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Isolation and Characterization of Mercury- and Cadmium-
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Mercury- and cadmium-resistant bacteria were isolated from an industrial complex
wastewater of Taejon area. All of them were motile, gram negative rods. In the results of
physicochemical test and VITEK card test, HM1 was identifled with Acinetobacter cal-
coaceticus, CM3 was identified with Comamonas acidovorans, HM2, HM3, CM1, and CM4
were Pseudomonas sp., but HM4 and CM2 were unidentified. They were tested for sus-
ceptibility to 14 heavy metals. Mercury-resistant bacteria(HM1, HM2, HM3, and HM4)
were sensitive to low concentration(100~400ppm) of Cd*, Co*, Zn*, and Ni*, while cad-
mium-resistant bacteria(CM1, CM2, CM3, and CM4) showed resistance up to the high
concentration(600~1,200ppm) of these metal ions. As a result of resistance spectrum
test of mercury-resistant bacteria, HM1 was broad-spectrum strain, HM2, HM3, and HM4
were narrow-spectrum strains. Transmission electron microscopic examination of cell
wall of HM1 culture grown with and without 100ppm of HgCl, showed remarkably mor-
phological abnormalities. In the result of atomic absorption spectrometric analysis of cad-
mium-resistant bacterla grown at 200ppm of CdCl, for 6h, all of them accumulated
cadmium(14ppm~57ppm) in cell. In cadmium-resistant bacteria, CM1, CM2, and CM4
were spared from the inhibitory effect of Cd* by the addition of Mn®*, CM4 were also
spared from the inhibitory effect of Cd** by the addition of Mn** as well as Zn*.

Key words : mercury-resistant bacteria, cadmium-resistant bacteria, Acinetobacter cal-
coaceticus, Comamonas acidovorans.
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1. A 2

%3 <(heavy metal)}e- Ao 482
T, 2AHAY, FAEGT e EFF A
ot &A= gl ASE AYY grEe
AdgA e e Fe FE2Z E2A%e A
o2 48l# glcHSummers & Silver, 1978).
ae Fake e WY DU A9Y
52 3o A7 AYAEoR 28 A5
F& WA zste] AR B2 % 34
dozs A A4 T FAH B 8
qlo] =3z gltHDuxbury, 1981). & &4
FEHgY A€ ZIsH, A, A7,
LA, FEA, AAA Foll, Ft=H(Cd*)
A5 2297 HUESY YA, Hy 3
AR A, A5A, AR ol d4AQ 84
24 AHE 2 gle B3] 29 g Az
A B FS 3 2~7x10°E0] JEHPo
., F3Hs Aoz FHH3T Yo
(Beveridge & Doyle, 1989; Trevors et al,
1985).

FE522 AFE 7 de A Y4
6532 Ayt glen, vigdra A9 A
Al A, Fe, IHE, ofld 59 FIF45
X e ubdel, vl EF F - Al Eol o
743 54L& Jehde sl=g, &, ¢ 59
E A FF%(toxic heavy metal)® gt}
(Duxbury, 1985). 54534 A Ao A
A, Ax2| yelio], st Ao W
3189l Sl A - A o2 A4sln, o]z)F
FF40] AAdAC A &AL Z {4l $HH
2H EARA ] A=A A7 APAL
AEI]} ARE AT ookt YArRE g5
sl FFEHA Aol &d3A A}
(Chakrabarty, 1976; Foster, 1983; Kondo
et al.,, 1974; Summers & Silver, 1972).

