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ABSTRACT

A Study on the Nitrogen Removal using Bioreactor

with Nonwoven Fabric Filter

By Kim Sun Mi
Advisor : Prof. Hyung-Il, Choi
Department of Environmental Engineering,

Graduate School of Chosun University

This study was performed by observation of the single nonwoven fabric filter
bioreactors with the kind of nitrogen sources and conditional change by the
nitrogen sources, and used removal of nitrogen bacteria Pseudomonas
aeruglinosa.

It investigated the nitrogen removal effects by C/N ratio, aerobic/anoxic
condition, nitrogen sources and in relationship of activated sludge and the
Pseudomonas aeruginosa.

According to the results of the experiment, NHsNOs and NH4Cl were effective
to remove NHs—N and NOsz—N to use the activated sludge the Psevdomonas

aeruginosa together in aerobic condition.

_Vi_



The Nitrogen source NHsNOs; was higher removal ratio compared to using a
different nitrogen sources to remove NHs—N and NOz—N as well as T-N removal
ratio.

The nitrogen source NHiNOs; of C/N ratio 5 and aerobic condition was
remarkably higher than anoxic condition in removal NH;—N, and NO3z;—N removal
ratio was similar.

In Case of using nitrogen source NH.CI, the C/N ratio 10 was more effective

than C/N ratio 5 to removal NHs—N, NO3—N and T-N.

- vii —
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Coefficient
4.6 g 02/g NHs'-N
0.1 g VSS/g NHs=N
7.1 g alkalinity/g NHs"=N

Design parameters of nitrification systems.
Parameter
Biomass yield

Oxygen utilization
Alkalinity destroyed
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4. BAHMAH 2& (N-removal processes)

A3t (Partial nitrification)
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Nitrification : 3NH4" + 60, — 3NOs + 6H" + 3H.0 .
Denitrification @ 3NOs  + 3H" + 15[H] — 1.5N, + 9H.0 (4.9)
Sum : 3NHs" + 60, + 15[H] — 1.5N; + 3H" + 12H.0 (4.10)

<Plant with NOx supply>

Nitrification © 3NH4" + 302 — N + NO,” + 4H" + 4H,0 (4.11)
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_15_



NOx(NO/NOz)= &Z2LI0H &3

amount (NH4"/NO, 1000:1 ~ 5000:1)&E 2ol IIEICPY. &d SIb [H]2 50%
) A0 ML ECH Metd, 0f B39 M4 AHlE &

OF BXR==EHI(A 4.11)Q0 OtE At

o

S0l ZAECHA 41110 13).

P2 &2 EAMHEY MEE2 LEES labBrSX AIAEBNA 2
A0 HEH - Jl=d LHCR HaMelSEU HEY JtsdsS M3ttt
6) S =AE

Fig. 30l partial nitrification, SHARON, Anammox, Canonit NOx processOl CH&t

—

Ole1 JFKl QIR0 28t =MEE TAIGHUCH,

(1) Partial nitrification

NH,* “NO,~
* Partial NH,"/NO,
(100) nitrification (50/50)

(2) Partial nitrification (SHARON)

NH," Partial nitrification N
(1000 + Denitrification (1000
(3) Anammox
NH,*/NO, NyNO5
E— Anammox
(b0/50) (90109
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(4) Canon

NH,* NH,*/NO,, ~
Canon >
(100 9/ 1
(5) NOx-process
NH,*/NO,~ (g) NH,*/NO,~ N,
NOx—process Denitrification [—————»
(1000/1%) (60v40) (100)

Fig. 3. Flux diagrams of the partial nitrification (1), SHARON (2), Anammox (3),
Canon (4), and NOx—process (5).

N-compound in %(values idealized; they may vary depending on process

parameter), (g) gaseous NO: (nitrogen dioxide).

In the presence of oxygen the supplemented NO, acts as regulatory

signal (not as a substrate),

aerobic ammonia oxidizers®™®

inducing the denitrification activity of the
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Table 2. Variables of affecting to the biofilm.

