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W, AMKES CoP B A DL EREE IR F. [F R B EIREXEHR T REIRE Cu™
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HERARAHE R EHRENIS A 99.98%. 100.00%. 100.00%, e 8.0 mg/L Cu'/E, HEHRF
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Nitrogen removal characteristics and Cu?* tolerance of
psychrotolerant Comamonas aquatilisNY3

YIN Mengyuan, LIU Xiaoyu, CHEN Weiwei, YUAN Yulan, HE Tengxia®, XIONG Yufen,
LEI Hongxue, YANG Lu

The Key Laboratory of Plant Resources Conservation and Germplasm Innovation in Mountainous Region (Ministry
of Education), College of Life Sciences, Guizhou University, Guiyang 550025, Guizhou, China

Abstract: [Background] Biodenitrification of wastewater containing heavy metals under low
temperature conditions is facing severe challenges. Copper ions (Cu?") can significantly affect
the denitrification efficiency of microorganisms. At present, the research remains limited
regarding the denitrification characteristics and tolerance mechanism of psychrotolerant
denitrifiers under Cu®* stress. [Objective] To investigate the denitrification characteristics and
Cu”" tolerance of Comamonas aquatilis NY3, providing theoretical guidance for the biological
treatment of low temperature wastewater containing Cu?". [Methods] We conducted batch
experiments to study the effects of different concentrations of Cu?* on the nitrogen removal
efficiency of strain NY3. The activities of the electron transfer system and the key enzymes in
nitrogen metabolism during the transformation of inorganic nitrogen by strain NY3 were studied
under high-concentration Cu?’. In addition, we determined whether exogenous sulphide addition
helped to alleviate the inhibition on the growth and metabolism of this strain by Cu?". [Results]
Cu?" significantly affected the nitrogen removal ability of strain NY3. When Cu®*" was not
added, the removal rates of ammonium nitrogen, nitrate nitrogen, and nitrite nitrogen by strain
NY3 were 99.98%, 100.00%, and 100.00%, respectively. After the addition of 8.0 mg/L Cu?*,
the removal rates decreased to 51.56%, 55.70%, and 0, respectively. At the same time, the
activity of the electron transfer system also decreased from 0.306, 0.115, and 0.124 pg/(g-min)
to 0. The activities of ammonia monooxygenase and nitrate reductase decreased from 0.260 U/mg
and 0.610 U/mg to 0.250 U/mg and 0.260 U/mg, respectively. The addition of 45.0 mg/L NaHS
and 50.0 mg/L NaxS significantly alleviated the inhibition of Cu®" stress on the growth and
metabolism of strain NY3. Specifically, 145 mg/L NaHS increased the removal rates of
ammonium nitrogen and nitrate nitrogen by 48.17% and 70.94%, respectively. [Conclusion]
Strain NY3 has certain tolerance to Cu?" stress. Excessive Cu’?" has inhibitory effects on
heterotrophic nitrification and aerobic denitrification of strain NY3. The inhibition of strain
NY3 by Cu?' can be alleviated by the addition of appropriate amounts of exogenous sulphur,
which thereby increases the denitrification efficiency under Cu®* stress. The findings provide a
theoretical basis for the treatment of nitrogen-contaminated wastewater containing Cu?" by
microorganisms in a low-temperature environment.

Keywords: biodenitrification, Comamonas aquatilis; copper ion tolerance; exogenous sulfides
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Bifi 5 3 Tl A A ol AR ERR B bR, oK A
RIGY H 5 IR M SR 2 8504k B & RUE K
Heme B Sk e rh 25 DEAKIRE B, &
HAEHKAEN YT, I TR Y ek
TGN, HE 2 g AR AR, RIS Gk
K E b3 2 G 2R AR I R R TR R B
R AR . T s S, 2 BUG
PR ARTCHLAR TS (IR AR . SR AN
AR EZI RN, SR, AR IR
SRAERURE, DR IR X I AR B R K
B R U P B R B L 2837 °CPY,
T Bt o I R R AN, A 1 A K R B 3 1 A2
E| O ENAIRIEST St T S S @R LY/ 3
R MR, BER R, MR EFELE 10 °CLA
B, R AR ORI SRR AR 50% L 10T,
it Vo A ) 02 — S RE 05 T A2 B AR B, 7EAIR
TGS T Al IR R A K S RUEY, 2JF
AV I 7K A B R () 3L AR TR A IR 61 A
{2 28 it 1§ (Pseudomonas sp.) NY3M | & # 2
il #T B (Bacillus simplex) H-b!") | AN ) fF
(Acinetobacter sp.) . ;¥ R fi B ifd 1§ (Pseudomonas
putida) Y-12. f##T I (Microbacterium sp). SFA13]
LR TEARIRFRE (515 °O)E A KA, &
ARG 25 5 G o Ak PR S R R U

