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PR TN 15

VEARRE", et AREA, PR, HAE, AEBR, WESR

(1. PHE AR B ST B T AR, P44 710055; 2. HEBCA TRABRA R, ST 310052)

. FEXHME GG KA B R AL FRRCRAR . T AWM 2% | B sl A il (i AR 0 55 55 R0, LUEA RUl A se 1 i 55
FRAHALAN A Pseudomonas putida YH SHWFFEXTGE , JFRILA A (LRRE | IRATERE . W F K 8h )12 0. S55R R, Fik
YH HA RS IR, ERERERFR9. 1%, 2153% HEBRSAFECARNE, RV RICE 8 1Ak E
PRI R BIR YH B RERETELF A AR T MG R B AN A R R AT A A A, B R FBRA385311K 99. 8% H199. 5% . [N, 2%
G AH AT REIE ] napA A1 nirK 1) PCR TN 34 | #F—2BF AR AR YH B I SO SRR s TR YH A= KRS Logistic AL
RUFHICHC (R >0.99) , A EFEfF A NFF G Compertz B (R >0.99) , AT AR BRI E R, HEA > A > T
S, BT ¢, A > WA > & A IR bR AR M A MRk IFE N BRI RN . C/N =10, T=30C . r 24 160 ~200
remin T AR pH =7, IS NI ESEALE TR R, 439010 8. 35 mg- (L-h) ' H116. 71 mg- (L-h) ~'; Btk YH REALIE I 4
SR MR AT, A T (1000 mg-L™") VA& SRR, WL T Wik YH BA A3 & s 2L K
TRE.

KRR ARl RS RN A B

RESZES. X172; X703 XEEARIREG. A XEHS: 0250-3301(2019)04-1892-08 DOI; 10.13227/]. hjkx. 201809044

Nitrogen Removal by Heterotrophic Nitrifying Bacterium Pseudomonas putida

YH and Its Kinetic Characteristics
WANG Xu-hui', YANG Lei'" , REN Yong-xiang' , CHEN Ning', XIAO Qian', CUI Shen', LI Dan’

(1. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. China United Engineering Corporation Limited, Hangzhou 310052, China)

Abstract; Due to the low nitrogen removal efficiency, lengthy procedure, and vulnerability to high loads of ammonium of the traditional
sewage treatment process, the physiological characteristics, nitrogen removal characteristics, influencing factors, and kinetic analysis
were systematically studied for the heterotrophic nitrifier Pseudomonas putida YH, which has efficient nitrogen removal ability. The
results showed that strain YH exhibited efficient heterotrophic nitrification ability with a low accumulation of nitrification products. The
maximum ammonium removal rate was 99.1% , and nearly 53% of the removed TN was converted to intracellular nitrogen. In
addition, nitrite and nitrate could also be metabolized by strain YH under aerobic conditions, with a maximum removal rate of 99. 8%
and 99. 5% , respectively. Additionally, the successful PCR amplification of the napA and nirK genes further improved the aerobic
denitrification characteristics of strain YH. The bacterial growth process of strain YH matched the Logistic model (R* >0.99) , and the
nitrogen degradation conformed to the Compertz model (R* >0.99). The order of the maximum conversion rates of nitrogen (R, ) was
ammonia > nitrate > nitrite, and that of the lag time (,) was nitrate > nitrite > ammonia. The optimal conditions for heterotrophic
ammonium oxidation with strain YH were succinate as the carbon source, C/N =10, T=30°C, r =160-200 r-min~', and pH =7. 0.
Under the optimal conditions, the average ammonia oxidation rate and R, were 8. 35 and 16. 71 mg+(L+h) ~", respectively. Strain YH
could adapt to a broad range of ammonium loads. A high ammonium removal rate was observed under high ammonium concentrations
(1000 mg-L™"), indicating the high potential of strain YH for application in high-strength ammonium wastewater treatment.