- jon strength

- contact time

Environment Microorganism Carrier
- pH - species - species
- temperature - cell - chemical property

- culture medium

- suspension medium

- particle size
- roughness
- porosity

- surface area
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2 AN MRS 2= 2 SY%| EL0AM 228 Pseudomonas aeruginosa
AE-1-30ILC}.

ol

0l @2 1.0% glucose®t 0.5% glucoseS HHAIO &It

:

FPXA0MM 25 0.1% NH4
Of

= 3l MA JtsstH, 2o 242 =017 <Ich X0 Cu®, Sn*, Zn*'E &
S22 M 0.3% NHiNO:= HIH JFsolCh £ 2 @2 heterotrophyOl XIS &J|4
U 2 2I2 ZAMAM NHS L NOs 2 MHBHCHY,

Table 3. Composition of medium for the growth of P. aeruginosa.

Components Concentration Remarks
Glucose 30 g/L Carbon Source
NHsNO3 1 g/L Nitrogen Source

Na,HPO412H.0 15 g/L
Phosphorus Source
KHZPO4 3 Q/L
NaCl 0.5 g/L
MgSQO47H20 0.2 g/L
Minerals
FeCls6H.O 27.03 mg/L
NazMOO4'2HQO 2 mg/L

_24_



Kol 242 Table 33t 22MH, FeClg6H02F NH4NOs=

T HIAO AFRE 25N &
HC2 XRM5H0 autoclave® AZ(121°C, 15min)st & AF26ACHY,

e OtE  DMIBHAIO  Pseudomonas
BRI SHHIZ, BHE Pseuvdomonas

ol

Table 32 BHXKIAAMON 1.5% Agarg &It

aeruginosa 0SS &6t otR0|4F HHSHCE.

=2 10 mL HABHXI0l HE5t0 12A12F HH2H(30C, 140rpm)&HCH Al B

1n

aeruginosa &
M SH=E CAl 22 10 mL HAUHXI0 & Bieh 1%E 8ot 12412 dietst
5 0ol M

Ch 22, & s%9 AHAPA W Pseudomonas aeruginosalt C/NH
NHs=N2t NOs—NIt SAIHMH Jtsottt= Z30l et Table 32 HIXIA A0l C/NH
SIEE HE HBHXKIE 500 mL &2EZ2A30 150 mL €2 F, Pseudomonas

N

50t
aeruginosa & HHYFH {%E HZ6IM 30T, 140rpmez ME LS LCEH OF
o—_]E.I—OHS tHEI_TJ_

HZ2AM 24A12F St Mg i =, &4 E2/(15min, 8000rpm)3cto & & A

0

ga

g2 DIM=S BSX W0l =otRUCH
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X, Hz= S e BE Z)|)| L= WB)| S22 RHIRULL EHE ol
XNE H&ES 8t2Xx= JI2 13 cm, M&Z 18 cm, =0] 24 cmZ |S&5&&0| 5 LY
SUMOICH BRI SEHUNES 242t 0.02 m*Z BI2ZE WOl 28te2 & XI5H0]
EotULt Bt WRE S|4 Adelz |AoH)| ot BtSE WR B0l AtD
2 &EXoIUCH, Rt XA Alles s === ot wetIIE & XIotACt
SHa+s FHEHIE MESIH LFS 522 AXSNOZ 3Z6HAL
z
. z
1l
effluent
1 L storage
- tank
= e
Influent e o
storage A
tank | 6o
— —— °‘ 1. Nonwoven fabric filter
3__. :: 2. Pum[:l
3, mixer

Xl= Fig. 60 LIEtH BEF 20l

Fig. 6. Schematic diagram of the experimental system.
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L/day2 ==cl&& MIJAIZHHRT) 24A12t2=2 ot Et
o L&t R=(3.47 mU/min)22 A= =SIACH SHH=+2 C/NHI
NHs-N2b NOs-No sSot 22 50 mg/LOICH &g AEE gdH=+=2 =4

Table 401 UEHHACH EARAZ2 HEAMH =HHICIOF Pseudomonas aeruginosadt
glucoseE AFBSIAZS [ NH-N2H NO:-No SAIKMHIF JHssitis ot 20
(t2t glucoseE AIEZoIULH AFS8 A2 NHiNOz, NaNOs & NH4CI0IH, & AHS

Ol @REE L2RTE =256 236tD| 25t NaHCO:= & ItatACH.

~ oo

Table 4. Composition of synthetic wastewater.

