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Abstract: An integrated fixed-film activated sludge system (IFAS) was used to treat simulated wastewater with high-strength
ammonia and organics in this study. The shortcut nitrification and denitrification coupled with anammox was successfully achieved
after 83d operation through stepwise increase of influent ammonia nitrogen concentration (50~300mg/L) and low oxygen control
(DO: 0.15mg/L). With the increase of ammonia nitrogen concentration, effluent nitrite accumulated significantly. When the influent
ammonia nitrogen concentration increased to 300mg/L, the removal efficiencies of COD, NH, N and TN reached 95.3%, 100% and
93.1%, respectively, and the total nitrogen removal loading rate (NRR) reached 0.14kg/(m>-d). The microbial activity test showed
that the anammox activity was higher in the biofilm phase, while ammonia aerobic oxidation activity was higher in the sludge phase.
With the increase of ammonia nitrogen and COD concentrations, extracellular polymeric substance (EPS) secretion and protein/
polysaccharide (PN/PS) increased, promoting stronger impact load resistance and biological stability of the system. Microbial
community results found that heterotrophic nitrification and aerobic denitrifier (Acinetobacter), anammox bacteria (Candidatus
Brocadia and Candidatus Jettenia) were mainly enriched in biofilm, while partial nitrification bacteria (Nitrosomonas) was
distributed in sludge.The sludge-biofilm separation mode facilitates directed proliferation of different nitrogen-removing
bacteria.Functional gene annotation (KEGG) suggests that collaborative nitrogen removal in the IFAS system is via heterotrophic
nitrification/aerobic denitrification and partial nitrification denitrification/anammox.
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Table 1 Experimental Phases and Operating Conditions

NH, -N ¥  COD ¥ JE P DO SRT 4T

BBt

(mg/L) (mg/L) (mgl) (d) (d
Sl 50 100 2 080 - 1-17
S2 100 300 3 040 - 18-26
S3 150 450 3 015 40 2742
S4 200 600 3 015 40 4363
S5 300 900 3 015 40 6485
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Table 2  Effluent quality and nitrogen removal performance
i HK NH, N H7KNO; N HIZKNO, N NO, UEK K TN ARE TNRE ARR NRR
i
(mg/L) (mg/L) (mg/L) () (mg/L) (%) (%) (kg N/(m® + d)) (kg N/(m® + d))
S1 13.6+13.8 17.5£9.7 0.6£0.5 3.5+2.7 31.7+6.7 74.8+26.8 40.8t124 0.019 0.010
S2 87115 28.1x7 21+£2.7 7.0+7.9 38.8+10.2 91.7£11.1 63.3+10.7 0.045 0.031
S3 10.1£11.8 9.5+7 1.5£1.3 151£12.3 21.2+13.4 93.3+7.8 86.01+8.9 0.071 0.065
S4 16.7£11.1 16.6+9.4 8.11+4.8 33.5+14.9 414+124 91.7£5.5 79.5+6.2 0.093 0.080
S5 17.4+159 11.2%6 10.2£3.9 49.6£19.6 38.9+£15 942453 87.1£5.0 0.142 0.132
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Fig.4 Temporal Water Quality Testing
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Fig.5 Functional Activity Measurement
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Table 3 Comparison of Startup Performance between This Study and Other Related Studies

HEKNH, N 3E/K COD NH,-N %[ TN LBE COD LM% HELB i WL DO e Bt

PO gy g (%) %) %) (keg/m™d)  (C) (mg/L) ) 2o
PN/A 350 750 >90.0 74.2 82.0 0.24 29-31 - 117 2]
SBR 175 200 >90.0 84.0 72.4 0.17 29-31 <0.2 113 [3]
SBBR 300 900 92.6 88.0 94.3 0.15 29-31 1.1-1.3 81 [4]
IFAS 300 900 94.2 87.1 95.3 0.13 29-31 <0.2 83 AT
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