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Abstract As a front-end process for nitrogen removal, partial denitrification (PD) has been favored due to its
advantages, such as high efficiency, low energy consumption, and low greenhouse gas emission. It has become a
research hotspot in recent years. Partial denitrification coupled anammox process (PD/A) is a new biological
nitrogen removal process, which not only plays an important role in the nitrogen cycle, but also holds high economic
and practical value in terms of energy saving and environmental protection. The research status of PD process was
introduced, and the influence of different inoculated sludge on PD process start-up was analyzed, based on existing
research results. The magnetic effect, carbon source, C/N and iron-carbon ratio were reviewed to elucidate the
mechanism of the influence of key factors on microbial community structure, key enzyme activity and cell metabolic
pathways during enhanced nitrogen removal by PD process. The characteristics of different coupling forms of PD/A
process were analyzed, and the research and application progress of the coupling process in treating practical
wastewater such as municipal sewage, aquaculture wastewater and landfill leachate were summarized. Finally, the
outlook of PD/A process in wastewater nitrogen removal treatment was prospected, and the potential engineering
application scheme of PD/A process in landfill leachate treatment was proposed. It was considered that the key
direction of future research was to overcome the influencing factors of PD and optimize the parameters of PD/A to
enhance the efficiency and stability of the process.

Key words partial denitrification(PD); influencing factor; Anammox; coupled process; engineering application

1775 H #3:2023-08-26

EETR: HE ARR2AEEE T H (51978003); FE K H S B ITHRIT H (2020YFC1908600) ; Z#EE F ARFIABIFFE T H (2022AH050258)
Ve BT IR (1972—), B, W2, BF5T 05 1) R 855 e il 5 2 W o WAL R, xtongzan@126.com

*BEVEE 2RIE (1998—), B, W-LOF5R A, WFFE 7 0 B8 Ts e da il 5 B Wy sl AL A, 1073063806@qq.com


https://doi.org/
https://doi.org/
https://doi.org/
mailto:xtongzan@126.com
mailto:1073063806@qq.com

" 664 TR

HoR2AAR

%14 %

FOETG K H W —Foc &K, % DINH]-N,
NO;-NAEJE AL, U B i i 5 K HE R A 4%
IR AR H s 3 KR 6 B TS B, K BRI I S R
15K AL E R WA IR R T 2 R AL . A IR
AEAAU R ENMIA T2, Lgimik-x
Bl A6 T2 Ak 35 K A & L &80R A% B ™ A NL,O i
M, ANFFA TR EAR A R KR E R
g - AL B A T2, N,O EE =4 F
I AR B B, IR R A Ak 40 B (DB) 52 fiF AL B B W
S, DB W PERREAR, S Ak B AR 530 N,0
SR,

RAEAL T 20248 DB 7EJR S T IHAEK Y
AHLHENO, -NIBJFE R N, A e, Sl el fe s 2
LS S5EA, 77 ENO;-N | NO., N,O 25Z ffirfi[i]
FEy, HANO;-NJE IR A 2 E Ak (Anammox ) & A
AECE IR AR R AL (PD) T2 2 3l i A 45
2 VL 25 A4, 8 5 4 RS Ak 0 7 A 4 o AR HAE R
NO,-NF BB, PD £ A~ Anammox fit % 1) 1iJ %
T2, Mg mte- i T2, e 3ae Thg
FIFTG K R B A A R IR AR IR, RS> 50% B4R
SIHHE . 60% FIFM IR IE . 80% 175 U6 7™ & LA K HE
AR NLO T E SR, BEAR T A SRR, 3/ T 5%
IR A5 F P, Anammox {1 2 —Ff T 1 i 2 T
2, TR W SRR DA RS e AR AT
B ZIEH, SESEMN AR T 2H kA
o T, SR, Anammox [0 7 2 LANOS-N i
JEEY), 38w AE LT 157K HNOS-NR BERAR, M s 2%
TR HERRN FF I, AN B K Anammox

