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Nitrogen Removal and the Characteristics of Denitrification Bacteria Using

NUA-DAS Ecofilter

WANG Long-mian' , QIU Hao-yu'”, CHE Yu-xiao’*, ZHANG Song-he’, GUO Zhao-bing’ , ZHANG Yi-min""
(1. Nanjing Institute of Environmental Sciences, Ministry of Environmental Protection, Nanjing 210042, China; 2. College of
Environment, Hohai University, Nanjing 210098, China; 3. School of Environmental Science and Engineering, Nanjing University of
Information Science & Technology, Nanjing 210044, China; 4. Linyi City Environmental Protection Science Research Institute Co. ,
Lid. , Linyi 276000, China)

Abstract: A small-scale combined ecofilter was constructed using neutralized-used acid residue (NUA) and dewatered alum sludge
(DAS), and the nitrogen removal for wastewater treatment and characteristics of denitrification bacteria using the NUA-DAS ecofilter
were studied. After the system was stabilized, the average removal rates of COD, TN, NO; -N in the final effluents were 60% , 70%
and 95% , respectively, and the range of NO; -N concentration in the effluents was only 0.02-0.55 mg:L~"'. Furthermore, the
richness and similarity of three types of functional genes (nirS, nirK and nosZ) for denitrification in different substrates during the
operation period were analyzed using PCR-DGGE method. These results showed that the richness of all denitrification bacteria at NUA
and DAS increased remarkably after operation for 30 and 60 days compared to that in fresh substrate, and the richness was basically the
same for the same kind of gene at the identical substrate regardless of depth gradient and operation period. The richness of nirS, nirK
and nosZ detected in the NUA and DAS followed the order of nosZ > nirK > nirS. It was also revealed that spatial location had an
apparent influence on the community structure of denitrifying bacteria (nirS, nirK and nosZ) but operation time had no obvious effect.
Finally, nirK might be the most suitable for the environment in the system, and the adaptive capacity of denitrification bacteria (nirS,
nirK and nosZ) in NUA could be superior to that in DAS.

Key words : neutralized-used acid residue( NUA) ; dewatered alum sludge( DAS) ; denitrification; nirS; nirK; nosZ
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Fig. 1 Structure of NUA-DAS ecofilter

F1 BIEREKEKKFIER mg- L™
Table 1  Influent water quality of simulated

nitrogen-containing wastewater/mg-L ~!

| SR FieniEl
COD 174.38 +59.90 75.42 ~263.57
TP 6.32 +3.09 0.98 ~9.79
NH, -N 116.95 +48.90 50.47 ~199.50
NO; -N 4.46 £0.68 2.27 ~6.39
TN 131.08 +£26.89 90.71 ~158.76
pH 7.97 £0.18 7.72 ~8.19
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(KH,PO,) . WifR4H (NaNO, ) . Wi AZ#H ( NaNO, ) |
A (CH,, O, - 12H,0) 12t 51 T2 ) Jle B 400 2 /UK
K, 3 o 0 B A 4R E K s, K ) B far
1 m's(m®-d) =", BHE S g dl 2K B ], NUA &
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25%C.
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), S22 FH B & 55 (Bio-Rad 23 H], £ ) JT
DGGE F AT, feJa 4 DCGE e H vk 15 )
(25 2 B0 th 35 FE 8, IR 5 Quantity One
AP AR R BT R 8 (CS) M PR RE 22 1Al
YRR AR, AR .

CS =2j/(a +b) x 100% (1)
Arbj NIKIE A FIYkIE B 3EA 50, o AT b 435
RS AR B 4% R SR 4R

2 ZR5iTie

2.1 COD. TN FNO; -Nf 2 B8 1
2.1.1 COD

NUA-DAS RGABIEM XI5 7K COD £BRIn
Fe2 Fin, NUA 258 AP 5 COD 2 Bk U Hl 2
15% ~55% , WA~ 18 KHZ 5 COD B LR FEH
17% ~81% . ZAEZSIEHITAE LY B m 3L Y
B AL RAE AR R T A 5 R X i R A
XTAH/NBREIR | A AL R R, A LA B SR Ak i
A A PRI VE . NUA Fil DAS &% EEA/E Rk
TIPS REELA B A FL R AT L R AL, NUA Al
DAS ¥ T AR 4358 720 m* -~ Al 500 m*-g ™",
FTFA AT Y38 12 e Rk B 8 B e 8okl 2 o
Hirp DAS % NUA B R K A0 He B A 15 K v
TSI B AN, T XRF 20 A A5 B )
I S e oy W P /L = I 7 N I 2 T = S LI £ N 7 1
ORI L I B R R WM SR A
FIFM B Rz B4 7). ISk o B i A
AR, T A ML A 22 BRai R e

