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Abstract

:

In this study, the biological fluidized bed system was used to treat seafood processing wastewater. The sludge was collected from the secondary sedimentation tank of a municipal wastewater treatment plant and acclimated for 200 days before the experiment. The treatment efficiencies of simulated seafood processing wastewater by biological fluidized bed system with different sludge concentrations, different hydraulic retention times (HRTs) and different bio-carriers were studied. The results showed that the removal efficiency of nitrogen and phosphorus increased with the increasing sludge concentration and by extending hydraulic retention time, and the higher removal efficiency of nitrogen and phosphorus could be obtained with the higher specific surface area of the bio-carrier. The nitrogen removal process analysis showed that the nitrification and denitrification activity of sludge could be changed with different operation conditions resulting in different nitrogen removal efficiency in the biological fluidized bed system. This was mainly because the change tendency of the ammonia nitrogen oxidizing process, nitrite oxidizing process, nitrite reduction process and nitrate reduction process was different with different operation conditions in a high salinity environment. Theoretically, the difference of the inhibitory effect of a high-salt environment on different nitrification and denitrification processes could be used to realize shortcut nitrification denitrification by controlling a certain operation condition.
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1. Introduction


Compared with general industrial wastewater treatment, there are some differences in the composition and properties of pollutants in seafood processing wastewater: High-salt wastewater is produced by processing dried, preserved and fermented seafood, accompanied by deep watercolor and high concentration of organic matter. The addition of phosphate and nitrogen to fresh seafood promotes higher phosphate and nitrogen content in the wastewater [1,2,3]. The presence of proteins, oil, minerals and other compounds in the effluents are responsible for significant environmental hazards [4,5,6]. Recently, the treatment of saline seafood processing wastewater has drawn great attention for researchers.



Several biological treatment processes have been applied to treat seafood processing wastewater. The wetland system is usually applied as the tertiary treatment due to the high solids content and organic matter concentration of the raw wastewater, and the highest treatment performances were found at five days hydraulic retention time (HRT) with average removal efficiencies of 91–99% for BOD5, 52–90% for SS, 72–92% for total nitrogen and 72–77% for total phosphorus [7]. Jamal et al. used air cathode microbial fuel cell (ACMFC) reactors to study the wastewater treatment efficacy of halophiles under high saline conditions, and the study revealed the optimized organic load was 1.25 g COD/L for potential treatment of seafood industrial wastewater and energy production [8]. In terms of organic removal and membrane performance, the membrane technology had a good efficiency to treat high strengths, with an organic loading variation characteristic of real seafood processing wastewater [9,10]. However, problems associated with membrane fouling and high cost may hamper widespread applications.



Thus, exploring technologically and economically feasible approaches to efficiently treat seafood processing wastewater will continue to be a challenge facing environmental scientists and engineers. Activated sludge and jute fiber in the sequencing batch reactor (JF-SBR) was used for the seafood processing wastewater treatment in one study, and the results revealed that the JF-SBR has higher efficiency compared to the conventional SBR [11]. The biofilm-enhanced high-salt wastewater treatment reactor used to remove nitrogen and organics simultaneously, using sulfate reduction as an intermediate reaction, promoted the gradual degradation of various pollutants and the spatial distribution of various functional bacteria, which ensured the stable and efficient operation of the biofilm-enhanced seawater wastewater treatment system [12].



A biological fluidized bed reactor was used in treating high-salt wastewater. A laboratory down-flow anaerobic fixed bed reactor (DFAFBR) has been used for treating saline wastewater, and organic nitrogen and phosphorus concentration reduction efficiencies were higher than 51% and 39%, respectively [13]. Liu et al. verified the faster start-up of a trickling filter (TF) compared to a moving bed bioreactor (MBBR) treating synthetic mariculture wastewater [14]. A hybrid treatment system (fluidized bed positioned in a biological reactor of an activated sludge process) was used to treat saline domestic wastewater, and the hybrid system had a significantly higher efficiency than a conventional reactor to treat saline domestic wastewater [15]. These findings demonstrate that the biological fluidized bed reactor is a viable option to treat seafood wastewater for safe disposal.