A T35 W7 ez 9z
3 9lev(Tynecka et al, 1981), o3 &7
2 AlgEe]l T35 WS Ad A2 &
22 qlct. 53] 229 79 Staphylococcus
43} Bacillusg Ald< 8|23 o8 Fo] 1
2o}A Al FE3 Escherichia coli®} Pseu-
domonas% 5 tt-2] %A ATES] &
2UYA ATEE @3 HH(Clark et al.,
1977; Misra, 1992; Olson et al., 1979; Ro-
binson & Tuovinen, 1984; Silver, 1992;

e A

A
_2(_4‘
.
ol

Silver & Walderhaug, 1992; Summers &
Sugarman, 1974; Tonomura & Kanzaki,
1969; Vaituzis et al., 1975). 7}l=F9 A%
o+ Bacillus cereus, Bacillus subtilis, E.
coli, Alcaligenes sp. Pseudomonas aeu-
ginosa, 18|31 Staphylococcus aureus 50|
7t FUA AFo 2 ¥s 3 2o (Higham et
al., 1984; Mcentee et al, 1986; Novick &
Roth, 1968), S. aureus®] 7% cadA A=}
S $d sl=EuiA Fekav oot glojA o
VA 224 efflux system 2.2 & 53t40] o]
Foze Ao 4daA ¢ tHKondo et al.,
1974; Novick & Roth, 1968; Tynecka et al.,
1981). =3 %7HMn*)9] transport system-2-
T3 7h=Fo] ATUZ fise AR 9y
A= S(Weiss et al, 1978) f-A At Fel 4]
= Be 977t ol 7oA gtod, I A4
FESWA AT ¥elst FFE WAIE
B3 AT AE] R Ao, g8 F
o FFE5UHA A Fuel 14 Agske
AT AT SFFHAAE Aog Aig
et

mehy & d7E 4% 84 fA8de 3
Mol 7A5¥ TY ALZYH $34 FAAE
EHSAEAE 25 23 =g WA
£ 7 AFE Eelsted ARz Wy
£ olgstel FHsT, ol W EANE
g4 A7F A% 712AA 54 Belwa
sheich.

2. A8 9 Y

2.1 AP g %]

£ ATl A3 #2379 sl=FIA AT
% 80F = 4F TAEC] LAHY Jde 9A
o] oislFct d2Re 2|yt AF
2 ¥elo e f A|Alsley 54, g8ln
Z+F FF45 9% WA =Abel nutrient
broth(NB) WX & A}g3lgon], =g AF9
e Yzt EXEALS $)5led MacConkey
v} %] 2} MR-VP u]#] 9% triple sugar iron(TSI)
Wi & Al8-31g o}

2.2 A2 24
A2E ANHste Z2d9) 0.85% saline L9
£ Arlstd A3 F A4 2087 A A
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R e TG Aseld g £ AsFUA AT 2ol 2 B4

At AFAE $&3% st=Fo] A
100ppm} 200ppme] #H7}€ NB wjz]e 3
74X A 30TelA 4847 <k ikt Al
< ¥eEd

2.3 A79 e, 2HIAN o S5

o3 Fl=gWA A7 e 2 a3y
A & Bartholomew?] H}4(Bartholomew,
1962)& wgtovy, Q2FF2 13 AL
o] 3% B. subtilisg AHg-3I oo, 1HSA
ANFo2E E. colis 43t 354 I
Fe FFEL 30Tl 447 wigd F
hanging drop¥ *. 2 #33}gich

2.4 #7214 A2 A4

2 ¥ AFY ¥714 2N AAeE
& #Fs] Azt $A A AdES S22
Fh=Fol ArslA 4L wizld HFY F,
CO, gas pack# indicator, 18] 3 catalyst
7} A x" anaerobic jarell g 30TolA
2477t wioFsted AARF2 FAYIAE ”
U371 A2 FE3tdd

2.5 Catalase ¥ Oxidase A]3¥

Catalase A]|3-2 30T|A] 2447t ujeit
AAY FAE AR Sefol=Felrd A
3%2] FAsFAE 1~20-8 A3y F, 7]
¥7F HAste Ae FAHoE dAsAS. 4
A 2FF2E E. coli K125 AR-3lgrl).
Oxidase A| Y& FA& 7132% filter papers|
271 ¥, o§7]4] tetramethyl-phenylene di-
amine dihydro chloride® 1~2%-& &%
%, pink-maroon ¥+ blackl @ Hs+=
Ad& Aoz HFsigd.

