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B OE. AL RELAAAO,) + RAEL A M e R (DNBF) 4046 T ¥ A 32 — 48 i RiE A2
SRACBL R R AEEAT 4 AT R R F RIS A AR T R AL AF K A5G AT (HRT) &8 B x
AR EZTFT R EIRAARG Y, AT AT, ikl b R A vk m &k (RSM) 247 Lk =
Fr B & 25 0,+DNBF T & XA TN 89 % v, 13 AR ALIE 4T 4 5 o rh R a9 BE R FUNIAA, FF 3832 T TN
FR R EAAS A AR E, SREAN, LR FXBLF RAZMEH 15 mg/L.HRT A 6 h,
BREHy 22 ChF 2B R AR AT "B @A R, ZAF B F A TN LR R L a3, A M
S )2y AR B RAEAT M e T R A F A 16 mg/L.HRT 4 6 h 32 JE 4 23 °C, TN & rh £
MAE A 32.56% . FATIAERIE 25 R A, TN B3 Ktk £ 4 32.94%, A 5Fi% 2414 0.38%., T,k
JA v L 87 ik HE AR ARAL O,+DNBF T 2038 B 4 32 = 48 KR R 89 7 sk 7T 48, ST *F % B89 R AL
F, B RORK it R (RAR 15 KA B T 05 e BEAAT ) (GB 18918—2002) — & A 47
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Optimization of O;+DNBF Process for Enhanced Denitrification Based on
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Abstract: To optimize the key operating conditions for enhancing denitrification in the treatment

of secondary effluent using the ozone calalytic oxidation (O;) combined with denitrification biofilter
(DNBF) process, single-factor experiments were conducted to investigate the effects of ozone dosage,
hydraulic retention time (HRT), and temperature on the removal of major pollutants, and to determine
their respective optimal operating conditions. On this basis, response surface methodology (RSM) was
employed to analyze the effects of the above three factors on TN removal in the O,+DNBF process, and the
predicted values of the optimized operating conditions and removal rate were obtained from the model.
The relative error between the actual and predicted TN removal rates was calculated. The results showed
that, in the single-factor experiments, the system achieved the best denitrification performance at an ozone
dosage of 15 mg/l,, HRT of 6 h, and temperature of 22 ‘C. Response surface analysis revealed that the
three factors had a significant interactive effect on TN removal. The fitted regression equation from the
model optimized the operating conditions as follows: ozone dosage of 16 mg/l, HRT of 6 h, and
temperature of 23 °C, with a predicted TN removal rate of 32.56%. The parallel validation experiments
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showed that the average TN removal rate was 32.94%, with a relative error of only 0.38%. It was evident

that the application of response surface methodology to establish a model for optimizing the O;+DNBF

process for advanced treatment of secondary effluent was reliable, achieving enhanced removal of total

nitrogen, with the effluent quality meeting the first level A criteria specified in the Discharge Standard of
Pollutants for Municipal Wastewater Treatment Plant (GB 18918-2002).
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KGR S e RS G K Sy B o R 8 o AN A
SRR AR R Y T S B K BT IR Bk
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FRT 95 YWy HEObR 4E ) (GB 18918—2002) — 2% A bR
WE o SR, 3 K By5 K AL HR T H K TN ¥R
R e A TEAR Y R ERR R P, X gk
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JEE A BT 5 R0 N () A BT
K HR RS e P AR L 22 Bk MER A A DL L T A Ak
PE2  TE RIS INRR IR (4 2508 F L 32 7+ gt Kk g mp
A A R R B DNBE [ ZUSCR 19 565 . B4 (0,)
PRl 2 0, 1 50N JE 0k 05 e S5 A 38 o R Ak 5
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Al AR B BT A AR R TS 4k BAF T
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KA A=A , FERE-S DNBF b B80T, ] 1 T —
G KGR

AW IR R AL A AR & DNBF X5 /K
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1.1 RIEAKSER

I FH 7K B A e R TS K AR BT
K o a6 A R) 2 K OK B B AR pH Dy 6. 52~
7. 54, I (E R 7. 125 3K IR E M 15, 27~21.59 °C,
SEHME S 17. 34 °C; BODJCOD 47 0. 09~0. 11, F- 1
i >4 0.10; COD Jy 42.05~58. 32 mg/L, “F ¥l N

denitrification biofilter;

response surface methodology;