Components Concentration
Glucose 1.25 g/L (NH4NOs & [H)
0.625 g/L (NaNOs, NH.CI & )
NH4NO3 0.286 g/L
NaNOs 0.3 g/L
NH.CI 0.19 g/L
NaHCOs 0.234 g/L
KH2PO4 0.02 g/L
CaClz-2H0 0.01 g/L
FeCls6H20 0.38 mg/L
MgSQO47H20 0.05 g/L
NaCl 4.7 mg/L
Na,MoO42H.0 2 mg/L
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2 AE2 Table 50 LIEIH ASZXAH GIOA BI2SEXE S2FGIQUCH S S X0
P. aeruginosas &8st A1 P aeruginosa =Y (e EAMA SUHE HI WO
1, 28 BESA0 NH4NO3z, NaNOz & NH4Cl 30HXI2l EARE AISot EAJ0
g
&

SI2Y ZAMASE ZESUCH SI| - AL 240 HE MEHE S &

ot A CH

E8&HXe= ot eldo BEEHNE AZoIR D, EAHH BHHI2I0F Pseudom
onas aeruginosa= HE &= BFST0 1 LA F=LSIULCH Bt | ~ Ve SI| =
2, BISX VI R4A THUA 2FGI/ACH SI14 AEE SISt fIohA BFSx
LIS SIS0l ZD(012 AXIolA20, AL MHE SXot)| fdiAdE BISZT AZ0
UHE EM(LR0s L) AXlot) WEHIIE &EXotH 2FGIYULCH XMelzx=s B
AN MIBous SWGIH RELA2H, RE+= =86t & EZ2l(15min, 8000rpm)

Table 5. Operation conditions.

Reaction tank I [ vV V VI
aerobic / anoxic aerobic anoxic
Nitrogen Source NH4NO3 NaNO3 NH4Cl NHsNO3

activated sludge used | unused | used used | unused | unused

P. aeruginosa used

HRT 24hr
T-N (mg/L) 100 50 100
COD (mg/L) 800 400 800
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able 60 LIEFLHRLCE.

2
oo
o

bl

Table 6. Summary on the Analytical methods.

HI

Jx
0F
1S

ltems Analytical methods
NH,"-N Indophenol method
NOsz —-N UV Spectrophotometric method
T-N UV Spectrophotometric method
CODwn Potassium Permanganate Reflux Method
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1. 8d=ddXl E0 OHE Z2AHMA Hw

2 dEe 4=l P aeruginosas &8t A Y P aeruginosa @=L e
FEx 2L 55 dlw SAHOCH Fig. 72t 82 BFS A | 1k 110 C/NBIDE 5010
ZI| T-N =%t 100 mg/Le! NH4sNOs2 EARC=Z Gt H+-E FLAIFH HRT 24
hroez2 248t AgZ0ICH BtEX 112 A3 4120l= BEXE MESHLD @
650 mLE FIt2 =oALt

Fig. 70l 20& H2 20l &+ NHs-N s&= AEgd0 Il Ot 24
= Z2gS ER/R2H S 13 II0A 22 85%, 80%2l NHs-N HIHES 2
Ct. NOs-N2 &2 & BtSxX 2% 10 mg/L 0l5t2l s&2 HA EHAJULH SE |
OlA 95%, BtSE 110IAM 93% MO E AL

Fig. 82 &A&JI2t &2 8&Sx 1 112 T-N & COD HH a2 UEFWRUCEH

B4 T-N2 2 SSX0IA 83%, 78% MAHEAH B2F | 119 8A% COD
T 800 mg/LOIG, S5 COD ST= 10 ~ 40 mg/Lo| %S HUORMK 96 ~
97%2| COD RIH3

|:0 =}
M0
o
[
m
=
$Q
(=
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(a) NHs=N removal according to operation conditions.
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(b) NOs—N removal according to operation conditions.

Fig. 7. Effects of activated sludge on (a) NHs=N and (b) NO3z—N removal.

nitrogen source : NH4NO3
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(a) T-N removal according to operation conditions.
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(b) COD removal according to operation conditions.

Effects of activated sludge on (a) T-N and (b) COD removal.

nitrogen source : NHsNOg3
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Fig. 94t 102 & AR NH,CIEAIE0tH Table 52 S Ve VAHLZ 2 &
ZWMOICH BESE Ve 8= P aeruginosasS =& st A0l BIEX V
aeruginosa ©= 2&oIALE. BIEX IV, V= &ag 32 E2H C/NHl 1022 2
CIUCOH 61LRHE BISE W WURSH 2MOZ ZAZWMUAM HMAAACH EAMA
BtHICIOF P. aeruginosas OIE&22M SAl Zatst 20| 0IFHECH= &M SHOll,
NHs=NJF Np JtAE HEEICD IS SHALCEH

Fig. 98 A HE™, =J| NHs~N =%IF 50 mg/LY M, BtSE IV Ve NHs~N&E
78%, 58% HIAHEZU2MH KREZ NOs—-N= 95%, 82%2 MAHEES 20 NHs~NIt
NO3-N 2% 8&H4 X2 P aeruginosalt M AsSE 220 &4 MAHIF O s
HOIALY.

