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Abstract: To solve the problem of low denitrification efficiency of traditional biological process for
the treatment of low carbon to nitrogen (C/N) ratio wastewater, iron oxyhydroxide was added into an
activated sludge system to investigate its effect on the denitrification efficiency of wastewater with a
gradually decreasing C/N ratio. When the C/N ratio was 10 and 7.5, the effect of iron oxyhydroxide on
nitrate removal efficiency was not obvious. When the C/N ratio was 5 and 2.5, the addition of iron
oxyhydroxide increased the nitrate removal efficiency by 16.38% and 15.76%, respectively, and the
removal rate of nitrite (an intermediate produced in denitrification) was accelerated. In addition, iron
oxyhydroxide also promoted the secretion of protein and polysaccharide in EPS, and decreased the activity
of nitrite reductase (NIR) enzyme. Iron oxyhydroxide changed the microbial community composition,

enriched denitrifying bacteria such as Uncultured_bacterium_{_Gemmatimonadaceae and Neochlamydia
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in the system, induced nitrate-dependent Fe( I ) oxidation, and realized synergistic removal of nitrate

nitrogen through traditional denitrification and nitrate-dependent Fe( I ) oxidation.

Key words:

iron oxyhydroxide;

X AR C/N B K, A% 58 A ) il Ak T 2535 i A7
7 P L TR T SR R AR AR AR | K R U
DLIAHRAMERR o ARSI ) 512 1 R R L
FHEARAS I, B2 55 R AR 80R 5 (RSNl U5 2= 384 fin
BATIAS , 6 AT g B a3 A YT 5 | & s
YLSER AR PR, SHEROB B R AL T AR DL 4R
FERASARCE A T EENE L

BRAAUZ A A B 3R 17 A Ak R0 T 0 5 1)
TR MRS S AR EY IR A 2
JCE . BN, fiERER AR E O A A AR T L 2
FILH A BRAE N R A F T A %2 T 2 AR IS ZEAIR
C/N 2= A EF A WL 54 T8 NOT-N b K
N, Song ZEH LK C/N Z4F R, AN Fe? i 2
e T AT YR ERE S . F5h, Wang 5
FEH T 3 Fofr [ AH 2k (V3 2 8K L FeS #l FeCO,) %Ik C/N
K A 37 SRS AL 2R (5, A5 1 FeS 21 A AL
R, AR EBRREE 96%. SR, Wk Ak
FEI R Z AN R ), 3k Sk ) B A A
Fe 000 I Bl N R HEAT R W R S BUE RIS R
b, BEAR T B2t W 3% kR I A i 1) 2 2 1 S 1
Al LSBT S AR e 1B AT

H AT, S F i tEE R 25 Fe (1) 16
R BTz K. A, TE R AL R G B
B A Bk L I R Fe () 5 Ak 3 J50 77 A5 1)
Fe (11 )17 5 52 BURY R £ 18 IR 4800 2k S8 TR i L, S 91
Fe(ID) it 55 Fe( 11 ) F AL H &4, w IRAE TR EL
TR PR 480 A S T8 S0k Sk 0 U 7 At A 4 2 T Y e
b, FET I, EHAE CIN BRI ASBR 24,
WFEE T 3L R B il 25 R e B CRUR Bk AL i
NG (EPS) S A Bl AN AR 0 R ) 5
1 M#EF%®
1.1 BT R

