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Isolation and degradation kinetic analysis of a heterotrophic nitrification-aerobic denitrification strain tolerant to
high—strength ammonium. WANG Nuo, DAO Yu, QIN Xing-yu, SUN De-zhi, LIU Xin-ying" (Beijing Key Laboratory of Water
Pollution Source Control Technology, College of Environmental Science and Engineering, Beijing Forestry University, Beijing
100083, China). China Environmental Science, 2025,45(1): 500~507

Abstract: A heterotrophic nitrification and aerobic denitrification (HNAD) strain WN1 with significant tolerance against high
ammonium concentrations was isolated from a reactor treating high-strength ammonium organic wastewater. Based on colony
morphology and 16S rDNA analysis, it was identified as Corynebacterium glutamicum. The growth and metabolic characteristics of
WNI1 were studied under different initial ammonium concentrations of 500, 1000, 1500, 2000, 2500 and 3000mg/L, respectively. The
results showed that strain WN1 could still grow well (48h, ODgy,=3.264) at an initial ammonium concentration of 3000mg/L,
corresponding to a free ammonia concentration of 590.2mg/L. As initial ammonium concentrations increased from 500 to 3000mg/L,
the maximum ammonium conversion rate (R;) of strain WNlincreased from 15.93 to 43.29mg/(L-h). Additionally, the average
conversion rates of ammonium and COD were 7.06~9.36mg/(L-h) and 95.63~199.13mg/(L-h), respectively. Furthermore, the
Haldane model was used to characterize the growth and substrate degradation properties of strain WNIlunder different initial
ammonium concentrations (R2 = 0.99). Strain WN1lhad a maximum specific growth rate of uy,, = 0.36h™!, a maximum specific
ammonium degradation rate of 7, = 6.45gN/(gDCW-d), and a maximum specific COD degradation rate of r,,,, = 122.85gCOD/
(gDCW-d). The ammonium inhibition constant K; of strain WN1was 3749.49mg/L, indicating greater resistance to high ammonium
concentrations compared with other autotrophic or heterotrophic ammonium-oxidizing bacteria. The results suggest that strain
WN1is promising for treating high-strength ammonium organic wastewater.

Key words: HNAD; kinetics; high-strength ammonium; free ammonia; specific degradation rate
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Hbetb Flad A i B 2 7= AL 80 pH (E AT -
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JIN FA MR A 20~50me/L I, 46K 22 450 F R 40 1
{1 A KRR A fi 52 B30T T, AT 3 Al Ge
W 00 R s R AN R e R Ak R SR 7 5 ) R JN T R
R IK ALt AL B )L

Robertson %11 1 Y M i Bt Jii i 1 /K Ak 2 2R
Girh oy SRR T PR e IR A AL RN 4T AR S A AL
YiE(HNAD) WAL Paracoccus pantotrophus T4
ok, Bk 2 (1 HNAD B B 23 &5 ok, 23 A 78

(7 (8] [9] ¢z

Alcaligenes' - . Pseudomonas' - Acinetobacter- 55

AN ) B i HNAD LA AR R 00, A B 4 v
FRBEE I g ot A8 o G I 2R ] B A o At 1 A A2
K B WL LR A B 5 A HLR K B R
I FH GO HINAD T 78 T 52 458 oo e J3E S U T
P R oM PR, H TS T HNAD B0
36 R AR P AT P D B AR AT AR A B
/NF 2000mg/L H 20 B A EA, mR B E A
JuH RS FA RXT HNAD B A4 KA A 5200 2 45
B,

AR SC AR ER T s R P R K I 52 B 2% v 0
T H —BRon] A JE U RU(FA R M o) LA R e i
Z R ERAE 710 HNAD B WN 1B ST B AR AE A R4
SRR T I A R R 1, 8 1 3y ) 2
RIHEHAT LA, AL HNAD WAE A ik E S B
MU 7K A R . FH B B 1 S

