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Aerobic denitrifiers and the application in remediation of
micro-polluted water source

SHEN Tong', JIANG jin', LI Ning®, LUO Xiaonan'

1 School of Ecology, Environment and Resources, Guangdong University of Technology, Guangzhou 510006,
Guangdong, China
2 Pearl River Water Resources Research Institute, Guangzhou 510611, Guangdong, China

Abstract: Nitrate is more stable in natural water than ammonia and thus is more difficult to be
removed. Conventionally, the removal of nitrate relies on anaerobic denitrification, which is hard
in natural water containing high concentration of dissolved oxygen. In this sense, aerobic
denitrification is of particular importance for nitrate removal in natural water. This study
reviewed the isolation, purification, microbial metabolism, and environmental influencing factors
of aerobic denitrifiers. Moreover, the application of aerobic denitrification in remediation of
micro-polluted drinking water sources is also introduced. Similar to their anaerobic counterparts,
aerobic denitrifiers affiliate to a wide range of genera, such as Pseudomoas, Alcaligenes,
Paracoccus, and Bacillus. Most of the aerobic denitrifiers have a satisfactory nitrate removal
efficiency under suitable conditions (25-37 C, DO (dissolved oxygen)=3-5 mg/L, pH 7-8, C/N
ratio=5-10). However, aerobic denitrification still has drawbacks of unstable removal efficiency
and the loss of microbes. Moreover, little efforts are made in relevant study on pilot-scale and
full-scale application and thus further investigation is needed.

Keywords: aerobic denitrification; mechanism of nitrogen removal; micro-polluted water source
bioremediation
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The possible electron transfer mechanism of aerobic denitrification!
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Table 1 The isolated aerobic denitrifiers and their sources from 5 years

W, WK 1 s, 3 A AR M R
(Pseudomoas). F=H8FT #JE (Alcaligenes) . HFEK
B J& (Paracoccus) Fl %5 f AT 1 J& (Bacillus) 5 &

Species Resource Cultivation condition Denitrification performance  Year
P. brassicacearum sp. Petrochemical 18-23 C NO, -N removal rate=95% 20162
LZ-4 wastewater DO=4-5 mg/L Cr(I) removal rate=80%
Glucose COD removal rate=96%
P. tolaasii sp. Y-11 Paddy soil 15 C NO; -N removal rate=93.5% 2016
pH 7.2 NO, -N removal rate=81.9%
Sodium acetate
Cupriavidus sp. S1 Coking wastewater 30 C NOj; -N removal 201604
120 r/min rate=98.03%
pH 7.0 NO, -N removal
rate=99.81%
Marinobacter . Biological filter 35 C NO; -N removal rate= 20163
NNAS pH7.5 112.8 mg/(L-d)
DO0=6.08 mg/L
C/N=6-8
Sodium succinate/sodium pyruvate
Diaphorobacter . Paddy soil 28 C NO; -N removal 2017029
SL-205T 150 r/min rate=95.02%
pH 7.2 NO,; -N removal
PHBV rate=84.13%
Vibrio sp. T1-5 Surface sediments of 25 C NO; -N removal rate=98.0% 201777
Jiaozhou bay 200 r/min TN removal rate=80.4%
pH 7.0-7.2
Arthrobacter Paddy soil 15 C NO; -N removal rate=73.3% 2017
arilaitensis sp. Y-10 150 r/min
pH 7.2
Sodium acetate
Paracoccus Activated sludge 30 C TN removal rate=84% 20171
denitrifcans ISTOD1 150 r/min
pH 7.2
Bacillus cereus GS-5 Biofilm reactor 25-35 C NO3 -N removal 2017039
200 r/min rate=90.0%-97.1%
C/N=7.5-10
Sodium acetate
Enterobacter cloacae Wastewater 30 C NO; -N removal rate=99.9% 2017("
CF-S27 120 r/min NO,; -N removal rate=92.8%
pH 7.0
Janthinobacterium Songhua river water 2 C NO; -N removal rate=89% 201852
sp. M-11 pH 7.0
C/N=5
Cupriavidus sp. Paddy soil 10-12 C NO; -N removal rate=97.3% 20180
PDN31 120 r/min
Sodium citrate
Acinetobacter sp. Piggery wastewater pH 8.0 TN removal rate=48% 201819
DO=2 mg/L
C/N=14
Pseudomonas putida Coking wastewater 30 C NO; ™ -N removal 201964
ZN1 120 r/min rate=86.08%
C/N=16
Sodium citrate
Klebsiella SBR system 25-30 C TN removal rate=70% 2021053
pneumoniae strain 170 r/min NO; -N removal rate=95%
pH 7.0-7.5
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FfL AR K T B RE S, AT 2 M) 440 A R R 4R
RO s T MR i TR AR, Al ik
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R I3 A B, B b S 7 R A R0,
PR, PR AR Y A Bk R F 3 OCHE . HiRdiiA,
R Z B A A AL 20 T8 v A ) C/N T A
$i1Z , e C/N Z7E 2-20 ZJa], Prasetyo Z167)
W5 T AS[E C/N He Xt Pseudomonas sp. i 2 AR
FISZIA , A BRAE C/N F Ry 10 B2 T8 PR B B R 26
KBRAN 98%; Zhao 5P He W sr 4
C/N A 15 B, Bacillus sp.fl Pseudomonas
taiwanensis WX EIREL W LR s A
O O B — S SR A SR S A A TR
U Janthino bacterium sp. M-11%21 Acinetobacter
Junii ZMF57 | Pseudomonas stutzeri ZF31[7”% s
XL FIAEAR C/N F(1.5-6.8)if /32 3 Hi>80%
IREIR R LR . DL B R ZHhk A L #f & 7E4l
BRI T ARG . TR LR rh, Y HA 5%
AR, SR B A SR = .
B AR G T SR T2 W R S AL B AR A B Rtk i, e
SE PR ENZ B AN RO A B, Al 7E K
RIS E IR AR TR B S IR AR R —
JEWTIE A E A
3.3 AREKRE