2.6 MR-VP A ¥

Glucoses} dipotassium phosphater} 37}
¥ MR-VP wjz|ef #AE g F, vy
< Aoz el st wickdel=
methyl red §-94& 5498 #3lsld H242
2 HAEE A e st b
3hrto] wiefl o &= acethylmethylcarbinol A}
g Yolr7] $13te Barritt's 45 &
10%-¢ A7lstz, 158 F £330 g 3
At vl e o2 wA sty

2.7 Nitrate 3¢ A&

pH7.00.2 2R F dwix|o A& HFdo
okt I, o] wjFHd 0.5%2 a-na-
phthylamine, 0.8% sulfanilic acid, Z®]x
z2nk$-& Hestel 71X AYFFE DA
o BAd st

2.8 Starch, Casein % Gelatine 7} 3
A1g

Starch 7}5&& Ao 2& wlxlo 1%
potato starch® H7}ste] AF& w3 ¥,
gram iodine 91 Hststel FRAE ¥4
g A& JAH 2= 3gich. Casein 7H5E3] A
3} 2 tryptones} 10%9] skim milkE A
Fhsto] RE WA AR WY F TR
£ A% AL FAH2=2 3t Gelatine 7}
23 A8e A E 15%2] gelatineg 3
74 AR A AlFS wFE F 4TeAA
3027 A3 & A3R AL Yoz B
3t

2.9 Haemolysis A3

oFo| ¥efol HriEl wixlel] MFE AHF 3o
ekt ¥, A" AZAE FHe H49 ¥
o7t A4 2L p-haemolysis, T 59
7} A" 7L a-haemolysis, 18|31 %5
7t A=A %L 7L y-haemolysis2 B3
st}

2.10 Citrate o]-8% A3

0.1% ammonium dehydrogen phosphate,
0.1% dipotassium phosphate, 0.2% so-
dium citrate, 28] 32 0.008% bromothymol
blued A7} wiA] o AFE vl F, wix]
g FENee WAy E Alde e =
A3kt

2.11 £33} FA=F Y AZ9 54

relg $o3 A=Wy ATE A=A
3 AxE 7122 3l9 Bergey's manual
of determinative bacteriology(Holt et al.,
1994)¢} VITEK GNI card(VITEK Systems}&
ol 4-5ted £4& AEstich

2.12 3% ¥ 44 244
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Table 1. Phenotypic characteristics of mercury- and cadmium-resistant bacteria

Chracteristic

Hg" bacteria

Cd' bacteria

HM1

HM?2

HM3

HM4

Q
=

CM2

CM3

O
2
S

Gram stain
Shape

Strictly aerobes
Motility

Catalase

Oxidase

Indole

Methyl-red
Voges-Proskauer test
Citrate

Starch hydrolysis
Casein hydrolysis
MacConkey media
growth

Lactose fermentation
TSI media

growth

H2S production
Nitrate reduction
Urease
Haemolysis

short rod r

T T T

+

R RN o o e -3

+

Alk/Ac Alk/Ac

e

-+

8

-
[oH

[T S S b eS|

+
+

Alk/Ac

4

I IR -

, +

Alk/Ac  Al/Al

+

B

o8

Lt S

+

+
a

..1
o

[ T T i o o =

+

Al/AL
+

a

—
o

Pt

+

Al/Al
+

7

-
[o9

T S S I SN -S|

+

Al/Al

+
a

+, negative reaction. -,

positive reaction.

a,

a-haemolysis: 8. B-haemolysis:

y . v ~haemolysis.

FF35 AP FeAE 2AbE) AT 4
F249 ¥5& 34 100ppm¥PE] A 2bste]
33 2000ppm7t3] ZAste FAs gt A
e AdE AFE F 30THAAM 1~-34F<¢
B3z, oz YA FE Flsto g
A A= AN =¥ s AT
o] ™3t spectrum resistanceE FA}slr] ¢
3 F714L ¥ EZA mercuric
chloride(HgCL)E, #7]4<S d¢E2M+=
phenyl mercuric acetate(PMA}E 747} A4
3hadot.