B 88 - (Cu?HE A Sl A 1 A 1 AR gt e
o IO R , ATVE AR 2 5 A ik N
eI S e O i A A e i s A i Tk - e =
TR 5L, DTS 5 20 e i) S AL R AL D1 SR
MM Cu 2 BEAT B ZE P 0y A A7 A, ek
AR AL AN A A TR R TR SRR, S S Ak
I L RGEMTE T, SRR A P i & 3K
U Padial, B K . 2K,
B R AR ) R K R AR A 20 12 K 4 T i v
W E SR Co™ ME A5, Rl
K Cu® e &35 5-100 mg/L, 7 LIPS FvE 45
HERC 27K H R B 3R 1 501 550 mg/LM, i
X KA AR e B R T5 e, HWk
ik 40-380 mg/LU 3, I 28 R K A5 4 A W ik

RSB IRP L . PR, Cu* Xigfk
B Ak B e T R B9 2 B h0 48 B (ammonia
monooxygenase, AMO) g ELAG ¥ B K f PRI
HER, 78 C WE®T 5 mg/L MFMAT,
AMO & F T BB 70%, ARCEREZ
FRY, R RN, KRR Cu®
5 NH; J& B [Cu(NHs)a > 45 5 1 23 B A~
TUUEE X A M LR, FILIF & IR Cu®'ht
PE. BRI RERE IR R R, B SE B T
oy ¥ 42 J@ - A K SR AL L B ZIR R 2 —
HET, AR Cu XA g /E
Y L R AT E YN IESTEE Y . SRR T
TR IAEE T4 = TH o G N TR A
PR AR B B B ARSI T, A
AW B BB ESE R (U0 cop #RILT-. cus
R8BS HF X E bR E Cu® 'y ik, il
AW AW E S 2. SR TR Y R Ak
W) (extracellular polymeric substance, EPS)JE
BB, L 1T 4 H oy 3 A (AR O | R )
A RO S IR A Cu®t, BRI H A W i 2
FEAERUT; AP AR A N IR A 4R
B RN D6 T BRI 0 6 i Jiip 38, X I b 4y o 1
RES Cu 45 &, I 4EFR 40 i P P8 i fa e el
AR 3 2 R i s k2= An EDTA 4§
EERBAVER, B Co™ wER; 41
NN NG R TR AR T L =K f | CINE
B BR ROS, BHIWT Cu”™ i 5 1 S AL 3455 Lk S
VAR 41\ 13- SN = B = 13 s e X 3 e e
ge A, S Cu X AEY I EIVE R . T
WY pH . WINAEY) Be . A A 5508 55 W B b1kt
AR RS R 7, b Cu® A ROk B, Ui
BHXNMEYREEEN. 54, AR
T AE P s o] A AR g Cu 153 1V F R R
P Rz Cor g ENT2N D HE A Rk
Y-Cu* BAEMR Z R EF W E KA TR . &
AR . TEMGRLIREE T, Bk 4 i i A B
Fer, HFHARB TR, RS A0 B 50
PE . WS TE S ARG B R, X
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3 HR AT RE S 0 B A6 W TE AR IR T B ik 2 AL A A H
XA A BRSO o RSN, BT ABFSE 20618
BALPIXT Co* Wb 2=UTIEVE A, 2 X A
Wy A AR S5 W (I AMO . NR)TE LRI [
I, RGWFIEITR A TETE Cu® HE T A
R R A A R ek A 1 B A HIL R O -
JE T A SRR M (R ), K IEAMITIR |
Cu™ . Witk Z R %38 B AE R T A i &L
PRI 23 1, XT3 a K AR A R
()T Sz HLA T L A B A0 L A 1B

A ST LS 50 3 A 7 18 0 1A ARAT A0 T V2 5
A58 2 TR 7K A2 A B LI P (Comamonas aquiatilis)
NY3PERWF R &, i i it 5 56 W 58 A )
Cu™' Wk FEXT R AR NY3 I ABCR RS2, 16 =ik
JE Cu®'F, BFIZE R AL TR R 1
A% 388 R GEE M 5 AR DG il S PR AR Ak
[ EF I v B Cu™ il s, A AR A Ak 4
X2 PR R B R R s i . A 93 3 A AR
T £ T B AR 9 B in e -Cu® g -l RROCR K
OB VER R RON C R, B LR B
Xof T ¥4 I 2L AT P Ok = AL ) B e AR Y s
i, A AR 75 - 2 AR T K A A W Ak B AR 3L
SR Y RIS ARIE 5 B A o

1 #R5r%

1.1 H&H

AHH 5 i R 9 T Bk Comamonas aquatilis
NY3 J& 50250 % Hij 5343 15 0 28 Fir O A 0% ik 44 o &L
PR, HAE 0-25 °CYu i N se A K A, IF
HEAEB R R 15 °C,
1.2 ExEE