H T 4 480 S A b 2o A v ) ST A R R 3 i it
(Nap)®f UK, A AR B i S 2 1 ) ol A=
AR R T o HILA IR L0 5t F xS/ By
o BRI e R AR A 2 I Al i PR R I i
il A P DRSO A S e o e AR S A A T R
AR A 5 e T 2 SO R R R
Xof 4 4 S i A TR R B 1) 2 W) A7 T PR A 2
Ho P FE I, RI7E— 3 P
R AN ST AR BE RS, AFLVS A SE UV
Vo 22 (R LA TS I, B A T P B e A R
AR AT T 1S 5, 3 AT BB DR Ay 214 Sk B S5 IR
AT SRR AL S AR i T |
TERARE, BB R b 2k A H ) 20 i
OR ¢ ZAIME TR, EEMmREEE 2

P32k IFRRIT, AR SRR Y 4R
150 {1 i ol 2 P o 26 e A58 2 AP I AN [T T A2 AL
M 0.08 mg/L & 7.7 mg/L O, A%>°1 Patureau
EBHERI SRR Microvirgula aerodenitrificans
BB, A IRIETE 0.35-6.30 mg/L i, %
R B S A S 3R R AN AR T Y I i SR
/NTF0.35 mg/L I, Sz A Ak 28 Pl Al E R BE R R
R ) BT o 2R Ao 22 B AR S i A T
1] T 7E — 2 Vil S B B A U B R A T AL
SR AR SN, it PR AT i 2 v Vs A SOV B T g PR
ERIA IR 2 B W R TS, LTI Nap [ R4,
HiEEL R EE ¢ MEEE bel BiEfkis
BE, FEUHE AL 7RIV R Ak
T, EEMER NapC/NapGH Fl NapAB 23 VR
SRS A A MUK $EHE R 7). Huang
LB SR % PR Citrobacter diversus B R TETS fft
SAWREE D 5 mg/L I S il AR AR dn VAR SRR
& W REAR AN = R 2 S U A AR PR BRI R R .
3.4 REX pH