PD

TAEHHA T ZHHITHE, AR ARCR . H WLy
A T2 A 5 S0 & IR A& %A Ak (partial
nitrification-Anammox, PN/A) F1 48 2 I il AL #5 & %
A & A 1L (partial denitrification-Anammox, PD/A) .
5 PN/A #H L, PD/A T2 561 100% # TN it K
B FROE BINOL-NA s 48 . N,O il % AR HER
D RERRARAEIL L, FEIR T V5 K b B b SR8 AR R A
s AR R s U, SE [ Blue Plains 75 K A H R
H PD/A T AT A6 15 K, BUS T8 Ab 3
RO, JFBE T EW AN PD L PN T A
Anammox e HEIE 1, (AT ERE A, PD T2 68
% | H Anammox & & T 77 £ () NOS-N, Jd /) T
NO;-NX} Anammox 1 F2UAIHIVER, #&/5 T REH
WARCE ., [FIEE, PD i #27= 4 iINO, -N & Anammox
RN HRAE T RY), —F WA B AR, PD & FEHNO;-N
AE 7S = AR M AR B G T2 ia 17 tE 1k
o Hr 800 Bl . B A L (C/N) | ok L AE &
S PD A FENO,-NH R EHN R 2
ZRUEH] T PD/A T2 S AU A B T AT, 2 R
T AT VS KA ORI T RS2 (AR BE T 407, BRI,
AN PD 5 Anammox T Z#& HA HEMII R E
X, PD/A RN HLERANEE 1 FTs o

EENG T PD AL AN 5 FhOCHE W 1,
J3HT T PD/A T 2RI G L AR i DL S Ak B S
BRI AT 5E 5 0k, JF45G PD/A T 2A8A T
GEHR Y T T 2 A B S8 DR R TE R TR T SR,
DA IR PD/A T8 AE 5 7K A 380 1 1) 52 B TR
o FHER BB ARYE F1 S5

Anammox

Nar—FfiEFREE I S ff; Nir—AiS R EE I IRl ; HZO—BR & E AL l; HH—BR 20K fift il ; PDB—AEFE S AL AN B ; AnAOB—JR A & A AL Al A o
1 PD/A RREIH1I2

Fig.1 PD/A reaction mechanism

1 PD IZRUBRMXBIMEER

VTAFE2R, Anammox 1 2 78 B Z AR J7 1] 1Y 28
WAL HA DO AR S AE YR T2 B A

7 %, (HRRE BYNO, -NBEI IR 2 T 200 etk 4%
PFo FEMFRT, FNSAEX PD TZRIF T —&
FIWETE, R INO;-NE R R Z 2 A R .
RIS YR BRI /N R | Bk LR TR R



%2

P [ 2t 5« A S P i A M R 2 i PR 3R B HOR 45 T 200 o * 665 -

P2 % PD W 3R 1 NOS-NAY 2 L Z ( Nitrite
accumulation rate, NAR) HA T H & L,
1.1 PD EEHXEZIEF
L1l fER5TE

15 TR B2 B 1Y I B A7 3 B2 R, R I
M5 e A TG Yo AR TS e . 0Ri TS e 2 4
{14 2 J5T BHL T3 , GG 20 R A v ok 670 Ao B O T B0
158, (HERFR R, FEAEA S 3k L. PD R 3By
By L BOR AR Y Z R 25 UK | 3@ R A i 72,
WH ARG DR = U R . M
SFUTAE SBR N A A HE RIS AT AR RIFHY A%/O-
MBBR % I i 15 ¥ , [ B 4t )8 2 5 3l 5 NAR 4
82.18%. L INL i PN B A= Wy i 1) o M 45 2R SR B
Thauera. Saprospiraceae. Flavobacterium 3 ' i J&
(4 =F B2 R 3k 50.70%, 253 PD Y EZ AR HRE .
PD T. 25" NO;-NRYFR R 5 RGN AR Y py R AN
RETK M A B VDGR, A I RS A2 AN ), e
REIE BN R BE WA —3 ., BR TR s —5 IR
4b, Chen 5529 7 UASB FRHERINE & 15 U8 O i1k 15
P RAE AN 3: 1), Wk ke & R 5
I A PE RE B A T R S A AL TS e g MERE
X T 25 TR IR N AT IR R B R, R
Wy 1a) ¥ AF B ORI BE O 00 T B —T5 DR IR, SIE R T A
A AR & IR 4 & A AL BORL TS U8 )3 3 PD 1Y 7T 4T
PEo TSR PD JE 3l Y520 T ZAR AR R 5 )8
RE A iy B il Ak 4 1 4 Ak A 25467 L &% PDB 1Y 2 &2,
PDB 117423 L K S Al Ak B A [ i 753 N O3 -N ik Jgt it
HA 2 5, T B [ R B2 A NOS-N R L, 2 9
e im PR s KL T DA T 1975 Ve RE S PR i5 3
PD i #2, H NAR %,
1.1.2  #ER0N