LB §5 373 (g/L): R E R 10.0, EEREE
5.0, EAL#H 10.0, pH 8.0 (EAREFER S INA
1.8%MIBE) . ZKEF A T RAR TG L S K
gt o

filf Ak 5% 772 3 (/L)Y . C4H4Na,O4 2.026,
(NH4)2S04 0.236, CaCl; 0.014, K,HPO4 5.590,
KH>P0O40.513, Fex(S04); 0.009, MgS040.040,

pH 8.0 1ZK% 773 FH 02 TR i 1) S SR A AL R
SR8 7 3 (g/L)PY; C4H4Na 04 2.026,
KNOs 0.361/NaNO, 0.250, CaCl, 0.014, K,HPO,
5.590, KH>PO40.513, Fex(SO4); 0.009, MgSO4
0.040, pH 8.0, %3 A H T Pk i 441
RAHALRE ST
1.3 FELFIF{LEE
BCA HE WM E AN &, L REEFR
FA TR A MLy S POk 28 (iodine nitrotetrazole
violet, INT), i3z s bl AEALRHE e A R A
Al MEERE IR A, U WO B A i i
BIRAW RANAT AR, dhat i HriE
AR AT R DEAE A /) S 20 I iR, 77 %
AR A A B T 5 s R AL,
PRI M RBHLA R] SR KER, BULUETT)
IR FRAF]
1.4 Cu®%EHk NY3 it &4 a4
S0 iy U0 A0 e e R ) B R Z AR T
PR NY3 B A fe AR 55 F iR 15 °C.pH 8.0,
C/N=15., ¥R B F &8 0.5x10° CFU (40 %
&, FH ODgoo (HZR/R) . & 150 r/min. WkIEN
TR, IR, 4510k 50.0 mg/L
(NH4)2S04. KNO; £l NaNO, 1F A & J5 ) i £k il
FAE AR K, FFE AR R BE 1 Cu®™ (0.
0.1, 0.5, 1.0, 2.0, 4.0, 8.0 mg/L), FEMFK
NY3 JEab a5 5%, [R5 B AN U IR i Y 25 1
XTHRA . AR IS A 1 h BORE, Ak
B4 (R 3 h BORE, SEE B i ODeoo fH,
AFEST 6 500 r/min B0 5 min J5 B E RS
MERSE . MEERTMSEANSE, MNimit
BN B ARCE . TREA KO AQR)FTR
E=(R-R)/R; (1)
E.=(Ri—Ry)/h 2)
A, Er. Ri. Re. E, Al h 4351 3R B & U80CK |
IR R E | e R B . MR R R R 5
i ],
1.5 Cu*XEFEiERG R MRS
¥ 0.5mL [ NY3 BiE5 2.0 mL, 0.2% INT
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IBA, TE 15 °CHiF: 6 h (LA A ME— AR
18 h (43I LIRSS EUFE A A 1k e — LR i ke
FeAL SR 25 min, HIIA 0.2 mL H# 10 000 /min
B0 5 min, JLTEM 4.0 mL 96%H L AR, L)
10 000 r/min %.0> 5 min, B EIETE 495 nm 4B
RO R B R 3 R SIS M (electron
transport system activity, ETSA)315E /A =(3)

FI7R «

ETSA [ug/(g-min)J- L x A2VM g

€495 X SX1

F(3)H, ews. S, t. Ab. VHI M 43 BIEREER
TH R (€405=15.9 mmol/em) . # AT (mL)
SRS [E] (min) | 495 nm ZEWE G | FEEAR (mL)
Oy 43 F it (M=32).
1.6 Cu*xtEgE MR

K AMO. fHPFRIA J5i B (nitrate reductase,
NR)FEAB AR L )5 i (nitrite reductase, NIR)JE P
FETL, 52T Cu* X AR NY3 B A fE o
S TE PRS2 KR PR NY3 7ELL 50 mg/L Y
BAA . MARMEMSRES BT 6. 15,
15h )5, BUEET 15 °C. 6 500 r/min 25.0» 5 min,
FEAd A BR300 W, 5 min) 5 SR
finh, $REESCHL R . Ho AMO S W44 % 20.0 mL,
HH 20.0 mg/L (NH4),SO4 ., EEHEHY) . 0.2 mmol/L
NADH #1 10.0 mmol/L Tris-HCl ZH 5%, 7E 15 °C
ZMFTEFE 15 min )5, DI/ RS Ak E
K BEIREEZ T AMO 7M. NR F ik
% 20.0 mL, HEFHEIY . 0.2 mmol/L NADH
20.0 mg/L KNO; #il 10.0 mmol/L Tris-HCI 21 ¥,
NIR S W4 & B HU) . 0.2 mmol/L NADH ,
20.0 mg/L KNO, Fl 10.0 mmol/L Tris-HCI 4 ;.
DA 2 RN A A b ok 1SR A R R
HF NR Al NIR ()G 7