For the biological treatment system, the operation parameters (sludge concentrations, HRT, bio-carriers, etc.) could directly affect the operation performance of the system. It had been reported that large biomass might decrease the biofilm activity [16]. It has been shown that HRT is directly related to ammonia nitrogen removal rate [17]. Bio-carriers immobilize microorganisms on their surfaces and inside the internal pores, which contribute to stabilizing the reactor performance [18]. Some studies have focused primarily on using large surface area carriers [19,20]. The effect of operation parameters on the biological fluidized bed system treatment efficiency has rarely been studied for high salinity seafood processing wastewater.



In this study, a biological fluidized bed system was used to treat seafood processing wastewater to investigate the treatment performance and the nitrogen removal process under the conditions of different bio-carriers, different hydraulic retention times and different sludge concentrations. This study on the treatment performance and the nitrogen removal process in a biological fluidized bed system for seafood processing wastewater treatment can provide a theoretical basis for the subsequent application of biological fluidized bed systems in the treatment of salty wastewater.




2. Materials and Methods


2.1. Biological Fluidized Bed Setup


In this experiment, the biological fluidized bed reactor was made of Plexiglass and included a biological fluidized bed reactor and a sedimentation tank, as shown in Figure 1. The working volume of the biological fluidized bed reactor was 10 L, and it was designed as a cylinder. Polyurethane material bio-carrier was added in the biological fluidized bed system, and an aeration pipe was set at the bottom. The suspended bio-carriers have fluidized movement with gas-liquid flow. The effluent from the biological fluidized bed system flowed through the overflow pipe to the sedimentation tank for solid-liquid separation. The working volume of the sedimentation tank was 10 L. The effluent from the sedimentation tank overflowed and the sediment from the sedimentation tank was flowed back to the biological fluidized bed reactor every 24 h to maintain the sludge concentration of the biological fluidized bed reactor.



Two kinds of cubic sponge bio-carriers (1 × 1 × 1 cm) made of polyurethane foam (Nantai Environmental Protection Packing Co., Ltd., Yixing, China) were respectively added to build up the biological fluidized bed system. The two kinds of sponge bio-carriers with the specific surface area of 550 m2/m3 and 300 m2/m3, respectively, were denoted as K3 bio-carrier and K1 bio-carrier, respectively. The bio-carriers’ filling ratio (Vcarrier/Vreactor) was 15% in the biological fluidized bed system.




2.2. Operation of Biological Fluidized Bed System


In this experiment, five biological fluidized bed reactors were used to investigate treatment performance and the nitrogen removal process with different operation conditions. The influent of the biological fluidized bed reactor was simulated seafood processing wastewater. Crude starch was used as the organic carbon source; ammonium chloride, sodium dihydrogen phosphate and disodium hydrogen phosphate were used as nutrients. The seawater collected from Huang Hai (Shidao, Weihai, China) was used to synthetize the seafood processing wastewater, and the seawater contained a certain concentration of nitrogen and phosphorus elements. The seawater used for the preparation of seafood processing wastewater was collected from the place located near the aquaculture pond. There were various pollutants in the seawater, which was discharged by aquaculture organisms in the aquaculture pond. The concentration of the pollutants in the seawater was changed with the time. Therefore, the pollutant concentrations were not stable in the synthetic seafood processing wastewater. Meanwhile, the seawater contained some trace elements such as calcium, potassium, cesium, beryllium, magnesium, sulfur, tin and fluorine, etc. These trace elements were no longer added to the prepared seafood processing wastewater.



The inoculated sludge was collected from the secondary sedimentation tank of a municipal wastewater treatment plant in Weihai (Shandong Province, China). Because the high salinity of seafood processing wastewater can inhibit microorganism growth, the method of gradually increasing the proportions (seawater: fresh water) was used to acclimate the activated sludge before the experiment. Prior to the experiments, the biological fluidized bed reactors were operated at a steady state for 200 days.



According to the experimental design of hydraulic retention time, the time relay switch was set, and the inflow velocity was adjusted. The biological reaction tank was aerated with oxygen to maintain a suitable living environment for aerobic bacteria in sludge.



