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ABSTRACT

The contaminated soil at abandoned smelter areas present challenge for remediation, as the degraded materials are
typically deficient in nutrients, and rich in toxic heavy metals and metalloids. Bioremediation technique is to isolate new
strains of microorganisms and develop successful protocols for reducing metal toxicity with heavy metal tolerant species.
The present study collected metal contaminated soil and characterized for pH and EC values, and heavy metal contents.
The pH value was 5.80, representing slightly acidic soil, and EC value was 13.47 mS/m. ICP-AES analytical results
showed that the collected soil samples were highly contaminated with various heavy metals and metalloids such as lead
(183.0 mg/kg), copper (98.6 mg/kg), zinc (91.6 mg/kg), and arsenic (48.1 mg/kg), respectively. In this study, a bacterial
strain, Bacillus cereus KM-15, capable of adsorbing the heavy metals was isolated from the contaminated soils by
selective enrichment and characterized to apply for the bioremediation. The effects of heavy metal on the growth of the
Bacillus cereus KM-15 was determined in liquid cultures. The results showed that 100 mg/L arsenic, lead, and zinc did not
affect the growth of KM-15, while the bacterial growth was strongly inhibited by copper at the same concentration.
Further, the ability of the bacteria to adsorb heavy metals was evaluated.
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£ T oY AEAY WS Al B A1 A=
Bd¥8e A, F = PCBs (Polychlorinated

Biphenyls), PAHs(Polycyclic Aromatic Hydrocarbons),
Chlorophenol 5¢] 54 3587 T5&50=E UiEs=
F71edEde] ¥l B¥os vehd 4 3ItkBrown
and Cartwright, 1990; Cotter-Howells and Caporn, 1996;
Seon, 2009). L &, HIEEES T2 AFIPYY AJAHA
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and Lee, 2007). o3t S/Fo 2 <l EF Qo gt
AREE Hilo] Sl wet LAEY 571

Ho] Tl 7zl 5;%5]1 UoH, o5 EHIHY,
2 Ag7le, st ® g3t Vi, =EskehE A
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OﬂE]—iL H]—H'LO_. 3:541:11—%4 =i H]:ql:ﬂ-/ﬁ ﬁzﬂ ]%_04 ;‘qﬁ]oﬂ _:6“_37,]_
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o] AthKorea Ministry of Environment, 2009). =]
sfeh Aerles f7 2 A7IeEEd, 55 5 &
I} Zow AA Q) vle% 7)g} v n] Aljdo s
w2 o] ok, L AEH0] FHE mAIYPALY] A
22141 Ae7b destte ©4e] Ath(Cha et al,
2010). 53], & AqollA 2FT B Alae AEAA
ofsf Ar|Hor Tl ol 29 AP 3
H EGS tdeE sileng ok dA% EAIRES
aste] AEBHAS] A 7] dfo R FaEs A
&‘ T25S 7= HElEolE Eelsl] EY E Al
FEAeR 288 Sl TFsAS AuEaAt stk

AR FEES AEA ] dsf BLegh 84w 2837
T 3ANE o]50] Hg oo FrE AT wde o
W BEE Tl Aol DA uAF 28-S At
(Volesky and Holan, 1995; Nies, 1999; Nam et al.,
2012). T3k, B Y Stk 9552 UEE EY
ALl HZ}EM ol FeiE A5} g FEo] &7l
w2} vl AREAl Ass R BER el &%
S AFsl71= FTHBaath, 1989; Nies, 1999; Mittal
and Ratra, 2000; Amor et al., 2001; Sokhn et al.,
2001; Nam et al., 2012). UV&%Q ggsle] EqfowR

H 358 AASRe dAUEE AX YR 3<% o)
o AR Fwslel O Be g FFEL FHY &

A= AL =T, Al AlE, aEAEE 5ol 9
3l T WAMdEA] W FES ol §F S0t
HE AL HIOEY 5 F UHRE B/ &+ Ao
(Gadd, 1992). HJAIE2S] FH< Aol disl 88 7=
3k FoE2 Nies (1999 ZA A7HAE EF3ldt A
=, 574 A= A *ﬂ"ﬂ TEE AEE 7L
J= TS FTIel] 39S Bolskl slal F HA=,
FTos A WElgort AN 5455 Skt
ARSI 2R Apgel] o8 4 slom mRge®, &

