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HLF g R, HLAG AT 3 b gl AR AL R R T RE L RE 5 fiT S I S R R A B 0 oA e Sz g A kAT
ARANDA-TAMAURA % MBI 58 T it B2 5L B I (AQDS) F1 1, 2-Z5 it -4-hf iR (NQS) [A] 4 25 % S Al
N BB OL, FEAHE T NQS X N Fl S HERFURM B A4 . 7EAGE 10 °C &4, #ni1& NQS iy
ARG AR 2 HAX e, 5T L5 XA U2 B e s, Bhn R -2-6 R oY
(AQS) 1A 1 Sz it A ik 2 B 0 2 0 W0 A R 3k 5% AL A N0 ZEVE I 25V 7E 35 °C 410, B IERR -2,
6- i R 41 (AQDS). MR -2-% FR £ (AQS). (MR -1-1% R 45 14 (0-AQS) FILE R -1, S-— R FR & (1, 5-
AQDS) 4 Ffi /-4, ¥k B2k 240 pmol- L' B, ] $12 3 il A A PRS0 1.14~1.63 f5 . BLAREALIA i
M ESRA A PR RS 2, (B T 4R A3 T A (R T 42 A1 3R 2 il A aot A 1) AH S F 9 38 E B /b

TR R IAIE o B, AEARIR A T B E b A, AR F AR 0 RO AR AT, B
FERR IS R DS R AN, (E 3 R0 S8502R  Jeg 45 o0 P R 64 198 o A 790 i 38 1 A IR A 1) A AT 5 8 o AR R 2
J91 9 1 00V B2 R 100 pmol L™ Y AR IE T A A 1, 2-Z8 T -4-Bf 2 4 (NQS)', 25 BRI A5 14 T Ak I
W (B A L) AN [R) s X35 7K A= 0 i B A e R A A S i, 3R A 0 k2 T B (0 B AL B R 7
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Fig. 1 Diagram of experimental device
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R R I 2 4% 00 1, 2-Z8 R -4-fi R (NQS) A4 (W& B4 100 pmol-L)o i 7K A A T il A9 i R 32 7R K
W RE R 70~90 mg L™, AHERERAE R AR, TN RRENAVE AR IE o Al R 5 15 7K A B o B o i 43 B0 3% 1

e HAAE PR AR AR ST, BB IR MR B (A b)) I 5 A B OB X B EA T S 5 . H P B R
W BE O i COD. B Uk B 250 mg- L1 400 mg L' 43 B4t 2 3% [ 8589 ) A 3% 35 7K /K B vh COD 1Y
o I e BE R PP A BE L a8 I N SR B Y MR K OO EEAT EBORE , AN RRER AL . ARSRRER A . RAM
SCOD % %545, B & I I JE AL AR . 43 BIBEHL 6 A e FEBE JE (R AL ), 2% 0L 4 Hh il Vst vk 8
(B A L) BRI B R 2,

1 SBAKRS ®2 BERE BEL)
Table 1 Compositions of experimental wastewater Table 2 Carbon source concentration (carbon-nitrogen ratio)
SR R4 E0% S RS e AL NQSA-A I/ BRI/ BRA
o (umol-L™) (mg-L™) (C/N)
C,H.O,Na 16.230 3 ZnSO, 0.0157
{18 0 250 2.9
KNO, 447859 MnSO, 0.036 2 1% 100 150 1.8
ik 1 2 2.
KH,PO, 16.230 3 Na,Mo0,2H,0 0.008 0 00 0 ’
1% 100 325 3.8
MgSO, 12.1727 CuS0,5H,0 0.009 1 e 0 475 56
CaCl,-5H,0 10.143 9 CoCl,-6H,0 0.008 8 i 100 400 4.7
g 100 475 5.6
FeSO, 0.3043 EDTA 0.054 8 Hht 100 550 65

