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Advances in heterotrophic nitrification-aerobic denitrifying
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Abstract:  Heterotrophic nitrification-aerobic denitrification (HN-AD) is an enrichment and breakthrough theory of
traditional autotrophic nitrification heterotrophic denitrification. Heterotrophic nitrification-aerobic denitrifiers with the
feature of wide distribution, strong adaptability and unique metabolic mechanism have many special advantages, including
fast-growing, rapid biodegradability and long lasting activity, which can rapidly remove ammonia nitrogen, nitrate nitrogen
(NO5™-N) and nitrite nitrogen (NO,™-N) under aerobic conditions simultaneously. Therefore, HN-AD bacteria show the
important potential for denitrification under extreme conditions with high-salt, low-temperature or high-ammonia nitrogen
environment, and HN-AD bacteria attract extensive attention in the field of biological denitrification of wastewater. In this
review, we first introduce the previously reported HN-AD bacterial species which have denitrification performance in the
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extreme environments and state their typical metabolic mechanism. Then, we systematically analyze the nitrogen removal
characteristics and potential under extreme conditions. We also briefly describe the progress in the application of HN-AD
bacterial. Finally, we outlook the application prospects and research directions of HN-AD denitrification technology.
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Table 1 Typical HN-AD bacteria and its nitrogen removal characteristics

Genus Strain Source Carbon source niﬁzrg?;nr:t)io r:nrr;\r?ac:n(;)) References
Halomonas X3 Aquaculture wastewater Sodium acetate 10 80.0 [20]
Arthrobacter N6 soil Sodium citrate 5 80.0 [21]
Rhodococcus CPZz24 Pig farm Sodium succinate Not mentioned 100.0 [22]
Aeromonas HN-02 Activated sludge Sodium succinate Not mentioned 80.8 [23]
Alcaligenes NR Membrane bioreactor Glucose Not mentioned 100.0 [24]
Serratia marcescens N-2 Culture pond Sucrose Not mentioned 90.8 [25]
Pseudomonas YZN-001 Pig manure wastewater  Sodium succinate 10 95.0 [26]

YG-24 Lake sediment Sodium citrate 8 88.1 [27]
AND-42  Sponge Not mentioned 12 75.8 [28]
Acinetobacter Y16 Not mentioned Sodium acetate 2 66.0 [29]
Sxf Reservoir Sodium succinate 65.6 [30]
Sediment
YB Activated sludge Sodium succinate 15 99.3 [31]
YF14 Pond Sodium succinate 8 92.0 [32]
Al4 Not mentioned Sodium acetate 12 95.3 [33]
Diaphorobacter PD-7 Laboratory Not mentioned 8 100.0 [34]
WS-2 Landfill Sodium succinate Not mentioned 94.7 [35]
Golden bacillus R31 Slaughter wastewater Glucose/sodium 10 95.9 [36]
succinate
Coctobacillus S1 Coking wastewater Sodium pyruvate 14 99.7 [37]
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Table 2 Heterotrophic nitrification-aerobic denitrifiers with salt tolerance

Salt-resistant . Highest salt Ammonia Total nitrogen
e . Genus Strain Source
classification tolerance (%) removal (%) removal (%)
Salt tolerance Aeromonas sp. HN-02 Freshwater 2 Not mentioned 80.8
environment
Marinobacter sp. F6 Marine environment 3 Not mentioned!*®! 50.1
Bacillus L7 Wastewater 39.5 Not mentioned
methylotrophicus
Bacillus cereus X7 Pickled wastewater 4 97.614 52.1
) _ Halomonas sp. BO1 Salt field sediment 6 99.201%" 96.0
Mild halophile . .
Pseudomonas stutzeri A-13 Sewage sludge 10 Not mentioned 86.1
Halophile Halomonas campisalis ha3 Not mentioned 20 Not mentioned Not mentioned
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*3 HEBEEGTEEAM HN-AD B