w5 A kel e d® ol HFA Bio-
remediation 3HOE AR 4 Al AASFATHNes,
1999). 71& 75 L FE5l WAde] e v
2Jo}=2 Bacillus sp., Pseudomonas putida, Pseudomonas
aeruginosa, Pseudomonas stutzeri, Micrococcus luteus,
Klebsiella aerogenes 5°] & 44 J3l(Aiking et al.,
1985; Gadd, 1992; Volesky and Holan, 1995; Cho et
al., 1997, Kim et al, 2005; Hong et al., 2010; Xie et

al.,, 2010), Bacillus cereus, Bacillus subtilis, Escherichia
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coli, Pseudomonas aeruginosa 52 TTFELS Ag'
Cd*, Cu¥, La¥" 5& a&%o=2 A|Asta BuH
%lTZ]-(Mullen et al. 1989; Volesky and Holan, 1995;
Nies, 1999; Arivalagan et al., 2014).
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A7 FEEOE 09H AHL FH EYS HWud
Falcon tubedl] i3}, LHE 3.0 S 579 EY
AR89 6.12 g/L(NaPOs)s (Sodium Hexametaphosphate)
S 1:19] HIEE 28°C, 13% B9+ A& wjdet &, 1
JuiAlell Hgste] &2l oAFE FRlshax 28°ColA 24
1 A wjdel 2] #] o welE sk
2 AFolA ARESE vhelg]o} 7] A ¥iA= Nutrient
broth(BD Difco, USAYS AME3IHaL, Ee]2] 1S 4
Sk 314 WA= Nutrient agar BIA|E AFE3IHTE ¢F 20
—7“—9] ojekek 2 Nutrient agar BJA]o)| Steakingd}<]
sl ol ] 2 w7k 530 Al s AAlst

04 T 12%9 455 = BT olFellA A=
o] wW=31, 10mg/Le] As, Pb, Cu, Zn(SPEX plasma
standard, 1,000 mg/L of H3AsO,;, Pb(NOs),, Zn, Cu)
o] 3 TFE 7E wiRel WS Ve IS
& BEsl] A& colonyS 16S rRNA 3%}
7] AEE B8 F 971 AEe S WA
7] 98l primer= 518F(5-CCA GCA GCC GCG
GTA ATA CG-3) (Lu et al, 2000)%} 800R(5-TAC
CAG GGT ATC TAA TCC-3") (Vannini et al., 2004)
S AR, 49 9714<9S The National Center
for Biotechnology Informatlon(NCBI)PJ Basic Local
Alignment Search Tool(BLAST) algorithm=- 53l Gene
Bank database®} Blulste] wAES 43T 16S
rRNA gene A71XEL Bioedit(Ver. 7.0y o83 A&
31431, Phylogenetic analysis®] AF8-3F 16S rRNA gene
sequence= NCBI data based] TA3FN2™, Phylo-
genetic tree= MEGA(Ver.6.0) ZZ 1S o]&35}]
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neighbor-joining methodS AF8-31 1,0003]2] bootstrap
analysisS Z13ste] P]AUES] £ FA4 A4S st

22. EY 725N W 3% 24

3718 vk} 2ol FEE FASS e HHEHEekE
g BEF AR 71EAR] —‘E—*é% A3 SlEl A1
3 B 4.0 gt E5H5 40 mL(1 :
Hol 6AIZE B XA & 3#} 2,000 rppmo.2 U4

l..
0

<

£ 83, A5dLS 045 um membrane filterZ o3}
3le] pH/COND METER(D-54, Horiba)Z pH®} EC
(Electric Conductivity)s S733I5th 5Y3 ESF Als
W FE5 L9=E 48] S AFH AIRE 50°C
Dry ovenollA 24A13F AZAIZ] & 2 mm AASI B
< EGRERAY gAsl SrFEiEs AEsi] &
23} tHKorea Ministry of Environment, 2009). 1%
2 AASH EF 3.0gS 250 mL ¥H$-87]0) 2o AA)
T2 AFEE H4l F, 35% HCl 21mL, 70% HNO;
7TmLE I8l $5-871° 0.5M HNO; 15mLE 37}
slo] F5-8719F Sy WARS REE-87]o dZstTt
oI5 2ARF FRt BAAA EY W f7lEe] 318 48t
HEE W EHEe] 25E A8 &8 SR X

T3 HHE AEE ARG B8 & BR-8T1E

YA F5-87] Ul U8-EL 3F Was 53l vks-
&700 A7Vl F48719 B WaES 05M
HNO:Z AlF3IAT. ¥h-8715 HAAA B84 =
o] o HHEHEE sl 1FEo] gle TS
Whatman No. 40 OI]JT}X]E 100 mL —,—‘ Zg}~T0) o3}

a1 ojFR)e)] e BgA BRES 05M HNOE Al
Hap FAX 74A 05M HNO}E e F o] AEe]
A} FRGFE A5 AlEE ICP-AESE 4J3815th

(Korea Ministry of Environment, 2009).

