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Abstract were 99%, 50%, 20%, respectively.
CONCLUSION: As a result, the best optimum conditions
Background: The removal of phosphate(P) in the for P removal by Bacillus sp. 3434BRR1J selected and used

wastewater is essential for the prevention of eutrophication in this study were as follows: temperature, 30°C; P
in the river and stream. This study was initiated to evaluate concentration, 20 mg/L; carbon sources, mixture of glucose
the P removal by three strains of bacteria isolated from and acetate; oxygen concentration, anaerobic and aerobic
industrial wastewater. The three strains of bacteria, A1, A2, conditions.

and A3, isolated were identified as Stenotrophomonas ) .
- . . Key Words: Bacillus sp. 3434BRRJ, Industrial Wastewater,
maltophilia strain CUPS 3, Rhodococcus erythropolis Optimum  Conditions Phosphorus  Accumulating

strain Sco-CO01, Bacillus sp. 3434BRRJ, respectively. MicroOrganism (PAO’s), Phosphorus Removal Efficiency
METHODS AND RESULTS: The experiments evaluating
the effects of temperature, P concentration, aeration, and

carbon sources on P removal by Bacillus sp. 3434BRRJ M E
were performed in the following conditions: temperature, . ol
& = 3 EX
15, 25 and 30°C; P concentrations, 20, 30, and 40 mg/L; Al Akl ge} QISR Qe ulEs= wse] SAel
el oA olEel AEAR APl B ofel AT o

oxygen condition, aerobic, anaerobic/aerobic conditions;

152 0. 5] A H)FE 29

carbon sources, glucose, acetate and mixture of glucose and R .01114315] 2 %OL] staoft 24 ;]o o 71E 2l
Ea Ak

acetate. As a result, the best optimum conditions for P W_‘J Bl wet aaael sduee] FAES oL sl

53], A2} Qv 2 JPARE RIYAS FUAE F

removal by Bacillus sp. 3434BRRJ were as follows:
temperature, 30°C; P concentration, 20 mg/L; carbon
sources, mixture of glucose and acetate; oxygen concentration,
anaerobic and aerobic conditions. The P removal efficiencies
by Bacillus sp. 3434BRRJ, Stenotrophomonas maltophilia Al F3= 7] whell sk /1= AP el o
strain CUPS, and Rhodococcus erythropolis strain Sco-C01 = AR e mA Rgebt AEgla TRals 8
A A= A9E 7]-24 $HGrady et al, 1999).
FARY ko 9] fS B5HI S0 Bl B HAA

A=A He FL740] S7HaL tHYoung et al,
1999). 1990%dthe] 7IE HAEsge] i BOD
(biochemical oxygen demand)2} SS(suspended solid) ]
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Apeh= Aol 7 ARl AR R 5 - Hg W H4k
oA 7182 AAS) vEo] Aag) Qo] A7t v 7
2531 Q& Aot vt AAe] A9 Aaay vt ofel]
ol &7 T2 Aavt FAZ FAEAY Zats) v ol
o3l 7] FOo= AAYE BYE AR FdstE W
Ash= dolls AaRths Q1S st Agshs Aol Xt
aAoltar dHA Qlek oHE FAel whet AlAlS] ol
vetell Xl Ao} 19 wiE S ekl evet 94
Sl 201235 skl W R s EE dA
9 2 mg/LEC}H1/10~1/4 502 A7 W5t A2 5
A 7 ALS TN AlEE 4R RS el
gk el QITHEE TR =R, 2009).

QLA Aol ek md=eA A2 HE AESA 2l
AA A8 FH7F H= AT 2ok olth B8] Q1 AlA
A7) 27]ell= AR sk AgelA] 28 5 e 34
ol tigt aks dAvete] Q1 AlA ¥4 HAsE st
= Ago] Aatalont A3 At Q aAlE v
Aeire A Ao R FEsithe o7
=o] Ax} BE AA Hek 3 QA AA v YEe] dist A
B7F A Qle AdselA ©es] SRS oF o]Fofx
3749 HAsh= AP HAset & ¢ glon] FESHE <
AA & QT oA BT F Sl ofe] o] A
of st ¢Hdst din|r} o] Fod = gick wpebA] AEEHA
A AA T Aol Lol 1 AA wAEe] st bt
ola|7} WH=A] HQattial & ¢ Qlvk AR AR} FHWE
of thgk Aol oA Q1 AA R w3 A7 B
itk A=A Q1 AAAA C:N:PH] Xl whE AAA W
AETF 9] Wgledtol A COD:PY AA3 Hl&o] o AlA &
Foll ARAQ 291 F shUslE FHEsI o H (ol o]
<, 2005), EBPR 32| £ A 25¢ #2]st A. phosphatis
°] PHA® §A#47 Accumulibacter phosphatis®| Tt}
S ERlsl] flgh A5 sl nAaETHE A
T3IATHQ. Wang et al, 2008).