Table 3 Heterotrophic nitrification-aerobic denitrifiers for removing ammonia nitrogen under low temperature

condition
Tolerable minimum Genus Strain Ammonia removal Total nitrogen
temperature (°C) or degradation removal (%)
<5 Acinetobacter sp. Y16 66.0% 62.1
Aeromonas hydrophila HN-02 2.6 mg/(L-h) 80.8
5-10 Pseudomonas fluorescens®! wsw-1001 71.0% 68.9
Acinetobacter sp. HA2 3.0 mg/(L-h) 100.0
Pseudomonas migulae AN-1 1.6 mg/(L-h) Not mentioned
Microbacterium sp. SFA13 3.2 mg/(L-h) 100.0
10-15 Arthrobacter arilaitensist®? Y-10 65.0% 85.3
Pseudomonas putida!®® 2.9 mg/(L-h) Not mentioned
Pseudomonas putida Y-12 9.8 mg/(L-h) 32.1
Acinetobacter sp.[%4 DW4 65.0% 100.0

23 BRAEZHEHT HN-ADBRE

FIHT, [ A 3R Z B K Y 205143
ek R Wik-AEER A, WISk
KR . DRAETH AR . R AR A5 mT A A 22
RAMER K, @E RIS, ]k
Wt 15 7 S e S Ak A A BT o TR
W FELE 500-1 500 mg/L Ze A5 B K, H R ¥4k -
EYEZ T ERA TR, (YA A i v
Aab $L I 2 PR 7K A7 TE S AT 2 B B R A
LG EMB A AR S Z W & 20w, K
A E A ELL 300 mg/L, AR B A
FORE LR, B 2R o v R S B 1) T 4
B S A B R Rl RE B B AS = &, BT LA H R
FI TG e A W A T e B4 RU% 7K AL 33T SR A7 A
R AR 5 s A B U D O =" == W= <l o117
RE 77 A9 Dl BE WL AR W 2 A SR b MR R K 0T 5 7
rrEJ[GS]o

HN-AD [ & BEBFELF & M= CIN Z0F P
HA, — 7 R B A R b 7 R A AR A
TR A —Jr T, & CIN R
TE T AR 1 i b ge, MR TR E I
S5l HN-AD T 133 8 A R il LR T A7 55 24
FOT T RBLH TR e S, % 4 XFT TR Az A
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P Comamonas WX Z-17 VAT i 52 47 U v 55 Sy
817 mg/L WA, ZA A TN LR 1A% T
36.1%7F1 26.3%; Shoda 2O FHI B bk 7 BFF
Alcaligenes No.4 Z:R¥) 1k 2 A ) %) 1 000 mg/L
HfEfbTs e, 24 h WA AT 2588, PR
ZBRECRIRE] T 121 mg/(L-h), AIERIER T
76.2%. XFHCA B, AS[EFNE B HN-AD B
SR 52 7 B R B ASCRAN ], a0 DAY 75 e
Hh i 4 U 7 Fusarium sp. A60UYH[ i 57 1 %)
A A ME N 800 mg/L, A TN EBRRA
iKE| 92%F1 88.4%, MGG e 43 B WA ST
i Acinetobacter sp. Y1V 2 1) b s Ak BE 2D BE
iK% 1 600 mg/L, [RIESXRILAHE A 108.2 mg/L 1
RAEZHREBAT 98.8%, TN LR LF T
90.9%. U4k, [FJEASFFF ) HN-AD [ Y 28 & A
TN BEBkAE I thAFAE 25, AR ST Acinetobacter
sp. TN-14THUR B4 Acinetobacter sp. SQ2[™
Ab FRAT) BA R E 29 K 600 mg/L B A, A B
Ay RK 65.7%F1 97.8% , TN 22 [543 31| K 64.8%
1 73.2%.
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Table 4 Heterotrophic nitrification-aerobic denitrifiers capable of removing high concentration ammonia

nitrogen

Highest tolerant ammonia

Ammonia removal Total nitrogen

nitrogen concentration (mg/L) Genus S or degradation removal (%)