2.13 ¥3}AAE0 A B

& Al wE Axe) WS doprr)
$)s}« 100ppme] ¥ =2 HgCLE A7}
10mle] H A=A AFE WFH F,
5000rpmoi4] 10min%-<l YAl ¥e|ste] A
g d4o. o] AFHEEL parafor-
maldehyde-glutaraldehyde®} OsO,2 % 323
Y $uAE stn 2AH oHME SR E
AR %, epon-812 EF A Tujsted 60T
oA} 37t F§k-g-A]7]1, ultramicrotome
(LKB2088)& AHg-3ted 24wtd-g Al 2h3lal
b, A A 9w F gride] 23
uranyl acetate?} lead citrate2 o]3 < 43}

3, vacuum evaporator(JEE-4X)E A}-8-31o]
gr3He FAY F, FHAAE 9B (TEM,
Jeol-1008)2. 2 #astic].

2.14 AN 7l=F FAHF 3H

Ft=§°] 200ppm H7bd wiANAq AFE
AZsle] 2442 wlokdt F, viofdS AR
glaled AR FAE 33 HFEFFFTE A
3y YAl Eelsld AHEgct o] TAE 33
HAFZH 59 o ultrasonicator(Branson
Sonifier 450)2 15#7t &3 Xe2)sle &4
A FAE 100w NG F, ARE ALE-3)
o] atomic absorption spectrometer(AAS,
Varian SpectraA 300/400 System)2 AW
o 249 =g F& FHsAh HaT
2 7t=F& A7 4& NB wjz| & ARE
st ot

2.15 FF&o) g AA=F x4}

30TCoA Aufekit vty S Jt=F, H7,
FE, 2e]3 ofdde] HrIH 5mig] FUuiA|
o 1/1009 ¥x2 HZEY F, A=tuck
(150rpm)3te] 6A|7F o AAFE &4
t}. AAers &A%} 7)~= spectrophotometer
(Milton Roy Company, SPECTRONIC 20)&
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Table 2. Susceptibility of various heavy metals for mercury- and cadmium-resistant bac-

teria
Heavy metal concentration(X100ppm)
Bacterial
strains Hg Cd Mn Co Zn Ni Li Cr Cu Ce Mo Pb Se U
Hg' bacteria
HM1 3 0 11 2 4 4 20 3 0 13 1212 10 10
HM2 2 0 8 0 0 0 20 1 2 13 8 10 10 6
HM3 2 0 8 0 0 0 20 0 2 13 10 10 10 8
HM4 2 0 8 0 0 2 20 1 2 13 8 8 10 8
Cd' bacteria
CM1 0 6 20 12 10 10 20 0 2 13 12 12 10 8
CM2 0 7 20 12 10 10 20 0 2 10 12 12 10 10
CM3 1 9 18 6 10 2 20 1 6 10 12 12 4 8
CM4 0 7 18 6 8 0 20 0 2 13 8 8 4 8

Hg mercury chloride: Cd,

Co, cobalt chloride: Zn, zinc chloride: Ni.

cadmium chloride: Mn. manganase sulfate:
nickel chloride:

Li,lithium chloride:

Cr. potassium dichromate: Cu. cupric sulfate: Ce, cesium chloride:

Mo, molybdic acid: Pb, lead nitrate: Se. sodium

AL£-3tol 7 600nm =}Abe] 4] optical den-
sity® 27 she] AYssin}.