af - HFEFE S AAShE BESER WL 75
S o] Aol FAEAE FFEAY G- 1
Azl oal Fh F471%(Luxury Uptake)©ll oJsl #1715
+ 925 o]&3HLevin and Sharpiro, 1965). &84
Wiel 2k Q1 AA= ksl g&o] wom o] WS o]
gk - w1 AA 3 71 A/O, PhoStrip,
SBR(Sequencing Batch Reactor)&d ol Slth

AEL] Aol BFPFid 2 BE Axrt He= )
© A= ot =AML (adenosine triphosphate, ATP),
i‘{P(Deoxyribonucleic aicd: DNA, Ribonucleic aicd:
RNA), Axe} 1A4e] 29 “dFo|tiBouw et al, 1989).

QA AA TS BA3kE PAOs?] AESE 54E o]&
k= Ao, <l A7 BHegloPhosphorous accumulating
organisms, PAOs)<= A3 ol ok Q1A e] ez v
o] Q& A%e 4= ql7] wWiEell &1 AA7} 7hssithal A
Ut gRkdow ARl A AA P WA LAgsiE

PAOs7} @71233e4 447l 3+f-8 +71%(BOD, COD)
< A3 dlell PHB(Poly-3-hydroxybutyrate) SJE|= A%
skl o]of] 23 oUA]i= polyphosphated 7}=-3l|5}]
ol g3ttt WAy AR MRS 7|F2AE AAWEA Al
el AgE F71=(PHB)O] wafiste] dojxl uAz &
7127104 Ui Q1e] YRt #)2) QIS AF k] Poly-P
granulesEHI = A2E Wjo] 52| (Luxury uptake)dtthal ¢
# 4 ltHSedlak, 1991; Levin and Sharpiro, 1965). ©]4
of 7|xste] B8 < AA 7R eSS B71/57]
Fe] wf eFAIA 19 F94F (Luxury Uptake) 7t A
AUES gt & Q1S shysh SeAE H7|To=MN QIS Al
AsIth PAOs= AlsHs] 704 Aol SH=H Qs &
HlakaL A el A7gsitt. dubE o ndEe] AxFdd
19 - 2-5% ot A= Q1 AA7E AliE Dot
785 ME f Q19) RS AAAR] A2 2-5H)jef] o] ETtal
stk A Ql AA el JEE T JAEE RE,
pH, 38 5743, 7] @A AFAIRE 8] AR,
nitrate'5¢] tHDaigger et al, 1987). &34 Q1 A|A <]
Anbx o2 oA pHESE 6.5-8.02 W7F 4% Zo
2 AdA 9loH, 6.0018F Ei= 8.0 oSl pH Z7lelAE= <l
AAEEo] "ojxitkal 44 SltiTracy and Flammino,
1985). %o theh gk A7 AelelA el 1 WEw
sk o] Qle AR AFAIF HuHrh A&
1 A|ANA DOL Gkl thgt A= wH]sh, Shehab
5(1996) A4 #7]49 DOEE: 0.0-0.2 mg/LE
ofF= WA =ojof sh, 57139 H-f-olli= 3.0-4.0 mg/L9]
SE7F Agsittal Baslek A= Q1 AAd glolA
SRT(Solid retention time), ¥7] ¥ $7]%°] HRT(Hydraulic
retention time):= $Q3F A7Qlxfo|t}. SRTO A% #&
FE B S YA AHER d AAES =Y 5 3
th @71 AFARES f71es SEsta Axde 1 W=
ERsh=H AREETE 57139 AlFAIRRS vdEe] 87
o WEE A& AE Wz A%stal ditstel BODAIA
93] e & sH= A]ZFo|thStephens and Stensel, 1998).