Key words : heterotrophic nitrification; aerobic denitrification; Pseudomonas putida ; nitrogen removal; kinetic
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FEARAE R ol 5 5 28052 I 7 [) — S o 4 P kA T
BUAATRE, RRWA T S b A 5817 9. T
SRS AN T MR B AR W R, AT B R B
— LR IR A AN R A AR IS T K R BT EK
A R M R K Ak PR 5 T Y B A R 3R
PO B I TR A E. SRnT, E R
TRFAE AR W5 AL TR AP B B, TR
LB RN A TS T A UGRAT A TR, R
KR T IZHARTE SRR P . R, fn
iR el 23S A A A T R 1 B AL ) D T )
58, XM FEEAEYR A LA T TR S A H
ARV T IR B Pseudomonas putida YH
FFERT G, JF AR B AR | A P RE NS
e PRI 723 AFr, I3 i A 2 Logistic A1 Compertz £5 %4
SR YH BB R S B AR A R R AT AL
DAFRIE H R R B ol 3 2 AR A K Bl g 2R

1 #H¥ERZE

1.1 BRI

5 I M Ak B OBR Pseudomonas putida YH
(GenBank 1D ; # KJ765710) M35 % SBR 7 PEV5 e
R as e AR 2], R H I VRIA DR AEAE 5250
=, T E LR
1.2 B

597 i AL B 37 5L (BM, g-L™"): (NH,),S0,
0.47, BEHAMREM 5. 62, HE LI 50 mL, pH =
7.0.

WAHER £h K5 72 2 (DM1, g-L™") : NaNO,0. 49,
BEHIMRAM 5. 62, MEICRIHFW 2 mL, pH =7.0.

iR Eh B J5 4L (DM2, g-L7') : KNO, 0.72, 3%
HIPREN 5. 62, M ICRIA 2 mL, pH =7.0.

L EHL W MW (g L") K,HPO, - 3H,0 5.0,
MgSO, - 7H,0 2.5, NaCl 2.5, MnSO, -4H,0 0.05,
FeSO, -7H,0 0. 05.

TR ITCRIFM (g-L™") :Na,EDTA 50.0, ZnSO,
“7H,0 2.2, CaCl, 5.5, MnCl, -4H,0 5.06, FeSO,
5.0, CuS0,-5H,0 1.57, CoCl,-6H,0 1. 60.

1.3 HEWRIEE KA Hr

PERMR YH 782 IR mifb R e 5 ig fb s, WA
TRIFRALE RS FE | 30°CH; 5% 48 h J5 WELH
TERHIE; BEPEPR YH SE1 7522 QY 7602 0 U5
TOEHBIE A s 43 B TR A IMATE A o T i
BEWEE s TRRAE FRAEARR AR SCHRT 8 ] 1753
1.4 A R ER 38 I 1 (napA ) FIAH TR £5 340 5L il
(nirK , nirS) 09914

R YH ZEH 41 DNA # i 40 5 DNA $2 B
BUATIRICCRRR AR, L), PCR N T a5 A=
YR B Takara A=Y AL R RI$EHE, PCR 514
M A THARARAF G M. PCR 514 XI5
W, R I FE 2. W R 25 wL 2 B4R
% .10 x Buffer 2.5 L, dNTP 2 uL, [E 514 1
pL, Ex Taq M 0.2 wL, DNA #i4g 2 wL, ddH,0
16. 3 L. PCR 4" 34 7=W38 13 1% Bl M o6 Jie v Tk F
TR, %R YRt Y )5, 38 2 B AR R GE A
14388 (G : Box EF, Syngene, USA).

&1 PCR3|#
Table 1 PCR primers

HEH 514 X[t IR B(5-3") Fr B /bp
NAPI 1188 ~1212 TCTGGACCATGGGCTTCAACCA
napA 877
NAP2 2 064 ~2 048 ACGACGACCGGCCAGCGCAG
itk nirK1F 526 ~542 GG(A/C)ATGGT(G/T)CC(C/G)TGGCA 514
nirK5R 1023 ~1040 GCCTCGATCAG(A/G)TT(A/G)TGG
wirS nirS1F 763 ~780 CCTA(C/T)TGGCCGCC(A/G)CA(A/G)T 890
nirS6R 1638 ~1653 CGTTGAACTT(A/G)CCGGT
®2 PCREREEH
Table 2 PCR reaction conditions
519 TS A Bk SEfif S A
napA 94°C, 5 min 94°C, 30 s 59C, 30 s 72°C, 60 s 72°C, 5 min
nirK 94°C, 5 min 94°C, 45 s 56C, 45 s 72°C, 45 s 72°C, 10 min
nirS 94°C, 5 min 94°C, 45 s 56C, 45 s 72°C, 45 s 72°C, 10 min

