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Analysis of Low C/N Wastewater Treatment and S,tructure by the CEM UF

Combined Membrane Nltrlﬁcatlon/ Denltrlficatlon Systém., y &

XING Jin- haﬁé ' ZHANG Yan'" CHEN hang mmg , ZHANG Bo- kang ] GUO Wei', MA Xiang-shan' &
(1. Kéy [Labordiery of Beijing for Water Quality: Science" and_Water EnVlronment.l"il Recovery* Englneenng, Beijing rUmversny of
Techriology, Beijing 100124 China; 2. Chlnaﬁ Metallurﬂ'ﬁoal Industry, Panning and Research Institute, Beijing 100711, China)«"

Abstract:, Tn this st‘hdy, a CEM-UF composite membrdne wuh dmmomd nitrogén enrichment andsseparation characteristics was
combined Wlth niffification/ denitrification to treat low="C/ N~ wag_teWater The denitrification characteristics of low C/N wastewater at
different flow ratios were investigated, and the structural characteristics of functional microbial communities in nitrifying and denitrifying
activated’Sludge were .analyzed by 16Sr DNA high-throughput sequencing. The results showed that influent TN was 60 mg-L~", COD/
TN wa$ 2. 65, the nitrification effect of each flow rate was good, and the average ammonia nitrogen removal rate was 98. 7% . When the
flow ratio increased from 1:2 to 1: 6, the m( COD)/m(NO; -N) of denitrification was increased, and the removal of average nitrate
nitrogen reached its highest level at 1: 6, which was 86. 28% , and the removal of total nitrogen increased from 22. 56% to 46. 8% . An
analysis of Illumina sequencing showed that nitrogen fixing bacteria Proteobacteria accounted for 30.9% , and the important nitrite
oxidizing bacteria, Nitrospirae, accounted for 3. 06% . At the genus level, Nitrosomonas and Nitrosospira, belonging to the ammonia
oxidizing bacteria ( AOB) category and Nitrospira and Nitrobacter, belonging to the nitrite oxidizing bacteria (NOB) category were
detected. The ratio of AOB and NOB bacteria was high, which is consistent with good nitrification in the nitrification reactor. The
dominant bacteria in denitrification sludge were Proteobacteria (53. 13% ) , followed by Bacteroidetes (10.93% ). A variety of bacteria
related to denitrification were detected at the genus level, such as Dechloromonas, Thauera, Castellaniella, Alicycliphilus, Azospira,
Comamonas, Caldilinea, and Saccharibacteria. The proportion of denitrifying bacteria was 25.91% as denitrifying bacteria microbial
species were rich in the denitrifying sludge, giving a good denitrification effect.

Key words:low C/N wastewater; NH," -N enrichment; flow ratio; high throughput sequencing
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Fig. 2 Transformation of ammonia nitrogen and COD in the system
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Table 3 The « diversity statistics table

FEAR Chaol F5%X ACE #8% Shannon $§ %X 2
HALTEPETS VR (FEA 1) 15738. 81 32 020. 59 4.7 0.96
A ACTE TS e (FEAR 2) 16 133. 49 34 966. 40 3.97 0.95

XFPRANFEA AT I T7KF- T 09 B RfORE T 2 B 437
mEl 7, F4 Fos. 58 BHROCT IG5 Je A At
FEARML, FEAS 1 (EAR BN i rh i 5 8 ) vh 28 T T
H Bacteroidetes ( #L T 8 ] 41.04% ) . Proteobacteria
(ZE T B 1] 30.9% ) . Acidobacteria ( R ﬂ: ]
10. 24% ) F1 Nltrosplrae( THALIZETE] ] 3. 06% )4 s
2 (S A 5 B 2 o 0 05 U ) A AT
Prot(_eobactena( ﬁ//jliilj 53.13% ) Bactero(dretes ¢4
@07 10.93%) .