RGUBTTHT 10 ~15 d AR B, 76 1L
WA A W LR A K B0, B R AR e, X L
Yy BRRIAR; BEE Tl WA W A K B, XA L
IR 25 ORI 7 NUA % B v cOD 25 B

#R2 NUA EBEREZESEXSAF COD EBE

Table 2 Removal rates of COD from sewage via apparatus 1 and the whole system

EgE|

i)/ d

1 4 7 100 13 16 19 22

25 28 31 34 37 40 43 46 49 52 55 58

NUA 288 LB/ % 16 26 37 38 51 46 54 48
REBRE/ % 17 3 75 8 72 68 72 82

52 55 52 50 55 54 42 43 40 46 44 45
79 76 77 72 69 64 62 58 55 52 53 56

R 15% WK E 55% £ 4, 740 COD B EFRFH
17% ¥5K 2 81% ity JF ke isqr. i TR EXTIR
SR ) 5 T L X B U A ) Y R T K AR 22 Bl
R AR, A DG PR T B, X COD 11 5 BRAk
REEZ TR ST S, A A T R AR
TUEYIE M T B, A WL R BR AR TR, COD ik
BRRAEFRFTE 60% LA
2.1.2 TN

NUA-DAS A58 R4 TN /) LR 24

W EAVER . WS ARAE TR R i AR, R ER A B
DL A ML R, R & B ML 0 i il
R R AR NO, -N, J5 S i S i A 1k & UK
W 3 s, NUA 258 TN BRREH 2 31% ~
49% , Z G0 L BRFFEDE 44% ~T7% , H i NUA
BEE A TN LBRTTHRRAE 50% 2247, DAS 2 E () TN
FBRTRkR MR 50% A
2.1.3 NO;-N

AR S Tl A5 RUFE NUA S B AL K b i ok i

#*3 NUAEEBEREZRSEXSKE TN XBRER

Table 3 Removal rates of TN from sewage via apparatus 1 and the whole system

UYE|

Hif ]/ d

1 4 7 100 13 16 19 22

25 28 31 34 37 40 43 46 49 52 55 58

NUA 255 EBRH/ % 26 32 44 48 43 41 49 36
BERBRE/ % 4 61 60 64 74 68 70 76

40 46 46 41 30 38 36 40 44 39 38 35
71 71 65 69 66 64 65 66 59 60 58 59
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Ay,
=

JEE 4y & 0. 11 ~1.18 mg-L ™" A1 0.02 ~0.55
mg- L~ FEPIN 3 B NO, N 784 I, AUA
DEINO, -NHUER., REHEXINO, NI %
BRAIA 2] 90% LA b, BAK UL 3% 4. PiFp g kLA A
BRI b e T B, XHTE Y WA — a2 1 W e

RE A 28 T A W R Ak — Nt i A K BB s ). X

F DAS, Bai & IS UE S T H 5 K A AR 4
() I RSO, I 32 50 v S il Ak SR 3 A I R
R Ik F 2,19 g-(m’-d) 7' X T NUA,
Wendling %5 " 52 BoR Hoxtb k& A& 04a
AR Y 25 BR AR ROk T 829% 1Y A A A it
NUA #% £Bx.

F4 NUA XBRBRGXFKENO; -NEKRE

Table 4 Removal rates of NO; -N from sewage via apparatus 1 and the whole system

Hifal/d
WA
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58
NUA 25 B 2R/ % 74 82 8 92 93 91 8 93 97 98 92 91 8 88 8 8 8 79 T8 82
BEBRE/ % 8 91 92 94 9 95 95 97 99 99 95 94 91 93 92 90 90 90 89 91
2.2 JERh 3 LN I AL T R E d X 60 d MR- fskiE 2 . HEFT 2R DO

SR A PCR-DGGE 43 F A2 AR 2 ok
BRI IR RE B A PRI B2 A, 20 XU
DU H X | B S 3 AT, 25 5 S 00 4 8 i kL2
Hrr 3 285 (nirS | nirK F1 nosZ) W) S R4k 8 BETS
FEAE , 45 3 6 B L BAR B 43 #r.