1.5 Bk YH B3I b A S il A R e o i
PIBEFARR AN AR IR, 35k FHE A . WAS IR LR
MR ELE M s — %R, /A . WAH A A E 4G

WeEEA A 100 mg-L™", C/N =10. {E3EFE N 1% |
30°C | 160 mg-L~" 2 F T 537 48 h, & i a2 H
D g MR L.
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1.6 AFERBAIXTRER YH SR ERERR

YIRS ERIR . /N, pH ., TR | Bl I A
W e v B X 2 2R 2% R R 1 52 . Rl YR A 4 A A
Wi, CTREN ., BEME . FrEIRENFIBE IR N C/N 43
B2, 5,10 f15; pH 0%k 5.6,.7.8.9, 10
AL RS54 10, 20, 30 Fl137°C 5 FEIRHL# 41
A4 80, 120, 160 11200 r-min ™" ; A [EH) A & Ak
FE4r 5B 50 . 200, 500 A1 000 mg-L~". JZ i i 7
HR R B — S e PR, AR B A T AN AR
G390 R AW 100 mg- L~ iR 30°C | pH =
7.0, C/N =10 LA M % 160 romin~". Bi4bF X5
AR AR R LA 1% B S e hh B 2 8 R KA A
100 mL A A IR 250 mL HEFE M T, FRpR 55
24 h, FEIHBEINE Dy, P2 AL .
1.7 AERMEARBE S 1550 Hr

K Logistic # BIABAR YH 5326 1b-4F
SR AL R PR R AR R

y(1) = —=

—— 1
1 + be™ (1)

HXH, a, b, kN Logistic K TR HEL; e AL
“EHRL

PR YH B 5 %0 fb- G S S i Ak 10 3R [ i it
Fk ML B Compertz R AT

S=%b—wd—w{ﬁy%-w+ﬂn<m

K, S HE—ZRAZIRE, mg-L™"; S, MR
W Hh e B, me-L7'; R, K B AL R,
mg+ (L-h) ™' ¢y KAREFEFE], hy o A JVEE], by
e MEA AL
1.8 Wik

NH, -N. NO, -N. NO; -N Fll TN ¥ Ji ¥R 45
W IR A KOG (D ) SRR
BAE 5 3 J17# 45 R A Oringin 9. 1.

2 RS

2.1 BHMRIE SRR A BAE fL R

FIPE YH W& 2R¥E6A, HAEA 1 mm, K&
B R | i, SRIEDEH. LY ey M.
G A (B 1) ATR, PR YH SRR, TCHEE,
K/ANA0.5 pm x (0.9 ~1.0) pm. A BEA ALK 45
Rk 3 Fis.
2.2 AR YH RG-S A R AR o B
2.2.1 SRR

PR YH A 22 U ik at R R ] 7= 28 A0 1
WE 2 PR, 253293 h B9l n s, BT BRI
HAER, 7618 h ikBIRRE W], Dy mrikF] 1. 359,

B 40 &
SEl  15kV WD12mm S540 x15,000 1pm Rp—
0000 28Dec 2013
B1 b YHBERMEE
Fig. 1 Scanning electron micrograph of strain YH
£3 HEK YH WEEELFED

Table 3~ Chemical and physical characteristics of strain YH
A 15T 5 YH A 15T 5 YH