— NS 1AL (U E SO - TEFRRE 2544
T, B84 1.0 umol I T W & . i
1 FE & PR (U/mg) 1€ LR 1.0 mg 2 5T &%
BTG T BRI, R RR LR S SR ELY)

1.7 RIMINEFRAEDITERE NY3 Cu*Tit
AN

J T IRRE R A B NY3 [ Cu> i
B 7545, 43 B LA(NHL)2SO4 F1 KNO3 75 4 e — iy
RIEHIET SR E Cu® (8.0 mg/L)RIRHILAN
FAEARBIUE K, HeFh TR AR NY3 H-43-0 1] B4
J& K FPE I NaHS (0, 10.0, 45.0, 80.0, 110.0,
145.0 mg/L)HI Na,S (0. 10.0. 30.0. 50.0 mg/L),
T LI R S T IR A R A B 45T
LA & ST 2 FOR TR SMEGRAL P 2 g Cu®*
Xof T AR NY 3 5335 il £ R 48052 il P Jit 2 4m i )
YRR,
1.8 W59 *E

B AN RN T VR R e T L B s R
SETTIR N 8-SR 5 A SO B s WS IRER
DR J5 1 R BN e B s i R R %
PN N-(1-Z830)- 2 o s RV E Jr ik
SR P 2o R B N i 48 A0 43 O BE S 5 ODsoo
DU RE T3 1k ey P8, ARG BT AT A B HY B AT
3 YK, f#ifH Excel. SPSS Statistics 19.0 £l Origin
8.6 AR LI BRI TH T T SRR

2 EXRE55M

2.1 Cu®"XE#k NY3 Bt @SR S0

Cu®" J&: Tl A4 W A= K B0 Jir b 75 B9 Bt o
R, TEMME T ekl iAkA £, B Cu? W E
o B AT RE SR UE T E, BT
BRI 0 R0 T AR 29300 Ay Pl 28 A i v d L
PR NY3 (19 Co® ¥l Jy i, ASBIFGEHG 1% v 2
BRI T ASFEHE CoP fms 1 A RS LA
K

WE 1A s, BFEARKE Co' hia T
AU #K NY3 6 h, 7£ 0 Fll 0.1 mg/L Cu** &14F T,
B E NY3 W4 45 A 2B R 3 58 4, 430l
H99.98%F1 100.0%. #Rifi, Fi#E Cu* kTt
HE 0.5, 1.0, 2.0, 4.0, 8.0mg/L, 6hAEE
BREBRBEMEN TEZE 99.57% . 90.18% .
93.03%. 71.91%. 51.56%. [AlB}, ALK
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AR S SRR —B(E 1B), X EBE 7o, BIETE 8.0 mg/L Cu* Myt ia J& 14 T ks
RO HHR 90.75% . 86.65%. 88.12%. 80.99%.  F 6 h, HHE NY3REF T S1.56%M4 5%
83.76%. 65.80%. 51.43%. UtAh, WASARIL  BRFE. XRPEE NY3 X Co Pl HA 8251
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MAEARENESRA LR, M C?WRER KM TFHC SR A, SR LR
il 8.0 mg/L Ji7, Wk NY3 MR ARCESZE™  H 0o X—XT ™M B 1Rk NY3 7T 52 = e B
FIH XG5 Yang FHTR S RAHLL.  Cu® e Iy T B A BB P
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[ 0.0 mg/L Cu* [ 10.0 mg/L Cu** §
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Figure 1 The NHs"-N removal performances of strain NY3 under different concentrations of Cu?". A:
Removal rate of NH4"-N; B: Removal rate of total nitrogen (TN); C: Effect of Cu?" on intermediates and cell

growth in NH4"-N removal process. Different lowercase letters indicate significant differences. The same
below.
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PLRS A ZOAME— R, B RE NY3 7EAR TR Cu®
WP T IR R RCR AL I E 2 FiR . 24 Cu®™ ik
JE<4.0 mg/L 5T EE3E 18 hg, BEARAAY
DA EBRERFEIL 99.61%-100.0% (& 2A), &
ALK 90.68%-94.93% (& 2B). 2R, 4
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Figure 2 The NO; -N removal performances of strain NY3 under different concentrations of Cu?". A:
Removal rate of NO; -N; B: Removal rate of total nitrogen (TN); C: Effect of Cu?" on intermediates and cell

growth in NO3;™-N removal process.
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(K 3A). M Cu*™ERTF 2.0 mg/L B, BHkE
NY3 1 s fis AL RE 1152 3] 8 24 i, 8.0 mg/L Cu”
Al SE e Z A AR SR LR X—HE S
SCHR[33-34] 4B IR B Cu* SR dE R ik i
GERAEIE B S, BASEDL, Hbk NY3 A
AL XS 0.1-2.0 mg/L Cu*" ATt 21k,
il A BRI AH A B L BR R IR 100.0%. I
A, FE Cu® WM 4.0 mg/L il 8.0 mg/L HI 4
T, Btk NY3 [ ODegoo fHAT HIFEZ 0.45 F
0.40 (& 3C), iX —HL R TR NY3 #9240 m]
RE L TOET- 52 IEN . SULFE, Ccu* ik