Fig. 102 BtSxX IV Ve T-N 2 COD =& ZWE LiEtHH 200ICH C/NHI 5¢!
Z22, ZJI T-N %I 50 mg/LY [ 22 68%2 37%2 HAHAE2 BEJA2H Bte=x
VOF BrSZ VOl BIoH T-N HHS&0] &Xdl =2 A2 LIESC CODe |+
400 mg/LUHIM 2% 40 mg/L 0l3t2 ZAEW BFSE Ve VIF 22 96% 2 95%2)

NHgEs 2A0HL

\T—]#

ﬂ

Metd 2423 NHNOszb NHaCI2 01800 2#H=HXI2 DS =8 & DIM=
H=o AANAH SUE Hlwg B, EAKNA =ZHI2IOF P aeruginosaBt ©= 0l2
ot= NEL H=dXWl AP aeruginosasS =&ot0 &M 0l&85ct= 20l 2 &
COD M0 O SR N2 EEHE AT
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(a) NHs=N removal according to operation conditions.
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(b) NOs—N removal according to operation conditions.

Effects of activated sludge on (a) NHs—N and (b) NOs—N removal.

nitrogen source : NH4ClI
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(b) COD removal according to operation conditions.

10. Effects of activated sludge on (a) T-N and (b) COD removal.

nitrogen source : NH4ClI
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= g2 2432 des HEot)| ?lol NH4NOs, NaNOs € NH.ClS Hluw &4
HoZ AIESoIU2M Table 501 MAl= BtSx= 1, I, IV £2AH22 2HGHALH
BISX0 4d=2X HA HRT 24A12t2

& |2t P. aeruginosaE ZEAMALH FI| =A
L. Fig. 110N Z2A3 NH( I B2 AEZ D 43
HotUH UM A=8 et 201 483 612FH S W U6 2
E SAZWO0M M2AZC
Fig. 110fl LIEFE Bt 201 NHe-N HH= 24 NHMNOsz2F NHLCIOl Hi=sh ka4t
2 B0IHM MAHEJ[2H, =IJI NHs~N =% 50 mg/LL O NHiNOz2l 3 85%,
NH,CI2l B2 78% HIHEZI AL,

-IE
[sa
Q
=
(==
5
6]
[0 Hu

7&a NOs-N sk= 3872 24 10 mg/L Olot2 UERSH, 243
NHisNOsz, NaNO3 & NH4CIS AIZotAS I 22 95%, 89% A 95%2 MIAE=S =2
AUCH LEat B3 NaNOz;E AtEotdEs <« UE ZA30 Hioh NOs-N MH=E0

4 RS2 o 4 AACH

40
0
v N
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(a) NHs—=N removal according to operation conditions.
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O+ NH,CI
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(b) NOs—N removal according to operation conditions.

Effects of nitrogen sources on (a) NHs—N and (b) NOz—N removal.
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Fig. 122 Z43EZ T-NIt COD MAH &&= UEHHRUACH B4 NHNOz2l =J|
T-N s&= 100 mg/LOIH, ZEAR NaNOs2t NH.Clel =J1 T-N s&&= 22 50
mg/LOICt. C/NHI 5 M T-N HHE=2 ZEALE NHiNOz2l B2 83%, NaNOsit
NHiClE 68%Z =28 MHEZ UEHGCH &AM Fig. 110 2H& 2410 201 OE
EAAZ0 NHINO;E 24322 AISotAS M NHe-N2F NOs-N MAHEE0l O £
)

T-N HHE L& 243 NHNOOl O =8 € = UULL
o

U2 =

BAF NHNOz2l =J| COD s&= 800 mg/LOl K&+ COD sk= ER
21.08 mg/LZ 97%2 MHEBS 2BJACLL EAR NaNOszt NH4Cl2 =J| COD =%t
400 mg/LY M #Z 15.96 mg/Let 16.90 mg/Le RE+ s£E BL22M 96%2

sgst COD MA=sss 20

243 NHsNOs, NaNOs, NH4CISl 24 % COD MHEEE &#H= Hf, FHE O
[u]

B MELESXE SI| ZHUMN BEsHX P aeruginosasS S0 28 E (I,
& HAROZE NHNOgIH HEHst 2102 HEECH
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Effects of nitrogen sources on (a) T-N and (b) COD removal.
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3. 2J| - F4tA A0 E 24 & COD AMA

