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Effect of Carbon/Nitrogen Ratio on Short-Cut Nitrification and Denitrification

of Polyurethane Biofilm Reactor
TAN Chong', LIU Ying-jie', WANG Wei', QIU Shan®, MA Fang’

(1. Research Center on Life Sciences and Environmental Sciences, Harbin University of Commerce, Harbin 150076, China;
2. School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: The short-cut nitrification and denitrification process of a polyurethane biofilm reactor was studied at four different carbon to
nitrogen ratios ( C/N ratios) (C/N =15:1, 10:1, 5:1 and 1.8: 1) with focus on reactor performance and microbial community
composition. Results showed that when the influent carbon/nitrogen ratio decreased from 15 to 10, 5 and 1. 8, the nitrite accumulation
rate was increased from 56. 1% to 62.3% , 72.3% and 83.2% after 100 d operation. System achieved the optimal removal efficiency
at an influent carbon/nitrogen ratio of 10 with 99.1% of ammonia removal and 91.0% of total nitrogen removal. Simultaneous
nitrification and denitrification occurred in the polyurethane biofilm system at different influent carbon/nitrogen ratio. As the influent
carbon/nitrogen ratio decreased from 15 to 10, 5 and 1. 8, the efficiency of simultaneous nitrification and denitrification was gradually
reduced. The microbial biofilm analysis indicated that the microbial diversity of biofilm with an influent carbon/nitrogen ratio of 15 was
significantly higher than that in other conditions. The predominant ammonia oxidizing bacteria and nitrite oxidizing bacteria were
Nitrosospira sp. and Nitrospira sp. , respectively, and the predominant denitrifying bacteria were Pseudomonas sp. .

Key words: carbon nitrogen ratio; short-cut nitrification and denitrification; polyurethane; community analysis; simultaneous

nitrification and denitrification

AR TG0 04 A= W 3 B e, e A ot AT
TR 25% IR, 40% HOBRIR , RIS 509
(5 YR AR R, 4 L5 8 S IS ] PRI 32 31 1 AT
()2 G R A R R 5 LS e R A AL
2o — 5 T AT LIRS R N g N AR ORAETEAR
MKW 55— Jr s i 4 (dissolved
oxygen, DO) 7EAE W I b A7 76 Wk FE M6 B2, 5 3L 4
DX, SR DM S X I AFTE— D R GE, 31X SN
R A T RIFAEREE. R — i
M ZLER HBA 5 TR E E | HUMGR
120 SR A 38 3k N T A5 R A AL K b 3 e
PR L A 0 L SR S R SEORE S 3 A W 8, T 5
eI A T2 A AR RE. T8 2 K ik

He (carbon nitrogen ratio, C/N) , 242 filf iR 20 A1 Wil
MR AR AL I [ %5 %€ DO H pH AE A iZid 2
H S S E T AT LU A SR AR AR
Gt SOn TR BRI K AR S

1 #RE5FE

11 J 2% 8 Mok gE K
AR EUNR 1 s, 258 0B AL
3 NFR 20 em, 5 150 em, NS RE FE A AR UR] 15

i BHA: 2014-03-19; 1EITHHA: 2014-04-16

E£TH . X ARRFREQBMRAHATE (51121062) ; B/R
R R 2EFEA-RBHIE R 2h W H (14LG14)

EE R (1980 ~ ), 5 i, BhPIRF S 5, BRSO o AR
Py & BB , E-mail ; tanchong@ hrbeu. edu. cn



3808 AN 5%

B 35 %

BHZ R 100 em, AR 31.4 L. BUEHZ IR
TPERE b 20 em [EER} SN, A ARSI
¢ 3 mm /ML, RNARECH 1| ERARS ., | Eif
KAGH 1 EREZEE. BREFRIER N2 cm x2 em
x2 em [ISEJFHA B 350 kg-m L R H AL 821

m’-m” ,fLIE1~1.5 mm.