>

EAE 0-2.0 mg/L B pH {H¥ & TF 8.7, 1M Cu*
e 3 A 4.0 mg/L 1 8.0 mg/L i pH {84351 K 8.1
F17.9 (K 3C), #EM Cu® Al BE L i B IR IR g
RS2 1 e vk, SR N R R A i
Horp B A HLIR (IR FLIR S5 W B Ui 251 & pH
{EREAR ) — A ZL R K30 FE 40 & A 24
Ze, JRASAEAE 40 P B 0 (91 G 8

VAR S5 ) S oy R A M e A R, TV A AL I AT
TE X S8 S R S el U E W i s Ak 4 R
— AL S R o LRGP AT RE W
A A, IR — o e B S A (K] 30),

es}

10.0 mg/L Cu* C10.0 mg/L Cu*
~ 100} CZ30.1 mg/L Cu** Alaa, 3333 100 | Z30.1 mg/L Cu** .-
= 5 0.5 mg/L Cu* 5 5N 0.5 mg/L Cu®* bo b [T
& gol B91.0 mg/L Cu™ & gl BI1.0mgL Cu o5
B 2.0 mg/L Cu?* 2 2.0 mg/L Cu**
= B 4.0 mg/L Cu* b5 B 4.0 mg/L Cu¥
o 60r M 8.0mg/L Cu* b é 60 I 8.0 mg/L Cu**
2 by b 3] %
(=] = C
g 4o0f g 40} CoEs
z 5
%N 20+ CCCCC E 20+ R d ddd it
d
o Leeeceee ddddddq r E cc b 1N Ba Ba coteceh sise ] d ce bb hg
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Figure 3 The NO, -N removal performances of strain NY3 under different concentrations of Cu’". A:
Removal rate of NO, -N; B: Removal rate of total nitrogen (TN); C: Effect of Cu?" on intermediates and cell

growth in NO; -N removal process.

A: WIHSAEERR; B: BAELRE; C:
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X A 2 M 2 Ao R R U O T AR A T T
M -

M2, BEIRGERRERY, FEARMREMET,
FE NY3 -0 U g b #2 X Cu® A
A —E W2, (RN Co™ S ik
NY3 WA, HBRALRER Cu® Uik
KM S SR L BR> S R L BR> S A
22 Cu'SEFERERGEMHRSE I

A P R A R AR o b R — R AR
TFAE M AEYIE RN . AR, Cu®”
P A7 TE 23 52 ) JI3 26030 78 v A 1 1 vl - A%
RGN PE, YRS A RCRET, ETSA W
DLz WA 2R 0 1 v £ 36 0O TR AR 1 R
TN P — R ST CuP X A i R A
HLFAEBB 52, ABFSEAE 15 °C. Cu™ ik
4 8.0 mg/L FF T XAk NY3 #5417 ETSA K
W, 5L mE 4 PR, Wk NY3 RIS A
o — & IR BE IR 6 h )5, AN Cu* i ETSA fH
47 0.306 pg/(g'min), ¥ 8 mg/L Cu*’J5 ETSA
8 F B 2 0.027 pg/(g-min); Ftk NY3 23578
DS AR S A IME—AEEFR 15h 5, K
U Cu® B ETSA {H43 5120 0.115 pg/(g-min)Fil

4 Cu™XEH NY3 B FEERGIEMERIFMN
Figure 4 The effect of Cu®’" on the electron
transport system activity of strain NY3.

0.124 pg/(g-min), %A 8.0 mg/L Cu*'J5 ETSA &
JE R &2 0.016 pg/(g-min)Fl 0.003 pg/(g-min).
ER R, UHN 8.0 mg/L Cu® @ E I T Htk
NY3 i ETSA {4, FF H & E Cu” X 4114 i
T3 ZR GENE PR A R A5 N T R NY 3
ABCE IS S —8, RWPEWER Cu* il
A 2 5 AL O RIS ME, AT
] 200 BT 58 2R 3 I X Ay A i AR U
2.3 Cu' &k NY3 EEE MR

TR %) ARG Ao R v FEE AR T DG B g
FIHEIRTERT, AMO T 5i i %fk, NR Hl NIR
3 ) 570 T T A T T R 1 3 D421 oAy g —
HARIT Cu* WM NY3 AR, A
WHSEAE 15 °CHU AN 8.0 mg/L Cu®" #4544 F A& il
7 AMO. NR. NIR (&M, 250 mE 1 o
N, Cu” it AMO JEMERmAN B2, i
8.0 mg/L Cu* FIREM Cu* &4 T 1Y AMO i
P43 0.250 U/mg 1 0.260 U/mg AHHZ TR,
AN 8.0 mg/L Cu®** NR AUEEHIE I W& PR
0.260 U/mg, {BA s T HA LR O B R FERE, 4n
AFT T (Agrobacterium sp.) LAD9 (0.094 U/mg)*!
K = 4% % 7 (Streptomyces  mediolani) EM-B2
(0.120 U/mg)P" FIE: 5 A 5. il 7 (Pseudomonas
putida) NP5 (0.021 U/mg)*4, LA |48 R k— 3k
B R Cu” 2 TR NY3 SR fb- 474
fEfeid #2, I HIHEAE L X F Cu i 22 1
B