Table 50i LIEtH BESX 12 VIE HALE S| - R4t T2A0 OHE Z2AHMA
HatE HEOCIRULE AtEet 2432 NHINO3OILH, 71 242 BtEX W ZIIEXE
EXotACH Poth XH2 e == Fo WIS &Xlote 2&otRLH B¢S
e Agd) 412l gsSx viel g3 32¢80ls BtSXE MAGL dF
650 mLE FIt2 Lot} L&t A X9 B 342 RHE C/NHl 1022

Ag Jue=0r XUZ0l det 3
=%Jt 50 mg/Le [, NHs=N XA

N
2 S| £2A2 B 80%, RatA XAHC AR 17%2 SJ| ALY [H2 NHs-N X

_>'{_|
=
.
m
=)
s
0
2
2
o
A=
1
=
}_
b
prd
o
|

A7 mg/l, SotA ZHAl B 1.24

4
TE RANSIFU2H &SI - RAarA ZAHA 22 93% 2 98%2] NOs—N

RASE .

AAHH BHICIOF P aeruginosall 28t ARZ U 2lotH, AR NHiNOs= Al
25tAS O C/NHI 50140 A NHsi-N= 42412+ BHOl HIHAGHD NOs-N& 24A12F 2Hoj
DE MHETD B0 H UCPY. B - PAA ZAHO NOs—N MAS0l NHe-N

HAHES0H Hlol =2 0lf= 2 Adg0| HRT 24Al2tez2 2NN AP aeruginosat
NOz-NE HAHM HHGILD NHs~NE HMHote Rz MG &L
St =2 AlSo] 2XMWESQH PAA NFBR2 Alst 259 0|28 MM S0=2 &

B0 < 5t&l0l 91 NFBRECH 2elot=0l G (A S0l UL
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Fig. 13. Effects of aerobic/anoxic on (a) NHs=N and (b) NOz—N removal.

nitrogen source : NH4NO3



o
o
=

6c§
2= EAMMA BHHI2I0F Pseudomonas aeruginosa= H7RZ 0| 2|5HH

H ZIld &
OIA NH, 2 NOs I SAI MIHJE JbsGICHY. 019 Zel 2 Aso SAT o M
SUSEZ(NFBR)NIAE R4t ZHECH SI| 24 O 24 MAHE0 O =2 22
£ LIEFSCH
COD HAHE L8t Fig. 140IAM 20 & Hi 201 2J] =4 I 96%2 MASES
B0 AL X9 9B%ECH O LSotALE Novak S(2003)2 4sAHXE 1M
O

SE0 ==AIZIE flocOl MAUEHA S 20| ddEH=s A
Ol, olet 201 8714 &HUA 85 = bioflocl AJIJF SJ1d 20N 5
=

o
biofloc2L &0 GHU%E & SWotyd, FAHE UM g485H= 4=%01 S|
n

firoorr

0x

dHe o
NFBRS &% SJl4d X0l dioh M=201 SFHLE X0tk 2ot HUE=0 Mot
Tl 20 =2J1d 20 g€J14 NFBROIA XMel==2l SS s&Jt O =2 ez g4
HAD Hel$o COD sEE =M ste Q8 00| ZACH. 2 ABM 244
X9 &+ COD s&Jt &I =429 RE=+ COD sZ20 =2 20| 0|2 &2

OlRg ez At=ZE L
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14. Effects of aerobic/anoxic on (a) T-N and (b) COD removal.

nitrogen source : NH4NO3
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4. C/NHI0I @& &4& & COD HA

5 NH,CIZH 2AMH BHHI2IOF P geruginosas 0l 23t C/NHI 0l
2 E2ANMAH B3E UEHH 210/CH 2 AE0Mds EA2 glucoseds

C/NHIZ 52t 1022 XZZIA2H, B8 Ve 8= X% 0IME0] Eg& A0
C

D EESE Ve DIMSE HE 2ADULH BHESE Ve Vo 28Z 1 612 RH= Bt
S U AHNSEH L NFotE elofl A& H0IA XAACH

BIESX Vet VE Haz Agst 2, |2+ NHe-N s== 50 mg/LOI0 C/N
Hl 501 &<, Bt2X IVE 4 ~ 20 mg/L 812 |R== NHs-N sEE ELCZM
78% MAHEUCH EHSE VE 58% MAH ZRUACH C/NHI 102! FR0l= BtExX Vet