1 MR575E

1.1 Rt

X S IR A Ak 8 77 2k U et R T A s
¥, M B J7 & (IL):NH4CI 3.821g,CH;COONa
12.82g, K,HPO, 0.25g, 87 4 G Eh %5 ¥ 10mL,NB il
HIGE 10mL 4y i 10mL. H B 4 (AR
W& BC 77 b (1IL):KC1 20.0g, MgSO47H,0 12.5g,
CaCl,-2H,O 2.0g;NB i & 76 # I 7 M (IL):
FeSO47H,0 0.3g, CuCl,-2H,0 0.03g, ZnSO4 7H,0
0.2g, MnCl,4H,O0 0.1g, CoCl,6H,0 0.17g,
NiSO4-6H,0 0.11g.3i i 4% in A NH,Cl 1 )5 = 1
HERE IR W UR AR BE I A N oA i A
CH;COONa = [# %€ C/N Jy 10.5% 7% 5754 1 7 H]
Imol/L NaOH ¢ Imol/L HCI i 1i#]4s pH K
8.4+0.1,121°C iy s 28V KT 30min. [l 441 B 15 77
FEFT N 1.5%~2% 1350 5K .

1.2 SER 7L

121 FIRMA - E R AL R AR I T i SEEG
FERKWIEATI SBR N AH(S.OL)K & mfi . 20K
FE 1R 3 S B8 e T8 W Wi IR A H 7K (COD- 4000~
6000mg/LNH, ~N 1400~1600mg/L) 43 % 41 11 4b
AR COD 22 5 %>95%, i R 22 B F>99%. M
SN2 TP ECH 2.0mL 3 PRV U T IR BE PR 5 TR AT K
R AR R BB S 5, B 0.1mL 19 10, 10°
F10° B W4 IR AT T WA R R E N
1000mg/L ] HNAD [ f£$% 5= 55, pH {E b 8.4+0.1,
X FA 3N 210.4~ 302.8mg/L. T 30°C{Hi £
TR RE % 2K R A (3d), 2 B K 8 B[R
AR T AT G 5 PR S HNAD ) R85 7R 5,
F30°C. 150r/min 4 F 5555 2d. 23 510 5E 12h.
24h. 36h I 48h I R AR E L COD K,
WL A COD #e R | Ha il LR &
ali il J5 25 AR E 1 TR PR

122 WHEE KM DNA # Bk &
(QIAGEN) 2 HU i #k DNA, % 16S rDNA #:4T PCR
FH51Y) 27F(5>-AGAGTTT-GATCCTGGCTCAG-
3°)/1492R(5’~-TACGGYTACCTTGTTACGACTT-
3’).PCR X W 4& & 4y (S50uL):DNA Hi 1uL,Taq
DNA ¥ 4§ (PCR Master Mix)46 pL,{j )5 5190 %
1.5uL.PCR J ¥ 4514 H:98°C A8 PE 2min,98C 4%
P 10s,54°C Bk 15s,72°C IEAH 305,30 NMEFF,72°C
ZEAH 10min. B 3R 1) PCR =48 TR S8 2 AR
FeAR A B2 A (A 50 AT 07,0 g5 R A
GenBank 3K1HF 415 A H NCBI ¥ uliff] BLAST
TELFE 7K 45 P 515 Genbank # OV A7 W bk 1)
HEAT VOO, 1B 8 [0 9 M 5 (%) B PR P 2 28,8 0 )
45 AE NCBI HL#k4T Blast 20 #7, 1] MEGA11.0
AW 7 32 A1 K 5 A AR 3 1 7 HNAD e ik
AT Be T, I K H 3 48 &5 A ¥2: (Neighbour—joining) #4)
HAZ R R G K E W

1.2.3 A FIHIAA SR B 45 1F e R A1k e
3% Ih) 5% )N i (250mL) 2 N HNAD % 97 5
(50mL), |- 77 38  AUAE QL) B A B bk T o 28U,
FEAERG 4h A8 R R4l 4EL K E HNAD 15 9R 5%
(pH 1HZ) 8.4) W14k 2 ZK FE 43 1l A 500,1000,1500,
2000, 2500, 3000mg/L. 4% & 22 %5 £ A= K 1 11 ol
T 8000r/min &0 B AR, ] PBS LR 3 K
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IR REAT R 5%, 28 B HORE I A A 0 TAH 4
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PR IR ) 2 A =