V. PllsE - VAR Ehid JhUi e +
g1 - PR -

i gkar - Frgm R A +

e fi it + HH e AL -
AR + TEM K A -

FE R Eh I SR g + H, S il -

1)+ FIRIEE, - FRpIE

AR R RERIEARKERN 0.49 b 5
Thiosphaera  pantotropha'"'’  0.28 ~ 0.45 h™',
Alcligenes faecalis No. 4" 0.2 h™" 25 A 4. K
Logistic BT B AR YH 5 77 i Ak i 72 A K 4 vk ok
AR, WiE 2(b) s, LGS R* KT°0.99,
FWZAAVRERS 703 RAE TR YH (9 24E KR

[y, R PR A R bR %N 99. 1% ,
PR AR 8.35 mg- (L-h) ™', 5 A 3Rkl
PH[7.0 mg-(L-h) 7' ] #E ] — B g, Hg
Klebsiella pneumoniae CF-S9"™[ 4.3 mg+(L-h) '],
Rhodococcus sp. CPz24'%1 3.1 mg-(L-h) '] %R
FERE AL TR . Fff i Fe b A A i s AL b ) = )
QA EMGER) A i [ 24 h J5 2 A8 B 8 W
(A B A LR R 98.9% ), U BT G A
HEN PRI IS 2 i T 40 5 B U S
Srf AR E K. TR A Y A R ELR
HFEAE, TN BB HILF 52 A —2, 48 h
FR YH (19 TN L BR3%H 98. 5% . 58 it 4 o0 T A
S3AT, BR YH BARE RS U N IR A2 R BR
TN # 53% , HAil it ad 4 S i A 25 Bx.
2.2.2 WU ARRIE

M3 AT UL, YRR Eh A PR Eh VR B — R
TS, MR YH AR RAF, Doy ¥I7E 18 ~24 h HAs
FRAE 1.386 Al 1.276, RWIFH R YH GEWSF)JH L
AN ZA A KA, X5k Acinetobacter sp.
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1.28
d% 1 +50.05¢70:52

B2 KEERAME—REMNAEEN Dy, THER
Fig. 2 Changes in nitrogen compounds and Dy, when

ammonium was used as the sole nitrogen source

YN3 Lo . Enterobacter cloacae HW- 1517 3 DL
AR ER Ry E— RS, BARE YH S5 K HeA 4 d0R
FII A R K A B R R BRAE 6 ~9 b, 435k 0. 27
h™'F18.78 mg-(L-h) ~'. R i A il A& A
SR AE BT, AN AU R R A L BR25351R 99. 5%
H198% . AHI T HkE Bacillus sp. YX-6""8 S5 7E T
TSR IE H 20 ~40 mg- L~ I is P Z 236, &
Pk YH REFI I Sk BE A WA . AR R A —
FURRT, TR YH K He A 4 % A i R R R A
HEHBAE 6 ~9 h, 4514 0.31 h™' il 8.86
mg- (L-h) 7' Bl AR A R B & 2 R R Sk
99. 8% F198% . fitf 2L I fiff 4] 1 A7 76 Wi 20 R FH
%, R EME N 9.33 mg- L™, FWIH B4
K, vl B U 22 Wk e Ak R A 4, A 2R
A A AN B isf 35000 g L R AL BN [ T B bR
YL BB ek Al U Ak S AR T AN o 4 2k
Bi, BERE YH A ir R Al R A 2 58
SRR AT TR 40 B TR R R A K
WIEA S 25 TN B9 51% ~55% , FAxH155 TN )
i I U AR RS A AE 25 .

R 4 s, Compertz 7Y AT DL 41 Hb 4348 7
PR YH 5776 fb- 4 S0 B i 1 ok 72 vh 0= I e i 1
O, A TR R R AR08 R, WE A > A > T

A, BT 0 o A > AR > B, BHL
T W ¥k Acinetobacter sp. JQ1004 [ E A : R, = 7.9
mg-(L-h) ™", ¢, =59 h; & R, = 41
mg+(L-h) ™", 1,=12.7 h]™ PR A ME— R
W, RRROR R R fe e, AR o, A
A RE S S IR A - S i AR R Al
o TSSO R TE E , DA K% e ¥ i TR 6 R I 7
R AR I A T M — o A TR PR 2