B AelA= 8t - Hl AErA ] Aldlez R v
5 sl 1 5 Q1 AA 5o 7MY £ Bacillus sp.
3434BRRJ= WiF &%, Q1 v, gad Fiel wE
AA Z£&5 F7HIelh
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B ES Elsto] o] &sIgith H A gelx Aast H4 5
mLE 0.22 um pore size®] membrane filter= 1S} o ¥}st
At SRR Aol oAl MR filterol] W A
Aell B S5 5 mLE ¥al dAE B2 §F 7 43 200
mL9] AFiA7F o] Sl 250 mL AFZFEER~Te)] 2 mLE




A ERE Hed AAA 0BE A AA 54

Z3Esto] 48 AlXHEF X"HIK30°C, 150 rpm) SH3ITE HiA]
o] ¢l F%3= 20 mg/LE ARSI v]AE vice] AHH
WA= Zafiritl A4S WHEsI]  ARSSIITH Zafiri, 1999).
Trace metal solution< membrane filter(Pore size: 0.45
um, Diameter: 25 mm)Z o] #3t oj A& ALE3HITE 1 M
Trist F< FABIUER §95 o] 43lo] pHE 7.0+ 0.2%
ZAste] AR89t A8 HjA]:= Basic media solution¥}
Trace metal solution, Phosphate solution 723 1 M
Tris buffer solutione 24 e E3Mm|&2 4o AE-3}5Th
AduA] A wljekst sjeflS agar platee] =23 5 30°C
incubatorol|A] HlFEto] colonyE ERlstGion, PAJH
colony?] A7} B nfste] 87)¢] n=S A skl
A 35 250 mL AR Sol90E 200 mL A3
iAol 1% (v/v)E AEe & H3352A(SHIMADZU, UV
mini-1240) 2 P& A 54 9 2l =5 S4sko] <
AAEO] =2 37 F9 vdES A S

o] AEE =5

0] A5 WS syringe® AF st EFFEA
o]g3to] 550 nmelx] FHEE SASIGITE HjokdFe]
F 5+ ascorbic acidel] 23 Eg]Hwl HHS HEHSo
g3litiCallaway, 1995 : 175-176). ¥i%¥<l& syringe®
ANF 5] membrane filter® ]33+ & test tubedl SF5
7mL, o3} 4 1 mLE Yi & Ao]us E3eith EaA
©kO % ascorbic acid-molybdate A} 2 mLE Y2 SA|
30%7} voltexing 3 ¥ 30°CellA] 30 #3F WA ZLE &
of Ak Yo izl s o]fato] LR EAE 880
nmolX FFEE S4sto] vwsiSith

AN S

s 54

AEE 3744 F2] nAEE 165 rRNA gene sequencing
o7 T TS Sl Dol mAES] FVIME e
NCBI BLAST program< ©]-83101 917144 e] “g/dS 1]
I EAEITE o] W e VIS 95% olde® el
o, A A3} 7P AdEAdel =L vE Fo AEEsith

o 2ele 0jME2| 21 HA

s 3 7 F2 =L Q1 AlA

3709) 250 mL AHz} Zepase] @19 557) 20 mg/LE
A7AEl AguiA] 200 mLE Wil w2 E g 3714
Fo] MAES 7t 7] AAEE AT 1% (v/iv)E AFst
°] 30°C, 150 rpm ©.% & wljok slglom, 9 wev w
ANE 53] membrane filterZ o ¥}3F & ol Ujof
ol FEE Stk

&% W3l w2 Bacillus sp. 3434BRRJS] Q1 A|A

250 mL AFFEEkAA e Q1 F57F 20 mg/LE 7Y A
A 200mLS YW1 1% (v/v)Q Bacillus sp. 3434BRR]
S HFsl] M ES 15°C, 25°C, 30°C=E W37 150

rpmelA] g wjekaiglion, et Azt 0% A RS A
Foto] LFFEAE o185l nAEY AF Bl R85
“gaisitt.