The biological fluidized bed system treatment performance and the nitrogen removal process were investigated under different (i) sludge concentrations (4000 mg/L and 8000 mg/L), (ii) HRTs (20 h, 10 h and 5 h) and (iii) bio-carriers (K3 and K1).




2.3. Analytical Methods


The water sample was taken from the influent and effluent of the biological fluidized bed reactor, respectively. The water sample was centrifuged at 5000 rpm for 5 min. After centrifugation, the supernatant was filtered by 0.45 μm filter membrane and the filtrate was measured.



In this study, the sludge concentration (MLSS), the nitrogen concentration and the phosphorus concentration were determined according to water and wastewater monitoring for water quality determination method [21]. Before the determination of nitrogen and phosphorus, the standard curve equation was obtained. The concentration of ammonia nitrogen (NH4+-N), nitrite nitrogen (NO2−-N), nitrate nitrogen (NO3−-N) and phosphorus in each sample can be calculated by the fitting equation. The detection limits for NH4+-N, NO2−-N, NO3−-N and phosphorus were 0.025 mg/L, 0.003 mg/L, 0.08 mg/L and 0.01 mg/L, respectively. All the above analyses were performed in triplicate, and their average values were listed.




2.4. Nitrification Activity Determination Method


A quantitative amount of sludge was taken from the reactor and placed in a 250 mL conical flask. The sludge sample was fully aerated for 15 min and then centrifuged. The sludge sample was washed with clean seawater three times to remove the inorganic nitrogen contained in the sludge sample and re-suspended in 200 mL clean seawater after centrifugation. The NH4+-N and other trace elements were added, and the reaction flask was placed in a constant temperature shaker at 30 °C and 100 rpm for shaking culture. The concentration of NH4+-N and NO2−-N was regularly measured. The relationship between NH4+-N and NO2−-N concentration and time was plotted, and the calculated slope was the oxidation rate of NH4+-N or NO2−-N, and the ratio of the slope and sludge concentration was the oxidation activity of NH4+-N or NO2−-N.




2.5. Denitrification Activity Determination Method


A quantitative amount of sludge was taken from the reactor and placed in a 250 mL conical flask. The sludge sample was washed with clean seawater and re-suspended in 200 mL clean seawater. The NO2−-N, NO3−-N and other trace elements were added. The sludge sample was filled in nitrogen for 15 min to remove oxygen. The bottle mouth was plugged with a rubber stopper to ensure the bottle had anaerobic reaction conditions. The reaction flask was placed in a constant temperature shaker at 30 °C and 100 rpm for shaking culture. The concentration of NO2−-N and NO3−-N was regularly measured. The relationship between NH4+-N and NO2−-N concentration and time was plotted, and the calculated slope was the nitrate or the nitrite reduction rate, and the ratio of the slope and sludge concentration was the denitrification activity of nitrate or nitrite.





3. Results


3.1. Effect of Different Sludge Concentrations on Biological Fluidized Bed System Treatment Performance


The biological fluidized bed system treatment performance and the nitrogen removal process are investigated with different sludge concentrations in this section.



3.1.1. Effect of Sludge Concentration on Phosphorus Removal Performance


The measured phosphate concentration and removal efficiency are shown in Figure 2. From Figure 2a,b, it is not difficult to find that sludge concentration had a great influence on phosphorus removal. The average influent concentration of phosphate was 7.67 mg/L. During the operation of the reactor with the sludge concentration of 4000 mg/L, the average effluent concentration of phosphate was 4.94 mg/L with the average removal efficiency of 35%. For the reactor with the sludge concentration of 8000 mg/L, during the first five days of operation the effluent concentration of phosphate showed a decreasing trend, and after that, the effluent phosphate concentrations were always lower than 4.40 mg/L. The average effluent concentration of phosphate was 3.67 mg/L with the average removal efficiency of 53%. When the sludge concentration was higher, the phosphorus concentration in the effluent was lower and the phosphate removal efficiency was higher. The principle of using microorganisms to remove phosphate in wastewater was due to the function of phosphorus accumulating bacteria, and then a large amount of phosphorus-rich sludge was discharged to remove phosphorus from the wastewater [22,23]. Therefore, the sludge with higher concentration might contain much more phosphorus accumulating bacteria which could absorb and utilize phosphorus and reduce the phosphorus concentration in the effluent.




