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Effect of External Factors on Heavy Metal Accumulation in the Cell of Heavy Metal-Tolerant Microorga-
nisms

Ju-Sik Cho, Hong-Jae Lee", Won-Kyu Lee” and Jong-Soo Heo”(Central Laboratory, Gyeongsang National University,
Chin Ju 660-701, Korea ; “Dept. of Agricultural Chemistry, Gyeongsang National University, Chin Ju 660-701, Korea)

Abstract : This study was performed to develop the biological treatment technology of wastewater polluted with
heavy metals. Heavy metal-tolerant microorganisms, such as Pseudomonas putida, P. aeruginosa, P. chlororaphis
and P. stutzeri possessing the ability to accumulate cadmium, lead, zinc and copper, respectively, were isolated
from industrial wastewater and mine wastewater polluted with various heavy metals. The effect of several external
factors, such as temperature, pH and heavy metal compounds on heavy metal accumulation in the cells was investi-
gated.

The amount of heavy metal accumulation into cells according to the kind of heavy metal compound was slightly
increased in the case of the heavy metal compound with -nitrate group, but generally, there is little change accor-
ding to the kind of compound in the amount of heavy metal accumulation.

The amount of heavy metal accumulation according to the precultured time was increased in the case of the
cell precultured for 24 hours, but generally the precultured time did not affect to the amount of heavy metal
accumulation.

Heavy metal accumulation into cells was affected by several external factors, such as temperature and pH.
The optimum temperature and optimum pH of the accumulation of heavy metal into cells were 20~37C and
pH 6~8, respectively.

By increasing the concentration of each heavy metal-tolerant microorganism in the solution, the total amount
of heavy metal accumulated was increased, whereas the amount of heavy metal accumulated per cell(mg, heavy
metal/g, dry cells) was decreased. These results indicated that the amount of heavy metal accumulated was not
proportional to the concentration of microorganisms.
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BAl EF5 H47F Y x|

2 A ALEE FES ATFE BJAE] FiHs
2 Qs s2 RE oln 2§ Cd, Pb, Zn E Cu WA
T3 Pseudomonas putida, Pseudomonas aeruginosa,
Pseudomonas chlovoraphis R Pseudomonas stulzeriE Alg
slg.on, 3¢ wl%L basal medium{glucose 10g, poly-
pepton 10g, yeast extract 5g NaCl 5g, D.W 1000ml, pH
60)e] 2E4£L P T2 H7IE A NE A143
4t

THo 3 ¥ FIFSHY

#FAE Cho 593 22 wiog Fysigon, a9
84 AYe 4 335 3¥E(CACL, Pb(NOs),, ZnCl,
CuSO.) €& 584 ol FEZ4 10,000mg/Lo] A ZAIE
EZE9E oA 4B Tt Hed dEFRTE HY
ZA 3] A2 s

£35 84 :

A F3E FF&5 £HZFH &A4Fd Felde F
34 3EFL Cho 593 & Wyez NgE ik ki
t}-& Atomic absorption spectrophotometer(Shimadzu
AA-680, Japan) 2 Inductively coupled plasma spectrome-
ter(ICP, Atomscan25, TJA, US.A)2 Azl ch

ZS253EE 50 WE E35 SHHY

Z8& ooz A Hride F84% AYETHA JE
232 9} -chloride, -nitrate ¥ -sulfate group2 7FA 3L
AE F44 FESHLESS FF5 ol FEEA 100
mg/o] F =& H71g 84 (pH 6.0) 100més] Fv]g FANE
Z}zt AE3t] 30CoNM JA"FAFIAM A 48A12 F9
2 %g vt

ZH e A|Zho] B EFE S W

Ao MujF Azt wE FFS £IJFFE De
Rome3} Gadd5o] ¥hgWel mal SF&0) A=A &L
7R A 12, 24 © 4827 Bt AiYR THE F
F%0] 100mg/lx 2 A7t £9(pH 6.0) 100meo) 2zt
HE5tA 30CoAM AFAZIHA A 48412 Fo] A FS
H w3t ed ot

2o mE 35 S5

oxo) B 234 23 ¥l Nakajima 9] 38V
e} 2240 100mg/le) =2 H7tE $9(pH 6.0) 100
nfel) FH|e FAE FEsto 0T, 5¢, 10T, 20T, 30C 2