F* 1 Cu*¥Ek NY3 BS/EM S
Table I The effect of Cu®" on the specific enzyme
activities of strain NY3

Enzyme Specific activities (U/mg)

0 mg/L Cu** 8.0 mg/L Cu?*
Ammonia 0.260 0.250
monooxygenase (AMO)
Nitrate reductase (NR)  0.610 0.260

Nitrite reductase (NIR) — —
—: ARG F I

—: No enzyme activity detected.
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2.4 RIINEFRITEE NY3 Cu?'it 27
A0

WF5E B, NaHS AMUATYE Cu® KA Al
CuS ULHE, /KPR Cu* &, B
FRF AP AR TS, DO Cu e
T2 A A AT B T, AT B
R P K HE A SR AR IO R, S B
NaHS RE&GZEM Cu* XTI A NY3 f#n
il FEE R Cu® BBRUE K s AR e ik
F£ /) NaHS, ¥ 73 514 10.0.45.0.80.0,110.0,
145.0 mg/L. 50BN, HMEK NY3 557
15 h )5, METREI NaHS B S R LBR
(17.74%), ¥ i NaHS J& 845 R/ L BR R4 5l
BT 37.29%.36.71%. 45.56% . 40.63% ., 48.17%
(& 5A). iH AR 2 BR B A T4 NaHS Hi 9
28.94% 3 FIEIN T 62.78% . 71.06%. 70.79% .
70.75%F1 70.94% (& 5B), IAh, METRE
i NaHS, %8 NaHS J5 41 5 ) ODsoo {8 2. 35 1
e RS FUER T U NaHS B8 A2 5 Hb
Zeft Cu> XA LA NY3 il /5,
PR AR R Cu® e T 1 S5 R T 4R

& 5 NaHS X E#H NY3 iR SENS 0
BRE NY3 A SR BRI FZ I

FAHAREE

EPS H 0 S AE T A ) 7 4 T W o 7R ep
KRR, M NaS 1S EPS f“AH £
Sk, DT B A v 4 R S T R T 7 BE
BT e Al NaoS a5 Cu® v A4 B CuS
DUVEW D IE RS Cu> XA R phE . A5 &
R EE Cu® " BRI K A3 IS I AS R v
(0.0, 10.0. 30.0. 50.0 mg/L)H#J NasS, 52 Na,S
AE 75 IR R W Cu X B PR NY 3 I & 2 3
YE . 252, DIsS R ME— &R, W m
10.0 mg/L (1) Na,S XJ & #k NY3 [ ODsoo {ELFl %4
BRERBA/NEET; Y4 NaS WEH
30.0-50.0 mg/L B}, FHK NY3 % ODeoo {H il
BEMEBRFMAE T AREBI NaS HXf 41y
AR BES R, JFE NaS Wl 50.0 mg/L B
ODeoo {E F1 PR 2T £ 0.8 F1 58.0% (& 6A),
JUAE AT AR T JC M 38 7KK o LA 28 A ME— &
PR, BN NaoS vJ 5 2 0l 8 R v B Cu> X 1
PR ONY3 SR A B f 0 4 B, 94 a0 40
AR, RETERAREA AR . Y NasS
WeRE A 30.0 mg/L B, BERE NY3 (AR KRR

A: NaHS XfE#E NY3 #8R LR ; B: NaHS Xt

Figure 5 Effect of NaHS on nitrogen removal efficiency of strain NY3. A: The effect of NaHS on the
removal of ammonium nitrogen; B: The effect of NaHS on nitrate nitrogen removal.
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RACEIR BN E, H ODgoo fH0 1.190, flERER
FBRFE L 99.92% (14 6B), 5 HAERHE Cu®
(0-2.0 mg/L) T Ff H.JC A B S A B () i 2
ZBRFAY . RREE R, SN NaoS A9 E N
A SR CuP XX AR b sm i, s
R Cu® X NY 3 5 R b g 480 s i fbad 7
AR o

TN FEARWTSE A 5L A1 NHLOH Ve B 3
RFRMBE, B ILAE Ty ] = Py R AE R R
LR XA RERAE Cu> W, Wk NY3 it
AL e B TE B &= NIR, MR 1Y)
Afbigid, HE—20 T NH.0H A .
3 Wik