23. 22 %0 YEHFM U pH P
Sa4e B39 4 sle ve) wEel 4RI 2

Aol mRI= 2] o 0] FHellMe] pH IS
2293517] 98] Nutrient broth ¥|*]E pH 3.0, 7.0, 11.0
Y 3xoE 2% 3 7t £ v S
S48} pH 3.0 HiR]9] A|Zo= 1N HCIS AR&s}
AL, pH 11.0 HiA|¢] AZo)E= 1N NaOHE AME3IS]
o, 2% HAdk vix|ol] 0.25 pm syringe filterS AR
to] Q51T Zzke] FFE oY) 93k A njjeke} A

ol

T TS FEE] gk B g o= o] AFS
A8Pstg o, A ujoke EFE Nutrient brothS 473

dizlol 44l PN S5 9 pH 9% 11s

uiel o] pHEZ ZAJE HiA] 20mLoll = Ed
ColonyE HF3t] 28°Colld 24A 3 &<t &2 wwkslsd
a1, 71 o]l A ujdellA] e wjgdos B uiks
st FY oA 2 wRkehH, Al B2 AR
£ }F3te] UV-visible spectrophotometer(Biochrom,
Cambridge, UK)Z 600 nm IFollA Turbiditys =743}
Aok ¥iF 7227 Fell= 2 wiAY] pHE SAst] 1
Hals st

-

ftilo

24. 22| 2| Z3% &35 Wt
B #5509 254 APe 2

S o] 9J8l Nutrient
Broth(pH 7.0) ¥iA] 100 mLoll #& FF3le] 2477 A
B g AAE(160 pm, 28°C) B A g
10 uLE & HiYF vilell HESH $ 12443 B2F UV-
visible spectrophotometer(Biochrom, Cambridge, UK)=
600 nm IgollA Z+ Sampling AIZF B2 A|EE 235}
o FAEE =3It B A= Nutrient Broth
Hizle] 2% HiRgHe] =ox Sle ICP #FF=Z 8§
< 100mgL FE2 7} 3, pH 7.002 Z74gste] Af

|31k W Foll b vjFelS 10,000 rpm, 20 min 3=
ﬁ_é YAEE] Bl FEE TS B A A%
ol (Supernatant)?} T3] (pelletys ®-2]3}ATt. Aol &2
o] EAlsle T4 =8 Fetsr] s 4 #Al
A8l ol & 14 mL(35% HCI 10.5mL, 70% HNO;
3.5mL)E Yol 16717 W] & FEFOE 50~60°ColA

AARE RESA)7 h 2o AR v s S5t
o] 8%k AlEE ICP-AESH| T3] B B4 4
A3t

Hhel|g]o}

3 AEE JJr‘”oPl ﬂ%
3 AHI BEFAE 3.0gS 95 FF= F, ICP-AESE
3 BAY F545 52 Table 19] YERITH B &
AoflA kst T4 Tol A=HNOY, EYLET-
7IEAE 2RIV 8= el vl EA JER As
(48.1 mg/kg), Pb(183.0 mg/kg), Cu(98.6 mg/kg), Zn(91.6
mgkg) 5 £ A9 diJo=z IHE 3, TS
EQF A9 7% EA] B4 Aalojr B pH—‘: 5.80°.
2 RS VERAIAL, EC 3ES 1347 mS/mE HAg]
At 4 AGE vlgo g B AoA Al 2 A
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Table 1. Chemical characteristics and heavy metal and metalloid concentrations in the contaminated smelter soil containing bacterial

isolates collected in this study

EC As Pb Cu Zn
pH
mSm!' e mg kg™ -
5.80 13.47 48.1 183.0 98.6 91.6

isolated strain KM-15
Bacillus cereus ATCC 14579T/AE016877
isolated strain KM-18

Bacillus anthracis ATCC 14578T/AB190217
Bacillus megaterium |AM 13418T/D16273
Bacillus muralis LMG 20238T/AJ628748