MEEEYRA LZHELEZmHERZ
— o RAR AT HR I S48 S A Y i U B
25-37 CP3, MIEEART 10 CHIGAE Y
PG, BERSCR ] BREAR, AR,
520,30 CHIL,7E 10 CEEFRM Pseudomonas
mandelii FRILH TSI, DIRgn 5L A
Feih PR T (H AT B 5 & BT R R A
MR I i 8 S A AL TR AR, FERTEATT RO B AT
TR HIEAT T HEE . Pk, Tk T-7-2 Re AR
ik 50 CHZMF T 584 KRR EY; He 51
KIER P. taiwanensis 7E 15 ‘CHEEE] 100%
AR, TE S CHRIAERF] 51%—61%THARER
EBRBCE . A2 E WG T ke % W e T X
ASHAL TR AR RE P2, 45 SRR I TE
25, 15, 10 F1 5 C 4 MR FARRESEIL 95%
(R R R SRR 80% Ak 2 % 42U ik (chemical
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oxygen demand, COD)ZFR=F0, 3 & 76 ™ FE
D I S S A A AT I A BRI, 5 A b
AR . BER AN 58 MUA PR A 47— € 1T
JEE 3 BB ke DR 45 4 40 SR A 2 1 A T 2
ARG —BORTE, A i R AR KA I B2
ANETRESEIN, TR oo A0 g ik 5 AR ARG IR AT
AU U AHALRE I TR AR K B, DA R i
TRy T il BRI R DR A5 0 A e % v it Jis o
PEFHG I TE , A ) T 52 B TR N FH 52 307
TBLREE R 0 EUSCR R AS P

pH B 228 25 5 | 7S sk A W A4 JSE 1) v £
Ak, DTS M A P A A R L AR Y
Tk LA RO 8 S ) o S5 e i Ak . etif Ak
FEr, WUEYITHEFE T R RRE T8 pH TR
U S R A B B UL Ve L pH Dy Hp 1 ) e
(7.0-8.0), 4 pH M X —Ju IS, WFEAHil
BRI A R BT, AR SRS Ak S L R A T
HHR KB, Pseudomonas sp. G5 TEIRJE N
20 C. pH {H 7-9 JEFNASALE, HBLAHAR R
ZERFANL AR EL L BR AR FEE pH (E T = M
Rrkas, HIERRRER LERRM 98.9% FREZ
72.7%, M AR EL K BR A 99.9% FFEZE 91.9%,
KW pH FAF XTI TR A4 A 1R 5 0 D T 1) 52 e
RFBRER I FE, MHEWHAERES .
HE DR TR FN B AF AL RE ) HA th THI S0
35 BRERESREETRE

AR R SR AR KR TCALER B BT R A AL, R
B — MR8 B B m> 1% MK, &F
R T R B AES E
TFETHEF, &SFHOKHEB B RN K&
Tl A W B S PR T, R K R E
HAE Wy S A A D TS o A IS HGE A
kG Je 4y B M) Halomonas campisalis
ha3 Bk, 7E 4% NaCl B} ik F) 5 K Rl fhid %
1E 20% NaCl & ST Al AETE , OF R —E
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(G BRIER it R A A SR AL TR A R B, 7T LA
T2 itk = SR IR BE XL G AR W) ROV L R BR ),
A BRI A

&R IC R MUY A KR B R R
MR ICR, HidEeEE T AMER T
X I REME RO BEVE T, b2 5 ARy T AH B
VEFRAXS A i R 3 o Bl Ak I b ] BB A
0 4 SR S A TR B L L B AT AT
He Z:B3B 0 . Arthrobacter arilaitensis Y-10 7
JiL AU RE JI Bl Mn® VR B (1 35 & TR AIC, 72 Mn®"
VEE N O 3N ZE 0.5 mg/L MIA51F T, TERRAYAY
MR 2B 61.5%FE % 9.1%, I HEEH Mn*
W R E— 2B . OB EURE T A I8 T R A A
1k J2 W (Mn*"=30 mg/L) ., Gui %54 % 3,
Pseudomonas stutzeri PCN-1 {E Cu® W KT
0.5 mg/L MR, BE Cu® VR EE Y42 i Tk
AR BTS2 B I L S A Tl B PR 3R ik K-
W REAG, fHmRER PR N2 2.0 mg/(L-h),
HAEREE 16.21-82.82 mg/L 1Y N,O HEJik &5 Fl 5
W B T R R R A (56.9-99.8 mg/L). BT
I 400 ) D PR AT BB AR T R e s ) T 4 S A
P EE D e SR PR A0, T BT A7
B 00 4 SR, DT 8 I S A 5 DR 3 3k 1)
T RACNE S B30 v JEE 1) ST i TR R R NLO HE ™