(%]

i | R —

1

LKA 2. BRBHAE; 3. HUREDT; 4. 3H0BL; 5. HEKAL;
6. WEEFERIE; 7. ARG ETE; 8. DO, pH KA ; 9. BEHL
E1 BEEEVERNERE

Fig. 1 Schematic diagram of the polyurethane biofilm reactor
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Table 1 ~ Characteristics of synthetic wastewater/mg-L ~!

e C/N

15 10 5 1.8
COD 600 500 450 400
BA 40 50 90 220
KH, PO, 8 10 10 10
MgSO, 5.0
NaOH NDV
NaHCO, ND
CaCl, - H,0 1.0
FeCl; + 6H,0 0.2

1) AR SE PR LA S St 2K pH (EAE 7.5 ~8.5

1.2 iS4k
L.2.1 #EHUKEU AT St A=

COD, @A . BA . WAHMRE MR ALK
FAMEEIE . pH A, DO, IR EIG A
HQ30d {5455 2 D REIE (I 5E. I AEIR AR %
(nitrite accumulation ratio, NAR) . [A] i il & S5z il 1k

( simultaneous nitrification and denitrification, SND) %%

AT S AR E 3o ek LA R O A 21

TR, B =

SDN &i% — [ﬁﬁ(ﬁk) :I

[EASRREL ] + [ AHARER ]
— ([ RRREE poy | + [ERERRER ) 1)

x 100% (1)

I pH
Wi = [z A ] x 10

[ e ]

x 100% (2)

exp[6334/(273 + T) ] + 10"

A [EE ] WEEASE mg-L" 5 [EAHRRE ] A
FREREE jmg-L~"; [AEIR A ] MAHIR Z IR, mg- L~
pH RSN pH B T RN s IR, °C.
1.2.2 16S rDNA £ K31 & DGGE 437
ARG R FH AL M 4 DNAs 387 &k 1 K%
AV TRARATR. 415 16S rDNA V3 Ky 15|
YR PCR S, H ET WS90 08 Foay
GC ( 5'-CGCCCGCCGCGLGLGGLGGGLGGGGLGE

(3)

GGGCACGGGGGGACTCCTACGGGAGGCAGCAG-3")
# Ry, (5'-ATTACCGCGGCTGCTGG-3"). HrfreGe
Je” B R IE Sk DGGE Wik it. PCR W AKRY"
9 254 B DGGE #E i WL STk [ 12 ].
1.3 Ak

FRYEHEAK C/N AR ARG D, 418 S #3817 s Bt
K153 H 4 BB SILTTRE 100 d. 32 NN ERAE
BB BRI T TS

®2 RBEHEETSHY

Table 2 Operational conditions during the whole experiment

B Bt Hist/d FEIKEL/ % COD g /mg-L~! Sy /mg- L7 C/N

I mirih 20 HLLEK 600(21.5) 40(3.5) 15

IDEEE! 11 75 600(21.5) 40(3.5) 15
I 16 75 500(15.3) 50(5.3) 10
i} 25 75 450(12.3) 90(5.6) 5

\% 28 75 400(12.3) 220(9.5) 1.8

1) 5 A BRE 2 , COD 4 R By 4 2R HE7K COD LB HE
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2.1 RGNRAE R RN A% R R A AL RS A 1 ) 3l
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FEEAT ARG Z 1T, Z R G4 T R AP ik e
EALIZ TR, DO EHITE 4 ~6 mg- L~ L 25°C
+1°C, FEK & A 40 ~ 60 mg-L~", I /KE AL S
mg-L™" LR, #E7K COD 350 ~ 450 mg-L~", ik
COD 7 60 mg-L~"LAF " 75 I o7 s e m AL R
IR B 5, AR i 7 s 2 TR A R R TR X 4L P AR R
O AN DO FEHIFE0. 5 ~ 1.5 mg- L7 iR
J&E20°C +1°C, KI5 BRI R 6 ~ 10 h. {58 H K
K HEE— B BEFE i A9 N T K, BIEZK C/N 15.

P12 Sk S5 2 7 X0 A ) 2 1R 7K G P v B AR A
Mgk, 7E55 1B Beni b, 5o g i R FH 3% 252 1 7K Fn i
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B ETFE28.1 ~31.4 mg-L~'. JE A AT REE 1 TBR
P AL AU A Ak 4 TR AR R B AR
TR A RS2 B[] B 05 v 18 A= W) s S 1 R iy
TEALA . 7268 6 d TR, KA A B WFEAL. 2158
20 d, A EBRFRILT] 89. 8% , LT W Al iR 48 B
KB 72.5% , X bR B RGN TSN T TR AL
. B 2 1 K A TRl K 38 A7 A o 8
h, K 0.2 h, LS5 h, ##02.5 h,HEZK 0.3 h.
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Fig. 2 Conversion of nitrogen in the polyurethane biofilm reactor