Cy xVy,

p=Ax (M

o3

X K B B A (me/L )4 R TS SRR Sk
AR EL(22);C w NGB B (mg/L); V. w R
WEARRA(S0mL); V s 4y B I AR RR(50mL).
1.2.4 4K SE S ODeoo FUBRHEMIZ:  BAZEE 1K
07 A 236 ETH(600nm) il 52 — R AIANH A=
TR 75 119 B B T L' JE (O D), 38 3k T J4 2 00 s ot
I B A% 40 JH A S5 (mg/L), B 40 Jid - EE(DC W), 4 41 i
T [A] ODeoo L A5 #E 1t 2k, Jr 13 77 B2 4 Y=
571.19X-57.05(R*=0.99).
1.2.5 WARHAKER LR R R, PR R
ol o

InhX-InX,

B 1—1,

AP R A KR (0 )X O ¢ B Z I TR
T2 B A B8 (mg/L); X M o B %1 40 3R 5 (mg/L )zt 4
BRI FRAE — B BRI AR IS % (h);e A BERRRG FRAE—
B B 1 45 B %) ().

[SO_S}
t, =t
g=-24x=" -

g My LRI R (g/(eDCW-d));So A HTLR I % 1,
A EKL (mg/L);S Ky ¢ N2 2 (mg/L); X 4 1o
) Z1) B PR (1) 40 JA i (mg/L).
X-X,
N )
APy D R R H(g/(DCW-gN))Xo h #2148
JLAR S (mig/L); X A 45 SRS 220 40 A FiE (mg/L);So A #]
LRI 1) 28 B BE (mg/L);S A 45 RN 2 B B2 (mg/L).
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PR WNT (R 2d B A R T DR A I 1)
Compertz *ﬁﬂ“s]iﬁﬁ?ﬁ%,ﬂ/&ﬁ@)i

2
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258 R Tk v X A L R D 2 7 A A
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F5 M . e
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FEPIKEEZ1 0 1400bp, 3RA375145 A PQ127018.38
it NCBI %45 2 ) Blast [FJVEYE 48T, 878 1% B bR
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13032 AHAMMER 100%, 25 G T2 2FRFAE J5 45 58 WA
WNI1 KB IREERFT I C. glutamicum, 2485 6
Wi 10)FR.
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strain WN 1

Corynebacterium glutamicum strain ATCC 13032 (NR041817.1)

Acinetobacter junii strain YB (KJ623740.1)

Acinetobacter johnsonii strain Q67 (KX279672.1)

Pseudomonas sp. X876 (JQ934897.1)

Pseudomonas stutzeri strain W32 (KT380577.1)

Bacillus cereus strain WXZ-8 (EF440610.1)

Zobellella taiwanensis strain DN-7 (KM361042.1)

faecalis strain WT14 (MN578054.1

K1 Bbk WNT TRV TSR 0K 3
Fig.1 Colony morphology and phylogenetic tree of strain WN1

2.2 AN[EIHIUA G AR T o T ik A K T R B AE 11
A

7E 30°C. pH {H K 8.4 KN A& R ARWIEE
R JE (500~3000mg/L)5F W [ FA ¥R JE 5351 3 97.0,
188.9,284.6,412.5,470.3 il 590.2mg/L, K WNI1 (1]
ARSI SR 2 BB a d R
WoR (R D), W42 B L 500mg/L 2 w2
3000mg/L,to M\ 3.44 38114 34.30h, 15 B b & ¥ 4A 2
RIRETE i, R WNT 1938 N AN W7 384 0. 58 Bk
WNI1 EWIIHZEEN 3000mg/L AT ] U I A=
K:,48h [f) ODgoo 4 3.264. CH WL R W], K2 4L
HNAD Wl Alcaligenes faecalis TF-11% |
Pseudomonas L3 7VA5 % 1% 5 41 M i 52 15 R 55 0 R
(500~1000mg/L) I BE AT A= K (0 20 S ik J& 1L vy B
HNAD B (14 K b 25 52 245 48 42 11, ) e Uk
I ER S FA T30 T 15 M58 501Uk SE AR FE ki 5 T
A AR R AE A UL T S A 5 O g 3 B
Acinetobactor sp. JQ1004 FEMSTE 0~2000mg/L Z A
FAF N AR ARTERIMR A ZIR N 2500mg/L I, X
M. FA 2l 86.7mg/L, b kA= K4 58 A4l i % WNT
AT — il N e, AR FA WK E &k
590.2mg/L AN RERS IR AT AR, H. 48h J5 %5 IR
0 2E ) 5 (ODgoe>3.0). 3HE— 20, 15 T R AIWIEA &R
FIREE N EME WNT B KA KRR 2). R
WNI 5 K b AR KT e i 8 0K B 3 A P
B W) UR R IR S 1500mg/L i H g A b A K g 47y
4 0.310h ', K T CHRIE 1 Acinetobacter sp. JQ1004
(0.308h 1)[19] v Alcalgens faecalis No.4(0.2h 1)[7]%4
HNAD . bk 45 53 BRIk WN1 n] DL 52 = B2
AEFA WIE W E) AT A K TR R A (T