ST W RERLNE , BF 5 2 PR Y R s el AR
20 i B 3 L R W o W LA RS
(EPS), Bt 75 ¢ i 2R AR 25 4y, B2 v 75 e Y UL R
REC; 5 — 5 T, RESH G R T AR W) AR B R 1 A
FEWBTRIRE J1, AL A0 M AR Zh BE, I A L) K
fiff, PRI AN AR R TR R B Y G ) s R s
e 1) Jid Bl T SR RE S S S U RN — &
SN L, A R AR B RE B i A T i o 3 IR
FEAECI WFGE R I, e AR B K AL BRI, TG VTS
e v A e 3 R R T IR FE PD S
e AN A B A B 3, MR & NAR 1 PDB 42
Py TR HRAH, R WIRESSON X PD S HA (2 AR
FH; Wang S50 FRA R A A S AL R G2 P I A G

Yl #R e Eh I K, R IR G 1 ] AR Y ] P R
TS VR URL A 3 R/ NIRRT, NAR R 91.1%, i
F TR 74.4%. FHEEREAS 0L IE 40 i 2
B, $Em EPS A B 5 L, BSR4 (8] i
B,
1.1.3 BRI

R YR T2 MBI, b 5 3R A
YA B ER AL E TR T . AR R AR A
PERTA], o] ) B s - AS AR R 27 B il £k ml )

(Xs) LA 5 WA ML (Ss), H s Ak i A/ Ky
Ss>Xs>Es. 545152 Z WA Lb, /N F Ak IR B
BB, 7T LS 2 A NO, -NFL P,
%1 9028 T AFBRIEXTNO, -NFH Z 520120

122 1 A, AR B LUN G T RR TR AR R H
KB RGN NAR i, KOFRIBIRZ, B 2205
el o BRVEAS R A 9 0 AR AR AN TR, A8 AILA R
AR AR BRI J, LT FE R 32 818, NAR #AIK .
CTRENE T ZENR IR, Bevs EHm ARG 2,
TEHIME A TER T O BEE A, K525 =K
FRIGER, by PD st PR IE L T RIRE & . YR W2 R4y
TR, 283 S I S I S 1 R AT W, A 2
AL N ERIR , 75 TC A 551 N NI IR 284 £ k4l
B AR Ry T, SR iE— 2 B AR A il A= R A B
BB IR D B 205 IR A LI, RENS N
AP T, (RR BN B A B HAE R,

ARV R T 3 ) L3R 8 AN [R], Thavera S
NO,-NF Z W EZ B & . s8 HIR A, — 7 &
PR R 2 RS e AL B T 2R, S 30 i ik
R RS 22 R AR Iy — 7T, SRR 5 | iR PETS U
PR P I 235 4 R A 4 o g R 0 1) e 2, il
A A B 2 T N AR UR, 22 iR U5 A A 1 %
P, A2 D e B 38 I e R 2R 1 14 i I
Mo ZE TR, RIS AR TR A, =
e ARSI, BT B Fh S E R A
], FEULALNO, NIRRT e 22 70,
1.1.4 CN

PDB J& 55 1, KA 2 A fL 4 14 (AnAOB) J& A
Fw, AT ON HEEm Ewg, @Y
f) C/N BEA R4 =5 PD/A T. 2 B9 B 8% ON i
i, AFIF PDB 4= K, T80 NAR #:1; 33 % 1 ON,
AL AnAOB B4, T HL2¥ 5 i WL g2 IR 7R
o M4 e % 7E SBR UV #% PN HE I EUM: g
WHI5 R, %2R [A C/N 7E PD i3 #2 X NAR [ 5