VIE 282 85%%t 73% NHs~N MIHES ULEFRICH
NOs—N= C/NH| 52 [ 95%%t 82%, C/NH| 10 [ 97%2 96% MAZIJACH Bt
X V2 vV B5% C/NHI 520 102 2% NHs=N2 NOs-N HMHEE0l O =ULCH
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Fig. 15. Effects of C/N ratios on (a) NHs=N and (b) NOs—N removal.

nitrogen source : NH4Cl
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Fig. 162 ZAR0l NH«CI0ID ZFI| XA M C/NHIE HSAIA 2&s Z20
T-NIt COD H3tE LIEFH Z0ICH BFS X IV VO T-N HAEE C/NHl 52 3=
68%, 37%0104, C/NHl 102! Z0= 83%, 61%0IACt. Fig. 152 168 &#H= Ht,
A NH, 2 C/NHIOI [HE NHs~N2 NOs—-N M 24t Hi==otAH T-N L&t
C/NH| 520 102 I HMAHSHEO0l O =2 W22 BHEIC

C/NHl 5& [ =J| COD s&&= 400 mg/LOIL, B+ESX IVt VO B KRE=
COD s&&= 17 mgo/L 22 mg/LL2 25 95% MHEUCH E£8 C/NHl 102 [
ZJl COD =s%= 800 mg/LOIBY, BtSx IVt Vo 37 ®R&%+ COD == 18

=
Ol Rz ML 0 &0

23 NH,LCIE #otet WiilE 2tg ZI|&
C/NHI 5 ~ 100id= SE A2 COD MH=Z0I =
pHEI & 22LI0L SH0l 28 0ld= &40l Motell 20 2RF =

o2 ZXAQ COD MHEE0| Mate o1 20 g yCH.
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Fig. 16. Effects of C/N ratios on (a) T-N and (b) COD removal.

nitrogen source : NH4CI
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5. etSx8 &4 % CODMIAH

Fig. 171t 182 Table 501 MAl= gL | ~ Vi 220 et s 2t
£ Hige=z, 24 & COD MHeEs SEH2Z LEtH 21010 C/NH| 581 Z<Et
LIEFH H0IM, BtEX | ~ Ve SJ| &4, BIE2xX VI2 R4A 22422 24H0t%
CSH EAEE2 BSX |, I, VIZ NH4NOs, BtSZ 112 NaNOs, BtESx Ve Ve

Fig. 1701 LtEF HEQE 201 NHa-N HIHESE2 BtSE VIS 22 17.1%E 20 7
At RALL S AWM NHe-N MAHASHOE W A

N 3% 82 ~ 98%2 HMHES 2A2MH, 243 NHNOE 0188 BtSx | 1t
o =20 NHs~N&2 NOs-N MAHAEE0l £2 A2
Fig. 182 2 BtSx2 T-NIt COD MHEE=S LIEtH H0ICH &M Fig. 16

= bt BFEX 12 3R 82.8%, BtESX VY &%
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Fig. 18. T-N and COD removal at various bioreactor.
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V. & &

HAHMA SHHICIOF Pseudomonas aeruginosas S&E e MIEBSXH 2=
ANH EHdE&eX2 &8, A, S| - 24t 24 L C/NUIN 2 E2AMHA BHE
£ HES 21 US1 &2 282 AL

A& X P aeruginosaE EE 0|0t

1. P. aeruginosa ©= 0|&dot= A2CH &
—

A0l EAMHN SUHH0IUCH

I

3. A% NHiNOs2 AtE8H 32 244 XAHBC0 I =24 I NHse~N HAHZ0]
SMotH =U2MH, NOs-N HAEE S| AW AL ZHUA 22 93%%t

98%0| A LCt.

4, B NHCI P aeruginosa= 0126t C/NH|l aAlgst 20 C/NHI 52CH C/N
H 102 20 2A MAHSEO0l o =UCH

5. & 612 EBtSXE ez AEE 21,

=
e P. aeruginosas & 0128 R0 A HAHAS=0| JHE EULC.
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