3. 75)4 9

1 £25 sl g Ui AdY e, 238
A, +54 2 Aty B4

A AQe] I H52 ¥ Hgo
Cd™ell WAL Hole AFS 27 4734
% 8FFE ¥E3ly o, a¥gy, 54
2 AejAslsty 548 FAlsle] Table 1]
45}141214 2 F&3 St iU AFE
Tl 77k F7hEel HM1S AE 2
AdEel 2FSAe UTFeE 2% ¥
Q}- OE/\-] E_o]t_ Sﬁk]_—g_ﬂ)«! o L}-E}-ﬁ'l:}-
Oxidase “J"s"‘] HM1& A& v & AFE
o] }AH o2 elyton, Indole A FNE
CM1$ A3t BE AFEea 402
e}y Methyl red®] 73 $-= HM1 @37} ¢
ArgE B9l vk Uniz] AFENAE &
Aubge g el g2ln E2® 2E A
T ENA catalase °oFAulg-S B glon,
MacConkey vj| oAl 2% AMAsigor} &
d3lA HM2 #Fwbe] lactoseE fer-
mentation¥ 2 24 B Al JLL HA
gtodch. TSI wjA]olMe] A A3, v & A7
SollA wiekA g R AR dL g, e
HEl7E dolubx] e AAE dgded, o9
A H,S AA5o] 9 S48 AAE I
t}. =3 V-P A3, urease A]¥, caseins}

selenite: U. uranyl nitrate.

starch 7}5#3 AP e 2F 2Adukgo
2 vebgoh. 2 Qe 283 F 8FF 9
F3 Fle B AT 25 a3 A
T2 wHe], a3 Ao 2%SA
Aol #&3 L= Fol WAdo] A3 Aeg
vhebith. ol Al Asiety =43 VI-
TEK systemsS- o] &3} HFAo 2 o] 3
59 XS5 AAE A7, HM1S Acinetobacter
calcoaceticus®, CM3< Comamonas a-
cidovorans®., HM2, HM3, CM1, 218lx
CM4+& 25 Pseudomonas4-2. 2 54 =]
9}, HM42} CM2E £33 5 A 23lgc).

3.2 23 Fl=FUA AdY FF% o
j e 24

Y 23 Fle gl AFES e
2 Fu5d A A 24 AHE table
29 A ATt F 14F2 FFE FolA =
€ Al#e] 400ppm o] 4] F&EE A M
ol 7bs¥ A, 2§, Bz Eud, |, A
He, 22|z ket 22 34578 5%
Aol ofalA 100ppm o]Ake] TF T A U
AE Bo)#y 100ppm v)2te] A ExelA 7}
#4348 vdehle slzg, 3gE, 28, 7o,
&, YA, a2y olda} e FFEHEZ
FolAle AAE i =8 duixes =
Aol A ez d2A gle del dile =
€ TF 5] 4 WAE AUz gled, ol o
T 7ot W ol & Ao AuHd B
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Table 3. Resistance patterns for inorganic mercuric and organomercurial compound in

mercury-resistant bacteria

Mercury resistance

Bacterial strains - Resistant
HgCl,(200)" PMAC(100) spectrum
Acinetobacter calcoaceticus HM1 + + Broad
Pseudomonas sp. HM2 + - Narrow
Pseudomonas sp. HM3 + - Narrow
Unidentified gram-negative rod HM4 + - Narrow

*Numbers in parentheses are final concentration(ppm). after addition to NB agar.
+, growth: -. no growth. HgCl,, mercury chloride. PMA. phenylmercuric acetate.

(@)

(b)

Fig. 1. Transmission electromicrograph of
Acinetobacter calcoaceticus HM1
cell wall.