TERTG YR KA PR R vp, H LA 3
WO 2 W CuP AR, S8R
I SRR R 2 A o S PR M R AR A Y5 7K
o Cu® W B A, Hi Tk OK Cu? ik
JEMILZ S B T BV BOE 2 TR, W
AT B K H Cu ¥ B (5-100 mg/L) M & it
8 X B R o R A2 19 0.05 mg/LPT, SR,
H i ¢ T 1 52 5 e B Cu® B i 8 B 80 1 F 5
A AR A4 PR o AR SO I v s 50 R
B Comamonas aquatilis NY3 #4555 A [\ e & i

6 NaS X E#k NY3 i @R

Cu X LM ST FE (s i) B3 Cu Tiif 32 14 1)
Jridie
3.1 Bk NY3 7£ Cu*" &0 T A it & 45
4 K2 T 52 ALl

R AR BN, S E Cu™ (8.0 mg/L)y&
EPH R NY3 fREHE M, A A
THA R B LBRFD IR 51.56%F1 55.70%, 1.
THA AW LR e 20, [FE ETSA FIAHXE
it ()G P AL B (B R R, X — 25 SRR B RR Y
Cu” Xtk NY3 ML A B 4 T\ T
Yo, FREARELE T Cu® REME UE AR W 4n i
W, 55 8 5 Bk T A S (-SH) & A bR I
N, e 20 B A Rl IE S aE, HE i (L
A O IR H A T RE e 4 BUBRAUCR
F) R AR ST T A AR T B R TE R B
(Pseudomonas sp.) W13 9, Bikk NY3 76 =
Cu* il PN i — & I A RS A R &
BRfE 7, BB ERA Cu 52k, HAkR
Pseudomonas sp. W13 7£ 5 mg/L Cu*'fififl F %}
BN A S AR LBRRLT 20.0%, i
Pk NY3 7E 8.0 mg/L Cu®> AT, B A
REBRRIIKT 50%, X EWEHK NY3 HAH
SR Cu RS2k, IR, 3% 0 B4R S BN &
R EBREEST B B F W AS A A L bR Ak

A BEBRERE; B: MSRERE.

Figure 6 Effect of Na>S on nitrogen removal efficiency of strain NY3. A: Removal rate of ammonium

nitrogen; B: Removal rate of nitrate nitrogen.
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IAh, 7E 8.0 mg/L Cu* il F, NR 5 NIR
BIE P2 B B E R, Sk R E e, RE
AMO EPEWZ 24, H 0.260 U/mg &EH T
2% 0.250 U/mg ZE 1, {HAD I FR BEAHRTELAR
2 0 B AU X Cu® I S S NIR>NR>AMO,
ARRE T N AE S Cu®™ R, WAk R (I A
AMOYSREF /- dE+E, 1 S Al A i A O HAR
NIR)Z Al "5 . 24 Cu® ¥ EEAE 0-4.0 mg/L B},
Kl 2C B EAHIRER AR R, KRB Cu*
AEFRAH AN E] NIR J5M, 456 K 3A (IR
Cu™ TR A A A A A I, HEIZ G ) NIR
A REN SR NIR, 2L Cu WA A4
RESE UL O AR, ST Cu® i), AR
FTRE R k= 4 @A PRk E W T &, ek
TEYE, FEC Cu b PR A IIASE] NIR 154k ; iE
R Cu®' I BEIS NIR, 325 NO,-N ERus
s i Cutt SEEE O S, SR
MRS, FRARELIGPERY . pbah, FEfaE, F5
FORSAL TR NIR 75 JEE 91 (NO,~-N) sk a8 Bl
4B TE AL (N nirS B nirk)s2, 3%
T NIR 5, HILAERGIN Cu” 1Y 2544 T i
ANF) Uil R T ) 96 7 AT DG TR AR NY 3 X Cu?*
fif Z M, WRE S HCE AN Rk . BL
SEAL BT IS & EPS Y5 A FHAEHLHA 6,
TR A T B 3E Ao JE K AN 4B it — 2P R E
3.2 WRUHER CuHIFIE# NY3 B9
SR KA

A 58 22 % U NG B 00 7 1k 22 i
Cu* XU E B HAE R, HALHZAE Cu® i)
B A 277 A EPS DUAIGH S FEAE AU
SR, H AT 5T ICALGR 1k Py 1 o i v Mo 220 TR
Cu i 22 M I BF Y B /D o AW 5 3 1 U
THLE ALY NaHS Fl Na,S, R H 25 it i bk
NY3 (1 Cu* il . 452K, W ICHLE L
NaHS il Na,S ¥ Al G &8 F+ B bk NY 3 78 = vk JiE
Cu*™ T AMERE, b NaoS X bk NY3 1Y

PSR AL BRI L VR o B 2
NI 50.0 mg/L NayS I &k NY3 1) ODeoo {H Fl1EZ
BREBRREE R, 1M NaHS 7% 145.0 mg/L
A RS BIAHEROR o X — 22 F AT REJE T NaoS fig
EARME Cu* T, CuS ULE, I NaHS id &
23774 HoS AP, 3RHT NaoS I3 maicR
T NaHS., %4b, 30.0 mg/L NapS Sl & A 2=
B 4 DE SR de e, o 36 BT XA ) /U 5 0
BB YA it .