51.57 mg/L; TN & 17.92~24.45 mg/L, *F {5 Ky
20. 48 mg/L; NO; =N Jy 15. 58~20. 22 mg/L, FH4{H N
18. 21 mg/L; NH, =N FINO, =N F )k £ /8 F 0. 1
mg/Lo 50 FH B9 R Ry D Bk, H 3 240 ot
EUWF .0 4H42.79% .C }24.09% .Ca } 18. 20% .Si
H6.65% Al 4 5.41% P4 0.99% K 4 0. 95% . Na
410.50% Mg 4 0. 42%.
1.2 AEERERERD

R E WA R, G RS R AR
FE AL BRI A DNBF A (b AL BT . RA K
AR RS SRR KRN 3 gfhy SRR AR
AL N 40 mm 758 1200 mm A BEESHE . DNBF
#4150 mm. {5 4 1 500 mm, FH 25 2% (PVC) il
B, LA 4 AR TR RLAS A9 DNBF 2% & o A9 0E i
T E KKK X RFE X ORI ANE KX, 2%
r X Z A 2 . Horp  FeR B E AR AR
10~40 mm [RGB A1, JEORHIX DA 9y B b 2B L, R A
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EC
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Fig.1 Schematic diagram of experimental devices

KA SRR T R SRR Y, 9 S B DNBF
PRHHE B A BEK BN i & AL R IR ( 2R
B, LRIIE 7K COD/TN )y 5~6. 11420 d, REt ik
7K COD -2 He & 4 114. 68 mg/L, #E7K NO, =N *F-1
WM 18. 21 mg/L, 7K COD \NO, —N ¥ s H.
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1.3 KA REIT

DL R N DNBF 7K 5 45: 84 B[] (HRT) &
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Al FLXF 2 48 i U 25 55 W, 43 50l Dk S AR n
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AR FENBIT ST . REmE N2 L/
min, &4 & AL 8] & 60 min, DNBF ) HRT J9 3 h,
SRR A 2 do BE it S sh PR AR R A R -k
BB VE-7KBE , B ] 4 #2605 5 min, #h P85 B 3 R
10 L/(m**s) .

1.4 /N B RF*
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CRFIE K WD 5387 7736 ) (5% 4 WO #EATIN E . SL4R
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Yk A ML D ik R BRI IR A R R
— o MEREBEINE SR S5.10.15.20 mg/L i}, 41
B L X COD B~V 1 K BR AR Bl 2 B AL 1K, 7330y
9.76% .15.77% .18. 36% .20. 01%. 1] U, &A {4k
AL BENS SN B AR K 437 IF IR e , ] & A 7
FlAE T S 90 1 25 B8 COD IR Li 2 7 A
B AL AL R K IR SR G2

BB N 5.10.15.20 mg/L i, TN 32
WK 4 58 17.91,16. 87, 15. 88 .15. 55 mg/L,
S My R R R4 12.11% . 16.87% . 21. 68% .
23.64%; NO,-N - 35 i 7K He BE 43 % A 16. 56,
15.52. 13.95. 14. 19 mg/L, ¥ ¥ 2 & % 4% 5 K
8. 84% .15.09% .25. 06% .23. 07%. 7] VA& IR, i

FE S B, 404 T2 0 &S ] 15 2]
oAb, HED o] GBS g K o] AR AR AR LA
UGE T REMMARCR . ATz 4,
&AL H7K BODJ/COD, 45 B an & 2 fir s . Al Lk
F i1, K BOD/COD V- BA H O, 4% fin i~ 5 mg/L
BF 9 0. 17 7+ 2 O, 858 20 mg/L B 119 0. 24, 3% %
W] B e AR s o A ML b ek 2R A B o
FEEH WX R A A DL 5 A Ry B W A 7N
FY I, OB ARR B T A At M A T2
AR ROR
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Fig.2 Effect of ozone dosage on BOD.//COD ratio