4 AW ANE ERIT RAR
e £ H i A

REKARBK R E 2%, AP AR
HAYy rT MUPEAR, 38 4 S S i Ak i AR AE 22
BRI TR ERER 22, JOE RIS
HIFTEN B3 MO RN 25 K SR K AR S A b
ahEA TR AR L, IR BTSSR A PR AR Dt
)L B 2 MK IR IR R 5T Fh 3 4R 0 1B 13 21
I AR S G T PY8IURI I ¥ iy AUl AL TR
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DW4P 72 h Py ik BN A R 22 bR R 51 R 95%
1 90%, [mlif HA S IR0 A AT 48 SR A Y
PE ;5 Zhou ST BEAS 2 75 Yk e o G + 25 9%
B IRAF A AT bR, F 0T L RURR I . R
PSRN RE S R HEA T o0 A R B, IR R X K PR
o R Z DU 0 i PR AR 5 B R IR B 55.81%

Kou S5 PR K 2 N & B T e 15 5] 3 MRiF A
FRSACTR, IER S A BL il 5% 5 SR TR &
Fi g%, TRRIAHIR L R L BRAR N 70%+2.9%, Hh
20% A PR 36 AU AL S P R E, TEW] T
PRI AR 53 A T /K TS K 5 14 7 FH % 7 s Huang %51
S B, FEZK IR K Bk i 12E 15 21 1 44U
AL Ak Zoogloea sp. N299 . Acinetobacter sp.
G107 HI Acinetobacter sp. 81Y, %t 48 h Yifk
AlAE JC W A R A R 1Y AT 4 T ik F)
30%=3.5% IR #h R EBR A o bRk IR B E 5
WA RN, 78 60 d BYSEH N, AHERER MR A
M 1.57 mg/L F&F] 0.42 mg/L, A HE M
2.51 mg/L [#% 1.72 mg/L; #EMECFI Y
GBI KENCVE , T e 15 B 47 A SRS LT HF3,
RS E WA 2.3 mg/L 1 SEBRK IR
K, 24 h NIHASREZERICRIEF] 90%LA E ;5 Guo
SOV S 38T T Pseudomonas stutzeri strain T1
TE S B IR AW 1, I Pk e [ B
HEAT IR AEAL- T B R AR A, RO KA RS 5%
B, 7EBA NO BB LT, AR LBRER
60%, FHMRERRZBRFH 75%, KEERER 7K 5T
MV EFEI T2 A g 2 RaE 7E K A 4y
BRI A XD-11-6-2, TEUFUZRAT T T LA KRR
90% ¥ 4 LBk (total organic carbon, TOC)FI
94% M THIREh &l PILLE Y, 474 S i AL T4 RE
T 0B AR KR 1 PR A BB AE SR KR Y
mARKERE A KAY, BABERIE Y
IRV AE N A A, T HAE 3250 = A TR
PR Az BRRE AT 5T B8 R s G KA 1) 52 B iy FH 4