(10-69%) 11 Chloroflexi (£E#5 1] 51 56%)). | ¥/
7 R4 EEWEEBBNLO ERAEAT 1%)

Table 4"' Proportion of bacteria to all mi¢ro- flora™" 4 ——

Candidatus Saccharlbacte‘rla

-
=

. (the proportion of bacteria higher than 1% )
A AR REAR 2 AR 2

B

/% /%
Bacteroidetes 41.04 10. 93
Proteobacteria 30.9 53.13
Acidobacteria 10.24 1.14
Chloroflexi 3.13 5.56
Planctomycetes 6. 18 1.49
Candidatus Saccharibacteria 0.1 10. 6
Nitrospirae 3.06 0.02

Hrp Bacteroidetes 1] UL fift 25 (1 ot . BEZRZEY)

J5i'"?!. Proteobacteria FEAHE i K —17, Hrbf
FEARZ2 ] LA R A, TERE AR A HLY Y [R) g T L
TRARGMPEBRBEIIRE . Acidobacteria KZ %
HVETRT, A 8 FOARIRIZERE, I AFE T HAR R
MRS, TEAESRGEHEAEEEN, TE
% copt™/. Planctomycetes iy — /N /K A= 45, H:
Hh—2 Planctomycetes sp. BEHAEDR A A EALH, 7]

-

DAPE SRS IR 5T M IR R 5 S B 8 7 Al R
. Chloroflexi Z i 2 it ' R S A= 47, ﬁ%@ﬂ‘]@
R, LB IEMP A A S HAT [ﬁiﬁ, A
?"%ﬁ%@%ﬁ*ﬂﬁﬁ% Al ﬂﬁﬂﬁﬁ/fkw
Candidatus Saecharlbacterla I {Zﬁf:f g&)‘%‘**‘
XA ?*ﬂkﬁj‘inﬁﬁiﬁ"\ fﬁﬂ%‘ﬁ??fw
ﬁ?ﬁm%ﬂlﬁ ﬁ’ﬁ%‘@—l‘_[‘kﬁﬁéﬁaﬁé\i T
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B A AL i L 1Y Nitrospira €t 1180
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SRV REA 2 R E# T 1T Proteobacteria 1
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Fig. 7 Bar graph of sample 1 and sample 2 at phylum level indicating the relative abundance of the bacterial community

1 15 i 1k MR i€ B R ( Nitrospira ) . i TR W J&E
( Nitrobacter) 5. AWML R KV LAk 3L T P Fp
AOB #lI T Nitrosomonas . Nitrosospira F1 Fi NOB 4]
W Nitrospira . Nitrobacter. BA7 ilALA/E ) 32 A 41
W =0 & (Alcaligenes ) N A% 1 J& (Arthrobacter)
PIRAETS U RE S iR . FEAS 1 PRl 1) AOB 14
(5.1% ) FI NOB B (3. 12% ) le s, X S5ifb
L s AU I E A SSCRAH — B, RIS P2 T
AT CEM-UF HE R B2 A S ALY, PRI
PONE g IR AL AN B DL A T Rl (A AL RICR

AEHRFERS R KOT RO

RS BRI ERKFLEETHNMREHE, AOB, NOB R EFE

Table 5 Relative abundance of the dominant bacteria

and AOB and NOB at the genus levels in sample 1

& XS E L/ %
Flavihumibacter 18.7
Terrimonas 6. 69
Sediminibacterium 5.33
Nitrosomonas ( JEAH AL B R ) 3.9
Nitrosospira ( WA LAR T4 & ) 1.2
Nitrospira ( TEACIRTE R & ) 3.06
Nitrobacter ( IR R ) 0. 06
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Table 6 Relative abundance of denitrifying bacteria

at the genus levels in sample 2

& HIXF L/ %
Dechloromonas 3.48
Thauera ( Fi JE [ & ) 3.25
Castellaniella 2.43
Azospira( [ AU ) 0.91
Alicycliphilus 1.38
Comamonas( TE HLHITH & ) 0.59
Saccharibacteria 10.6
Caldilinea 3.27
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