100

100

99

Bacillus enclensis SGD-1123T/KF265350

Jeotgalibacillus soli PIT/FR693626
isolated strain KM-11
Bacillus aerophilus 28KT/AJB31844
Bacillus subtilis subsp. Inaquosorum KCTC 13429T/AMXN01000021
100 L Brevibacterium halotolerans DSM 8802T/AM747812
Bacillus taeanensis BH030017T/AYG03978
Rhodocista centenaria 1AM 14193T/D12701

99

isolated strain KM-21

Azospirillum doebereinerae GSF71T/AJ238567
E':ij/lzospfm'n'um largimobile ACM 2041T/X90759

Azospirillum oryzae COC8T/AB185396

—
0,0z

Fig. 1. Phylogenetic tree based on the 16S rRNA gene sequences for 4 bacterial isolates capable of adsorbing heavy metal isolated from
contaminated smelter soil. Isolated strain 11, Bacillus pumilus KM-11; Isolated strain 15, Bacillus cereus KM-15; Isolated strain 18,
Bacillus thuringiensis KM-18; Isolated strain 21, Azospirillum sp. KM-21.

A Fo JAolA 7] TEEE
Qo™ As, Pb, Cu, Zn 5

AR A 2% ©

A HJung and Jung, 2006; Kim, 2010).

u&j_

32.2F 22| { 53
TEHEOE QHE AdL AT A EFeZRY o
T TEE T2 L 5 e ol 98] 9
3 594 ]-4 EnrichmentE 53l YERd Colonys 5
2k F 12%] 4FE ¢*’|‘:‘ et s
TFE2] 16SRNA 32t 97 14ES E4818iH 125

X8Vt Bacillus sp. 10%,
=, Azospirillum sp. 1% S|t}

ol T U &Aool 1 10mgL F=Q AV TS

«] T Bacillus cereuss

Lysinibacillus sp.

Lol F7HE wiRlel A A ot vlwE e oo o
F= et 242} Bacillus pumilus KM-11, Bacillus

cereus KM-15, Bacillus thuringiensis KM-18, Azospirillum
sp. KM21 522 Wisirt. & 47) #5Fol uis)
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phylogenetic TreeS 233+ A& Fig. 191 UERNITH
KM-11, KM-15, KM-18 T552 25 Bacillus%ol 3
g0 Ak BAE RN, KMl #FE
Azospirillum°l] E3F=|o] vlwF SHE AAS R
At 71 kst AFEANME Bacillus cereus,
Bacillus subtilis 5] 77E5°] Ta55S L3S thsh
LAEAS FF 9 AL dHA Adol(Mullen et
al, 1989) & AgolM 223 5% F25] e @
T2 71BN gzl s 24 HolA Aol A
Tl oA, B AellA AT SolF Alba <l
= BT A7kl AA i dFse] A& 29
el 235k AR olsfd = Sk webA, & °3:VL°ﬂ
A B3 AFES AT 29 B B Ao »E
X—]g_i Q—_Q__. *5}_1351 E_];]. ];]. ]- J}LL H]—tﬁg Zﬂl_Q_Gl- 2=
shte] A7 = 5 Sle Ao R AZETh

[AR=N
)»)\

3.3. 22| gte|2|o} = ME0fe] pH W&

ol FE% 09 EgosyE B ¥ Ahuy
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Bacillus pumilus KM-11, Bacillus cereus KM-15, Bacillus TFES] Al A= pH FEES RIS 23l i
thuringiensis KM-18, Azospirillum sp. KM-21 2] 47} Z|2] pHE 3.0, 7.0, 11.00.2 ZA3slY 7z} #5525 o)

FAL, AWE= 3w 3 A W pH WsE B
A P e Stk 2 TEEe) pE A AL Fig 29 Leh)