2.2 AN ER LRGSR

Kl 3 ARABr B e s R RGN A . E
R JRURH A R R0 B A A8 fb it 2. 7 1 J) S g g
S B, P BE 2 R B 1% AT A 1R 2RV B AR 1R
R SE BTG, TE3E TR DA B, WS PR AL
THIR A A R BEAL, (H R T 3EK C/N PREAL,
MR A, AR A AP A, & A A K
C/N 7E 15 F 10 B, s AR FEEE S Be 2 53 0.5
DI, RIAE IR AR B B S AR T AT & AR AR Ak AT SR
1E0.5 LIF. EEAEDEK C/N 5 1.8 I, &AMk
FEPR A B Ak 22 [ A1, (EL B At s R ARAIR, 43010 0. 25
x10 kg« (m’+h) "' A1 1.92 x 10 kg+(m’-h) ~". i
i 1R 20k B R A R SR Ak B A TR AR B 1 3 W B A1
WS FF LRI T A Ak 3 1, pH (B BEYE. 7EH
AN B B, B T IEFEBRRE , RGE PN pH B M PR AR
MAERAE AL R, B T R R, RGN pH (ELTE
REE: BT, pH (EIME 93 5 %00 T s Ak 5 sk
JEaE . Bl K R AT RSN, S B ik 3
TR, T AR R R R T
2.3 WAV FEEGT

Kl 4 JTs AR Bk . BT S5 0F T AR R
FEA BB E W BEVE DGGE 0t 45 5. Wbl LI
B 7E SR TR A W R L AN TR S5 T AR W
DGGE a5 v [R) A BE A — 2635 3 77 78 1 1k 25 4
e AR S ENAE. 07 12, 13, 14, 20 Fil 24
FEAS AT AT B, DA X s i e W R B
AR A W RN R Tz W AR AR, RIERHA v] L&
BT[] — A E AT A A P Rl o b B Zh i
FHBA ENAN[E], UNS&A 14 FI 24 158 FBE AR 4800, 7F
AN A s T PR AR AR B S, 5 13



3810 7 S - - 35 #
—n— G —e— WREEE: —a— Wifkik ——DO —a—pH
1.4 - 35 10 - 84 1.6 - 180
KRB
12t 30t | (a) C/N1S g = 182 A
o T
1ob  2st 2 leo 2 o
_ T = 18 _ Ei
2 o8k Baol 6 & 5 r #
g | E = 2 & =
é Q E_ 17.8%& g 0.8 = 176 =
061 g% 15 :
a = 4 g 2 o6l 4
g {76 &
04+ 10 . = 04 L g 174
02k 5 B 174 02l
ol . . 26282 | o 192 ol
0% 100 200 300 400 500 7 72
1.6 80 25 8.4 1.6 - 200 60 180
LI BRACEE SPGB PRAEL
L4r () C/NS 152 4 ) 50
120 + : T 7.8
12} 2 12 b 2
£ 480 . 140 £
T, 10f 15 £ R = 176
0 = & to &
£ 08 & {187 E 08f = {08 | =
3 ” I B -
2 o6 10 # & o6l ® £ 174
' % 17.6 ) 120 %
0.4 B 04 [ =
1 172
02 174 02| 0
0 ol N N s 72 ol ol ) ) i ey 0 190
0 100 200 300 400 500 0 100 200 300 400 500 :

B [F)/min

B H)/min

B3 REEEVERS—EAHANENETNHE

Fig. 3 Typical variations of nitrogen species in polyurethane biofilm system
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Fig. 4 Comparison of the DGGE patterns of biofilm samples

taken from influents with different C/N ratio

C/NRHE R, 3 AR s A 0 1 22 R 1 B3
WARE. (HJEIX 4 AFES A TR B () #R4
R UL R E W RE T Z R R A TR
B B AR X 3 R EREE S R oA
5], RGP RN 25 T AR 0 ) 2 R )
Ry #E7K C/N 15 BFRIRESL > #E7K C/N 10 BFAAE
> #EK C/N 5 BFEIRESS > HEK C/N 1.8 I FIARE .
XULBBEE HEK C/N IR, UE D 2R T
Rmy. BARFRBLN . S HEK C/N LT, Ak W Fh
PR B IR B, Hoh 7K C/N 1.8 B H'(2.09)
A, K C/N $2E= 3] 15 B, B33 2. 45, AR
i B R AR A Y R R AL TK DO 14
TSR C/N A BT RREENA K, IR
Y Z k.