600.20 Acinetobacter TN-14 65.7% 64.8
603.24 Acinetobacter SQ2 97.8% 73.2
800.00 Fusarium sp. A60 92.0% 88.4
871.00 Comamonas WXZ-17 36.1% 26.3
897.29 Bacillus cereus WXZ-8 142.2 mg/(L-h)l"® 44.5

1121.24 Bacillus methylotrophicus L7 3.8 mg/(L-h) Not mentioned

1 200.00 Alcaligenes No.4 90.0% Not mentioned

1 600.00 Acinetobacter sp. Y1 98.0% 90.9

2 000.00 Zobellella taiwanensis DN-7 19.6 mg/(L-h)I"" 495

4 000.00 Halomonas sp. BO1 99.2% 96.0

PEFNAAF G A BV R . —J7 i, HN-AD [&
J& P S Z A NOs-N  NO, -N =& 1y [F] 20 i Bk
AN T IRAER BT, T HFEE T NO-N L E
SR AT R EE M 55—, HN-AD
J& )& T 5 g AR, AR OB B R HE AN
AU T 20 i 3 58 44k, (0 LRk U AR b
AR R S, T Ll 0 P R T v O R T
Pk, A 2 I T s A bR
2.4 HMBRIHIAET HN-AD IR B R
HN-AD KRR 1 REM 32 dh . IR . ik B 4
R a1, R ZES . EHEEE .
SRR 45 FU Ml AR i A . fn Su 2RV R AR ST
& Acinetobacter sp. SYF26 £ C/N & 4.5 i, 2 %
B AT 55 93.6%; 3l i 14 J& Zoogloea sp. N299
TECIN N LLBIAPE T TN 2B ] 155 46.4%0,
CIN PE T I fb i F AR F & B, 1% CIN
o2& AET 5 5 2R AR R A R 3 v AR A2
JI5t SR 3 AN [R) R B RRAIR, T4 HN-AD
PRAE HL B JE 09 2508 T AT RE IR AP I IR
W, SR T HW 2208 SR, ARk
A T K5 7K KK I8 Y A T Y
IKIRAIA R T 4 R LR R M E Y E K Bh
Rt B AR TR, e s T
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XA Wy R S B — e e R E R, (Had Y
4R N B BT B g kB s
HN-AD [# Ja& % i) i 8 4 J8 o R B 11 52 fig

W F 37 25830 % 3 P2 AT 1 Alcaligenes faecalis
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Cr®* . ) Ay v 4 R 1 R S AN B 24

A DL RS R — R U LR R AR, Tk F
WM P ESESEOEHRN, Wik, FEAY
BLARSLITJE HN-AD B R0 T 4 i 10 W B R0 AR 2R
e, ek, %0 HN-AD B REIS o] 7858 f P 35
TS, WM E P. chengduensis ZPQ218]
MRS pH o 11, R B A Emrk, %45 H
FEAL R A E pH N 6-8, MIERI T, HN-AD
TR A S SEZ B pH & 3 L. HN-AD
J TE X B iy S5 AT RE A HE LI A T g, X Wk
Ui S5 PR R K AL BRI TR R GE Ak KA
Bi T HN-AD A 1 13 IS il o