FEA 5 Je B A A TR E TS K AL BT A AR A
e KR AW . IREWAUIIEH s )5 T ASBR
HATYIME B Rty 2 AR, B R SO 10 b
B2 h, MR EEEHIZE (25, 021) °Co B K 1414y
PEUWSCHER [ 7], F2H#E K NO, =N N 14 mg/L..COD

denitrification;

iron cycle; nitrate-dependent Fe( I ) oxidation

140 mg/L . pH N 7. 0+0. 2., 4 il 25 & 2 B K 15 %
85% L) LB}, KR YA LA
1.2 XWHIE

IO Ak R 2 1 75 U 43 TS 2 6 4~ ASBR R 7
(AR 2.5 L), 256 MLSS 24 2 500 mg/L, #F
IKH R 40% , 12477 515 R YIL BT —3 . XF HR4]
AL E Lk, SR B S d 5 Fe/N ¥ T 1) 1
Z N S B SSAARR RIS A Rk B AN AR
SR Bl AR HE K COD e EE R kK C/IN. 52
5557 R 4 BB, 5 1B BE(0~22 d) C/N S 10, 55 2
B BE(23~41 d)C/N N 7.5, %5 3 Fr Bt (42~112 d)C/N
5,55 4B B (113~203 d)C/N N 2.5,
1.3 SmBRFE

NO, -N R I 28 4h 43 60 B 2 U 2 , NO, -N %
FHN=-(1-Z838) - & e 43 O B e , NH, =N 2k
FH AN IR 4306 06 BE 05, COD SR PR 7 i —
A3 6OGREVE I GE o A R I8 5 (NIR) % 7 5%
NO, -N gL 5E o EPS SR F AR BUE E A7 $2 5,
15T (PN) R Z2 8 (PS) % 1 43 1) oK H Folin— 3 i
FE AR R - AW A 2 o 15 U8 FP S Fe (11 )42
SCHK[ 8 JHIC, SR FHAR AR bk /o B vkl o
2 “RL5H5H
2.1 BRESHHEITERNO,-NHZMN

PR R LR m UL 1, 5
1.2 BE(C/N R 10,7, 5) 5% BEZH A2 06 20 B RS A5
EBRRE A ZT . 1B, X 841 R SE 56 41 /Y
NO, =N 2= B F 43 5l (98. 65+4. 51)% A1 (98. 82+
4.43)% ;55 2 B B, X R ZH RS2 80 4 1 NO, -N 25k
RN 100% . 3K St T 70 2 1 Ak IR RE ARIE A 4
il bk 78 o 9 B, R Bh 2 T RUE AR K
ok o 2B 3 BB, X BRI SE G 4 1 NO, -N LB R
I3 A 2 (81, 5149. 76) % F1(97. 89+1. 92)% , 5
B ZH X NOy =N [ KBRS 4 BB, X R4
1A 5 21 19 NO, -N 25 B Rk — 25 43 51 B I 51
(38.49+8. 18) % F1 (54. 25+5. 74) % , SL B 2H 1 2= [
R E R TR . X R IAEAL C/N Z& 4 (C/NSS)
LSRR T RGN A A AR

<20 -



www. cnww1985. com Bl S5 2R BALE B AAK C/N JE K A 40 B AL I ST A %385 H11H
12 3 4 P R 72 0. 5~8 h,NO, NIk BE 2818 PR & —
T Cwma TR IR TRE, HSCRALR K NO *—szzg{ir%&

0} TR AL, W R AL b T A 2

g (e B R AR NO N — R4
| T 80 0 S e 2 NOL =N 9 02
T ool W JE P B N, F i N0, i 1T fE & NO,-N
Z 0f NH,~N .NO, il NO"', 76 AW 5% i 4 4B B , % 18
ol SURSZIR AL R B T NO, N BO7= A (1 A Kl
F NH,'-N, X} P ZH 59 NO, =N ¥ & ff 48 i T 52

0 20 40 60 80 100 120 140 160 180 200
t/d

E1 BRESUGKUHEHSEERENZI
Fig.1 Effect of iron oxyhydroxide on nitrate removal rate
2.2 BEESHHENRMKFELIFN
TR AL B R AR 2 A & 2 s