£3 TR C/NBKRBENEESHES T
Table 3 Diversity analysis of bacteria community in

influents with different C/N ratio

C/N H E Var H'
15 2.45 0.96 0. 004 78
10 2.40 0.95 0. 004 69

5 2.29 0.96 0.003 16
1.8 2.09 0.97 0.002 12
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2.4 BUEYIEREZ RN LB T

Xt DGGE &3 iy 2% dE AT o0 | ik, I xd
WP 25 R AT LEXT 4387, 7E GenBank |34k 5 vapie
Fe A HAT e m AR R R R El e e, 25 25R I 4. DA
S is A7 i B e AR R O A, SR
Uncultured y-Proteobacterium ( G(Q249377.1 )
Acinetobacter sp. 1d3 (HQ659186. 1) UH 2k T = 5
A R S I A T B AR A TR Nitrosomonas  sp.
(AF363292.1) ., Nitrosospira sp. ( GU097367. 1) i
Nitrospira sp. (HM131833. 1) J& & 4t N 3= 2 19 il 1k
YEA. MR 4 R X 3 A UAAAE TR E ) 2%
i B M RSB TRORE , itk C/N K15 T
FER) 10, AR EBRRCRIEABA K AEAR A fEik
K C/N H 10 MR B2 5 A 1.8 B, S AU KR
RS R B E) 90. 6% F1 75. 6% . BEHIHEK C/N
XPREACAE T B SE AR . [R] I 2 B 25 R A
FESERR ARG T SR R G AR R A T e
fiffl. WK DO Z5 7T YRR R A= 1 32 BN, AR
MR BEAAAE T ARG PHA S FEEAY AP, 785 AR AH
fead e, B TR ER B X DO 25 7K T 306l R TR
B MR b A AR A P 5 32 2R DO B2, EEK
C/N 15 B}, Pseudomonas fluorescens ( HQ123477.1 )

%4 DGGE EER&ETHEBMNEF FHTER
Table 4 Sequence analysis of bands obtained from DGGE analysis

Sl RUERLAN16S RNAVES ML
1 Arcobacter sp. HME6609 ( HM584709 ) 100
2 Uncultured bacterium( DQ673368. 1) 98
3 Pseudomonas butanovora( EU024130. 1) 96
4 Uncultured Actinomycete( AF467341. 1) 94
5 Uncultured Desulfovibrio sp. (AB522153) 97
6  Uncultured Comamonas sp. (GU257809. 1) 97
7 Uncultured Trichococcus sp. (HQ183758. 1) 100
8  Uncultured B-Proteobacterium ( FM211753. 1) 97
9 Nitrosomonas sp. DYS317 (AF363292.1) 99

10 Ideonella sp. IMCC1722( DQ664241. 1) 97

11 Uncultured B-Proteobacteria bacterium( CU926234. 1) 99

12 Pseudomonas fluorescens( HQ123477. 1) 100

13 Uncultured Proteobacterium( HM534369. 1) 100

14 Uncultured y-Proteobacterium( GQ249377. 1) 100

15 Acidovorax sp. (FN794221.1) 98

16 Bacillus licheniformis(GU967444. 1) 97

17 Uncultured Novosphingobium sp. (HM438567. 1) 98

18 Uncultured B-Proteobacterium ( EF562572) 96

19 uncultured Lachnospiraceae bacterium( EF707712) 99

20  Uncultured Nirosospira sp. (GU097367. 1) 98

21 Nitrospira sp. (HM131833.1) 95

22 Uncultured Firmicutes bacterium( GU957444. 1) 98

23 Sphingomonas sp. R114(HQ219285.1) 100

24 Acinetobacter sp. Ld3 (HQ659186.1) 100

ST A R, PR C/N RRARE] 5 A
1.8 B}, RGN XN T Pseudomonas butanovora
(EU024130. 1) S A e Fft, 1i I 28 58 PN S i 2 v o
PRSI, Pseudomonas sp. WA {Z AFAE T B5
JRAL 3R S 56 % N v S H A A PR T
Tl

