, EM bacteria had more 
pronounced effect to inhibit the dissolution of NH4

+-N. When the sediment thickness was 10cm or 
more, the effect to inhibit the dissolution of NH4

+-N would be reduced, suggesting the more 
Microbial Nano-Silica Balls were needed 

 
Fig.1 The NH4

+-N content of each treatment group [ug] 
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Effect of the EM Immobilized Technology on NO3
--N Dissolution Characteristic 

From figure 2, it could be seen that dissolution characteristics of NO3
--N in sediments under 

different treatment was quite different. Total dissolution of NO3
--N in sediments peaked in second 

day, and then reduced gradually until on the nineteenth day and achieved the minimum, only slightly 
picked up by the end of the test on the whole process. The total dissolution of NO3

--N of the EM 
group was much the same of the CK group in the first nine days after the treatment was set. But a 
sharp downward trend was shown on the twelfth day, and the total amount of the final dissolution of 
NO3

--N in EM group was less than that of CK group. Although the NO3
--N decreased in EM group 

was not obvious compared with the CK group, the total NO3
--N in EM group was reduced faster than 

that of CK group in the process of test. 
These results suggested that the dissolution of NO3

--N mainly occurred in the early stage of the 
experiment and the dissolution amount of NO3

--N had nothing to do with the thickness of sediment. 
In addition, the EM group could quickly reduce the dissolution amount of NO3

--N in water than the 
CK group. 

 
Fig. 2 The NO3

--N content of each treatment group [ug] 

Effect of the EM Immobilized Technology on NO2
--N Dissolution Characteristic 

From figure 3, it could be seen that dissolution characteristics of NO2
--N in sediments under 

different treatment was quite different. The dissolution of NO2
--N was obviously detected until on the 

nineteenth day in this experiment. It had to do with higher pH, dissolved oxygen changes and 
transformation of various forms of nitrogen in the system. The NO2

--N concentration of 10cm group 
was eventually detected highest in EM group, however, it was highest in 5cm group for CK. The 
NO2

--N content of EM groups was higher than that of CK groups in general. But the CK group had 
the higher content of NO2

--N than EM group for 5 cm sediment thickness. 

 
Fig. 3 The NO2

--N content of each treatment group [ug] 
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These results suggested that a lower sediment thickness was more conducive to nitrite presence of 
the water system in EM groups and it was the opposite for CK groups. Under the experimental 
condition, inorganic nitrogen releasing into the overlying water existed in the form of NH4

+-N at first, 
and quickly transformed into NO2

--N, then changed to NO3
--N. NO2

--N was an intermediate 
morphological change of inorganic nitrogen forms, and was a transitional form in denitrification. In 
this study, the index of NO2

--N showed a trend of instability, which tended to be consistent with 
previous findings [11]. 

Inorganic Nitrogen Dissolution Characteristics with the Different Sediment Thickness 
The total dissolution of ammonium and nitrate for each CK treatment group was essentially the 

same with no significant difference. The total dissolution content of ammonia, nitrate and nitrite 
nitrogen at each EM treatment in 2cm and 5cm groups was less than that in10cm group, indicating 
that the inhibiting effect was reduced when the sediment was thicker in the treatment of EM. 

These results suggested that amount of inorganic nitrogen released at EM groups was down 
compared with that of CK groups, indicating that Microbial Nano-Silica balls used could inhibit the 
release of inorganic nitrogen effectively from the sediments to the water and the immobilized EM 
technology could reduce the content of total nitrogen in water. The dissolution of total nitrogen 
amount was related to the thickness of sediment in the treatment of EM. And it had nothing to do with 
the thickness of sediment in the treatment of CK. 

Conclusions and Discussion 
The released inorganic nitrogen was mainly composed of ammonia nitrogen in the sediment, and 

its release was dependent on pH value, the DO, organic matter and so on. The H+.concentration was 
high with a low pH value, and NH4

+ absorbed by colloidal sediment was released, and the 
concentration of the aqueous solution of ammonia increased correspondingly. With high pH in 
aqueous solution, NH4

+ released from the colloid sediment produced chemical reaction with OH- ions 
which made the NH4

+ escape from aqueous solution in the form of NH3. The higher concentration of 
OH- caused NH4

+ escaped from the water in the form of NH3 and the concentration of NH4
+ in water 

reduced [12]. The total dissolution of inorganic nitrogen had nothing to do with the sediment 
thickness at CK group, but it was faster at the early stage of treatment in thicker sediment. And 
inhibiting effect of EM group was reduced for thicker sediment during early stage of treatment. Under 
the static condition, the release of nutrient in sediment could only through the natural formation of the 
concentration gradient upward to overlying water [13]. But the release of nitrogen mainly depended 
on the degree of decomposition of nitrogen compounds [14]. And there was no direct relationship 
with the sediment thickness. But the thicker sediment made the aquaculture water quality fecund, so 
that the pH of water was reduced and the oxygen consumption was increased. And the purification of 
the EM bacteria weakened with long-term lower hypoxia in the water. 

Microbial Nano-Silica balls could inhibit the release of inorganic nitrogen effectively from the 
sediments to the water which suggested the immobilized EM technology could reduce the content of 
nitrogen and other pollutants in water. When the EM bacteria had just entered the aquaculture 
wastewater, the ammoniation decomposed nitrogenous organic matter in the sediment and inorganic 
nitrogen was released into the water in the form of ammonium, so the NH4

+-N and total nitrogen 
concentration were increased in the water. With the adaptation of EM bacteria to water environment, 
the nitrification promoted the mycelium of ammonifying bacteria to consume oxygen which NH4

+-N 
could be converted to NO3

--N and NO2
--N. Finally, the denitrification made the nitrate become the 

nitrogen gas to escape into the atmosphere so that NH4
+-N and total nitrogen could be reduced. EM 

active calcium fixed in the carrier which sediment was as main component could not only greatly 
increase the concentration and quantity of micro-organism, but also improve the activity of microbes. 
It would be effective to quickly adapt to the environment of aquaculture wastewater and play 
degradation effect on water pollution material. In addition, solid preparation could sink into the 
aquaculture wastewater bottom and make some microbes into the sediment to inhibit the release of 
sediment nutrients. By adding the fine decontamination ability of microorganism immobilized by the 
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carrier to the sediment surface, it could effectively resist the change of natural environment and have 
the obvious superiority. 
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