2 LR, Y SAA SN R 15 A1 20 mg/L I, H
7K COD F1 TN f 737 B2 AR AT 34K, 255 75 JE e
FZEGE A 1 2R G000 R A E BN 15 mg/Le
2.1.2 HRT

16 R K 15 me/L Ry 22 “CHY &4
T, 4347 DNBF A HRT XF i & Y520 . 24 DNBF 2
E AL 2 50 HRT 49 2.4 .6.8 h i), 7K COD °F-
v B 43 ) 0 44. 53 .40. 71,41, 18 .45, 08 mg/L, *F-
¥ B 0 A 13.65%. 18.36%. 21.25%.
15.15%. 4 HRT 7 — & i [l W B, 4E 4K HRT GE 5]
LK J) B0 g BEATR, i T B T (V5 7K FE RGeS
A= BB fk ) ) SR A B T S5 9 B AR 40 A A AL
YRR (RO AN S B e 3= I €A sk /A KA RCK <
B INAL AT, A LAY 2 R R R 2D A

4 DNBF S fi b i & SO0 HRT 4 2.4.6.8 h
fF, 7K TN P 2859 B2 53 531 Ok 18. 67.15. 88,14 32,
16. 43 mg/L, V-1 K BR #5351 4 13. 94% .21. 68% .
27.20%.19. 72%. >4 HRT i 5 (2 h) I, 7K J1 55 47]
YRR, X SEOR 3R 1 & A M T E 0 bl A
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AR T B B AAEH . 2 HRT 4 (8 h)
B, — 7 180 Nk 5 R 1 A AL TR AL L 7 R G
RO M THFE A, S5 PR SRS Ak 20 AT R AR
Ft R B RO AN 5 — 5 T 3 B Y
SYUIVE FRE A A2 0 2 Ak 1 A= ISR V% | 7= A HL e o
SRR T AT AE PR ok R AR R A Bl Y
Fat . Tao 550 & B, HRT MY/ T B2 17 1 o
Heahn, vEm S R R g A RE TR
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7K NO, =N P24 46 43 1) 4 16. 67 .13, 96 ,12. 45,
15. 04 mg/L, V-1 22 15 543 5] Ky 14. 51% . 24. 06% .
28.33%.18. 17%. MR ZEIAHAS TN —5(, X
JER T KR NO N & TN B Y. 454
%8RG AR VLGB 1T RERE B R Gt tE
HRT 46 h.
2.1.3 nE

1ERE SN 15 mg/L HRT A 6 h 95514 F
43 BT DNBF H i B8 4F R S i AL 520 . 2SR E K
18.22.26 °CHf, 7k COD -2 9k i 43 51 g 42. 87 .
41.18.38. 86 mg/L, ¥ ¥ &= Bk F 43 5l h 13.57% .
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BB TFad B b, K TN SF 24 B 43 510 16. 36,
14,32, 14. 21 mg/L, V- ¥ 2 B 43 51 h 22. 74% .
27.21%.29. 69%; i 7K NO, =N F 2 ¥ i 43 %) Ky
13.62, 12.71, 12. 45 mg/L, - ¥ 25 [ R 43 51 K
23.63%.28.33%.29. 50%. i HLY) AR Y Tk
R EE A ek AR AR AR AL . AT D OB R Y
M) S Ak 20 A A A R EE B IR SR 2 — L i
3 28 5 e 2 ) A4 v S S T PR ) 3R BB R
SRR AN AR RE . 2R L RTIR, RE 22 CHH &
26 “CIf, % TN #1 COD HY £ BRACR T AR T 45
GATHNEE IR 0 E RS AEBATIREE 22 °C TE
AT, 7K COD TN JEABENS I I — 2 A HETK
FRif
2.2 NaRzEEAIRIE
2.2. 1 mapy AR AR ST Ky 2250 B

M Design—Expert V8 #4111 T 17 i 5 ,
GER LR 1, DATN LBRZ(Q) M N AR, #4451 =
W E2TNTIEp ¥ D