= TN
100 g5 (a) TERRRER o WHHE - 1.8
-o- &
: —— Deggo
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Fig. 3 Aerobic denitrification capabilities of strain YH when nitrite

and nitrate were used as the sole N-source, respectively
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Table 4  Kinetic parameters and final removal efficiencies of strain

YH in the biodegradation of different nitrogen sources

AW Rymee(Loh) ' /b R RAERE%
NO, -N 9.94 4.63 1.00 99.5
NO; -N 10. 86 4.89 1.00 99.8
NH," -N 16.71 2.28 1.00 98.9
2.2.3 WEIAEACIIBEFEN (napA | nirK) 314

KIS NAPL/NAP2 XF R kR YH B NAR 647
FERPHE, & 4 Fros, #RE YH 7E 870 bp Z£ 47 Ak
FFENE MW H bR 454, 5 BT NAR A9 K JE napA
FEDRAXT N, A ORI ) 20 F0 W 43 85 TR AR 3 napA &
Bl FIFS 14 nirkK1F/nirkK5R 1 nirS1F/nirS6R % #
Kk YH 1) DNA RS T3S, RAR YH {AE S14bp
LA ARG I )RR S M AT, R IASEIA nirK 7E TR R
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B 40 %

YH 40P B 2635, 0 nirS RAEFE K, VLW BE
YH A3 T NIR, HARFEMREEAER odl 1Y
NIR, L4555 —Fpauid i HA —38 NIR fA7E 1 45
WAH—EC" . ARBEIE napA T nirk JE R 5 B 2 2
ik, #F—E W T NIR Il NAR WI1E7E, 164 /K
SFUERH TRk YH B SR R ALY BE ). T
R YH X AR IR R G A6 v el =4 i A R
LA KSR A AL D RESE DR A A I 2 AT, 9 0 HL s
RIBEN
NH,; ——NH,0H —>NO; ——NO;
NO; N, 0——N,

napA mirk

1000 bp g
900 bp ==
800 bp =
700 bp w—p
600 bp wep

500 bp wep
400 bp ==y

300 bp wep

200 bp w—p

100 bp wep

4 Htk YH HJ napA 70 nirk 2B PCR ¥ 1%
Fig. 4 Amplification of napA and nirK in strain YH by PCR

2.3 REIRBMEFE YH 53510 e & A
Wi sh J1 2450 Bt
2.3.1 kiR

R AR VR S BRUR B, B RE YH
K8 | Dy i A 0. 218 F10. 082 ; & A FE#EL
W2, A LBRF NN 49.5% M 25.5% (£
5). IEHE R, 490 1.16 mg- (L-h) ~' fi10. 56
mg-(L-h) =", ULHABERE YH M LUR) A 208 | Rep
GERT TR b IR R A AL TER AT
ZIRENFBEIARR AN BRI | A4 Ky H & A
ARoEa LB, SEHERRENA RN L, BRI A
R, $EmE 16.71 mg-(L-h) ™", t, 4% 2.28
h, P FAR A BRI, OB R A Yk
ALY (CAnBEZS | B FUBTRIIRZS ) Ak hy 87 B/ s
S FAE NI = RBRIGIR S AL A P e P2, REGE
HEMTAY A . X5 Wk Pseudomonas sp.
N6 . Acinetobacter junii YB™ Xt A5 HL R 1Y F) FH ==
(SRR By e
2.3.2 C/N

filk C/NFZFF(C/N R 2.5), @ALRFEK,
R RN 2, BB THIEA L 387 I
R ASE4S. 75 C/N =10 B, Hkk YH B KR

I, B ERERKRN 1359, BARKEHRERN
98.9%. 4 C/N =% 15 B, B4 K (D e K
9 1.781) M A EBRF(99. 9% ) ¥4 Frdd . 4
%5 fias, C/N g 10 F1 15 BF, 3R sf 1] 43 51
1.08 h F10.86 h, A& i KI% A 253510 12. 99
mg+(L-h) "' A1 15.09 mg-(L-h) ~'. Y Alcaligenes
faecalis OKK17"* 255 4 Fo, WRE YH BE#% & N B
FAY C/N B, T HL C/N R, 25 BR R
fH C/N B30 15 B, 2 R 2 3 FU s s
MEALRRIFRA Bk, O/NidEes SR
RTINS, LB BT RCR M TR RE, W
PR YH WA 5RiE B C/N 2 10.
2.3.3 HJE