1.3 Sthak
S 1 R R B W 0T R A AR DL 3
£3 BEHHSWTERENSE

Table 3 Routine analysis items and testing methods

G Vox e E| VIR [WIReS B RSG5 1555
1 MLSS ik HEFGFN L TR
2 MLVSS itk HEAE . S IR RN RO
3 NO3-N KOV T6HT £ AT WA T
4 NO;-N N-(1-Z538)-2, — e v TeHHE 28 S840 ] WAt
5 TN TR A AN R TOHT £ /M AT WA G T
6 ORP 1R WTW, Multi-340i, 7E£E Wz ]
7 SCOD FERERET L —

1.4 DNA #2EUF1 PCR ¥ 1%

SC 05 P DNA #2 R F 1 48 DNA iR ] & (Omega Bio-tek, Norcross, GA, U.S.). 7& ik #E
A TG Ve AN SLX Mlus 28 M ik, CE THERIR & a8 245 o ZJa I A2 i A HTR k5], %
g, R, T2 WER, (1 DNA E2UEli. R0 16S tRNA i# H 514 515F(GTGCCAGC
MGCCGCGG) il 907R(CCGTCAATTCMTTTRAGTTTPCR) X #2 HX () DNA #£ 5 #£ 17 PCR ¥ 14 . R H
TransGen AP221-02: TransStart Fastpfu DNA Polymerase, 20 pL 2 WK Z . FH 2% B I8 Bl BE e e, 1k RS
PCR 724, AHWFFEIIA W RETS DNA H B B4 PR 7E 500 bp Z2 47 &
1.5 MiSeq MFHTWHIT DR SHMES

iH T Miseq 715 28000 17 50 Bl , S35 B RAREAR ST A B o3 A B, DNA R B
154 395~396 bp. 8 it X P AN HEATIHSERAE, ATAR B A R A5 R R . R S R . KA A
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LR K-, X I R4 4R 5 19 28R e ) 4T OTU X 43 8K, AHAUKSF7E 97% 1Y OUT A 47 HE )
BRSO M. RITEAE S Z RN (Alpha Z2RE1E) J7 ik, ARBUMCA: WUV -5 B I 22 BEPE O AH 5
FE o SRS HEAT BEHLAIAE A T 2, DAl B 7 58O S B AT BE AR OTU %5 B A4 A i i
2o nh LR RED N, R WIINFPRE S B, dRE ), R AR RUD BT R OUT,
2 FR5HL
21 EYIREARRANE

TEBR AL (CN) RRIBIZEMET , R aIERARCR LR 4. wTLIEH, [ CONy29mf, #
I B S g S S A A PR R T LS A, MR EBRRAR R T IE 2.4 15 X CNCA 5.6,
PR SO & 525 FUO0 A B, IR ER A M B BR R8s 1 1.2 4%, WA A M E R R ZR
B mnl 0, FEAHIE /N AR, SO (Al DL i 75 K AR W S s AL A R 3R, JF HL
TE N AFT, AR sRAb /B . 24 C/N i 4.7 i, SERER AU 2B R 0T Lk 5 63% LA
. HBE% ON WK, ZREN R i o
ARUE, Wk SRR RGRIEED, b Table 4 Ni?r%o;en Iniigif‘fcinﬁi:j ff(i“r&d&iirem carbon-
) 8 A R o e 0 21 itrogen ratios

NE, R HIR L A AN y ¥ .
PR, AR AR R EI%%%%ﬁM&NQA NQSAMAS N WRth AR WA MEEK
fEC/N N 1.8 1 2.9 MR N IS AT, WA N (molLhy s BABZERG BB

BRAME KRGS LB, XXTBRASEEAS 209 0 22 19.7 13.0
A, Ui ONBARE AR TSR A 18 100 117 10.9 17.4
o BEE N B E P IER, RV ARG T EAR 29 100 33.7 24.0 30.8
WL Z WA BOMAHRI AR, S CONE 358 100 54.0 238 53.6
4.7 8, BEMEBRRRERE K, mFEATH,  s6 0 532 10.0 64.4
M CNF 18380, SBAMERES CONM 47 100 64.3 10.7 64.7
FUNEIEM K ; 24 C/N K 47~6.50F, BAMNE 56 100 63.0 19.4 64.4
FR&E5 CON B R/NTH X, BEAEREGHE 65 100 65.5 133 64.2

X BRI BRI AR RE L.