:Zi :EEE A3z, ¥iF - WAskE wjA]e] pHE Table 29 VFERASL
1400 th pH 3.020 AMIEAoNM = BE d559 AFo] ofF

g 120 oJR]|#] ¢F= HhHo| pH 7.09 ZAAME tiFEe] =
g o Eo] &4s YeRISl) ol £ AtolA &gt vl
e ot Ashk=tl ol T4 T2 ok E3)
- A Ao Bl pH 4.5 ofate] AW ZAeAE A
0200 ol gAEE Aelghy 540 B 4 o, 7IE A
oo FEEEE—— o &4 TEMME Bacillus spE pH 2.0-10.0 7oA uljeggh

oo @ W e w © w40 ofdte) 4 ZAdIME W) Ao o

Folz|2] S-S B3gh vl Ah(Lee et al., 1983; Lee

B 2.000

1.800 et al., 2002). £3], KM-15 2] A7 3p4lo] 714 o]

e 23421 Sigmoid FENE UERNRAIL, KM-21 759} KM-

1400 | T RS JAFgsrle sldont, 1 &8o] KM-
B 15 e} vlarsle w wisieh. Wik = 724Kkl Ve
- d FEe AR AvE KM-I8 #5h 7B Egkout,
0600 HHE AE Bl ERIsh A wieF Sl oo A%

e o] QFFZe|A] Xt olHd AL pH 11.004%

0200 223 5 AE], KM-15 759 A-$olle thi Hr

e o AT %S AgEs @4 B 5 9w, e 7

o0 FE2 Y £57) wi g =35tk 2 Aqellx] Eeigh o

C . FEL 3 YEAo] obdelE BTEa FAlo] Uehd
i S FRISIFE=, Table 20 LERR Hle} 2] ik 724]

o ) Zb Zo 7+ 9kg7] ] iR pHE 5783 2y Aol

§ RHEA) o5& pH 3.0 44 Z30Ae)] pHE B wish
0 1000 , 7F $ilo}, pH 7.0 ¥ pH 11.022 243 Fol=
0800 g 1 WskE #EE  AJTE pH 7.09] Z7] ¥iA] pH7}

‘ ] Hig Folle BE wi7oA STkt 53], &40l

71 29 KM-15 #5571 E3H viAS] pHYF 9.072

7P 2 Fo07 Atk B, BE #F5S pH

o 11.09] 2702 249 uixo HFale] viklS wiol

Time(h) = ¥:87] pH7} 9.08 FACE TSt viA|e] pH

Fig. 2. Effects of pH on the growth of isolated 4 bacteria from the 7} F7Fke @ wEEol Sl o3t AyESH 4ls)
contaminated smelter soil. A, pH 3.0; B, pH 7.0; C, pH 11.0. Ho} 2k4o] 93t 277 Alslzkgo] A5 Yovlr|

Table 2. pH change after 72 h incubation of bacterial strains isolated from contaminated smelter soil. All isolates were inoculated to the
adjusted media pH 3.0, 7.0, and 11.0, respectively

B. pumilus KM-11 B. cereus KM-15 B. thuringiensis KM-18  Azospirillum sp. KM-21

Before incubationpH 3.0 7.0 11.0 3.0 7.0 11.0 3.0 7.0 11.0 3.0 7.0 11.0
After incubation pH  3.34 8.68 8.89 3.28 9.07 9.27 3.26 8.97 9.22 3.28 8.73 9.05
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HiEo® siMEH HolRo] ARlEe] vYehd ddow
E A% Mousavi et al., 2005). WEbr], B Aol A]
283k 4%9] vhglolt 249 Z7ollA pH 9.0 FH
oA 343‘194 235 7 AR ey, o] =4
AMe 2zt T EE AL B 245 TsAY
5o uiAL 1 ofsf viA|e] pHE 242t AAAIFE A
o7 A = 3ok ol Fig. 20 =AIgH vie} o]
pH 7.0 Wix] 7oA ®} pH 11.09] ZdllA A
F = TFE9 Lag phaseZ} T ZojRl A Hsh
T A= o= HA pH Z7401] 430}7]7}11 243k
ARk AZRE B AT 09 EUE B8t )
83t = Q= HPHE9 o)} & uh;ﬂao]»_ F7HH e
= Aol 24 Bae 59 5 SIS s8e A
7 sk Bje] glomz et Tt SN AEY
T UE ATE vr\'—'/] 3l STtk weba, A)E vl 2
o] &) AT vlwA oFsE AHlE RS 4
g T e KM-15 755 &83l 55 e B

