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Abstract: Traditional nitrogen removal technology not only consumes a lot of energy, but also is difficult to meet the
wastewater discharge standard. In recent years, biological nitrogen removal technology has developed rapidly. As a new
type of nitrogen removal process, partial denitrification is favored because it can provide nitrite stably for the anaerobic
ammonia oxidation( Anammox) process. Firstly, the principles and initiation strategies of partial denitrification were
introduced , and the effects of different sludge sources and reactors on the start-up of the process were discussed. Secondly,
the influencing factors such as endogenous and exogenous carbon sources, pH , salinity, and heavy metals were described.
The advantage of endogenous carbon source and the effect of pH on key enzyme activity were revealed. Then, the sludge
granulation of partial denitrification was summarized. At the same time, it was pointed out that the research direction
of sludge granularization in the future was the stability performance of granular sludge. In addition, the research progress
of partial denitrification coupled with Anammox process was briefly reviewed. Finally, based on the coupling process,
research suggestions were put forward from five aspects, including inhibition mechanism , microorganism, actual operation,
process promotion and resource utilization.
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Fig. 1 Principle of denitrification and partial denitrification
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Fig. 2 Principle of endogenous partial denitrification
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*1 PDBATRWARER
Table 1 Research progress of PD granular sludge
BT Uk Je R AE 5%
Vit \ p RAE o j NAR/% 22
S COD/NO,-N B EK K L fmm ﬁﬁéﬁf M VSSHY EPS/(mg-g)  PN/PS 7Ok
S—EPS=14.9 3.73
SBR(6 L) 2.8~3.0 LH p(NO,=N)=60 mg/L 0.09~0.7 20 L-EPS=69.1 8.04 88.3 (73]
T-EPS=128 9.21
S-EPS=5.28~14.32 1.82~4.31
SBR(6 L) 2.8-3.0 LW p(NO,-N)=120mg/l.  0.09~0.54 59 L-EPS=13.8~27.47  4.19~7.44 90.2~92.5 (74)
T-EPS=40.77~61.4  6.83~8.85
L-EPS=39.8 4.4
SBR,(6 L) NLR=0.12 kg/(m*-d)  0.09~0.35 ; 89.6
N T-EPS=77.8 5.6
3.0~3.5 RN 58 - (75)
\ L-EPS=46.9 7.8
SBR,(6 L) NLR=0.24 kg/(m*-d)  0.09~0.56 . 90.8
T-EPS=97.4 8.4
SBR(5 L) . p(NO,"-N)=30.100 1.5~2.0 83.3
3.0~3.5 ) 3 o U 74 — — 23
UASB(1.6 1) ZEH 400 mg/L 2.0~3.0 51~71 (23]
SBR(10 L) ~3.1 RN p(NH,'-N)=60 mg/LL. 0.33~0.43 105 273.6~308.1 — 88.7  [76)
B o g p(NO, =N)=60 mg/L; o
SBR(10 L) 2.1~32  ZWh B 20-3% 0.145~0.6 36 184.59~560 90  (77)
UASB(9 1) (332%%) ZEH p(NO,-N)=100 mg/L 2.0 30 (80.2:10.2)~(777+22.13) 0.32-0.62 5639 (78)
; - 0.203~ KE W 24.7~44 1.7~4.2
SBR(2.25 L 4.5 ] NO,-N)=40 mg/L 160 - 873 (79
( ) H i p(NO, ) mg 0.468 Y - 1244 4229 (79)

1 : NLR— &7 1] 22 s EPS— MU 4D 345 W) ; S—EPS— Al VA 7k EPS ; T-EPS— B % 45 & EPS; L-EPS— A BL 45 4 EPS; PN—ZK [ 5T ; PS— M .

ST PD UKL TS e v 2R 10 A8 T Sl A7 4
i . Jiuzhou QIAN %M FE T 2 YLk B 8l (it K
COD LA 3 d g — Jal 101388 80 ) 2% 1F Dt 4oz PR 15 5% PD
WKLY U8 1 P AT M BB M bt PD R85 o 22 =R
PN g ( Acyl-homoserine lactones, AHLs) It & o
H 2 L i gl 23 A 00 A0 B RE IR R AR SR B AR S o T
AHLs, J 3 EPS 73 35 , T P 2 i PD UKL T5 8
Chenyang MA %55t EPS H 8 14 T — 90 25 4 147 o
BT RS2 T S5 A R B30 PN X IR V5 U DT R A 2 i A
AT, IF i i A 22 K BT AHLs E 25 i R A
LR A MU AR e EE A B A

H A OC T PD MURLIS Yé 19 W58 JL-F- 4B 5 LA 2 R #h
YE AR JR IR BN 1 , 1 Teng ZHANG 257 BF 58 T LA H o
9Kl PD UKL TS Y YT I, AH L T — 28 SR Eh K Sl ) &
GE 1R GEARAS T TR ) R DL K AT i 6 5 e N ik
F_EPER PD RIS Y8, 34K 0h 468.1 wm , -2 NAR
9 87.3% ,UESE T H il 3K 3l PD Fik: {5 98 19 nl 477 A
P K 28 5% AR D5 T A A