2 LRk, YR A R G C/N g 4.7~5.6 I, NQS A58 Ak AR T 75 7K A= ¥ B il A e 44
eSS T3 /i
22 SYIRBEUBREERR

Wil RN B EAT, IARGE R AR & 2 i . B 2 BoR TAEARIR 10 C KT, AIE C/N X
AR AL A ) B RS AR I B AR . 24 C/N K 2.9 I, F AR B R g8 5 25 (R IEAR L, NO-N
JIGH R 2.7 mg(g-h) (A VSS ) $R B E17.1 mg-(g-h) ', 3RS THIT 6.3 1% M C/N K S6n, #%
I B s A 5 A O RO FE B AL R A 11.0 me(grh) ! H R F 334 me(gh) !, RS T
3.0, AL, 76 CON ARG S T, BOmAARO]T DL 5 @ 2GR %, H O/NGERIG, 32 maUR i
W, X5MASCES SR 3.

K2R, SAEMA R 2 QXA EL, SR W FF 46 B A 1A 00 52 107 i i) Ao 280 3 % o v
Sk F T 3.6, 17.1. 27.1. 30.1. 33.4 F151.6 mg-(gh)'s 4 C/N K 5.6 F 650, 2052 CNK
47 AR LA L7465 vl 0L, ZERM A R AIE OL R, C/N Y K/ I 25 52 i Il 203k 3%
HB AR A CON W T g K. MR RN, R TFRAeEDN A SGARKOHEERIE, Sk
C/NTE 4.0 DL LBf A W BESC I S U A Y., 45 A iR ER A MR EE , X C/N i 4.7 BF, Wl 3k B H 4T 1
I B o
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Fig.2 Change of NO,-N denitrification rate

23 4£YIRAH SCOD BY X R

FEATR] C/N B 4508, [ 1 SCOD 1y 25 B 25 B I 8] /) A28 Ak WL 3% 5. Je & I 4 3 K 1Y
SCOD #fa @ I ME , FEE N I BEF T, SCOD )25 B 3R AE B T i, Ut I i 56 300 1) 5 el A i 0
RGistikase, XAVURMRFEMRRE T ROt Bi5RAE RGN nTLUEE, Y4 ONMER, #
Jn R DL = SCOD A BRZAY LG 1.2 /5. 4 C/NRFEIES, BN 7K 1 5 ng #% 52045 R
SCOD fx K EBEF 5k 8 T 78.4% . 87.5%. 87.2%. 93.0%. 87.2% F194.9%.,

B AR AR S, C/N AN [l A] DU 2R 48 vh (9 36 V15 e 32 3R [ AR FE i 52 e, (HUR AN
B, NS ATLIE I, M4 CO/N®KEF, SCOD EBRRIYiE, HI—@EHxtk

&5 A[ECNZREESCOD EMREHTH
Table 5 Change of SCOD removal rate under different carbon-nitrogen ratio
LERRI%
7 B[] /min
C/N=2.9(% 1) C/N=1.8 C/N=2.9 C/N=3.8 C/N=5.6(%5 H) C/N=4.7 C/N=5.6 C/N=6.5

0.5 0 0 0 0 0 0 0 0

5 11.8 13.7 22.7 30.8 35.6 43.4 44.0 39.2
10 22.5 31.4 37.5 41.9 54.8 64.6 64.2 59.5
30 42.7 45.1 75.0 81.2 60.3 69.9 66.5 78.5
120 66.3 73.5 82.4 84.6 69.4 77.9 72.0 81.0
360 68.5 72.5 86.4 85.5 73.5 81.4 77.1 87.3
660 89.9 78.4 87.5 87.2 75.8 92.9 87.2 94.9