sk,

3.4. KM-15 &5 d&0le 335 A&y

Bacillus cereus KM-15 T2 Ao HalE F= =
5 IS O‘O}Eﬂ 230 100 mg/Le] As, Pb, Cu,
Zn 59 459 THEES wiRe] FF3l] A Wl
£ B3I Fig. 39 YeRd vk} o] KM-15 o5
o] Aol Cus ALIg U Fud T Tl
2] 9¥gkor} zno] Aol A Z7)d) kS o}
Lag phaseZ} T}2 w3759 HI&| vlard Z2A Yeldo).
ey, w5 Ao OlTOWUW EolAQl Azl arE
S = ik "= Aol A FTEES
A7 FBAY TE55 ﬁ%ml oA s 2%
ks ﬂﬂoﬂ = HiA] HMVH KM-15 &5 44 &
o} Hagle wl, As?} PbE HVIRF WEE7]AE KM-
15 759 S Adlishe oAt e ke JehdA]
22Ut =, KM-15 #52] Z9ell= Cuoll 23l Aol
AsfEle a3h= FRlo] H9lon, As, Pb, Zn 59 2
M= 2 Al a2t %i"ioﬂi Aol A AMEEE B
€ TE50] 594 A= 2% Fitel digh Ws) av=
ATt o]} o] A3l ) ww|gt AAhE F AsY
Aeole AR A HAe FEd dFIS AT
ARs oA AR Aol Z A3 248 FE3HA
Be=the 237t I8 yERE BF 3 Nam et al,
2012), Pb= & A&l 53 A @v Ao=E Hug
v} Jth(Hong et al., 2007). T540] vgE-2] AL
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1.200
1.000
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0.600
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0.200
0.000

140

Time(h)

Fig. 3. Effects of 100 mg/L heavy metal and metalloid on the
growth of Bacillus cereus KM-15. Values are the average of three
independent measurements and ODyg represent optical density
value at 600 nm. Symbols; Without heavy metals (), with 2%
nitric acid solution ([J), arsenic (@), lead (O), zinc (@), and
copper ().

g AGE Asleks 7 2 Solde wiA W o]l ¥
B2 EAehs T55 5 2 A4, nlAEel 288k
TEHE olREY 5018 a4 T s #Ho] 3l
, =54 o]l9] EXo =2+ w|E 759 EolF
4T 5 T Q15| sk 5] A &

SHH(Tyler, 1974; Chen and Lin, 2001). B=3F, L% <
T 58 PSS Okt 55l sl =&
Fo] AAS 7R Akl A Q=T (Chen and
Lin, 2001), o]e]l thgh v 2 Agellr] AFg EF
B9} o] A7t Al &5l o3l 2 As, Pb T
Tl tsl EX nlAEe] vz o 7]7J g
AT HPE AAEA AR B WS 7
ATHPepi et al., 2007). IurFoz ZAJo] = U
UA ¥ Zno] 7, B AME 54 AfadE
UeRA] o= 23S vepa it 12y, Cudl 739
olE 100 mg/Le] == viAe] H7I=ES ®, KM-15

o] Aol AY AaiE =T, 71 A7EIE Cu
© HEo R AT wo AEA} ALk el 257
¢ gl EFFEL 715‘— SE ool AEA U A
o= o] drl&E-S Aslisithar e O™ (Burgess
et al., 1999; Xie et al., 2010), Sokhn 5 F7]|QA9%
AL Bafsle vgEY] 04mMY] CuE FF319S
54 @] o, 44mM ol CuE HiAdl
wolAs Weolle LFGEA w3l tiAb Z8o] AslEriar
YeRd v} 9Jtk(Sokhn et al.,, 2001). &3k Riis 5°]
g3t AelMe HALAES 5 Al 0.5mM o]
Cu’} BHeg]ole] 4 AT4 % (Oxygen Consuming Rates)

£ A YA 13l S0t TRl tashke 2dE
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Table 3. pH change after 124 h incubation of Bacillus cereus KM-15 with heavy metal treatnent

Without bacteria

NB"+2% HNO; NB+100mg/L As NB+100mg/L Pb NB+100mg/L Cu NB+ 100 mg/L Zn

pH 7.97 7.76 7.93

8.05 7.04 7.74

“Nutrient broth media

120 - mmmm Biomass pellet
[ Supernatant
- | 986
3 100 95.1 91.1 92.3
3
2 80
]
°
S 60
2
<
S 0]
s
[
o 20
8.9 7.7
4.9 .
0 = am N 1
Pb Zn As Cu

Fig. 4. Remained percentages of heavy metal concentrations in
the biomass pellet or supernatant media after incubation of
Bacillus cereus KM-15 in the presence of 100 mg/L of heavy
metals for 124 hours. Values are the average of 3 independent
measurements.
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