40C2 238 AF FL7)04 AN DA A2 48X
Fo AU 33 374 F4e AR

pHoll T2 EF5 =W

pHol BE 3% 23 W3l= 0.01M-Tris ¢34 =
42 100mg/te === Arsty £7) pHE 4.0, 5.0, 6.0,
70,80 £ 9022 2 2% - FH|E FAE FF}o
30CAAN AGAA Xz 48417t o] FHPFL TAIEHY
1=

oA ME SIS SHUY

TAZ BE F34 3 dste FF50] 100mg/Le)
FE2 3718 §A(pH 6.0) 100meo] FH|E FH ] A
FE 4zt 2ty FES 48A ¥ FAFE A}
ot

g ¥ ng

E34 HEHE 70 o2 535 & Wy

A )71A E2&£3YEES -chloride(Cl), -nitrate(NO,)
2 sulfate (SO,) group® 713 F8&4 F2F4 FFEZA
Z 284 ol& FLE 100mg/l A H71e £9(pH 6.0)
100mée) Fg<% NAATFES 44 A=sld, Ae 4843
F 224 2P vaFoZN LdFd FEE o]0
24 AVtHe F353YEE FR7 98 F35 33 9
A& AG A3, Table 1914 Hizupe} Zo] Cd WA T
AS F84 Jl=d F3FEQY CdClL, Cd(NOy): ¥ CdSO.S

Table 1. Effect of heavy metal compounds on accumulation
of heavy metals by heavy metal-tolerant microorganisms.

Heavy metal Drv weight Initial con.  Accumulation of
VY Heavy metal v WeRht o heavy  heavy metal in cells
tolerant i of cell il
Microoranisms compounds me
(mg/100mD) (mg/) mgl mglg dry cells
P putida CdCl, 197 1067 887 450 (100.0)
- () Cd(NOs), 192 1123 925 482 (107.1)
Cdso, 195 1052 863 443 (984)
P geruginosa 5 226 986 942 417 (1000)
: (Pi) Pb(NOy), 225 1037 970 431 (1034)
PbSO, 223 1025 914 410 (983)
P chiororabhis InCly 219 1035 832 380 (1000)
' (Z")“f’ Zn(NOy), 217 1091 856 395 (1040)
n ZnSO, 217 1084 847 390 (1027)
P stutzy  CUCh 180 1132 784 436 (1000)
-8 (é"')’ Cu(NOy); 184 1117 822 47 (1026)
U CuSOs 181 1086 796 440 (1009)
( ) !index

The precultured heavy metal-tolerant microorganism cells
were suspended in 100ml of solution (pH 6.0) containing 100
mg/2 of each heavy metal compound.
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227t el Ao FA g Cd 3HFL 217t o 45mg,
8mg ¥ 44mgo. =M CANO A o7t 5 2HFL
gehiglont e 286 mad & ozt YEA
akstor, a3 A3E P, Zn 9 Cu WA TR AT
W A% YIRS

o ek Alzio WE S3E X W

ZF40] HrlEA 2 7]RuA A 12, 24 2 484]3
AT FAE YAV 5t FE450] 100mg/
23719 294 (pH 6.0) 100méoll 2zt ME)slad, A 48213k
39 3% ZAFE vLPozN A A F A7t
ug F24 2GS AR A, Table 2014 HEntsd
o] A g3 2ARL Cd, Pb ¥ Cu i T A 1247
A F3 oA 3 Fo) 22} oF 49.7mg, 46.5mg R 468
mgl A 24 2 48A7F A FAo) wiste] Fit &
ZAgg Yehed, Zn BT ASde 2443 A
vieFdt gA e Z&Fol oF 353mge2A 12 ¥ 48717
Ak FA N v5te A Vet o AvFo s FA 9
A FA| 7o) waEtd & oy el gt

Table 2. Effect of preculture time on accumulation of heavy
metals by heavy metal-tolerant microorganisms.

Accumulation of

Heavy metal Preculture Dry weight heavy metal in cells

to!erant ) time of cell
microoranisms

(hours) (mg/100m) mg/ mg/g dry cells
) 12 116 57.7 497 (100.0)
P f’“(t(’:‘fi“) 24 194 884 456 (918)
48 181 862 476 (95.8)
p . 12 145 674 465 (100.0)
"’ez"l‘,‘f)’)”"s“ 24 227 976 430 (925)
48 219 981 448 (96.3)
. 12 121 404 334 (100.0)
P Ch(";"’)mf’h‘s 2 236 832 353 (105.7)
n 48 228 83 374 (1120)
P stutzeri 12 108 505 468 (100.0)
‘“(‘C”)’ 24 186 793 426 (911
u 48 193 827 429 (91.7)

( ) :index

HREe nAEE WA wE ME THEF] F
o] Wsls B2 WgA|Zto) 3 EE £H ) FE& n|A™Y
Ao AAHNRoY, ¥ AYME 1240 ANEE &
o} 48X 7 A g FAEY TA g7 FES FHFL
Z zpo)7t VA gkskeny, Horikoshi 'Y€ Streptomyces
viridochromogenes®] uraniumZ 3o wiFA| S A3 JF
& 4 gete d7aHe v A% JeEhien,
Friis SV Streptomyces longwoodensis®) 7% Fx71oA
¥ uranium £3&°] ¥koy AFV|RHE BohtE
AM)e Bnuahas wigAlzio) o] AFE AT U4