27] Q1 F%el| W2 Bacillus sp. 3434BRRJ ] <1 A|A

250 mL AZEe~3e Z- Zke] 1§57 20, 30, 40
mg/L °& A4H AFuiA] 200 mLE ¥il 1% (v/v)<]
Bacillus sp. 3434BRRJS &3 $ 30°C, 150 rpmellA]
g wjeFatlom, dAst Azt Mo AlRE AF S
WFFEAE o] &3t A W FEE SASIGITh 919
AT 5L 3NHE AL

Az gl gl Wstel wWE Bacillus sp. 3434BRR]
2l E57F 20 mg/ L]l AgiA7F Eo] Sl 250 mL #t

N AEetaae 1% (v/v)Sl Bacillus sp. 3434BRR]

2 AEHel & 1FE IR e T 124K B4 )
3|

¥t ol F Az vpw ATl 60417 Ft A kel
glom UE ¥ 1FE AT vPIR e F AN

£ AT $ BFFEAE o]gsto] vAES] A 9 <l
T2 SAsIeh A3uAe] e o Z = glucose, acetate,
glucose?} acetate &30 = o] 7} 7} AFujA|el 1% (v/v)

ks A 20 A
# o

Al
=

ol

il

d ng=2 22| 33

3714 ¢] Ba) 9] 165-rRNA 2171498 #A5}0]
Poixl 714 ¥-E NCBI BLAST programe ©]-§-5to] 4
71499 dsAol 7P w2 vidE T2 AdEs A3 Al
& Stenotrophomonas maltophilia strain CUPS 3, A23t
& Rhodococcus erythropolis strain Sco-C01, A3t
Bacillus sp. 3434BRRJ©|$ITHTable 1).

Table 1. Classification of bacterial strains by 165 rRNA
gene sequences

. Number of Homologous S
Strain nucleotide(bp) microorganism Similarity
Al 1156 Stenotrophomonas 738/738

maltophilia strain CUPS 3 (100%)
Rhodococcus erythropolis 717 /717
A2 1086 Gain Sco-CO1 (100%)
. 937/937
A3 1111 Bacillus sp. 3434BRR] (100%)
= =g 0l4=2| ¢l ®A
wele 3 7 £ wAEe] <1 AA
e 37 T e A AAES Lotr] S8
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jom, dgek /\]ﬁ"ﬂrﬂi /‘]Ei AFete] AA=Alst
Jwt W3k A4Stk Fig. 1+ Stenotrophomonas
maltophilia strain CUPS 3(Al), Rhodococcus erythropolis
strain Sco-C01(A2), Bacillus sp. 3434BRRJ(A3)2] " 4=
o A= o Z42be] vaiEo] 120417F qFe] BE Aol
olFoIA = Ag AT ik TP w2 S Bld
Stenotrophomonas maltophilia strain CUPS 3 737 25
7P A ]l w7t 2ot 2l RIS Rhodococeus
erythropolis strain Sco-C012] 73+ A7go] 7H dd A
o vehton Ql Fe] Mgty 7P A2 Aow yEr
t}. Bacillus sp. 3434BRRJ 2| 75 AJ7go] A&ty o] %= 7}
B 9l Fe] gt SRIEIG. wEbA wiA] o &1 AlAE
< Bacillus sp. 3434BRR] > Stenotrophomonas maltophilia
strain CUPS 3 > Rhodococcus erythropolis strain
Sco-C01 £2% ¥ A o= UesithFig. 1).

3
25
2
£
c
21s
n
W
0
< 1 f =—#—35 maltophilia strain CUPS 3
/ S
; == R.erythropolis strain Sea-CO1
05 a4 of wihropelisstrat
AL e «eohe+ Bocillus sp. 3434BRR)
D
1] 20 ap &0 20 100 120 140 160 180
Time (hr)

(a)

—#—>5.maltophilia strain CUPS 3
-« @ - Rerythrepolisstrain Sco-C01
= de= Bacillus sp. 3434B6RRI

Remaining concentraisn of PO,-Pimg/L}

Timne (hr}

(b)
Fig. 1. Growth curve and P concentrations removed by
isolated bacteria as a function of time. (a): Growth curve
of pure bacterial cultures, (b): P remaining in liquid media
after P was removed by the inoculation of isolated
bacteria

2 BHS|| M2 Bacillus sp. 3434BRRJ2| Q1 H|AH
ol AglelA M %2 A AAES BRI Bacillus

sp. 3434°] tigh &= Wste] whE Ql AES 2Rls] Jl

3 < E %7 20 mg/LE AAE AduiAed 1% (v/v)9

Bacillus sp. 3434BRRJS 5%5310] Wok& =5 15°C, 25°C,

30°CE A9ste] g vjgste] AT AR AAOE AR

= AFsto] vAES] A Y 2l s ST A3t 15°C

M= 8] Aol o]FolAA] o= Zle FlskSith 25°C
o]