HilfE I AHEEH e HNAD TR0 e 28 EUFR 56 1R i 32 7
Bk

F1 TRVIEERRE TEK WNI IR REENFESH
Table 1 Kinetic parameters for ammonium degradation of

strain WN lunder different initial ammonium concentrations

FLURIR S (mg/L) Ri(mg/(L-h)) to(h) R
500 15.93 3.44 0.96
1000 30.26 5.99 0.98
1500 28.29 16.86 0.97
2000 41.24 21.40 0.98
2500 45.85 31.85 0.99
3000 43.29 3430 0.96

ARSI % 21 ) 4 2 AR FE(500~3000mg/L)
BIRAE T PR 78 S AR, AR BRI AR WNT (1380
BRI A e B Uy B RO B R T v A T R AL, (R4

AN 1000mg/L I 21 % 5 1L % (48h) ik
44.6%, #H b H & HNAD |
methylotrophicus strain L7%%(1121mg/L,36.5%) «
Raoultella sp. sari01?'(1000mg/L,37.6%) %% 71 4k 71
e R B 2 AL (>1000mg/L) I 1 5 Ak 42 55 ey i 5
WY FA Y S5 1ok v I, 1 i 2 6] JE 0 B AR A K T RE i
PE R AR 2 A B (0 R 17, A 3
JIFE SR AT ACR 1), BEIG 2 ZK 500
$ETF A 3000mg/L, FEkE WNT (¥ 5oka U il %
R, B 1593 & Wi ¥ 0 & 4329mg/(L'h), 5
Pseudomonas putida YH!"
NP1P4%5 HNAD 111 Ry, B2 R ETF i 1 485 0 )
2 BKAY T B BERE WINT R 55 1) 2, S0 B 3 L 3
A R YT BS A3 R WNT RN FR (17
B BT %Ny 7.06~9.36mg/(L-h), 14 = T 4b BR

Bacillus

« Acinetobacter junii
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R 2 AL (>1000mg/L) I () Pseudomonas 13! M 5L ERL 0T R A2 A S RUE &AE A v 8 = ) e AR

(1000mg/L,5.46mg/(L-h)). Alcaligenes faecalis C16*!
(1200mg/L,5.26mg/(L-h))~ Pseudomonas. aeruginosa
U1"(1500mg/L,6.38mg/(L-h))%s HNAD F.LA [-4%
FUII R WNT A RESS TR 52 2k 5 205, ) HLAE
B AT N A BRI RE ) A AR
fiff b AR T 2 SRS DU ) SR I A ST R B AR Ak

