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Study on optimization of nitrate—dependent anaerobic ferrous oxidation
FU Zicheng, WANG Yujia“

(School of Municipal and Environmental Engineering, Shenyang Jianzhu University, Shenyang 110168, China)
Abstract: Nitrate —dependent anaerobic ferrous oxidation ( NAFO) is a newly discovered biological
denitrification process that can effectively remove nitrate from wastewater lacking organic carbon source
and has a good development prospect in practical engineering applications. In order to reduce the start—
up cost of the reaction and improve the treatment efficiency, the special sludge for anaerobic tank and
anaerobic granular sludge were selected to compare and evaluate the operation effect of the NAFO
process. Two CSTR reactors with the same reaction conditions were constructed and were operated con-
tinuously for 56 days. Then, on the basis of comparative operation experiments, the influencing factors
of the nitrate treatment effect were studied. The anaerobic granular sludge with superior performance
was used for single factor experiments to investigate the effects of the initial inorganic carbon source to
nitrate ratio (IC/N) , the initial ferrous to nitrate ratio ( Fe/N) and the initial pH on nitrate removal
performance. The results showed that the nitrate treatment efficiency of the two reactors reached more
than 80% after 14 days of operation, and the reactor with anaerobic granular sludge showed higher per-
formance, with the average and maximum nitrate removal efficiency of 79.4% and 92.9%,
respectively, and the average nitrate removal rate of 0.045 kg—N/(m’ + d) ; When anaerobic granular

sludge was used as seed sludge for reaction, the NAFO process had the best effect on nitrate treatment
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under the conditions of IC/N of 12.68, Fe/N of 3.82, and pH of 6.46 for the initial influent.

Keywords: Nitrate — dependent anaerobic ferrous oxidation; Anaerobic granular sludge; Nitrate

removal ; Single—factor experiment; Influencing factors

0 35

LT, R T A v s 1R v B ek v i 52 X
WK AR B RS R — A WA
TEN AR, Bl R £k 4 s 1 K K I 2 3 i 2
M 3, HAT B9S2 W1 v I A9 2 A AR 5 i
1 A R R ViR B S IE A DGR . W EAH
A W0 106 1Y S 3R B Ak 25 BR A PR R AT 2 —
ol A J7 25, SR T X T B vy 4 28 9 A LB T
AR5 BRI SR T A W R BOR B R
iR

1996 4Fff 2234 Strub 451 7T IR K T8 32
SEUURRI T Se R B 4 T R ER TR PR A5 I Bk
4 1k ( Nitrate — dependent anaerobic ferrous
oxidation, NAFO) BL . X} T2 5 RN Y 3 2k
Py, NAFO 2178 DB 5T 8k 50— Ay L 7 (R
T RRERAE N i 7 2 ARTEA AR D A DL BT A Bl
PR T R AE SRS AL N I S A S
FENGL S A R RR AR H A K AR TR rh A B i T
F RN NAFO THAETE , IF K & W) £ 4
AAHT PR AR, X T A A LR,
Carlson %51V 25T NAFO IHRER Y 4 Fh ] GEAEAE
AL « % FHI Ak S A I i ) 1 A R 3k
A JE R B 40 (3R bel 5N S
PR T IR BELE . TN T A SN I
T LASE Al SN T 2 DA AR

10Fe™ +2NO; +24H,0—10Fe( OH) ,+N,+18H"
(1)

ZEE A ISR Y D RE T E A A
T S R R BR T P AR R R A R R A R
B AW e 8 AR 10 AR BEZ A TR 45
PRSP D BE TR A S DR R 2R, 5 AR SRy ¢ 57
F AL T 2 AR e, NAFO T 25 FH R A 9 0 46k %
T A BLBIEAE R i T A B AR TR K Ak B
Ji AR R A A Y U8 AT LA F 0 B A
i G R L ZE SR B A B O A R R
JRHIS

R Y TRATR ST B I Bl A A R i v 7 4 A
PR A S I R BB Bk A 31 T2
PR R 5 P BEA THER R 37 . 8 % HE A A Y b

T

AR e AL B PR BEA TR R N RS, 22
e — 2 o SO, R R R AL PR ARE ) Lk B4
BB H I

1 #R5EFE

1.1 RRMEEHE

K2 A A = AHST B AR I CSTR N % o
FW AR AR 14 em , AR S L ANZ A KBS
JZ . 5 VKRG SR R R S A B I X (1 A1
N, A LA e % B A R A5

E1 ETRAEE
Fig. 1 The operational reactors

1.2 #EMiTE

15 SR g b i U g B 28 W) AR A A €0 [
PR AR DS & HIT5 e, D034 i e 32 2
MR R AT R SE 2 5 SO g R R S
W FAE AT R PR EIORL TS UE . PN TS JeUTTE
PERE BT, S g 4R 3 L5 et it oR.
1.3 #EMTRIBITRRI

BERERTLLRE K S S HIK , B0
1.00 g/L NaHCO,,0.08 g/L KH,PO,,0.20 g/L
MgSO, - 7H,0.0.14 ¢/L CaCl, - 2H,0.0.12 g/L
(NH,),S0, o 48 )& 4y e JBE 2 40 ol il PR £ 75 PR
BRI PR AU TR ) T35 A, 52 I I 2K 14 4P RS 7R
FRIIAJEUHR T | DR S e R LA MR BE 971 £ U
SIISAT R MG, AR £k A R AN G L, SR R
(A&7 -