9 30°CoE 25 9] o] ol%o] Fom T F 30°C
oAl 7} & o] o]FoJA = AL B 4= 9)git) Fo

s} ehtel W) <L o] MR 30°C A9
] &

= Qo] AAHE Ze =Q

=
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_——
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(b)
Fig. 2. Growth curve and P concentrations removed by
Bacillus sp. 3434BRR] as a function of time in relation to
temperature(15, 25 and 30°C). (a): Growth of Bacillus sp.
3434BRR], (b): P concentrations remaining in liquid
media after P was removed by the inoculation of Bacillus
sp. 3434BRR]

x7| ol s=0| WE Bacillus sp. 3434BRRJ2| QI | A

Bacillus sp. 3434BRRJ ] ¢l AA AEZE 2lsy] 93]

7} 78] Q1 127} 20, 30, 40 mg/L o= A%E AHiA|
o 1% (v/v)e] Bacillus sp. 3434BRRJ& &3t & A%

ol 55 4% 43} 20 mg/Le 30 mg/LelA e
o Y] Aol AA ko 40 mg/Lel 53] x

eSS AT Atk wiA W Q1 Fe WsE gl
gk A3} 20 mg/Lo] wiH|el A o] 1 ANAE2 ¢k 99.9% % 7
o B Qo] ArES FA 5 31913, 30 mg/LY HHX]
N oF 75.42%, 40 mg/L2 #A|eA= °F 59.57% 2] <
AAEo] SRIH K Fig. 3).
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o 3 S 2~ O
T4 & ATYe BT 4 ol
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e fle- 30 N
- 1
E A= 40 —f—ir
3 - 1 ——air A
L
g oe 11 MG Gt ®
5o
) 08 === non-air G -
04 _ .
- / £ «e s NOR-BIF & -
(=
> g %8 -4+ nen-oir AG
[t}
’ Zon
o 20 40 &0 I
Time (hr}) 02
ol
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R

-
=
=1

7542
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o -]
[=1 [=]

Y
=]

B 20 30 44
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(b)
Fig. 3. Growth curve(a) of Bacillus sp. 3434BRRJas a
function of time and its removal efficiencies of P(b) in
relation to P concentraions(20, 30 and 40 mg/L)

AMATAH U BN EE0| W2 Bacillus sp. 3434BRRJ
of 1 ®IA
Z7) Az 9 e Tl wE ]l AlAS WskE
gRlst7] A3l glucose, acetate % glucose 9} acetateE <
BHX] 7} Zhe 1247 A0S B Aot d)%
2 AYTE o] AT 9 A s SR

F

Z20& Fil HAYO R acetates} glucosefé“ %%L
ﬁﬂ‘?oﬂ A ZRE Aol HElon Sutell= 71
A= A e 5 SUSUHFig. 4). 1 ‘:}*_E
71270004 ©AY O acetateS} glucoses 3 A
. YO EA] acetateE TUE ARE
]’7@ S Jlog veinth 5, sl

298 BEs1S 1q1 }@Z]‘O] 714

O_u

gl v F2 A &
QL AAES Aol 7 =0E F7) 248 T e

£ glucosed} acetate s E33t0] + A ﬂ‘?"ﬂ/ﬂ Ve =
Aoz YeldthFig. 5). 1 U2 97 24

295 glucoses Folw AT IrkEo R $7]x004
BAY O R glucoses} acetates At AT £ OE H
Aow Uepdth 5, 9 AES &ad FRRn ez

oA of wizdst AS & & ek TP W2 AAES
Hol A= 7|2AE Fil ©§AYU0F acetates 37}

N

Time (hr)

Fig. 4. Growth of Bacillus sp. 3434BRR]J as a function of
time in relation to oxygen conditions and carbon sources.
Air G means aerobic condition and the treatment of
glucose 1% treatment, air A means aerobic condition and
the treatment of acetate 1%, air AG means aerobic
condition and treatment of acetate 0.5% and glucose 0.5%,
non-air G means anaerobic/aerobic condition and the
treatment of glucose 1%, non-Air A means anaerobic/
aerobic condition and the treatment of acetate 1%,
non-Air AG means anaerobic/aerobic condition and the
treatment of acetate 0.5%+ glucose 0.5%

nan-air AG
nan-air &
nan-air G
non-air B
air AG
airA

arG

airg

0 10 0 k] 40 50 50 7o B0

P-ramaval{%)