MRIEH 5 AUBILALER, 1, IR AT i
5, DGR B A v B A R T ) S A R 3 Y A
B B E b o30C B, R, EUAR H KA 16.71
mg- (L-h) ~', R A HALE 30°C 5 2R AE.
TE30°CH 3TCHMNT, AALBRRITE 12 h 5%
e, S0 h 99.29% Fil 99.85%. {HTE 37°C A,
Do KM 1. 347 KT 30°C Y 1. 359, H 15
h G EAART S S (R A RAEREN
83.3% ), XAl RE AL Th i, A i ko A
PE, AT AE T M E B0 T, R AR N AL
R CEA RN, Bk YH (5 R R A
30°C, ML 5 s i K 280 FR A Ak i 1 B
TR (30 ~37°C) — 207, S AERF Y K Bl — 8
WY TSRS AL AN P, X A0 P ZE AR TR A T 38R
BAR M. EARERWE, WK YH 7
IR AT BA RAFBLARE ). RIGELE 4
MEE R N 10°C WF, 1, =8.43 h, R, =3.29
mg- (L-h) ™', YH 7 % 574 A B[] LA By I i 3
B, (U245t 48h [ i, % A 2 25 B R A i b
99.2% . AR YH fRIR IR T 558 1438 N BE 14 0
FEV M X Y75 7K A 0 B AR A e s R U 0
2.3.4 HE

FEHOTRAR YH SR L sZmm g L ansk 5 o
TN, ty BEE S A 22 12 G, SRR R YH
T BRI IR)IE IV 5 DO PREE. il & AL B AR
M5, DO XTI YH i 5 =L SCR /0N,
TE 4 PR T , AR LBRRITE 99% 12
A ABJE, BEPR YH B 20 S0 i 3 R0 B AR A K
B SR P i v T P S s, A R R Ak R
4.64 mg-(L-h) " #EEH] 25.84 mg-(L-h) ™", 160
remin "' F1200 remin "' 5T Dy B 4300 A 1. 359
H11. 455, WU H7E 160 ~200 r-min ™' 5 G, 3%
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Table 5 Kinetic parameters and final removal efficiencies for the degradation of ammonium by strain YH under different environmental conditions

BT R, /mg-(L-h) ™! te/h R? BAIL LR %
A 1.16 0.00 0.82 49.5
R 0.56 0.00 0.74 25.5
TR FrRE IR M 14.42 7.36 0.99 99.3
L 8.33 7.18 0.99 99.8
BREATR A 16.71 2.28 1.00 98.9
2 5.21 0.00 0.98 60.3
N 5 9.80 0.83 0.99 78.6
10 12.99 1.08 0.99 98.9
15 15.09 0.86 0.99 99.9
10 3.29 8.43 0.99 99.2
S/ 20 13.22 4.16 0.99 99.5
30 16.71 2.28 1.00 98.9
37 12.59 1.05 0.92 83.3
80 4.64 0.98 0.99 99.6
%33/ r-min ™! 120 15.34 2.09 0.99 99.5
160 16.19 2.35 1.00 99.0
200 25.84 2.42 1.00 99.3
5 13.61 3.89 1.00 99.2
6 15.91 2.58 1.00 99.5
7 26.07 3.68 1.00 98.9
pH 8 16.21 1.93 0.99 91.4
9 18.26 3.22 1.00 99.4
10 11.10 1.57 1.00 99.3
11 4.93 0.00 0.85 87.7
x6 HH YHEARVBERRETHERERENNFSHERLERE

Table 6 Kinetic parameters and final removal efficiencies for the degradation of ammonium by strain