3.1.2. Effect of Sludge Concentration on Ammonia Nitrogen Removal Performance


The NH4+-N concentration and removal efficiency measured with different sludge concentrations are shown in Figure 3a,b.



As shown in Figure 3a,b, the influent NH4+-N concentration varied from 7.16 mg/L to 9.72 mg/L, and the average influent NH4+-N concentration was 8.28 mg/L. With the sludge concentration of 4000 mg/L, the average effluent NH4+-N concentration in the biological fluidized bed system was 3.34 mg/L with the average removal efficiency of 60%. During the operation of the reactor with the sludge concentration of 8000 mg/L, the average effluent NH4+-N concentration was 2.26 mg/L, and the average removal efficiency of NH4+-N could reach 73%. Comparing the effects of different sludge concentrations on the treatment efficiency of NH4+-N, it was not difficult to find that the removal efficiency of NH4+-N was higher in the reactor with the sludge concentration of 8000 mg/L compared to that with the sludge concentration of 4000 mg/L. Ammonia can be oxidized by ammonia-oxidized bacteria [24]. The percentage of ammonia-oxidized bacteria increased and might be responsible for the effective removal of NH4+-N [25]. Therefore, there were more ammonia-oxidized bacteria in the sludge with higher concentration and may have resulted in the improved oxidation ability of NH4+-N.




3.1.3. Variation of Nitrate Nitrogen and Nitrite Nitrogen Concentration


Under aerobic conditions, NH4+-N was oxidized to NO2−-N and NO3−-N through the nitrite-oxidized bacteria and ammonia-oxidized bacteria in the biological fluidized bed reactor. The changes of NO3−-N and NO2−-N concentration are shown in Figure 4.



As shown in Figure 4a, the average influent concentration of NO3−-N was 0.30 mg/L. For the reactor with the sludge concentration of 4000 mg/L, the average concentration of NO3−-N in the effluent was 1.92 mg/L. During the first three days of operation, the NO3−-N concentration was not stable. From the fourth day onwards, the concentration of NO3−-N in the effluent was relatively stable. With respect to the reactor with the sludge concentration of 8000 mg/L, the effluent NO3−-N concentration was in the range from 2.50 mg/L to 2.94 mg/L. The higher sludge concentration might increase the quantity of nitrite-oxidization bacteria. The increased abundance of nitrite-oxidization bacteria could improve the adaption of nitrite-oxidization bacteria to the operation environment [25], making it effective to convert NO2−-N into NO3−-N for the reactor. Hence, the nitrite oxidation in the reactor was enhanced with the increase of sludge concentration.



As shown in Figure 4b, there was no NO2−-N in the influent. The reactor was always able to resume its ammonia oxidization process in a two short days, suggesting that it was irrespective of sludge concentration. After that, the average NO2−-N concentration in effluent was 2.53 mg/L to 3.36 mg/L for the reactor with the sludge concentration of 4000 mg/L and 8000 mg/L, respectively. The ammonia nitrogen oxidation in the reactor was enhanced with the increase of sludge concentration. It has been reported that the biofilter reactor with greater amount of biomass showed better NH4+-N removal and nitrification effects [16].




3.1.4. Variation of Nitrification and Denitrification Activity


Activated sludge is responsible for the main function of nitrogen removal in the reactor. The nitrification and denitrification activity of sludge is the basis for determining the nitrogen removal efficiency of the rector. The application of a biological carrier completely changed the growth state of activated sludge in the reactor. Therefore, this section discusses the mechanism of the increased activated sludge concentration to strengthen the nitrogen removal of the reactor by analyzing the changes of nitrification activity and denitrification activity during the stable operation of the reactor.



The ammonia oxidation and nitrite oxidation activities are shown in Table 1. It can be seen from Table 1 that after the increased activated sludge concentration, the nitrification activity of sludge improved to a certain extent. The ammonia oxidation activity increased from 8.1 mg N/g MLSS h to 10.5 mg N/g MLSS h, and the nitrite oxidation activity also slightly increased from 2.9 mg N/g MLSS h to 4.4 mg N/g MLSS h. This was because the increased activated sludge concentration promoted the enrichment of nitrifying bacteria in the system, and then improve the nitrification activity of the system. At the same time, the stable structure of the biological carrier and the porous internal space provided a stable growth space for the environment-sensitive nitrification bacteria (sensitive to a high-salt environment).



