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a b s t r a c t
Effective carbon source plays a key role in denitrification process in membrane bioreactors (MBRs). In 
this study, alkali-rice straw was applied to a submerged hybrid MBR to achieve the nitrogen removal 
enhancement. It was found that total nitrogen (TN) removal of MBR with 1.4 g/d alkali-rice straw 
addition was 60.8% ± 1.5%, much higher than 44.5% ± 2.3%, 28.9% ± 5.4% from the MBR with 1.4 g/d 
normal rice straw addition and with 3.0 g/L PVC carrier addition, respectively, but lower than 77.5% ± 
3.8% from the MBR with 4.0 g/d ethanol addition. However, chemical oxygen demand (COD) removal 
of MBR with 1.4 g/d alkali-rice straw addition was 94.6% ± 0.2% higher than 93.2% ± 0.3%, 91.8% ± 0.2% 
and 90.0% ± 0.4% from the MBR with 1.4 g/d rice straw addition, with 3.0 g/L PVC carrier addition, 
and with 4.0 g/d ethanol addition, respectively. Though the effect of alkali-rice straw on carbon release 
was not comparable with ethanol, it could have longer carbon releasing period to improve the carbon 
utilization rate, provide space for bacterial attachment, and promote the granular biofilm formation to 
reduce biofouling and increase COD removal efficiency. With alkali-rice straw addition, the dominant 
microbial community (Curvibacter, Nitrosomonas, Pseudomonas, Magnetospirillum, Paracoccus) in mem-
brane bioreactor (MBR) was different from that with addition of other carbon source. Among these 
bacteria, the denitrifiers were dominantly expressed by nirS gene, and quantitative polymerase chain 
reaction of nirS gene in MBR with alkali-rice straw addition showed that its abundance was greatly 
higher than that with common rice straw addition. In summary, alkali-rice straw could serve as effec-
tive carbon source to enhance TN removals in MBRs.
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