YH under different initial ammonium concentrations

BRI /mg- L R,/mg-(L-h) "' tp/h R R SRR
50 13.98 1.07 1. 00 99.7
100 16.71 2.28 1.00 98.9
200 28.70 4.03 1. 00 99. 8
500 26. 03 1.95 1. 00 66.7
1 000 36.93 1. 81 0.98 58.9
551 kil % 9T S FR S AL TR Colloides sp. JZ1-1 2.3.6 ARWE
It — 2. ELEHE K 50 mg- L0, EAREBTEO h N

2.3.5 pH

pH X TR YH ZA L BRBEmiN, |
Xof L R P A R A e B . pH FE 5 ~ 10 8
FIN R A A EBRRE T 90% , 24 pH #5511
B, AR LR TR, M T Pseudomonas
sp. GLI9V 4532 AL B, BME YH A9 pH ffif 23
RO, KRBT, RS aTLAEN, stk
F(pH A7 ~9)F R, i, BRI AH
[l ke s, CLHRIE Y18 2 5 55 0 Ak TR 2435 BT 7E 55 0
PR TFAER, TR AT B 55 B A 45 rh A 2 i e
BARE T ' AINE R AL R, E pH =7
IR, KB pH =7 AW YH S5 76 AL i it
pH.

IS4
2

SEARGE AR, MR T AR R, WiRA K Z 5
—REBR, 1R Dy 14 0.963. L 4A 1k 41 = £
100 mg-L ™" F1200 mg-L~", & & AE 30 h N5 5k
fi#Z0.91 mg-L™'F10.61 mg-L™", BE&A KA
M3 (Do R AT 50 1.359 F1 1.849). e Ak
J¥ 7 500 mg-L ™" 11 000 mg-L~"if, B4 K I
ZBR, B Doy 7800 1.917 1. 853, 48 h NEA
23 IR % 165. 23 mg-L ™' F1406. 70 mg L™, A&
LEBRFRIHNH 66. 7% 1 58.9% . LI e B A%
BF, A LBRE 4, WA RGN, Wk
B RN AR, AR B R (%K 6), ME
HIFWE A 50 mg-L~' #5 % 200 mg-L™", ty M
1.07 h E7+%14.03 h, FRFAFEKRE NV EK; R, H
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13.97 mg+ (L-h) ~" B4 % 28.70 mg-(L-h) ',
FIRRGIREIEEIN, R YH 25500 40 Z R
LR AEA K R, 5 Bacillus sp. LY 25 Bk
B Gk B T v, R R B A R W RO
], PR YH B &R G W 42 = %1000 mg-L~',
R, PBHEE, o WIAHXTZEJE. BRME YH BEOEE N 4K
SOILF R A AT, 7EE AR S A EA RS
SIREALRE ST, FABERE YH HA b B vk B E A
JEIK BT RE.

3 #Fig

(1) kR YH o] LURIH 2, WA R SR iy iz
ERAE Ty o — SO A K AR, d5 K R BR R 0 h
99.1% . 99.5% . 99.8% , 454 I i 4k I g 5L
napA 1 nirK 1) PCR 0918, #E—DAEM]#k YH
HA U AR AR

(2) YH WA KRS Logistic 1517 A DT it
(R*>0.99), WEHE YH X TR 1 B A 42 )
e B B Compertz A (R >0.99), & 0r
BMRERKFEIER R, AR > A > WA,
RAERFE] £, 2 BINEE A > TAA > AR, UESH
(R A BTt — 2 A R AR YH AR IHRAE.

(3) FkE YH SR04k f il B S 2 il oy
BEIATR AN . C/N =10, T =30°C., r N 160 ~ 200
remin ' PAM pH =7, SR N A AT R A
R EE AL R 23 3] 4 8.35 mg-(L-h) ~' fil 16.71
mg-(L-h) 7",

(4) BEFE YH RE 0I5 IV 45 9 v 9 20 Ao
FAARBHEIEEZE 500 mg-L " #1000 mg-L~",
RARA LIRS0 66.7% F158.9% , R, it—
At B R AR Z B B, KR YH B
A A B v R RUE K T RE.
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