6 Xof HE 2 LG
1 —o—(C/N=10 —=—C/N=10
" —o—(C/N=7.5 —e—C/N=7.5
——(C/N=5 ——C/N=5
12 —o—(C/N=2.5 —e—C/N=2.5
=
o
E
z
‘I
=
z
0.16 Xt HE A : SR
014 —o0— C/N=10 —=—C/N=10
. —0o— C/N=7.5 ——(C/N=7.5
0.12 ok a0
T: —0— C/N=2.5 —4—C/N=2.5
% 0.10
B
EI 0.08
='0.06
0.04
0.02 ~
0 1 2 3 4 5 6 7 8
t/h
b. NO,-N

B2 #ESUKNIEREBUHIZNE
Fig.2 Effect of iron oxyhydroxide on nitrogen species
4 C/N 10 F1 7. 51F, 75 0~0. 5 h, X 8 41 A5k
B 219 NO, -N W BE PR T FE 2 0. 5 C/N 2 5 A0
2. 50, 1E0~0. 5 h, X IEZH RIS 86 2H 19 NO, -N K 2

. BeAh, B C/N T %, 2B NO, -N i i B
] AR, L BT K T dl , R 3t
SRR T H ] A S AU R

ST 5 2 i S RV A A o B ) AR DL T 3

Fe*: Fe**:
—o— C/N=7.5 —=— C/N=7.5

1.0 —0—C/N=5 —e—C/N=5
——C/N=2.5 —— (C/N=2.5
0.8
L
i 0.6
E
EP( 0.4
0.2
0 1 2 3 4 5 6 7 8
t/h
a. IR
40 mFe(Il)
TFe
35
30
T, 25
&0
E
= 20
=
* 15
10
5
0
7.5 5 2.5
b. WAk
B3 SLIG/ARMRSFIRMSSRKRENTHL
Fig.3 Change of dissolved and adsorbed iron

concentrations in the experimental group

Hi &1 3 (a) AT, B NO,—N e FE I RRAIR , 5256

« 21 -



%385 H11H

B oE 2 K HE K

www. cnww 1985. com

2 HP S AN R N R B SRR T, U B S
6 20 v = ik S A ORI Y R R R R AL Ak R A
JR A S M A S B SR R R K
Mo WERRASER FEE N Fe (1), HLE R A Fe 10K B
AFe (IHEREE C/N H B FEALTT R FE, WK 3
(b) , X J2& B T AT AL AR 1y S A Ak i D A e 5L 340 ¥
A
2.3 BRESWEI NIREMER NG

Xof HR 20 55 525 20 NIR 36 PR i 22 1k an 1 4 B o
AT, S [R) B BT R 2H RN SI2 56 26 1) NTR 9 14 Y il
C/N P REARTT T, HO 5L 55 20 NIR 36 AR T X A2
M C/IN NS R2. 5B, SEHZH NO,-N L bR 0 5 5
TXFHRZ . NIR 5 R C R %), L H A
MR £E R NO I TIRE! . £5B 40 T SC 50 41 NIR 1
PEFIR SR LR RS , I LR S AR T
FIH NIR #4745 58 O Ak i A2 41 , i T BEAFAE il 2
ERAIPR AW 2k s AR

007 IR ZH
= m X} E4
Hé 0.06 S
R
T 005
o E
£
ﬂETg 0.04
=
s 0.03
< 0.02
z
o0
£ 001 .
0
10 75 5 25
C/IN

B4 RASIWANREENENL
Fig.4 Change of NIR activity at two groups

2.4 BRESHEIEPSEERFIT

TSR AL EPS S BN AN 5 s . nl
R, Xof BRZH AN S5 4 A 2 15 (PN) A2 B (PS) 5 4
BEA C/N B AR 52 B0 R By i 3 (B 52 56 2H 46
[T ZHE & w e TR, Al R AR A ke
et EPS (73, $ i F R A 2 0l 5 . KPR
IR A — s B E L RS L35 e h A A= 9, fie
PEHI WL Z B EPST S TEIE PETS e b, PN/PS {E
55 e 2 EERE I UE L . B3 AFr B B & C/N
AR ARG, S0 4L PN/PS AR T3 B4 5 55 4 Bir B, S
L PN/PS 1 TR HEZH . X T AER C/N &1 T,
220 T IR St YR Bl A K g A BT A 2 B 5
HEA R ERRREE .