(a) Normal cell(x 160000) (b) Cell
exposed to 100ppm of Hg*" for
12h(x 160000)

HAel AL Seuy AFE J=F, TRE
ohed, Udel 744 molt uhl, 7= 5y
B AT ole¥ FIFETol tsted F& )
A¥e wArh o9 e WAL olulE Hg”
9+ dE2A cd*e MEW 4 Al-
caligenes eutrophus(Nies & Silver, 1989)
g 3PE, old, YA £} transport system
& o83t °M“4 AR LAY A5 DA}
Ae Aeg oAt

ﬂll

3.3 =&Y A A2 WA spectrum ZFA}

Aoz FrI¢LM WL A Al

- narrow-spectrum @3} st3, 715
& #uk ohe} g4 E WS A
A& broad-spectrum #F2t3 grHClark
et al., 1977; Misra, 1992; You et al.,
1995). #2l¥ $&yA kﬂi‘«l WA spec-
trum& ZALsE7] 93l Fr)4E gERe
HgClL, & Al 4314 =2, 'rr7]‘r\_ AEZ &
PMAE AM4-3}ich 2 A3} HM2, HM3, 18
3 HM4 TF+ narrow-spectrum resis-
tanceE Jeuiglz, ulde HM1 #F3:+&
broad-spectrum reslstance—g— et g o}
(Table 3). AlFE2] & WATL Fefav=
(plasmid)ell ] &) éﬂéEMXlr 7271 ot
(Clark et al., 1977; Foster, 1983; Kondo et
al., 1974; Silver, 1992), %&]3 4FF S
agarose gel A7) F& F3 Felxv|=f
2l gt A3, HM1 3564 271¢] Fefanl=r
EA35 A 2 acridine orangeZ 23l E
gavlE g AASGedE JH3] s=F
300ppmell sk WASE dehiglch. HM
2, HM3, 12l3 HM4 FFdi v Setane
7} A AR o} o] FFEY F& o
¢ WYAAE AYA ol EAst] 7= Fol

N e
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Table 4. The accumulated concentration of

2

Jm

A

He

cadmium in cadmium-resistant bacteria

Bacterial strains

Concentration(x100ppm)

Mean Absorbance

Nutrient broth(control)
Pseudomonas sp. CM1

Unidentified gram-negative rod CM2
Comamonas acidovorans CM3
Pseudomonas sp. CM4

0.00 -0.003
0.14 0.042
0.45 0.126
0.57 0.157
0.47 0.131

Cadmium-resistant bacteria were cultured in NB supplemented with 200ppm CdCl, at 307T.
The accumulated concentration of cadmium can be measured by AAS after 12h.

Table 5. Mn*', Co*, Zn* sparing of growth

inhibition by Cd*

Increase or decrease in optical density at 600nm
Bacterial strains " m m m = ” .

NB NB+Cd*' NB+Cd"'+Mn® NB+Cd*' +Co’' NB-Cd*' +Zn’
Pseudomonas sp. CM1 0.76 0.083 0.15 0.05 0.055
Unidentified gram-negative rod CM2 0.85 0.11 0.21 0.062 0.17
Comamonas acidovorans CM3 0.79 0.145 0.037 0.02 0.039
Pseudomonas sp. CM4 0.91 0.108 0.13 0.039 0.041

Cd*', 10ppm: Mn?'. 25ppm: Co*', 15ppm:

WY W e FRY 4 USE FAC dPE
F& oz Bud

3.4 & Hrlo| 2 Axe] st #A

HgCLE 71t wixlel|l A wjofs]ofal Al
€ TEMo2 333 A5, 28 37 W)
Aol A wjoFE A Azl AxEH-g dubzql
M Ee] AlEy3 vjats) & o, A3 ¥ A
WolE RtHFig. 1). ol AFE v|Fo
FEFE A Y = AL Ad e
Wyl dfto g MEO EFAYS FI/HAA
F2&o] AXYZ §HE AL 247
B. subtilis 168(Richard et al., 1985)el ]
A3 HM1 FF % toxic mercury?| A Zuj
FrdE H7] $dte AEHo] AR A
WHeE HS Aee Al

3.5 AN sl=F FAF A}

7l= & 200ppm 7} w x| oA =3 Al
7 AEUel Fl=F - HPEM3}
o] table 4o A A3t YAFIFEAZ
2% Az, eld 4FF 5 wlR] Fd A
749l 7}=% 200ppm 5 # ] 14ppmelA]
i 57ppm7hA] AEWE EFAse Ao o
eyttt 53] CM1 5§ A 9¥ CM2, CM
3, 18]z CM4 #F9 sl=F WAZ1ZLS Al
IUYE sl=EFo] Eolee A& A H=
71ztolg}r) Bk MEUe o HEe 7}
=Fo] F4H] AEUel FHA7E Ao

Zn?'. 15ppm: incubation time, 6h.