More importantly, in the reactor with different activated sludge concentrations, the ammonia nitrogen oxidation rate of activated sludge was significantly higher than that of nitrite. The oxidation of NH4+-N by activated sludge could be completed in a short time, while the oxidation of NO2−-N needed a long time. This result showed that in the high-salt environment, the nitrification process in the system was mainly the oxidation of NH4+-N to NO2−-N, and the oxidation process from NO2−-N to NO3−-N was obviously inhibited. This was mainly due to the inconsistent sensitivity of ammonia nitrogen-oxidizing bacteria and nitrite-oxidizing bacteria to high salinity. It was reported that nitrite-oxidizing bacteria were more significantly inhibited by salinity than ammonia nitrogen-oxidizing bacteria [26,27]. Theoretically, the difference of inhibitory effect of high-salt environment on different nitrification processes could be used to realize shortcut nitrification denitrification by controlling a certain biomass, and then realizing a low-cost and efficient shortcut nitrification denitrification nitrogen removal pathway in the reactor.



It can be seen from Table 1 that with the different sludge concentrations, the nitrite reduction activity and nitrate reduction activity were not high, and the denitrifying bacteria themselves grew and enriched slowly in the high-salt environment. As a result, denitrifying bacteria were difficult to enrich in the bio-carrier and the denitrification efficiency was low. After the increase of sludge concentration, the denitrification activity of sludge was significantly improved because the application of the bio-carrier fixed microorganisms in an anoxic environment to avoid the impact of aerobic on the enrichment of denitrifying bacteria. The bio-carrier provided a stable environment for microbial growth and the denitrifying bacteria grew slowly under high-salt stress, which were gradually enriched in the system, and then the denitrifying activity of sludge improved.





3.2. Effect of Different Hydraulic Retention Times on Biological Fluidized Bed System Treatment Performance


The biological fluidized bed system treatment performance and the nitrogen removal process are investigated under different HRTs in this section.



3.2.1. Effect of Hydraulic Retention Time on Phosphorus Removal Performance


The phosphorus concentration and phosphate removal efficiency curves with different HRTs are shown in Figure 5a,b.



It can be seen from Figure 5a that at the HRT 20 h, the phosphate concentration in the effluent of the biological fluidized bed system was between 3.05 mg/L to 5.25 mg/L with an average value of 3.90 mg/L. At the HRT of 10 h, the lowest phosphate concentration in the effluent was 4.23 mg/L and the highest phosphate concentration was 6.03 mg/L, and the average phosphate concentration was 5.37 mg/L. At the HRT of 5 h, the lowest phosphate concentration in the supernatant was 4.47 mg/L, and the highest phosphate concentration in the supernatant was 5.96 mg/L, and the average phosphate concentration was 5.42 mg/L. It was found that with the decrease of HRT from HRT 20 h to HRT 10 h, the phosphate concentration in the effluent of the biological fluidized bed system increased. When the HRT decreased from HRT 10 h to HRT 5 h, the phosphate concentration in the effluent of the biological fluidized bed system changed very little. The reason might be that the aerobic phosphorus-accumulating bacteria had enough time to absorb the phosphate in the wastewater under a longer HRT.



It can be seen from Figure 5b that the average removal efficiencies of phosphate were 49%, 29% and 29% for the reactor at HRT 20 h, 10 h and 5 h, respectively. With different HRTs, the phosphate removal efficiencies were relatively low in the biological fluidized bed system. The reason might be that the growth rate of the microorganism was slow under high-salt conditions and the phosphate removal was mainly attributed to the sludge wasting [28].