2.4 FRITHE N K5 K A 9 & B AL B B R R RO HLIE

1) C/N AR [A A 4540 T A s AL IR TR 15 7K AR 9 ) il 4k ORP B84k . RN IR )G, 20728 C/N )
KN, R AR B L7 ORP B AR TR I 3 W3 6. 34 C/N N 4.7 15, BN 1R 14 [ 1 2 48 A1 %
SEMS, AW Rt B A8 e 7 FEAR43 mV, BEEFSETBFSR R, M ON K 6F, #m
AR AT A 4 R G Ak i B2 TP ) ORP [ AR 45 mVZE AT, ) B ]t 28 PRSIV il e 3 140 2 400 % fige it 7
M 6 ATLLE Y, Bl RN B B RE K, A AR R A W RIS s S R K S R, A A R
A B /0N R BE e A B 5 o I N A5 R, BN % Y ORP SR IR {E 43 il 38 B T 132, —136,
—155, =201, —195, —214, —238 f1-259 mV, PBfi#E C/N Bk, ORP{E b & H /N,
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#* 6 [ C/N xF ORP HI$1
Table 6 Effect of different carbon-nitrogen ratio on ORP

4 min ORPImY
C/N=2.9(= M) C/N=1.8 C/N=29 C/N=38 C/N=5.6(2 1) C/N=4.7 C/N=5.6 C/N=6.5
0.5 40 5 -28 -53 -57 —67 -84 -117
5 -31 -54 -81 -96 -65 -72 -109 -149
10 -65 -70 -99 -123 -80 -81 -120 -157
30 -78 -89 -121 -142 -104 -102 -135 -169
120 -132 -136 -155 -164 -133 -144 -165 -234
360 -75 -101 -155 -172 -195 214 -233 -259
660 -75 -100 -146 -201 -190 206 -238 -250

AR SR ARG TS K AL W SRS A T E W BV 3 B o 3 A6 TS e R A O 40 il S5 o L ARER
WIS AR, BB REY A R 5K R4 75T; L. L MECARE 10 C. &—Bit
[ 6 s e, Horb L A ARBOIAA&, L, I NQS M4 fﬁﬁ/\gﬁﬂ(qzi SBUES A=
AT, AT ARSI RE AR RIS G54 . ARESR LAT TR A 474325, S5 LK 3. MRl 3 7]
N, RS BAE B T 035 Proteobacteria(E I #17]) . Bacteroidetes(ﬂﬁ #11). Chlorobi(%kFFH1]).
Chloroflexi(%% %5 W ['1). Planctomycetes(7%- % W [ 1). Acidobacteria(f& ¥F W 1), Candidate divisionc
WS3. S5WtaiG i, KR E R 2 N HEE ], 252 Bacteria unclasscfied(k 4325 41
I1) Fl Fusobacteria(MFF TR 1)o A% fib H G80A 0 B 5 A 8015 00 L 3R 7

100 100
B Thauera B Nitrosomonadaceae uncultured
= m Xanthomonadales norank m SC-1-84 norank
L L [ Anaerolineaceae uncultured B Dechloromonas
80 80 - W Flexibacter

—
-
@ Subgroup 7 norank
X = ® Comamonadaceae unclassified [ BS1-0-74 norank
B Proteobacteria @ PHOS-HE36 norank @ env.OPS 17 norank
B Bacteroidetes - ® Rhodocyclaceae uncultured [ Xanthomonadales uncultured
& 60Ff G Chloroflexi & 60 @ Candidate division WS3 norank g OPB56 norank
@ B Chlorobi 3 =l . Anaerolineaceae unclassified @ B1-7BS norank
i B Candidate division WS3 41 i B Bacteria unclassified o1 Paracoccus
o B Bacteria unclassified W Saprospiraceae uncultured @ Pseudomonas
E 40l B Planctomycetes = a0k @ SJA-28 norank o Dokdonella
B Acidobacteria ®m PHOS-HES51 norank @ Thermomonas
@ Fusobacteria @ Chitinophagaceae unclassified m Bacteroidetes unclassified
m Others m WCHBI1-69 norank B Hydrogenophilaceae uncultured
@ Desulfocapsa W Thiobacillus
20} 20 + m NS9 marine group norank [ Nannocystis
®m BSV26 norank B AEGEAN-169 marine group
m Caldilineaceae uncultured = Others
@ OM190 norank
0 0
Lo L1 L2 L0 L1 L2