HEES KR

M TR IR K AR A SR AR S IR Th i A R ik
BRI IAGER, HIR A & AR5 5755 Bl FE
ZZ W (B AIE IR, DRt S B iy HH v i o SR Ab
TN 68 B R 5 Ak 15 YK AR i A g = T AR
o SR, AR AR BRI A E AR EGE Nk . TR
JFNAP TR R, BRI T A2 AR K 4 45U i
feAEYEE N . BeAh, S R AR N
Bacillus J& . Pseudomoas J&AKLEIRE, b
TR 700 (0 SR A7 AE 8 G [l R X6 b 3R [T
Gan 25D FH 3R SR 1L A 28 A T 20 T 301 7 11 58
fLAL PR, 7E COD/NO; -N=5.0-5.5 &4 T,
NO; -N 7£ 5 h (W 5E 4 2:hk, H Wt rp i
A AR R R BB BRI T e 15 2
U 4E SRS AL T HE3 FHE7, DL TR 5 =
[ 5 TE 2T Y g A BR ALV IEORL I, 7RV MR AR
B4 4 mg/L, TN=2.7 mg/L, NH;-N=1.3 mg/L
PR N #5217 19 d, AR EFRFEE] 100%,
RARERFER 52%. R, FARUFREAE S
A7 28 D R0 1) A AR A e ) ol FH S 2 15 B OR BF
JE A 1 A e R SRR AR BE T . Wang DY
MK EREAS i i 15 2R A 4 A SRS AL R R
W TR [ TE S A SR A R IR i Bk Bk |, ik
B FBR 75.32% R ER A 63.11% 60 A& A
ROR, A DIRCERFFZED 9 MEAREL M .
H A 250 fb 7 2 #0 02 R R A 0 B o
w7, IRIERUE A KRR . iR
[ 7 T A [F) 23 0 480 S 7% 28 RS R R
AT S Wi G- 4 B i AL B RE RO G RS RE , 5 2
KRN SLI ST . BbAh, ZEE R AR A
— R R R KBS . o T R X I — ), 2
RO Hh 4 7 W A AR AR TR AEG TR A S S A A
IR 45 A, i B g # Hh i AS A 2BR
I8 76.49% . SAEEFRFIE 77.72%H COD %
BRIE 51.45%. JF HAI A ah iR . A IR AN
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RS RO R AT R, SR
FWK 8 L2055 BT 2 57 80 5 A
fih Sz 7 P [ BE AT R JE AN T , T FESCR PRIIE ST 45
A AR TR AN AS 2% 7K JB 22 42 s LR o

HRTXS T4 S8 S Ak AR 8 B B i S B
RN I GRATRAWIIE, LR BB RN
T —TEK, AT RR . TR S PR A4 Y
W 5% 2 B4R v e b R S B g, 9 A
Huriado-Martinez %57V I 4L X7 2 75 V8 75
(sequencing batch reactor activated sludge
process, SBR)US 48 S Al A ks 5 18 K2 v 4 , X 52
PRAGIREL 15 Y3 N K RGER IR £h £ BR R KT
70%, A EBREN 98%, HKTHEA NO, -N
FINH, -N, NO; -N FFE /K BHEEAE 25 mg/L,
R R #8 A B R R 0.66 m/d . X F A
RIRAKAAE, HOK T PEER Z5 A AN B P o
AL, LAWY, X T
Ui S B A A TR 5 4 M R AR A BRACR 9 R E
PSR B Ry T S G S A TSR

5 R&EHEZ

U480 SR A A ) 2 B0 2 oA 4 A 0 i R
HORPHb A, A5 O T4 U R i Ak T T 1
SRS T 2L it AUIME T X 4
SR SR A 2 R TR PR ) A R L IR LRI R S B
sz R AR, T EAZ R 1T HACE LS
RER R R, Bl MU ER . 4l
TEN I 24 I8 B ISR RS AL 4l 35 3R T bR . R
o3 8l 3 IR A A R AL TR TE e AR AE K SRR
(25-37 C AR Bl 3-5 mg/L .pH iy 7-8.,
B LR 5—10) 1A i B B I R B80CR , T 40 T RE
ATDA Z ik . R, SR ESE . ERF
FRR S, ORI B SRR T RARIK AR A Ak
W EFRHE T8 . BRIk Ak, W5 LUK
S A R ST R P 2B P AL T R St
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R ASC AR R LR, —E R B T
TR HL T AL IR A R SC D RE BB AT A