0.45
0.40
0.35
0.30
0.25
0.20
0.15

0.10
0.05 .
0
7.5 5 2.5

C/IN
a HE

= xR
SEYEH

m X AR
Rl

i/ (mg- g 'VSS)

=S

HH

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10

0 I I

0.05
7.5 5 25
C/N
b. £

m XA
SCHA

LM/ (mg- ¢ 'VSS)

1.2

1.0

0.8

0.6

0.4

0.2

0
75 5 2.5

C/N
c. PN/PS

5 RESHHKITEPSEEHF N
Fig.5 Effect of iron oxyhydroxide on EPS content

2.5 RESHENMENEEN N

M CIN K 5.2, 5 W, G YR v 45 40 7E T 7K -
AR R AR RN 6 B o AT, 24 C/N=5 1T,
S A Y B A S B W 2 T R X IR A
B N Thauera(22. 99% ) Fil Uncultured_bacterium_
p_Latescibacteria(15. 38%) , T 52 55 2H () A 34 1 i £
& Ellin6067 (12.25%) . Neochlamydia (23.05%) .
Thauvera(2. 02%) Uncultured_bacterium_{_Rhodocyclaceae

PN/PS

e 2D .



www. cnww 1985. com

HER S, 4 B AL IR ALAR C/N JE 7K 2 2 BS AL SRR R

%3845 H 11

( 3.16% ) . Denitratisoma ( 4.60% ) . Uncultured_
bacterium_{_Gemmatimonadaceae (6. 73%) Fl Nitrospria
(3.86%) . 4 C/N=2.5Mf, X B A L3 1 ) & 2B
A, E AL S Ellin6067 (12.63%) . Thauera
(5.49%)
(22. 44%) Denitratisoma(3. 76%) Uncultured_bacterium_
p_Latescibacteria (8. 12% ) ¥l Nitrospria (3.66%) ; M3
U2 AP TR R PR 2R & A 2R {02 Neochlamydia
(14. 53%) fn Uncultured_bacterium_f_Rhodocyclaceae
(4. 33% ) AT BE B 5 BAIK , Denitratisoma (6. 17%)
F1Uncultured_bacterium_{_Gemmatimonadaceae(5. 41%)
BN, SCE 2 D) Tk R Y PR 2 Uncultured
bacterium_f_Gemmatimonadaceae Fll Neochlamydia %=
WL SR U T U R I A

C/N=5

. Uncultured_bacterium_{_Rhodocyclaceae

C/N=2.5

100
90
80
70
60
50
40
30
20
10

0 XFRRAL S XHIRZL SLEeA
E6 SEHERKFEFLMNEESN
Fig.6 Abundance distribution of each flora at genus level
Xof HE 2 0 SI 6 2 1Y) o 5 T iR TR 2 AR X R
B EARZER . WY C/N R SEF, X R Thauera 1
Uncultured_bacterium_p_Latescibacteria A4 3 BE 4y
FE B0 4H 155 20. 97% F115. 21% , X IRZL P Thauera
S — KA RE . Thauera J&e—2K] A4 TR
KA B R G e i A e SRS A BTN B2
DI G S i A 7 AT A AL, SE bR T
Thauera A , it A 22 Fh 52 A A6 B, 41 Uncultured_

bacterium_{_Rhodocyclaceae .Uncultured_bacterium_{_

AHXS 42 BE 1%

Gemmatimonadaceae F1 Denitratisoma, 24" Rhodocyclaceae

T2 W R 2 A RAHALRE ) Denitratisoma fig
R i S RO AN S AL R, H ORI AE
fefe A K™ Gemmatimonadaceae 15 i i
FEBUIA OGN . 5381, S 20 1 P RO 34 7 I =
Neochlamydia Fll Ellin6067 . Neochlamydia J& 34 1
AE 2 BRI5 K TP A HLY , HF AR, X T S
AW LRSS AL A K. Ellin6067 Fl Nitrospria
J& T, A SERE TR BERr & R O
ISR . AR HRZH 0 92 30 2 B4 A A I 30 s AL 1