FERCHIV AR 4% 1 2 0.6 FYTC EL N A EDTA -
2Na Z£ 55, HB9A il Fe®* 5 EDTA JE AR & 1Y
AW Fe (1) EDTANS | D)y 92 4 45 7% T8 WL



PRERSE R DR SRR L R AR S B 5 + 159 -

SCEG A AR LRI SC S0 P EAE AR RN T &R B A
G AT UE R NAFO 982 J g B[], {2 EDTA -
2Na XA — @ T Rk B T R e
PR, K 45 BBk 10 h, 7K pH $a il
1 6.3 2oty WP KR S 31 °C, [m] iy 7 T /K i
1] KA B SIS T 15 min, DU IEAR T A i A
WEMET 0.5 mg/L,

1.4 ZmMEZESH

1.4.1 A4 IC/N Fxd R 89 %5 v

SR LR S 95 75 S AN [m] T AL 5 5 i 2 46 L
{H IC/N(EE/REL) N NAFO 5 b 3R, LA
PR NSRS AR A 28 mg/L (3% N 3T) il
FRENFN 336 mg/L (3% Fe i) AR IR W2k, SR )5 LA
IC/N R 3.6.9.12,15 18 I AR Z B, B4l
JEKI pH IRIFTE 6.5, 145k A LTS e R i ds v
79 10 mL 5 I3 100 mL KA M E R, JF 8
T 31 CHEIRZRZA, B TR EIC
1.42 #14 Fe/N o3t BE 4%

DLz At IC/N S | et 1 1
TeHLERIE AR K HAR AR PR [A] IC/N F A 5255
— 3, BRI RR N IR A 30 mg/L, % Fe/N b
(R R 1.2.3.4.5 B AGRRR W2, % —41
FATBCFBIEIC %

1.4.3  An%5 pH %R 69 %

FIFH Fe/N LA 52 56 15 14 50 HE 5 85 b e
SEESHIK K pH 430 5 & 5.7 .6.0,6.3.,6.6,
6.9, HAMPEFE Fe/N HAE Y —5, 3 =4 F
ITBCFAIEIC R
1.5 SHFE

TR R FH R A0 6 6 B vkl e 20 5 S Al
PRERECK H N=-(1-%54%) - e oo vk ; —
Wk S BRI 1, 10-4BIEM kI OB .
SIN—-pH160 pH T & FR B

2 HBREHM

2.1 BITRERXTEE

WG KRS RRER 2RI FE 43 1A 15 mg/L
F1 180 mg/ L, BN J32 Fifi S 40 o R W £ ey, 240
WIIE BEFE Fe/N BEJR LN 3, PHAS SN # 4L 17
T 56 d, RIEHEIRER R BRFZEE R T 75% 0] 434
PN B 3 17 S R4 T SRR VR B AR S PN
AL FRASCR Y FE B YR, R B A BT 2 B

IRAE L TG e R A e i D B B (1~ 14 d)
HITETRER MM Y 15 mg/L BAARTHE 20 mg/L,

AR IRERRER 25088 1 0.012 kg—N/(m® - d) 340
£ 0.036 kg-N/(m”* - d) , JWHTH] -7 4 b AL %
55.5% . I NI PARECR I G A 0 A2 il T
TGIRAE T B AR I AR Ak, DL & EDTA 935
PESIRAY . TN (15~56 d) B filRR £6 £ fn
i 20 mg/L T2 30 mg/L, WEEREE LB K i
0.040 kg- N/(m’ - d) i — 2 1 Jin 5] 0. 057
kg-N/(m’ - d) , HAEFHH N T L 5RE H81.2%,
A T 85.8% , I AR GLia ] H KT A
FRER U 441 0.24 mg/L, AE NFE NAFO J I
HERRA A SR A AL T =4, IR K B

PR ARSI 15 108 5 N 4 38 3 (1~ 14 d) By
B R AR Bk BE B RS B 15 mg/L #2712
20 mg/L, fif§ iR ¥ 2 BR3P 0. 014
kg-N/(m’ « d) B#HEINE] 0.039 kg-N/(m’ - d),
A FRASCR AR A 15 ROV g A TR, B A Y
BRI 62.2% , $E T (15~56 d) 1YHH
TR ER I B 20 mg/ L B TR 30 mg/ L, i
AL 2B R W iy 0.039 kg—N/(m® - d) 45|
0.064 kg—N/(m’ - d), &I NP LERFER
86.1% , Fx ik B T 92.9% , iR £h 25 Bk R A F5
FERLRKT- o SRS T ] B N R 45 H 7K I i
FRER VR R 0.18 mg/L, 5 1 5 5 1y 2 A [7] 14 Js2 1oz
WK B AR B,

ER e ‘
T 1
—o— 15 KRR &L
28 L —— 25 K AHER L
—— 15 KRR ER
L o 25 KRG A

BRI/ (mg- L)
5 = 3

AAAAAAAAA

e vy Y B Y
. . . . . . . .

0 6 12 18 24 30 36 42 48 54 60
I 1) /d

=] = o®©
T T T

B2 ®RIRRELTLE

Fig. 2 Variations of the nitrogen concentration
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