SRIMETF AR A UK AMERY IS8
A R AR B TRAMEFE, X AR AL
BRI STREE, LU IR ER L R
il 1) Bl 28 DX 00 1 A% Gt DR SR A A 0 4 S i
e, AHANBEWA 0 50 1 S AFAE R 1 D0 B SORH AL I
I A5 5 AR LT 3E A, FE 2ok A IR AN
20 M 5 3R A L TR T R AL R, AN RE T 6
A A -5 A S S A Bl ) S AP L) o 55— T
FI RS S SR A R MR R PR 2R P RS
=5 AR ) B SRRV BIE ST LR B g /MR B
il TR M SE PR TR N BB, 51 SERR
IS7 AT T I 7 22 PR ASCAD AT« AR 20 7 7 71
ARG E PR R 2% 22 2 [l L, [ 7 1 1 71
BT T TEPE AR BRI R, LB R
SRARME B B 2 AR A AR M T R
AYITREI, SR IR A 5 TR,
J 07 1) NLO il 38 UM A IR TG Y5

Zi LTIk, R A S A R B A AT fig
(¥ JE A58 BURAL A5 LA R JL 5 1«

(1) KR BL T, b S SCRH A T [ s 1 A
MR ERAE i 324, 2 — S i A
I ELAR i 5 A SV B e — E P R IR TR
B JE R 5 HE ], (HAS 2 58 e i PR Rk 5t
H AL I ML AN BT, G S S i AR T
HHL TR I A SRR R $h =2 18] A - i AL AE
X E— 20 T g g AU B A T R G TR o i A
et b, JEZisE ] LM AR . LA
4. EHRAEZ A AP EOR M T AP
i NI S o ) SR e <R R R R R iR 3
TRy ) 12 DA B i WVAE- 2N Z e - 33 iy | b £ i
000 S5 A B Uk S i P i AR S AT il ) S <
BL, IRl il P 2 8130 AT ) 1 L A1
ST R AE . R LA I RESE N,
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— 2 W R S A B P A i AL

(2) TERE G /KU AL B AR, 34
S it e e T I A 0 T g BIL AR Y
Bl THILREMEIE TR . MARWE | HiR
SR RE S R PR N ARG HAT S 2R e YR
P HL IR 75 G AU /N B Aoy ) T S B A R
MK ARAAAER RIRA I . BLoh, BRI
Yz (a0 A I AR AT, R At S R o K
RIS, ot S Sl AL e 1 4 1 Y i
W, HARESERAR, B PR A
PR A B U P Y e A IR G G 2R

(3) A A% N H AT I FY) 5 — A 2 A]
JE AN S S A A BRGR BRI 2% o T SRk v 5 [
TEATTIE N IRE | W BRI A S R SR I T K
WETE, 45515 Y BRI AT H AR A P i Al Y
AR, PO G EE T, IR
A BT, fifp R 21 [ 2 b 179 B 5 5T ]
Ko SAABBBORA IR . 1535t X 22 Fl 8k
XHRAE YRR RS R b, o AR I AT
LAFERLAE AR T B9 T S8 o3 fit e A AL
Yy, R AGE B A AU . Rt a] 2L
LT A SMIBAR /N T B IR AR BT SR
A, PRI RS AR AE K I AR IR 3R 5
B RMIEFE, AT LALR] g R m] A P AR IR
LT BE BRI AL 2 1) 1] AL

(4) T4 A S A AR A F G R R 14
GRYE, AT RO S SRR I ARk, i HUR
()R R R N D AN O ) N
JE AT R S5, 5 0 S A AL R A TR & T
FA R ER, (E4r A SO AR Al 3 R T
TEAEA Py B h VR T, LA 2K 21 ] 25 1l 2 B
WERIBOR s BURGE A 75 5256 % h 2R T LR IR
S B UE A U SR AR R R BR BRI ST, DA R
TE 15 7K A ] E A s 10 I 45 1) 4 SR S il 10 2R

PR g2 /0N Y A W) IV 4% (membrame  bio-
reactor, MBR)AZL A= VG5 K i T, {HJ2 H Al
TERCTS G K PEK AL B rp g ok DL AR OB . RIS
K RE BRI SR
B[R] 25 2 Bl S il K A4 8 SR AL B AL T 4T 1Y
TR
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