3.2.2. Effect of Hydraulic Retention Time on Ammonia Nitrogen Removal Performance


The changes of NH4+-N concentration and removal efficiency are shown in Figure 6. As shown in Figure 6a,b, at the HRT of 20 h, the NH4+-N removal efficiency reached 87%. At the HRT of 10 h, the average concentration of NH4+-N in biological fluidized bed system effluent was 4.70 mg/L, and the average removal efficiency of NH4+-N was 43%. At the HRT of 5 h, the average concentration of NH4+-N in biological fluidized bed system effluent was 6.16 mg/L, and the average removal efficiency of NH4+-N was 25%. It can be seen that with the increase of HRT, the removal efficiency of NH4+-N increased gradually. This could be because the doubling time for ammonia-oxidized bacteria was 7–8 h [29]. Due to the characteristics of ammonia-oxidized bacteria, the concentrations of the ammonia-oxidized bacteria might be higher with longer HRT. Therefore, the rector with longer HRT may be an effective ammonia nitrogen removal process.




3.2.3. Variation of Nitrate Nitrogen and Nitrite Nitrogen Concentration


The average concentrations of NO3−-N and NO2−-N are shown in Figure 7a,b with different HRTs.



As shown in Figure 7a,b, the NO3−-N and NO2−-N concentrations of the effluent increased due to nitrification in the biological fluidized bed reactor. At the HRT of 20 h, the average NO3−-N concentration in the effluent was 2.73 mg/L, and the average concentration in the effluent was 3.27 mg/L. At the HRT of 10 h, the average NO3−-N concentration in the effluent was 3.44 mg/L. The concentration of NO2−-N in the effluent was 3.81 mg/L. At the HRT of 5 h, the average NO3−-N concentration was 0.47 mg/L and in the effluent was 3.17 mg/L. The NO2−-N concentration in the effluent was 0.49 mg/L. At the HRT of 20 h, the NO3−-N and NO2−-N concentrations in the biological fluidized bed reactor effluent both were lower than those for the HRT of 10 h but were significantly higher than those for the HRT of 5 h. It had been reported that high values of HRT allow adsorption and biodegradation processes to be carried out more easily [30]. Therefore, when the HRT was relatively long, microorganisms in the biological fluidized bed reactor had enough time for nitrification and denitrification processes. The HRT might have a profound effect on the activity of microorganisms in the biological fluidized bed reactor, and the time for microorganisms to participate in nitrification and denitrification may result in different nitrification and denitrification efficiency.




3.2.4. Variation of Nitrification and Denitrification Activity


The nitrification and denitrification activity of the reactor with different HRTs is shown in Table 2. In theory, the biological nitrification process was divided into two stages. Firstly, NH4+-N was oxidized by ammonia nitrogen-oxidizing bacteria to NO2−-N, and then oxidized by nitrite-oxidizing bacteria to nitrate. It can be seen from the Table 2 that when the HRT was reduced from 20 h to 10 h, the ammonia and nitrite oxidation rate of activated sludge only decreased by 9.52% and 9.09%, respectively, meanwhile, the nitrite reduction activity and nitrate reduction activity significantly decreased by 43.4% and 27.8%, respectively. During the experiment, the contents of NH4+-N, NO3−-N and NO2−-N in the reactor at the HRT of 10 h gradually increased compared to those at the HRT of 20 h, and higher nitrite accumulation and NO3−-N content were found.



When the HRT was reduced from 10 h to 5 h, the ammonia nitrogen oxidation and nitrite oxidation process deteriorated significantly. The nitrite reduction activity slightly decreased, but the nitrate reduction activity significantly decreased. Therefore, the NO2−-N concentration was low, but there was some NO3−-N in the effluent.



This result showed that although the HRT could change the nitrification and denitrification activity of sludge, the nitrification and denitrification activity could not achieve the synchronous recovery. This was mainly because the sensitivity of ammonia nitrogen-oxidizing bacteria, nitrite-oxidizing bacteria, nitrite-reduction bacteria and nitrate-reduction bacteria to high salinity was different [26]. Therefore, the enrichment and activity for these bacteria in high-salt environments were different.





3.3. Effect of Different Bio-Carriers on Biological Fluidized Bed System Treatment Performance


The biological fluidized bed system treatment performance and the nitrogen removal process are investigated with different specific surface area bio-carriers in this section.