A€ot =3k ¥’ 475 Fejavim B
g A3, 25 Feariorl gl Ao x4
Heol Ft=gol gk WAd71zte] S, aureusH
Y FepavieAted Eajstes WA AR o3
AA e A Ze] o] i(Kondo et al.,
1974; Tynecka et al., 1981), A A|AFe] 1
A QA zlel| 2)sted o] FojA = Ao g WAH T,

3.6 7h=§S) Aol HY B3, Y=,
o}l ] sparing

223 7l=FUA AFEY AR cd”y
A7kl o8 JAct. 28 CM3 2FF Al
9]} 3, CM1, CM2, 28] 7 CM4 @3 Cd™
9 EAMA dovte AR dAAaEHZ RE
Mn*& H7}sll-& o oF 1.2~1.9v72] A
AeFo] Frlstglrt. =3 CM2 759 7%
Mn* b oluyz} Zn™9] HrFA % oF 1.5u)
A= YAepe] F7181¢icHTable 5). o|z{ g A
F= A E7x R3HE wl ¢lEe B. subtilis
(Laddaga et al., 1985), S. aureus(Perry &
Silver, 1982), 283 Lactobacillus
plantarum(Archibald & Duong, 1984) Z&
ag-gA AdE3 vrAzA 2 CML, CM2, 2
23 CM4 75 GA] AETE 7t=§9 f9
7 27} Mn*9] active transport system-g& ©|
48 HAog gAA. a2y CM3 IF = %
2 ZHE EE olde] HrhA At=Fe 4%
AAALNZ e AAggo] Fr151A] Ags: ¥
o oohve}t e3e] AAEo] FFAaste AAE
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Blrt. oleidt Ag A= CM3 ¢57F Mn™
9] transport systemo] ohid A3 tlE sys-
temo 2 7= FS A ETWE FAYctE AL
delEet. =3 o]3§ AME CM3 FF7}
2 dFE FoAM MR wE o =g
< AZHE FAHYdE A E FslA
UE Aeolth mpepr] & AN Fed
<A AT sl=ddA AdEe 23 g
=gl dhale] chefd WA71AE BelEZ,
o] Sl HE A &A < M, PejH, 1g
3 FAA FAe] wHAIc Adde 5
Ao de]l SAT BA9 Bl AgAHA 7
Fo ko] o] Fof A &= gl& 7ot}

4.7 &
RAX ] Fdse2 Y 23 JleF
°“ "}V‘q < A I8¢ Fldn. o] #F
£ 25 $FAS AW, 23S HFE
S\%ich. el A 4% VITEK card
testE o83l o] FFEY FAHE AAY
A3}, HM1& Acinetobacter calcoaceticus
%, CM3& Comamonas acidovoransZ,
HM2, HM3, CM1, 183 CM4es 2 F
Pseudomonas<: 2.2 %A ¢l *] =, HM4¢}
CM2& FAEA X3k £ 14579 FF
ol W ZA5A ZALE FEl® FFECA
AAG A3, Ui AlFEHMI, HM2,
HM3, 18] 3 HM4)& Ccd*, Co®*', Zn*, Ni**
9] % %(100~400ppm)ol| 4] 7}4A-8 ®al
w, sl g4 AFE(CM1, CM2, CM3,
aela CM4)2 o] FF4Ed dily 25 %E
(600~1,200ppm)o) & 743 WAL B}
Sely AFEY WA AMEYES FAY
73, HM12 broad-spectrum #FFo]¢li
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