PaiiE, HEimACYZEfE Cu® X AR 1
HVE R F 24 DUN LA ALE . (1) sk
NaHS Fl NaxS)IHAJG , 25 Cu* B2
A BER I CuS TUBERY, (K Arbiifeg Cu™
WeRE B E R, Wb T Cut STRA AR NY3
Fefh i JLR, JEMIRRAR T Cu® X 18 A 1 2 35 XL
K, AR T . (2) NaHS AR KG
Al Sk 2 1 200 L e A Tl 8 AL Tb ) B AL g
W EAL RS MIEYE. 78 Cu? e T, Eiks
FEAE R A H 3, X i A X 4
A AU, TP RN AR T, TS
PRI 1A R A BT I BRI S TR 40 PR AL, AT e
AAI, e di My SRR PE R e M, BRI
B B R Cu T SZ 14T, (3) NapS Alif
S ERAIME R AR EPS P-4 253 . HikH
HH5EASRE T C®H4EESraE ), datix
Fhes &R, nlf Co [ & 7E 4N i & sk EPS
JZ, BHIE Cu* ¥ —25 i AN NS, s Xt
20 6 PN R A B S ) T A, d TR S
PRXT Cu i 32 5g I ARG AR R A8
ZAETE T I AR B AR AL 2 DTVETA HE 2Bk Cu™,
T b B R AT IR A T RE . MR AE & A =
WRE Cu” PASEALLIE 7K v (] B 8 o0 e £ 40 e
PR NY3. Gtk idin A —J5 i i fb 2= Ui vE
VERA R Cu iV »i— i, Ed)E
PR B SR B R NY3 X Cu® il 321k
{1 TR PR BEAE AR X B R Cu Ml BR3E T 1IE 8 A=
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KIFRIEBAINRE, SLIBALYI IR XS Cu®”
BEIE A R B AR 32T

AWPFRAEM A BERF P, #57R T Cu* b
TR NY3 BB A PERE & Co® XA R
S, ALY T A TR AR R Cu® i
PEREER R b, 7R 7 AR b R e
B, Sy v AR TR 7K A A= 1 I 5 A A P A
fE TR . IS SR TR B A T TR R AL
HBESE, W EPS &, BEREMENE S, PN
Rl B BR LT, WA iR Ak I Rtk te, IR
AT IBBRAC PR IR e v R NY3 A2
REAYZ MV AILT] o JT JR kN R BR SE 5, IR X
Cu Tt 32 PEAR SCRE DN HEAT BB , LSRR /Y
PRI R TE 25 AN [ v B b B2 1) Cu? R AL ) A 055
A R SRR R A A, DA P A X 2 R [
TERAL Y G2 i Cu® Btk A5 rb iV o A 2
EW-E bk NY3 MG L ZR SR, JFiEAl
B ALY TE S PR K P Y AR G M, DA d
iR — RGN SRR AT, BEME N4 A
20 b B W AR AL P 2R Cu” XY A NY3
A BLER], i U A 5T R 11 B IR B P

IS
4 EZi

AWFFRERTE T Tt = 2400 & Comamonas
aquatilis NY3 7£ Cu*" it % i 04 K LA
RG] 25 REH, B NY3 X Cu™ A B
it 524k, 76 0.1-4.0 mg/L Cu> M JEJLE N, Htk
NY3 HAESMESRLRREES, 78 8.0 mg/L
Cu> M FAREIR AT 51.56% 04k A5 A 2= B A
55.70% M H A R L BRE, (A 158 RS0
PEF NR A BEE M 2 F Rl s s IE A
AT B35 %A Cu® X B RR NY3 #3658 B, A
T A2 S = v B Cu® 38 AR NY 3 B AL A
fisALAE 11, 145.0 mg/L NaHS Fl1 30.0 mg/L Na,S
T HA SR LRI H 99.88%F1 99.92%, 1
AR IR 2T R Y M 4 & 5 Y IR K AR b B

SEAUHT IR, [ BRI BT T A A
SR ISR

(=GN

T LI ERAE, Bl S, RER
. BSRE; XIGERT . SCERdft; BRibf. &k
WAR SRR BlRrE, W, BdhildE
5o IsEE. Jraict, RBCkE, RS
REESF: SLOBUEART, 4 ATIAL; kS . 4K
PEALHE s MR SCHRERAE, HdnlcsE SAR R,

{E& T MR T AR

VR 75 W 4 AT ] m] B 23 B2 R AS ST A 4 AR
e s s AR R
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