H AT 5T PD UKL TS U8 A 0T 58 R 2245 v A Bk AL
iR S ALHR B RO AT ST T AR SE BRI K b 36 e
SERR L B AT PE RIS E V. B Ah UKL TS e B R
SRR AR DTG, PR R 2 P i i A U Xt
PD UKL 75 Y8 A TE LA B AH O ARE 1 Y IF 5 AR

2 PD#E Anammox TE

PD 5 Anammox #§5 T. 2 (PD/A) B A E KM W
T, Bai#i G X EZ 0 k2 s T2
HeEXTZ,

21 HBEHXPD/ALTZE

i+ PD & (PDB) & 5 # B , 1Ml Anammox B
(AnAOB)JE H FR W , TEA LY AFTE I, 31X 2 81 A7 1E
23 6] 5 4, HI PD B Al ) FH A HL A 5 200 4 o B e R
T AnAOB, WM T 4 J 25 A= A7 25 ()0 o i 43 8 5K
PD/A 7T 2538 2ok K 75 5 43 ) i B TE A F ST Y R
i T HEAT R, A 0RE B T PD AL RS AnAOB
AR BRI Z R ZES . 3R T PD/A T2 1R
P OK T Se Rt A PD N4 L £ PDB BT 4T
PD J2 I, 5 #6 Z 7K A HLY B S A LB IR, 8
JE 7K H i NO, =N i J5L % NO, =N, [A] Bt 7K B4
IR KM A, D85 T X I 22 Anammox J2 B [ 52
M 5 PD R g i 7K #E A Anammox 2Ry , P8 48 2 7K
n(NO, =N)/n(NH, =N) & 0] B #2 3T B2 AR fb 2 11 &t 1L
1.32, 3 3 Anammox Jz W ¥ NO, =N 1 NH,-N & 1k
i JE N, s f i, AR R K R B AU B R E
A5 BERG 4 K 1R 2 PD RO A% DA R R LR
JIN L DA BEAT R B IR
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Fig. 3 Principle of separated PD/A process

Rui DU VST T —Fh 3 2 20 PD/A T2 R i4b
T T2 R 7K RVAE 35 R K I 5 AT T I R R,
SEER T NO, =N NH, =N .COD % B %43 514 89.5%,
97.6% . 78.7% % H ; Anammox ¥ TN fy 2 B 57 fik
(>70%)UE T 2 G nvfaE P, IF H 2 F Anammox [
7 IAETE PD B Bl 7E PD T2 PERE B AL, 1568
S FRAR Y H K TN R . Shenbin CAO 2559 %F 43 5
3 PD/A G TR RS AT T e, FEF XAtk I & 1
15 U A 3 2% A 7 T 1) 7% &, 43 252X PD/A 5 GG Ak
S A A A H AR 26 T Ak 25 O T A R 5 OF AL is AT ad
P el T A AR NLO R ™t LA A 355 A
IR A L Bin CUTZE™ 8 IRTE 2 4 W ki
NSZEE PD/A L2 A B AR 1575 K, 54 Anammox X
Ji U BT R SR IK 74.6% IESE T PD/A A gt mT LA AT
BB A
22 HAAEKXPD/ATE

M 20 8 2 PD/A T2 4748 i b i LR B A
B 5 55 0] 8, K PDB 5 AnAOB JCE T Al — A~
N N HEAT Wk 8 3R A A 5 PD/A T 20U T K
JE )& . AnAOB 1T DL K 1K PD 7= 4 ) NO, =N
bR, AR TR LB R, (HPD/A T2
o g Mk R AR T RO g b AR (AR
AnAOB) B4R B4, B A R 38 O5F 52 38 1o JE 1% Bk 75
U AT LLSE B AnAOB 1) R4 £ 88 . Xinxin XU 4517
i A AE PD/A SR 2% v 3 s 4 o 0k i) 7 =X
KA B PD/A UKL V5 U 198 B, e 2 3R A5 1 34 R0 A%
4 1.92 mm H TR P GE B 47 /9 75 Je Uk, AnAOB 119
F R 7.79% , I H A B2 17 B Anammox X B % 19
TTHR R AR K5 90% .