Ellin6067 (1 i BLFR WA S g rhoal fE B T 2R,
J&HAE Ellin6067 Rl Nitrospria TRIEF AL R VA S R o
AN, 53T RGN | Acidobacteria 1] 1Y)
Paludibaculum RER AT 5 ALIER B . Proteobacteria
I TR ) Azospira Fll Dechloromonas J& T fifi iR £5 il IR 4
BRALH , BEF BRI S A I o /R, R
SE AR TG A RS R T e R A T Ak
BRIE S S PR R R R AR S o PRI, 0
SA AR AR I 175 T R A A TR B R AR R AR AL S
ISR A XS H S E KR
3 &

@ FEC/INH 10T, 5 50T, 25 A AL kX
NO, =N 2 B A€ B 52 W AN B 5 10 24 C/N g 5 1 2.5
W, B AR AR i TS A BB R LR R,
PR % S A ] A A R R

Q@ RBREEMGFESEEGRAS D, =Mk
W R M AR A S KR AR T EPS AR 1 T
FZWER) 7, B T A58 AL B NIR BTG

@ FEEEERIUE T A REE S, R
Uncultured_bacterium_p_Latescibacteria A8 = B ARG
&L T Uncultured_bacterium_f_Gemmatimonadaceae
H1 Neochlamydia % A , 155 R G kL T HIRER
RUPDR A R A A SR, SEIR T I il £ R i 5 751 IR
AR AL P R) B BRAH S A

S

(1] BEW, 2%, T, %, 29 A0 MG E Y
PAb FAR CNAE A 35 15K L ). RS KHEK, 2017,
33(1):27-32.

KAN Ruizhe, LI Jun, BIAN Wei, et al. Treatment of
domestic sewage with low C/N ratio by coupling process
multistage A/O and denitrifying biofilm [J]. China
Water & Wastewater,2017,33(1) :27-32(in Chinese).
VR, BRI, S, . M RaiRE E i
B A AR B L A S KB AL ] v 25 K HE
K, 2019,35(5):19-23.

TANG Tonghuan, CHEN Bingfa, JIN Jingmei, et al.

Post denitrification biofilter with reed carbon source for

(2]

enhanced nitrogen removal in low C/N ratio polluted
river water [J]. China Water & Wastewater, 2019, 35
(5):19-23(in Chinese).

FEIRHE, ARG, BGEAR, AL AR KPR
M S A E RS2 ()], R E24, 2016, 36

(3]

« 23 .



%385 H11H

OE 4 K HE oK

www. cnww1985. com

[4]

L6 ]

[10]

(2):557-563.

WANG Suyan, SONG Xinshan, ZHAO Zhimiao, et al.
The influence of Fe® on denitrification in horizontal
subsurface flow constructed wetlands[J]. Acta Scientiae
Circumstantiae, 2016, 36(2):557-563(in Chinese).
SONG X S, WANG S Y, WANG Y H, et al. Addition
of Fe’ increase nitrate removal in vertical subsurface
flow constructed wetlands [J]. Ecological Engineering,
2016,91:487-494.

WANG L, ZHAO L F, HE L. Solid-phase Fe ( II )-
mediated autotrophic denitrification for nitrate removal
from wastewater with a low carbon-to-nitrogen ratio (1]
Journal of Environmental Engineering, 2020, 146 (7) :
04020070.