3.3.1. Effect of Different Bio-Carriers on Phosphate Removal Performance


The curve of phosphorus concentration during the experiment is shown in Figure 8. As shown in Figure 8, the average concentration of phosphate in effluent was 3.90 mg/L with the average removal efficiency of 49% when the K3 bio-carrier was added into the reactor. When the K1 bio-carrier was added into the reactor, the effluent concentration of phosphate ranged from 3.36 mg/L to 5.75 mg/L with the average concentration of 4.41 mg/L, and the average removal efficiency of phosphate was 42%. It can be seen that the phosphorus removal efficiency was higher in the biological fluidized bed system for seafood processing wastewater treatment with the larger specific surface area of the K3 bio-carrier compared to that of the K1 bio-carrier. This may be due to the fact that the bio-carrier with large specific surface area created more suitable living conditions for microorganisms, which can improve the pollutants removal by having high biomass density and a rich biological phase [31].




3.3.2. Effect of Different Bio-Carriers on Ammonia Nitrogen Treatment Performance


The changes of NH4+-N concentration and removal efficiency obtained in the experiment are shown in Figure 9.



As shown in Figure 9, when the K3 type bio-carrier was added into the reactor, the average removal efficiency of NH4+-N was 73%. With addition of the K1 type bio-carrier into the reactor, the average NH4+-N removal efficiency was 64%. Similar to the phosphorus removal efficiency for different bio-carriers, with the larger specific surface area of K3 bio-carrier, the removal efficiency of NH4+-N in biological fluidized bed system for seafood processing wastewater treatment was higher than that of the K1 bio-carrier. It is likely that the bio-carrier with large specific surface area created more suitable living conditions for microorganisms. For wastewater treatment, biofilm carriers’ common characteristics were the high specific surface area and surface roughness [32]. Microbial communities in biofilms tended to be more diverse than those in the activated sludge system, which allowed the degrading of a wide range of organic pollutants [33].The high performance of the biofilm reactor was presumed to result from the high concentration of microorganisms attached to fluidized-carriers with high surface area [34].




3.3.3. Variation of Nitrite Nitrogen and Nitrate Nitrogen Concentration


The specific surface area of different bio-carriers was different which affected the attachment of microorganisms, and then affected the microbial efficiency in the biological fluidized bed reactor. The NO3−-N and NO2−-N concentrations under different bio-carrier conditions are shown in Figure 10.



As shown in Figure 10, compared with the effluent NO3−-N concentration of the K1 bio-carrier reactor, the NO3−-N concentration of the K3 bio-carrier reactor was higher. Compared with the NO2−-N concentration in the two reactors, the NO2−-N concentration in the effluent of K3 bio-carrier reactor was 3.27 mg/L, while the NO2−-N concentration in the effluent of K1 bio-carrier reactor was 3.79 mg/L. That is to say, with the change of specific surface area of the bio-carrier, the ammonia nitrogen oxidizing activity, nitrite oxidizing activity, nitrite reduction activity and nitrate reduction activity also changed.




3.3.4. Variation of Nitrification and Denitrification Activity


The nitrification and denitrification activity of the reactor with different bio-carriers is shown in Table 3. It can be seen from the Table 3 that for the K1 bio-carrier reactor, the ammonia and nitrite oxidation rate of activated sludge only decreased by 8.57% and 2.27%, respectively, compared to that for the K3 bio-carrier reactor, indicating that the nitrification capacity was slightly affected by the bio-carrier characteristics.



However, for the denitrification in the K1 bio-carrier reactor, the nitrite reduction activity and nitrate reduction activity significantly decreased by 30.3% and 27.8%, respectively, compared to that for the K3 bio-carrier reactor. It was indicated that the denitrification ability was significantly affected by the bio-carrier characteristics.



Based on the above findings, in future studies the selective inhibition of a high-salt environment on two nitrifying bacteria should be used to make the nitrification process stay in the nitrosation stage to simply realize half nitrification. More importantly, the accumulation of nitrite caused by half nitrification indicated the possibility of nitrogen removal through a more cost-effective shortcut nitrification and denitrification process.