3 MuA&MET HN-AD By TZ AR

HN-AD T Ja 155 S 25 1F T 2 B A 3 2
JIEAT AR 1) F T IR AT A S TR R 2
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WF5T . HEG T 2858 A 25 SALHE 5 R0 #R 4k
. WHREEL ., EEEnTAMRsE D, O
GUE B AL TR W LA
b T 20 R A ke P R AR . YT e 25 R 1
LW FEAE P EMR . iR, mEh . &
RS . WEMRIE AT, Yao 200 T g fik
TA I TG 7K AL 3 I RS AR S (Rl R, 4 i 9
) HN-AD B #EE NS 50 #% vh k174 sk
308 3 2 TR NS A R B, B RN AR T A
ferstar, T E R4 TR (10 C) &M TG K
TR ERECR; FEFRAGT, k%%
WS Ak Mk 5 5 BRT# Chelatococcus daeguensis
TAD1 M45 G, %5 T WRTE il T ) HN-AD £
AE, MU A i it T 50 °C, AR Ak
THMAESE, LIRS IR B 4 50 hy v —
RN, BRRAE A TN ZBRRTE 12 h Wik
BT 100%. XUNfERsE T, st eg s
HN-AD Witk SF16 F T4t 15 7c R R <A W0
W, FEHERE N 3%, C/N &y 10, pH Ny 7.5-9.5,
FAUE N 28.1-35.1 mg/L Bf, HAERRFKET
T 97.1%, TN EBRFEIRHNT 73.92%; 7EHEAA
4T, Jool® | Y 2 7 58 AT B Alcaligenes
faecalis No.4 23 AW E 2l 2 000 mo/L 144
oK, HmRARMBERHEAEF T 30 mg/(L-h); PR
B 2H R4 25 59 HN-AD B kK TAC-1 L 10%0Y
AR TrR — YESS i A YL i (3D-RBC),
FEfil LR 34 rimin K JJ4EEEEFE] (HRT) Sy 24 h,
kA4 & (Chemical oxygen demand, COD)
5000 mg/L. ZAEHEE S 500 mg/L i), ZAL
SA . COD WY LBRFEAHIASE] T 99.4%. 79.5%.
85.2%, WFFEEE RAUESE T HN-AD ik T 1.2
WF 5T I HAT [6] 26 i B = 2 A M COD YRR &
HN-AD FE#k I L 2B & Rk IF & HN-AD 49
AR AR LG Z M, BN R EYE T
SRR WIS S B L RAR

http://journals.im.ac.cn/cjbcn

4 RELERE

IT 20 43k, 6T HN-AD )& I BF 58 B 1
VEZ S b, ANAUMET HN-AD B & i
FUMLERA I R A, T FLAZ R T e R
MRS 1. HHET, 29 20 24819 HN-AD
R B ok, — 7w, SR I T A
KRt | B ARIOR B AR S5 TH IR AT
KI HN-AD TR T BEM 22 mEh . KR . Sk
BRI, BB Z2ESR . L RHELSE .
S0 B 25 HA AR 3 25 7 . HN-AD T 8 781X S8 1 3 4%
PR RE R AR TN RE, Mtbam 5 T KA
Yo RS TR AR s Dy — T, MOk
BIFUR TR A F R RRR) T 20058, B2
FHGEE A TN A TR E Ak . 52 R B 75
—EFLE FHSE T HN-AD B 5 3 e 810
HN-AD 1)@ BA A B . th A A | A
R R A A, Xl A R i 4% 4 A K Ak 3 THI
HAT RN RS, ARERERAE T 2K
ST A T AT 3R 15 2 0 FH D T K A

A, HN-AD & A 584 32 5 Fl S 48U A
FoAR ] il 55 TR0 R I T, 7T BB A R 403,
WAELLT L : 1) REIFRIETEEFR ML
W R T A9, 4 B fE 208 3R 4k LA
ARG PR HN-AD Hitk; 2) Foafl A Z 4%
MFEHA, 2wt HN-AD 8 8 RRE B LA K
AL, HE— WM HN-AD &Rl B A Y
HLEE; 3) EAWFSE HN-AD [ -5 HoAt i & e 9
FEAEMSE ARG C R, FRRAS [FIA S ] 1) B A
AR, kS T TRMAM HN-AD DIRER
;o 4) HT A L 55 AT BRI LA,
JFJE HN-AD 15 [F] 75 2 Fil sifg PR 5% T 14 B 0B
g8, JFHR R ILAE A Wy Bl i L o
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