2.2.1 FEFEN

& 2 435K nirS | nirK 1 nosZ 3R B DGGE %
LUK, Horp D11 ~ D13 i1 D21 ~ D23 43 Bt 3
B4730 d & 60 d WK RIS EJZ | PEAR )R
[RE Sy s N11 ~N13 F1 N21 ~ N23 43 3t 32

.

=17 30

1 NO AR 2400 4 B 7K 45 15 U8 R 40 4 1R v R A o
ih. PCR-DGGE B3 iy R — S5 (AR — T gy
YU RF AT ERAE 2S00, SR SO Z U 2B W)
ZREMERE B T A I 25 SR v LU A —
AFER RIS 3 RILR A B, R 5 e
di TG N I AR L ARWESE P nirS | nirK A
nosZ X 34~ 3& A F 3% B 24 B 2L 4628 52238
179 JERE M. #IHR DAS BEGH nirS | nirk Al
nosZ WI=F & BEAREL 0 5. 8. 8, W4 NUA A5
AT KRS I B 45T, X0 9 = & SR B 2.

£S5 nirS. nirk, nosZ EEEIEH

Table 5 Species richness of nirS, nirK, nosZ

A RLE
DO D11 D12 D13 D21 D22 D23 NO N11 N12 N13 N21 N22 N23
nirS 5 22 24 19 18 15 12 0 22 18 29 21 21 16
nirk 8 25 27 24 31 21 25 12 20 21 23 22 15 26
nosZ 8 22 32 32 24 43 37 0 28 30 37 37 27 28
Fz 6 nirS HHTHEMERE
Table 6 Dice Coefficient of nirS

DO D11 D12 D13 D21 D22 D23 N23 N22 N21 N13 N12 N11
DO 100 19.2 0 41.1 31.5 0 13.4 0 2 22.3 2.1 0 1.6
D11 100 61.9 36.2 27.4 37.1 32.8 33.9 37.1 26.5 50. 8 32.1 49.9

D12 100 28.9 12.9 32.1 22.2 26.5 34.3 26.7 42 32.6 49
D13 100 30. 8 26 37.3 18.2 29.5 32.4 25.7 27.7  28.9
D21 100 33 36.8 24.5 29.5 39. 1 28.4 22,2 22.3
D22 100 60. 1 45.4 46.5 24.3 40.3 25.3 35.3
D23 100 53.8 55.8 34.8 42.2 27.4  38.4
N23 100 57.4 30.7 56.5 342 43.9
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DO D11 D12 D13 D21 D22 D23 N23 N22 N21 N13 NI12 N11 NO
DO 100 14.4 18.9 10. 6 41.1 11.8 9.1 4.3 3.9 6.7 6 6.7 1.1 35
D11 100 69.2 51.2 39.6 58.7 43.5 47.1 36.8 22.7 49.1 55.4 45.6 11.7
D12 100 70.2 38.4 73.6 58.9 61.9 50.3 30 65.5 64.9 45.7 13.5
D13 100 36 73.5 76.5 79.8 60. 2 30.3 78.6  75.9 49.3 13.2
D21 100 37.3 35.2 32.7 26.3 31. 1 30.9 34.5 27.2 31.4
D22 100 73.9 65.6 54.5 27.9 64.4  66.7 46.9 16
D23 100 75.6 70.5 31.7 69.3 69.4 43.1 18.8
N23 100 64. 1 36.2 84.8 79.7 49.2 9.8
N22 100 33.7 55.8 551 41.4 4.8
N21 100 3.5 31.2 30.5 16. 4
N13 100 82.4 54 13
NI12 100 58.2 11.5
NI11 100 28
NO 100
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Table 8 Dice Coefficient of nosZ
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D11 100 45.2 47.1 21 39.5 43.1 32.3 25.4 28.2 39.2 30. 1 26.4
D12 100 31.5 16.6 42.9 30.7 14.9 18.4 20. 4 24.7 23.9 22.6
D13 100 19.3 40.9 45.7 36.9 25.6 24.5 43.7 36.6 26
D21 100 15.7 19.2 26. 6 21.6 23.4 23 19.8 15.4
D22 100 56.3 41.4 29 40.5 39.3 41.4 24.5
D23 100 51.1 44.5 36 50.7 49.5 30.4
N23 100 66.9 35.8 64.6 70 44.7
N22 100 28.4 56. 1 59.4 46.2
N21 100 29.9 27.7 22.9
N13 100 77.3 47.8
N12 100 47.1
NI11 100
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