4. Conclusions


In this study, the effects of different sludge concentrations, hydraulic retention times (HRTs) and bio-carriers on the seafood processing wastewater treatment by biological fluidized bed system were investigated. It was observed that when the activated sludge concentration increased, the removal efficiency of nitrogen and phosphate was better in the biological fluidized bed system. With the extending HRT, the biological fluidized bed system could reach the higher nitrogen and phosphorus removal efficiency. The larger surface area bio-carrier was beneficial to the attachment and growth of microorganisms, resulting in higher nitrogen and phosphorus removal efficiencies. The change tendency of the ammonia nitrogen oxidizing process, nitrite oxidizing process, nitrite reduction process and nitrate reduction process was different with different operation conditions in the high salinity environment. Therefore, the nitrification and denitrification activity of sludge could be changed with different operation conditions, which had an obvious effect on the nitrogen removal efficiency in the biological fluidized bed system. The difference of inhibitory effect of a high-salt environment on different nitrification and denitrification processes could be used to realize shortcut nitrification denitrification by controlling a certain operation condition.
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Figure 1. Biological fluidized bed system used in the experiment. 
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Figure 2. Changes of phosphate concentrations (a) and phosphate removal efficiencies (b) under different sludge concentrations. 
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Figure 3. Changes of NH4+-N concentrations (a) and NH4+-N removal efficiencies (b) under different sludge concentrations. 
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Figure 4. Changes of NO3−-N (a) and NO2−-N (b) concentrations under different sludge concentrations. 
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Figure 5. Changes of phosphate concentrations (a) and phosphate removal efficiencies (b) under different hydraulic retention times. 
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Figure 6. Changes of NH4+-N concentrations (a) and NH4+-N removal efficiencies (b) under different hydraulic retention times. 






Figure 6. Changes of NH4+-N concentrations (a) and NH4+-N removal efficiencies (b) under different hydraulic retention times.



[image: Water 13 02630 g006]







[image: Water 13 02630 g007 550] 





Figure 7. Changes of NO3−-N (a) and NO2−-N (b) concentrations under different hydraulic retention times. 
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Figure 8. Changes of phosphate concentration under different bio-carrier conditions. 
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Figure 9. Changes of NH4+-N concentrations (a) and NH4+-N removal efficiencies (b) under different bio-carrier conditions. 
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Figure 10. Changes of NO3−-N (a) and NO2−-N (b) concentrations under different sludge concentrations. 
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Table 1. Nitrification and denitrification activities in biological fluidized bed reactor with different sludge concentrations.






Table 1. Nitrification and denitrification activities in biological fluidized bed reactor with different sludge concentrations.





	Sludge Concentraion

(mg/L)
	Ammonia Nitrogen Oxidation Activity

(mg N/g MLSS h)
	Nitrite Nitrogen Oxidation Activity

(mg N/g MLSS h)
	Nitrite Reduction Activity

(mg N/g MLSS h)
	Nitrate Reduction Activity

(mg N/g MLSS h)





	4000
	8.1
	2.9
	5.2
	2.4



	8000
	10.5
	4.4
	7.6
	3.6
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Table 2. Nitrification and denitrification activities in biological fluidized bed reactor with different sludge concentrations.
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	HRT (h)
	Ammonia Nitrogen Oxidation Activity

(mg N/g MLSS h)
	Nitrite Nitrogen Oxidation Activity

(mg N/g MLSS h)
	Nitrite Reduction Activity

(mg N/g MLSS h)
	Nitrate Reduction Activity

(mg N/g MLSS h)





	20
	10.5
	4.4
	7.6
	3.6



	10
	9.5
	4.0
	4.3
	2.6



	5
	4.5
	2.5
	3.8
	1.2










[image: Table] 





Table 3. Nitrification and denitrification activities in biological fluidized bed reactor with different sludge concentraion.
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	Bio-Carrier
	Ammonia Nitrogen Oxidation Activity

(mg N/g MLSS h)
	Nitrite Nitrogen Oxidation Activity

(mg N/g MLSS h)
	Nitrite Reduction Activity

(mg N/g MLSS h)
	Nitrate Reduction Activity

(mg N/g MLSS h)





	K3
	10.5
	4.4
	7.6
	3.6



	K1
	9.6
	4.3
	5.3
	3.2
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