3 it

3.1 C/N X FEag b s it i 52

C/N X RAFAEVIER G AER RS i
. HHEK C/N 15 TRER 10, Z AR L BRSCE
WA R A AL (R SRS B B K S AR
ANF T mg- L1 R AR F I R AR AR, ik
C/N 10 MRUCR IR 5 A1 1. 8 B, &R EBREeR
M 99.1% T F&F) 90.6% F1 75.6% , X 5 2% R
T RIRIR 25 R — 0 SRR A AL R A BT
IR B, 7R DRI LA, AT I ] Ak
MR AR A I s . S b AN it AR
LR g AR A TS 2 2.86 ¢ AHLBRIA. kK
C/NHT 15 RUFER 10, 5 F1 1. 8 B, X0 1) A AR 25
A3 50 88.7% | 91.0% | 71. 8% H155.9%. HI
SVEU 2 BRAICR BE A G g 1 1S 0 T/ X5
Chiu 258 RIRFFE 45 9 —3 . w5 /N Dk 535 = il
PR B A, DT e i fo o R ki
P T B A MU IR AT v A B = G HLER I 25
RSO, RS A e A, itk ¢/
N 115 fRUKEERI 10, 5 F1 1. 8 BF, %FR Y NAR 2351
$956.1% . 62.3% . 72.3% F183.2% , Bl NAR BE#
SO fof BRI T3 A 3 5 X i B A0 A g 4 R
— TR TR R A e RS SO R A Y
T, DT A0 s Ak 20 B R AR, S A Ak B
Anthonisen 45" JRAE R VAl B2 R AR 2 B 43501 2 2]
10 ~150 mg-L™" A1 0.1 ~ 1.0 mg-L~" (i 37 25 & 40
. T Furukawa 272 BF 98 & B FA 7£ 0 ~ 100
mg- L™ I 4 %F NOB 722440, Vadivelu 2572 %
MFA B F] 6 mg- L' B gl 5E 2 ] NOB
AR, Al R ERIEE RS, 2K C/N
15 B B e 7 0.01 mg-L~", #E/K C/N K 10
i B &M H 0.02 mg- L', T gE/K C/N 5 B,
Tres @M ¥ FIHE 0.26 mg-L™", #EK C/N 1.8 i},
TS W N 1.35 mg-L™". M4iE/K C/N K15 Fl
10 B, i 5 2 P (i 22 /)N T il 7 1 R STV il T2 1 0
HIBRA. 4PEK C/N 5 F1 L8 BF S EIFE A
VR 2 ANTE VA 198 T P 00 0 S0 1T P 7T 20 7 4000 1) I i
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Table 5  Nitrogen removal of the polyurethane biofilm reactor at different stages
Eistun C/N 15 C/N 10 C/N5 C/N1.8
WAL/ % 99.0 99. 1 90. 6 75.6
BALEE/ % 88.7 91.0 71.8 55.9
NAR/% 56. 1 62.3 72.3 83.2
SND %%/ % 55.1 52.3 43.8 40.7
ABEB T/ kg (m®-d) ! 0. 086 0. 108 0.153 0.274

3.2 C/N X &S SND {5200

BIRA RGN DO WE T 0.3 mg-L~"HF, B
1 R A D G P 2 S, 400 il B i A R R 8K T AE
TR 2 IR #5 R AU B A 1 A R S A L
IR ARSI A S WA RE N LA T SND
BE. AHFFEIN R SND B AT A A B | Tan 4502
FEXF R AR A PRI o b 2 B, TR AR 1 2 AL 254
2 FI M DO BREE A B F SND . itk C/N
15 RIS 10, 5 F 1. 8 I, XFI Y SND 0543
K 55.1% | 52.3% . 43.8% F140. 7% . $iH] SND
FEAR GG M R R R A e, [ AT LR B
HEIK C/N HAZFZ W SND [ Ry, FEAKEE KA ML vk
JE A LI B A e rE BR A Rd 08 R REAIE
SRS T RS AR G B R, TR s T8 ML e ik
TR IX S IR A TR Y A T AR R R T AR
EBEIEANPEIRTE AR T, 08055 T e e
P AU R LY B A A YR B X, JETA
JE S AR XA HILAR R B2 SR, AT AS R T I il £k
AUPEAT , X 5 BT At 00 45 o — 5. | Rk
125 5p S R A 3 V5 7K 1 SND A FR WL B C/N
(Tt R R R LB R i BT HE Y o/N #
it 8. 43 (A EHERN93.6% ) I, BALBRRIEE
FEARHA . I, 75 SND (R & b, F5 B4R 24 1Y
C/N. RIS & PR il R R BE % B A AL
TR IN T A P G AR T A 2. 156 e Y
PAE R P2 A B B R R T RE AR B FL S 5 Ol Ak
V.

4 i

(1) RAWAEYBERL DO HHITE 0.5 ~ 1.5
mg-L™" JE 20°C £1°C . pH { 7.5 ~8.5 Fl HRT
6 ~10 h (IsAT 4 F T, S B T Gl Al i 7
a3, FEAREEK C/N, A B T AR IR A Y SRR, i
K C/N 15 RIS 105 Fl 1. 8, RG: F AY iR

R BB 56. 1% Z X EFH3] 62.3% | 72.3%
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R A BRI

(3) W D BE I A P o3 A 6 B, 72 C/N 15
BF A W I ) G A ) 2o PR I v T A T
AP DI ATV TR R 1 T 43 i1) L ST B
MI B ( Nitrosospira sp. ) i 1k #2 € B ( Nitrospira
sp.) A FE, RS AL A DL R R
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