Fig. 5. Removal efficiencies of P by Bacillus sp. 3434BRR]
in relation to oxygen conditions and carbon sources. Air
G means aerobic condition and the treatment of glucose
1% treatment, air A means aerobic condition and the
treatment of acetate 1%, air AG means aerobic condition
and treatment of acetate 0.5% and glucose 0.5%, air B is
not inoculation of Bacillus sp. 3434BRR], non-air G
means anaerobic/aerobic condition and the treatment of
glucose 1%, non-Air A means anaerobic/aerobic
condition and the treatment of acetate 1%, non-Air AG
means anaerobic/aerobic condition and the treatment of
acetate 0.5% + glucose 0.5%, non-Air B is not inoculation
of Bacillus sp. 3434BRR]

2

|

He2EE Fed nAES F 37 Folloen 7 F
A A3 A1 Stenotrophomonas maltophilia strain
CUPS 3, A2 Rhodococcus erythropolis strain Sco-C0,
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A3 Bacillus sp. 3434BRRJC|ISIT}:.  Stenotrophomas
maltophilia= 1% /3702 ARstolu 589 A4, &,
eI A el FHA B, FE ”4037]}‘01 At
2 Aol 7118 eloslu, siAtolt 4 5 4 e
sel(eheEEA), F8%, $919, 9% Ao} 8] %
ol &) ZelEal vk ESE dield E2HQ FHoF
TNT(2, 4, 6-Trinitrotoluent)9} TH HWe= w3l4-A
(Polyaromatic hydrocarbons : PAH)®] 3l n|&E= &
4] QUFk Rhodococcustl-E- Streptomyces®: %) Corynebacterium
S3 e =8 AS9E T 9l ' Hddel,
G+C o] =tiYagafarova and Skvortsova, 1996). &
§t Rhodococcus erythropolis®- WES W3l g4 Bt o
2 dA ik

el e 37K £ mgEe] Q AAEE FlE 23} 120
AIRE Q] BLE Aol o] KoM Stenotrophomonas
maltophilia strain CUPS 32 3701 71 W)t} Rhodococcus
erythropolis strain Sco-C02] 7-¢+= %] 74 vd A
o= yeptor] l o] WslE 7R A2 Zlo® et
Bacillus sp. 3434BRRJ®] 735 Stenotrophomonas maltophilia
strain CUPS 3Kt} A7o] o] fAnt g7gdo] A2+ o] %
2 719 100%°1 717k Q1 Al71Eo] &l Hltk sf - w5
Yl F QUT-P : total phosphate)®] %15 %=E 5-20 mg/L
2 20 mg/Le < FEE A9 100% AAL F A=
Bacillus sp. 3434BRRJ®] 1 A|A vw]AEe] 7174 A5}sict
I AkERCE 82 Wl Q1 AAE-E Bacillus sp. 3434BRR] >
Stenotrophomonas maltophilia strain CUPS 3 >
Rhodococcus erythropolis strain Sco-C0 2% F2 7
o2 Ytk 3 T v B Al AR ol FAN
L AAENE 2pol7F QASIT of= vt )& H4dks &
go] t=7] wEel Zow Azt

Bacillus sp. 3434BRRJ ] =% Wslel] wh <1 A1A 4
o= 15°Colls wo] Aol olFe] Ax| okgror
25°C8} 30°CellAs= o] o] ootk 2L 5 30 Cof
A 7P E2 Ae] olFoAlE s B ST w1 A
A3 tEe] wiA Wl &1 9] Wsk= 30 TelA 719 Be
Qlo] AAE = A 2l & Jloltk & w9 Aol w=
T5 A AAY a8 7k AR UeRdth dubE o
2 ?l AFR= 20-30°CellA o) FefAH BEst <l AAE
3R PAOs+= 20-37°C9] WliL%] 558 250X Q1 AlAEo]
T/RIths Ay Addte) tehs 2l g9 2 5 ssld
(McClinotck 5, 1993; Converti 5, 1995).

27 Q1 s&ol Wl AAE AAdd o)M= 20 mg/L
¢} 30 mg/LolAM9] ] ] Aol A Ao 40
mg/LolA T 22 S 21T 5 stk wiA] uf <l
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¥ 59.57%°] Q1 A7AEo] I ARk o n|gE
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2-54)j¢]] ]ED]-I_’ S (Levin and Sharpiro, 1965).
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