* 666 IREE TREF AR 2E4 8145
F1 AEBIETNO;-NHRRER
Table 1 Accumulation of NO;-N of different carbon sources
T BRI TR B HKNOIN - NN e ONEEIR ROk
JE K2 3 % W (L) H35%0% o ; i
SBRJYZ I 7,
LR V5 KAL) T b TE Y IR K25 C, 60 8491 87.01 Thauera SCHR[29]
pH49.0, C/NH2.5
i - NN SBRIZ N #¥, Competibacter. .
3 N I\ Ve ly ~ v
T Tk AL T e 75 6 PHH6.8~7.2, CN K11 25 99 97 Thaurea SCHR30]
NI TR SBRIZ i 28,
Va3 SRR SR RAFIT5 TR AFEHNREE, 800 99.3 99 Thaurea SCHR[31]
C/NH1.77
SBRIZ N #¥,
ﬁ‘{EH Uﬂ(ﬂﬁﬂﬁﬁ/ﬁﬁﬁﬂ@@dﬁ {ﬂ%‘lgﬂ‘jl7~27 DC, 40 >9() 873 Saccharibacteria )‘CW(BZ]
pHN7.0~7.5
SBRIZJiL i, Dechloromonas
KA F i TERY Y5 K AL BRI TS Y8 RE H4128~30 °C, 40 98 81.1 o O3CHR[33]
N Thauera
C/NH6.4
- SBR/X IV #F,
WG K+ s N . N
RITATIRE o permirasie s h2e <, 40 979 856 Brocadia  SCHR[O]
24N N
C/N43.0
SBRIZ %%,
HARE 15U R TR S IS TR R 18~23C, 30 99 80 SCHik[34]
C/NH4.0
S ASBRJZ Vi #%
BB IR+ o N " e
iﬁ?gﬁ TRE R20~22 °C, 40+5 92 70 Thauera SCHR[35]

pH47.0~7.5, C/N}3.2

Wi, 455, C/N i 2.0~2.5 I, NAR 5 C/N i iF
s C/N K 3.3~5.0 I}, NAR 5 C/N Bz [, 3% 2 Ff
BT TH0T, NO,-N1 BB R], fi# 2 vk
JE 1) NO; -N X IV i 1% 56 38 I g (N ) 7776 30 61 VB
FHNOI-NIE JF# K T NO;-N, J5 # F B
ARG B AR, TE RGN IE S s T
e, (HW A4 B, O/N X FE ik iy
SIRE R, W Du ZENI2L 2B AN R IR 9T &
B, 24 C/N7E 0.8~8.0 NZZAL I, NO;-N Y i J5t i 32
5 C/N R IEME, %4 C/N £/ F H) NAR g K
ik 90%, KRR 5 LIE BT 7T 45 SR AN, iX —
ZE 5 ULEH C/N FEAR ELHE R W RO AR A50R, AN 2 BRI
NO;-N ZFH A K4 4 %, Nar 1 Nir 22 0] #9554 1] fig
A C/N RZIET . Miao 458% ifF5% & BR, C/N X
AW 5 AR R B A G . AR W AR, 1
A YITE 5 C/N 58 B RE ORG24 s v HL
U, fIK C/N R A RAE Y 2 16, ELAAR B sEma bl
BREAWIE, P, C/N X} PD i #2HNO;-NFH &

B2 IRy M RIS R o
1.1.5  #mclt

AN N e ) 8 TR T AR AT LA e B R P
ZHENE, P BT R R e W LB ™. i T
AW 202K A B A ER LR B DI RE, A0

MERTCR AES HIES ST . —RRIGH A
LR A A R A AR A R, 2 A0 B 1%
Faiag, P A A Y A AR K R b R
HEAEHY N, Bon RS 5HEY R = o
Kl 2 iR

R AN ARG R % (FeBC) HA AR 45 19 AE W AR 251
A FIF PDB MK, $2 = RO Ab 0 M, a Ak R i Ak
YEH . BLAh, FeBC ] 2 =5 4H ig =2 18] 1Y T 15 3 5%
AL B R . Wang 259 BF58 T FeBC X
RAEAL B 5200, % I8 FeBC 2H 1Y RS AL 40 B o T2
M 16.2%, f5 T X5 B L ) 8.4%, [ A AL i % E 42 v
T 48.22%, BKEFEW HL T AR Fe© 511G E
7 Z HXENO,-N 25 BRI (1 52 ), — 2% 5 & e oy
1:1 Bf, NOJ-NBY L BR R K. 7ETCHLIAEL T %
FeO-3f M AL s Ak T g fb it 2, | T
NO;-N LR, [A] 0] i BT 1 6 J ol ol 2 o 7= A 1Y
NH;-N. 0% 7E C/N N 3 54, #0 Fe-
TR, NOS-NZEBRHR i 52.1% $2 = 2] T 83.3%,
FBRR W T BTG I . FeBC AN AE
A A B AR A W AR AL 78 R 1 LT, THFE K
F )V AR SR AL DR SR B, I BB/ N W Z TET 1Y
FHELF 7, 23 EPS (1950, A A Fi5 Ve R A,
P Fe-36 P e AT LA 3 75 V8 0 1 A 3R G £ Ao o