LR PR E AL B T R R,
BB AL R AR5 CAGEK HNAD

RER A R E AL N

PASCTer i A

—HRA

AR R 4020 I R

A Ay IV 2 A A% T )R AR A IR
FATRAE (1 R e, 7 ] T e s U K Ak R
A LLED T2 R B A B A

Fz2 TREAVMBEERIRETE WNI B LA IR ER 5 B R TP AR E
Table 2 Specific cell growth rate and substrate degradation rate of strain WNlunder different initial ammonium concentrations
%U%Zu WA FA —_ %ﬁﬁ‘ _ — — 4hR — q = max §CcoDmax Y(@DCW
WP W (/L) foIN ZEAEE COD WEE 4k 5 (N EAKRE  CODKEE ANk (eN/(@DCW- (2CODAg tma(h ') /eN)
s
(mg/L) %] So(mg/L) My(mg/L) Xo(mg/L) % S(mg/L)  M(mg/L) X(mg/L) d)) DCW-d))
500 97.0 6 451 4815 130.35 12 377 2985 919.69 2.255 56.155 0.326 10.739
1000 188.9 6 966 9665 140.34 12 863 7505 910.55 2.943 61.566 0312  7.460
1500 284.6 6 1480 14625 120.93 12 1381 12978 778.03 3.275 54.477 0310  6.637
2000 412.5 6 2095 19385 102.00 12 2010 18080 586.11 3.333 51.176 0.291 5.695
2500 470.3 7 2526 23855 133.68 12 2408 22558 560.98 3.142 46.573 0.287  4.883
3000 590.2 7 3084 29070 107.15 12 2992 28135 407.90 3.087 41.885 0.267  4.365
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Fig.2 The growth and substrate degradation properties of strain WN1 under different initial ammonium concentrations



134 T WS RIS e s R SR IR AL SR S A TR TR e S B ) 0027 o0 505

LT B IR A, HNAD B SN 52 55 i A
W, T 2 50T HNAD B 1R 7 326 1B Al k: ()
FAREE FEREAREMZM T FA W#JE. Wang
2T K I8, HNAD B Serratia marcescens W5 1F
TRE AR (100mg/L) pH {EHAZ1K(7.0~10.0)%F 1L
SR B R B B S5 5 T A e 2 UK BE (300~
500mg/L)Isf,pH 184 10.0 I A2 EEEAL#EE L pH
A 7.0 I I 225 B AR HE BT A2 1 T FA VR FE I i 3,
DAL I FA 6 HNAD B IR 56 0 V1245 31 90 AIF TR
P T KR FA 3R55(210.4~ 302.8mg/L) ik i bk
WNTE B PR R J5 1 A2 oh, AR B A 2 AU B FA
WREEA P B B AR R 81 pH (B (>8.0) 143 FA
HAEFRAE— 2 IR 48N J5 %5410 FA IKREE 530k
55.2,82.4,166.8,228.2,278.3, 369.4mg/L. Lik it —3
VLI TR AR WNT BERS TR 57 =ik 2 2 AU(FA IR
) X S AT A U A, 7 A B A U AU(FA
WA ) K BT IR R B R ).

AN, B AR WNT B A KARE R b, COD ik
Ak 5 R AR — BB 2). B B RRAE KAk
Z T COD KR FE AW B, S NIt F1K) COD -3
AN 95.63~199.13mg/(L-h). t itk vl 401, 1% B %
ALY R RE H A BT (0 B A e ) 0 A B s oA B 55
N A MU A 0] DL B b [R) 25 it .

SRR TR AER R IR B AA WU K & &
FEI R IK « 15 e Bt AR VRURT 57 3595 300 VR <52 Ak P s 3
SR FH 920 33 7K B n (9] 19 7 4 BRI JRU K P 2
S FA WP IE 1 BB I 7K D45 B s 1), DA A2 24
KA BEEE SR X AN BEAIG 7 A B8, i FLK i 3
T LSRR SR I AR WNT BT EL A0 R, i
70 I AR Py oAk 55 T B g AT TR N H S g PRI T
SRS SN R B A LR K IR i Rk
P IFHE T b B ASCR AT AR A% 1R S F T 52
2.3 ARIWIIAE AR A E R B AR A A T
Refir s g e Ve 4y A

A SCHE—25 K H Haldane #5784 1) & AN R & 20
JEE KT BRI AR A K B s I e At o 2 1) g i), 43 0 B ) 2%
SR R BRI 3 FTR.

HE 3 R AL A F RIS 2 BIR FEA A T A
PR ) b A4 A S0 256 2 2804 5 1D 3 52 300 38 9 e A1
(R FA. b S s 45 Al R I, B0 2 B T i, T
PRIFIIE I 1 o 38600 H A5 K AR KR 14 TR WL

R R O BB A AR P A T A LR
Haldane BSEURAFHIPIS T Fid A KALAEL(RP=0.99),
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