Rui DU 247 18 T — Rl fe UASB J I 2 P9 48
S AR R B I ST PD/A WY T 4
SRR G SRS AT LUPR 3R 1 A BT 45 4 L B 5 4 Y
A% J5T, DT J5e A IR 32 b s /b 2 45 ) AnAOB I PDB 2
[6] f) A= A7 25 (8] 52 40, 42 155 Anammox N A 20 808 39 51
1k (N 86.5% #2155 & 92.3%) , I HAAKIR & A % B
1B TH WS R4 2 F T PD/A V5 U8 ik
EPS Y= 18 T ARG R E M. DU i R A
BRI FE AnAOB 197 Ik I 5 K, Hao JIANG 25
et FET 248 L T 9 [ O PR AR s K T A TS e
() PD/A T REFA , 7E 20 d N LT SE 80 T 4 4 =X PD/A
)P 2, HLEE R L T 8 S T AnAOB Y i I 1
BE ., Anammox [ Jii & BT #Rk % K 77.1%. H. A.
AHMAD 257 BF 58 AN G 5 90 K B F A R A 1
JHXF Anammox Y 5% Wi BF & B, SO0 4% N SE B T PDB
5 AnAOB P [ 47, H A R385 (80% ) o

FE T N R VR BK B 9 EPD/A T2 T L gk — 25 U
DR RN FE . Wenkang LU %5V o 43 Fh & A K2 il
b M B 11475 U I & — BB &L EPD/A T2, A
b TR TR 1T I 7K H I A Al Y5 B A Shy o S sk DR i
FE A I RETS 20 B 45 - 22 B AnAOB v] LU Rl 4L
REE A A RGN LA I U [ AE A, Anammox
14 1t 2R BT HREh 76%

DA AR 5 90 2 5 T AL 9K 3 (A0 TR 1 s P R
PE) A4 50 PD/A T2 0 H iR B 7 >R Aok g,
BE T 43 A Ak 20 A RE 8 K 2 K Y Ak P SR AE L
JCE i H oo R i il AE o AR 34T PD R A7 AR
O TR R W 3K Bl 1 41 4 5K SPD/A T2 B Y
Yangfan DENG 22025k SPD/A T 20 1Y K B R4 e Pk
TS, RE ALY &% Anammox 7= 4= 11 4 1
FH L AH 2 G2 P9 B 48 AL T R T B SR AR B AL 4 R I N 7
P FAR T P A NI IZ T A e KB 7~
T 2k 5E W AR AR o Yingwen MATZEV 38 5 A8 A
[ n(N)/n(S+Fe) [ fil§ 2 45 o Ab 307 I 2E 5L /K AR UL
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M B 9108k 3K 8h 1 A 7% PD/A &40, S S
NO, =N Jz [ 2% fift i [ % ) 65 4k 7 5 AnAOB X}
NO, -N Ay 5% 4, I — 25 3% 7% Anammox W, S T
L BL YT AR A Ak B v K R AR

F2 MG T BORJLAE A C PD/A T2 MR AE A
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BAT AT P fig R
B B S
TY R ; , NI NH, ~N = NO, °N ; S
: W ON KK wprrc MKTNG T Tt AnammoxB TNRER NAR/ gk
(mg L ) $/% %/% ﬁﬂﬁlﬁlﬁ%‘_/% ?//o %
L p(N03_—N):50 mg/L;
f&%g il{%ﬁf?;( 3.1~3.5  p(NH,"-N)=60.6~ 13~15  7~135  99.5 96.7 >70 —  48-58 [83)
166 mg/L
. SBR+  ZP&#h+ p(NO,=N)=20~40 mg/L;
%{?}f UASB AT ek 26730 p(NH,*~N)=58 maL 18.7~27.8 4 95~96  96.4~98 78.2 94.7-96 85.6 [(84]
p(NO, =N)=(17.4+3.6)~
YR+ N (27.2+2.1) mg/L;
g CEH 30 p(NH, —N)=(13.422.1)~ | 84-232 102 92 75:8.6 74.6 683 754 [85]
(43.5+2.4) mg/L
., p(NO, =N)=20 mg/L; - 68.4~
UASB  ZW&f 3.0 p(NH,"N)~20 el 8.74 7488  86.88 90 7038 (87)
. e p(NO,=N)=30 mg/L; (86.5+5.3)~ 751~ 87.8~
UASB LM 3.0~3.4 p(NH."N)=30 e/l 112288 4.1~156 78-954 72-92 (gr>r i T ST (88)
L p(NO, =N)=125 mg/L; — 80.7~
7 3. 3 ~ J— ) J—
SBR RN 0 p(NH,=N)=92 e, 13~25 >90 77.1 36.8 (89)
P p(NO37—N)=45 mg/L; o o
ga SBR  A¥EIEK  3.16 p(NH, =N)=30 meL. 29.7+1.6 1.87 76 95 87 (91)
PD/A p(NO,=N)=100 mg/L;
UASB — —  p(NH,'-N)=80 mg/L;  30=1.0 —  79.9+3.7 84.2+29 87.2 80 —  [(92)
p(8%7)=20~80 mg/L
A/AIO  EIETEK 3.1:05  p(NH,-N)=40 mg/L — 9.8+1.6 93.2:29  — 44.8+6.2 57648; —  [(94)
A it é{%ﬁ} 3.2 p(NH,-N)=40 mg/l.  27~32  7.3~9.0 974 — 97 81 89.61 [(95]
B LR+ p(NO,"-N)<1.05 mg/L; o o
B ATy ek 2:6-4.6 p(NH"—N)=29-70 el 15~28 11£2  96.6+2.4 32~47  77.8+4.3 (96)
23 PDATIZEHMIZWEE TZRERTZ.
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