(a) LAI142E (b) L@y
3 HAEELEWER
Fig. 3 Structure of sample community

EH R, B Y G Ak 2 TR AL 4E Pseudomonaceae(fR S LT J& ) . Alcaligenes(y™ B AT
J&). Nitro bacteraceae(M5ALANHEL) . Rhodospirillaceae(ZIM2HFL) . Bacillaceae(H-1EFTHEL) . Spirillaceae
(R %

FEARIR A5 38 o DU o3 B v A s 0 & B0, Bepis e A RS g s Rk mis
Perh LS JE o B P H . DS W BRI B B B R B AR 0 1 15 UL A T R o IR AR
SWAH A RRE H . ELSYErE e, AR EAMRREEE KB RN D . AR R
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FEARIE T 5~7 1%, R R s AE IR T o nl
WK 35 . AL RER IR KRB AL, AR E
ARG B R I RE X Ul W 28 91k A 3 1
HRHEA R BRI S EMREAET, %
AR A AR TR KRR A K

®T HmPHEDEEER

Table 7 Composition of microbial community

in samples

%

(DGR P

Js ARIRAT AR AN
JBL, SMAL, AL,

M H (Xanthomonadales norank) 3 9 10

3 &g KA dnaerolineaceac weultured) 2 o 11
D) TEARIE (10 C) 41T, #mA 1k NQS,  ABHMEFKComamonadaceae unclassified) 3 8 6

M OC/NH 1.83.80F, A 1KBE Ak I & %k R ffi LFERHRhodocyclaceae uncultured) 1 7 6
C/NITFE TS s XM C/N K 4.7~6.5 0, ik TBEIEEFK(Saprospiraceae uncultured) 4 1 3
555 Fb i USSR B C/N B T v i R A1 KK M (Thauera) 1 3 4
2) Y C/N N 1.8~6.5 B, A iimb il Aok EHTFHIE (Flexibacrer) 5 6 5
HBEH CN T I TH 5 s AR ON S SRR Paracoccus) Lo o
i, AR SRE B B, A5 IR AL BPIERR(Pseudomonas) 0 1 1
BIEEARTHENN, B CONNATES  WHFEEThiobacillus) 10 0
F, AR & HAlb(Others) 79 56 54

3) A A Bk A T AR AR I T A A B R

AN, BB ROV R GE T, AR SR A A

48

T2 F RO, A T Sl A 2% R 4
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Effect of carbon-nitrogen ratio on biological denitrification with redox
mediator addition at low temperature
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Abstract The biological denitrification effect is inhibited by low temperature, while redox mediator addition
can ameliorate the biological denitrification. In this study, the sequencing batch reactors with the same scale
were used to investigate the effect of carbon source concentrations(carbon-nitrogen ratios) on biological
denitrification with redox mediator addition of 1, 2-naphthquinone-4-sulfonic acid (NQS) at low temperature
(10 °C), the corresponding influent and seeding sludge were synthetic wastewater containing NO; and
acclimated activated sludge, respectively. The results showed that the denitrification efficiency increased with
the increase of carbon-nitrogen ratio when the carbon source concentrations (in terms of COD) were 150~
400 mg-L™" (carbon-nitrogen ratios: 1.8~4.7). However, the denitrification efficiency decreased with the increase
of carbon-nitrogen ratio when the carbon source concentrations were 400~550 mg-L™" (carbon-nitrogen ratios:
4.7~6.5). The highest total nitrogen removal rate of 64.7% was achieved at the carbon source concentration of
400 mg-L™" (carbon-nitrogen ratio: 4.7). The denitrification rate with redox mediator addition increased with the
increase of carbon-nitrogen ratio. The mechanism for biological denitrification improvement may be due to the
redox potential (ORP)reduction with redox mediator addition, which was beneficial to biological denitrification.
Keywords low temperature; carbon source concentration; carbon-nitrogen ratio; redox mediator; biological
denitrification
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