%2

P [ 2t 5« A S P i A M R 2 i PR 3R B HOR 45 T 200 o $ 667 -

oY
~
K

Q@
ex
o
< ) }\\\\\\
<%
NH/N | &,
5 (“///
QQ; )///U
AnAOB
. \na
QQJ

PDB

xowwed,| I

-
a
o

AFe"

NDFO
' Fe¥
Fe?'
z
NO, -N = DB
Fe*
Fe’
NDFO
FeZ4
NO, -N

Feammox—4kif J & A fk.; NDFO—4 2 = fi 1k .
B2 #%rEs58%LIRE

Fig.2 Nitrogen conversion process involving iron elements

i BE T, o B AR B AR R i e I ELii D il A ke
BRIRATHAE

2 PD#4 Anammox TZ N HMN

2.1 PD/A HRBEERXSHR

PD/A T. MR N 2 2 B T A H—1k
K T2, PD Fl Anammox TEAN[F] (1 52 # PN 2
15y B2, e — R g o —R. T
PR T 7 4 45 T 2558 B R v A Az
7280, BRGEA% T PDB 5 AnAOB 22 1] 1 45 [] 5%
o FARIELE PD M Biwh PDB A 80, W T
TR IFXT 5 22 Anammox PR HIAE FH, 5208 =5 1 i

538530 PD/A A 5 i BUK L 8BS 7 (i 4
B, K PDB 5 AnAOB Jilt 75 [R]— > 52 i % P 47
Yk 5 F= ) — 1R 3 PD/A ) 12 IS IS . —1k
3 PD/A T-ZH, PDB JE{ A JENO; -N, =4 HNO; -N
fie it % AnAOB FIJH, PD 5 Anammox #H H {2 3E,
LI SR, — R T2 AnAOB BRI
1 2 5 K TR ML IR, AR A A A 5
Frep b 125 #, BRI A IS B 2 o a4 il i 7K
254k, 11145 PDB 5 AnAOB 7E [a]— J5 i #% H ik st 3t
fE, IREPFERRA, B — A T 2R E . 4k
AF A TR — R 2y A A DR AR AR A R T
Ve, 40t 94 d IR 8 T — 1R R N 2%, i e
C/N {5 FE N 2.3~2.7, NAR ly 63.5%, 51 T — 14

RGN R

2.2 PD/A TZHEXBRHPHINHA

PD/A T2 Lk, R E RAW 1) 1252 3
BT R, N PD/A T BUHLEL, S0 IR 2 K& SR
N FH ] AT RS D7 T T R T KRR AR, 78
XTS5 K AT TRk L B rh, R B AYO A
XHET AnAOB &HEMBLE, KRN R R
o 3 N B 5 R IRAIE T PD/A T2 AE LRI K
FRS LR T REESY, 2 M4E T PD/A T2 AEAb B
Sy K 5 T A T

i 2% 2 A1, PD/A T 254 A B T AR 36 75K
FREE K |« BB IR A T AR )2 ST .
IR, fA T X AR 16 5 K AL BRI T
FoMhE K, 1245 A5 25 T30 15 7K B A3 AR X T B AT
e, 458 F R4 N PDB 5 AnAOB 13 [a] il
A DuZP 2 H] PD/A T. 2L BRSZBRA: TG 15K, 76
fIORAE LT TN ZBRFBAGATIA 93.7%, Sk T PD/A
T LA A TG AR B T A . BB IR RS YL RE T
B ERE S, FAKENEEYR, SE0RE TEN
UAEYIANBEIEA T IE 8 19 40 AG I, SR A PD/A T
ARG B R AR AN AR, AR A A
TAHA M, Anammox T. 2 AN IR B 1€ W AE
SEBR I rh s A B2 B 22 45, AN AL -+ MR 2 Dk
WAL TR TR, R F Anammox $ REES AL T2,
AP BB BE TN Z3BR IR 5] 80% LA I, e K
IR R B A ZR Y,



" 668 - IREE TREF AR 2E4 8145
xR2 PD/A TEMELRRMA
Table 2  Practical application of PD/A process
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Fig.3 PN+PD/A process flow chart of landfill leachate treatment
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