(0=32.31+2.084+1.53B+1.98C~-0.924AB~
0.254C+0.86BC—-1.904>-0.29B°-1.50C* (1)
F1 R RMRE

Tab.1 Experimental design and response values

F% | Allmg/L) | Bfh c/Ic TN L BR%/%
1 17 6 20 29.87
2 15 5 24 28.78
3 13 6 24 28.44
4 17 6 24 32.44
5 13 7 22 30.54
6 15 6 22 30.98
7 15 6 20 31.23
8 13 6 20 24.88
9 15 6 24 33.38

10 17 5 22 31.54
11 17 7 22 32.55
12 15 5 22 30.44
13 15 5 20 27.33
14 15 7 24 35.44
15 13 5 22 25.87
16 15 7 22 31.77
17 13 7 24 3221

TN EBRFBA Ty 2 a3 2.
®2 TNEHFEEEK T ESHT

Tab.2 TN regression model and analysis of variance

JiH EOrR (A ¥ | FE P{E
i 118.27 9 13.14 | 15.82 | 0.0007
A 34.74 1 34.74 | 41.82 | 0.0003
B 18.70 1 18.70 | 22.51 | 0.0021
C 31.21 1 31.21 | 37.56 | 0.0005
AB 3.35 1 3.35 4.03 | 0.0846
AC 0.25 1 0.25 0.29 | 0.6039
BC 2.98 1 2.98 3.58 | 0.1003
A? 15.23 1 1523 | 18.34 | 0.0036
B 0.35 1 0.35 0.42 | 0.53838
c? 9.53 1 9.53 | 11.47 | 0.0116
sk 5.81 7 0.83
PRUNT= 1.88 3 0.63 0.63 | 0.6307
g 3.94 4 0.98
pevill 124.09 16

¢ 2 WAL, e A Q A [E] IR R i 3 (P<
0.01), RATIA 2 (P>0.05) o 3% i, W AR AU A5 41
KGR 2RI, B L KT 5, ULl AL Al
PEALT R 8 A5 5 ok w18 T AR AR B SR A
s SE AT A F AT A R R A S I 1Y) 5 5 G
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%A2 5k H 15
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B DR AT RSB TN ) G4
2.2.2 FEREIH MY

TN 2 B F A7 0] 5 £ 2 B, TN 25 B 26 1) Tl
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55 71, TN 2 83 S S0 155 A5 78 T 0 {1174 4 G 3R
Bk 0. 953 1,76 95. 31% A4 TN 2[5 20 )i {8 ]
JH I XoF I S R0 AR AT A B o X i — 20 10 B ) 7 T
[ A g 8 SR P A5 B v, AR AR L 5 45 SR U 1) e
IES-3'&
2.3 Mo Rz 43 #r
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R AN 3 7

BN (mg/L)
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R 7 T IS R
34
o 2
= 30
*&“ 28
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B, o013
i s W SN B (mg/T)
c. RAFN R SR d. LI 5 iR
Sz YAT] R
B0 ' I
R 347
5 32

ey O
St )\/;
7.0
235 6.5
s a5 500 N 50 55 60 65 7.0
i fge, 0
Brp 30T HRT/h

e. HRT 5535 JiE A i i 1T f. HRT 53l I A9 % i 2k
E3 MEEMEAXTNEBRENZIN
Fig.3 Influence of interaction on TN removal rate
H1 1 3 Ca) (b)) RT R W RO 16252 A BE U , 5% e 4k
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TN £ BRRAEIRE N 22 CHHT A B . M e
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FRYE LA — vk Z2 100 015 5 72 A5 A fe ik
B £ 2 AN N 16 mg/L HRT Jy 6 h i )&
423 °C BN TN ZBR A A TTE S 32. 56%. K
T SR S5 0 HER I A S M R gk
1730 d, #E7K COD FTN 34 4k B 4351 4 51. 56,
20.57 mg/L, i 7K COD F1 TN - ¥ ¥ & 43 51 K
36.57. 13.78 mg/L, - ¥ 2 B % 43 Bl Ky 29. 28% .
32.94%. 7K COD FI TN ¥ 545 A (e 75 /K 4b B
T35 e HECRR #E) (GB 18918—2002)— 2% A hiife,
HLTN S B 25 Bk 26 5 R0 780 103000 {1 ) A 358 22 A1
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