XIEE, #58, BRrHE, 55 . BUEY SRR IR ER L
JEUH 5 AR S A R WF ST RS ()] A SRR Al
2019,28(3):620-628.

LIU Tongxu, CHENG Kuan, CHEN Dandan, et al.
Formation of Fe ( Il )-minerals by microbially mediated
coupling of nitrate reduction and Fe ( I ) oxidation: a
review[ ] ]. Ecology and Environment Sciences, 2019,28
(3): 620-628(in Chinese).

WEBER K A, URRUTIA M M, CHURCHILL P F,
et al. Anaerobic redox cycling of iron by freshwater

microorganisms (1] Environmental

Microbiology, 2006, 8(1):100-113.
KLUEGLEIN N, ZEITVOGEL F, STIERHOF Y D,

Potential role of nitrite for abiotic Fe ( 1 )

sediment

et al.
oxidation and cell encrustation during nitrate reduction
by denitrifying bacteria[ J]. Applied and Environmental
Microbiology, 2014, 80(3):1051-1061.

TKHT, K, AL . PRAR ARSI LT ], B
FAZS 241, 2013,24(8) :2377-2382.

ZHANG Meng, ZHENG Ping, JI Junyuan. Research
advances on anaerobic ferrous-oxidizing microorganisms
[J]. Chinese Journal of Applied Ecology,2013,24(8) :
2377-2382(in Chinese).

SRPKDF, KL, ERME, 5. BUEY) AN Eh i 5
g ) fF 52 0L [T ). B~ 4, 2019, 46 (11)
3148-3157.

ZHANG Qingfang, LI Meiyu, WANG Xiaohui, et al.

Research progress of microbial nitrite reductase [J].

(1]

[12]

[13]

[14]

[15]

[16]

Microbiology China, 2019, 46 (11) : 3148-3157 (in
Chinese).

TAREC , KRMG, P, A BEMEOR RS IR EUBORE
15 PR R SERUE W REVE B2 []. FRETRL 27
2018,39(3):1316-1324.

SU Chengyuan, ZHENG Peng, LU Yuxiang, et al.
Effects Fe,0,
characteristics of anaerobic granular sludge and its
1l
Science, 2018, 39(3):1316-1324(in Chinese).
RSV, B, SRURBIL, A5 RS U R M B X 2R
BEVCREERE 5 th K BRI R (], BREERL
2016,37(8):3135-3143.

HE Zhijiang, ZHAO Yuan, ZHANG Yuankai, et al.

of magnetic nanoparticles on the

interior microbial community Environmental

Influence of activated sludge surface properties on
flocculating settling and effluent suspend solid [J].
Environmental Science, 2016, 37 (8) : 3135-3143 (in
Chinese).

SHI L L, DU R, PENG Y Z. Achieving partial
denitrification using carbon sources in domestic
wastewater with waste-activated sludge as inoculum [J].
Bioresource Technology, 2019, 283:18-27.

TIAN H L, ZHAO J Y, ZHANG H Y, et al. Bacterial
community shift along with the changes in operational
conditions in a membrane-aerated biofilm reactor [J].
Applied Microbiology and Biotechnology, 2015, 99(7) :
3279-3290.

LYU W L, HUANG L, XIAO G Q, et al. Effects of
carbon sources and COD/N ratio on N,0 emissions in
subsurface flow constructed wetlands [J]. Bioresource
Technology, 2017, 245:171-181.

JIA L P, JIANG B H, HUANG F, et al. Nitrogen
removal mechanism and microbial community changes of
infiltration

2019, 294:

bioaugmentation ~ subsurface  wastewater

system [J]. Bioresource Technology,

122140.

e 24 -

YEE B A (1994 ), T Wb FRIEA A
WA, LT 17 5 K A A BREOR
E-mail:769522003@qq.com
Y75 H#1:2020-07-31
&5 B #:2020-09-25
(il AT 52