FHFo] 717 Zo] 1 9ot Yk sgan,
Sterrit 39L& BAERAE o] 8T A £3X] @0
e &8 %) (young-sludge) &= thAtEAdo] &a3t= 2 folc
Yol #a A7t g, T2 FAZL AFT
<87 98o] & £8A(old-sludge) v WAL <}
3t floco] At A A polymers Hol AA4dslnz
FE4AEE0) o gv1 s

2Ed g F3E 53 WY

ZF%0] 100mg/3¥71e £A(pH 6.0) 100mlo) FF&
WATAE HPslo 2xdz 24" 9 F27]44 3
GAA e 4817 Fo) 24 WE 2E5 FHYPYL
ZAg A9, Fig. 1904 ®BiEwkel 7ol Cd, Zn 2 Cu V)
A7F] Cd, Zn © Cu 3L 30CAAE 571 A5l
wel 1 HHFE F7ER oY 40CHAME 30T HEty
ZA 3ol Z4AHAL, Pb AT Pb $3& 2x 0 A
wxto) 7t yehtA] ggkron, Ata o2 30THAANN B
4% JehiA
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Fig. 1. Effect of temperature on accumulation of heavy me-
tals by heavy metal-tolerant microorganisms. The precultu-
red microorganism cells(dry weight ; P. putida 156mg, P. ae-
ruginosa 175mg, P. chlororaphis 150mg or P. stutzeri 175mg)
were suspended in 100ml of a solution(pH 6.0) treated with
100mg/€ of each heavy metal.

nAE FAW FE5 F3AY x99 A P A
7R 7R3 FH, FFE FFEY dFEe 2=
ol 37 oA Foeuz FF49 FAFLE 254 A
QYL IR FEthe B0 Qe v, 25 & AR
Ao 4T F= AARA vIYE F9W functional
group BANE IFL Fo, x| Friz d3A FF
&o) 9] Bxgito] o] AYE s FozA
23% &3] F/gTEe 217 Ytk Scott TP
Pseudomonas putida®t P. cruciviae®] Cd £3H&o] =7}
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wolgo] wil AA FAE AL Cd 3ol AAS
#AH] S Aoz PP, B 4YX % Cd, Zn
A Cu YAHEFY Cd, Zn B Cu ZFFL I FAAEFTESL
#H3H AFLE® 30C HHIM 7 A degtoey
57t GolAFE 2H4FL o AA FAHUAL, 40T E
ZAaERoen, o]AL Cd, Zn ¥ Cu HATEF9 Cd, Zn ¥
Cu 3 E3dAe B A dviA g&3U #
Ao gt 2AHE Ao 44Een, Ph YAAEFY
Pb 28L& 32 £33 FZHA A g3td FHo] HY
g & 2xo wetr 8 Aojrt x| @ Aoz Bdy
Atk

pHoll g S35 &5 H3l

FF%0] 100mg/Le) F=2 H/ME £99 %7) pHE
40, 50,60, 7.0, 80 ¥ 9.022 &z 23% g, & FF5
WA ZAE Aste A2l 4822t ¥ pHe) =& FAW
F8% 2HGYE AR EH, Fig 2004 Renlet 2o
Cd, Zn 2 Cu HAZF9 Cd, Zn ¥ Cu £ %S pHrt
z7tg we 718900 Pb WATFY Pb 232 ¥
o]z gl on, Aitdog FF& UYAFAFEY I A
% pHel pH 6.0~80 WA & 35 FHFE &
Ak
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Fig. 2. Effect of pH on accumulation of heavy metals by
heavy metal-tolerant microorganisms. he precultured mic-
roorganism cells(dry weight ; P. putida 187mg, P. aeruginosa
135mg, P. chlororaphis 158mg or P. stutzeri 190mg) were sus-
pended in 100m¢ of a solution treated with 100mg/£ of each
heavy metal.

Z3z 40 Fao) glojx pHE vl F2.§ 29109, Do-
yle 08 &AZF Fiholg FEIt Fot AFE Bacillus
subtilise} A XHo F33e F&HolLd 71 Fadte A
& ioler F&oleo] 2L AFE i FE A

23AQ FAE 71X 7] qFoj2tn 4 Eg2n, Cutinelli
WO Staphylococcus aureus MEH 2] 234 Falo g
pH A& ZAG 3 &9 L0l FE7} woldFE
AEYd A¥g=Ee FHo| 17t 4 Folerd 27t 3%
ol 2ol A A A FAHRA}AL 2, Fristoe 2-&
pHE 284-74E 2, 438 2% =< e 434
ligand59] A3 AAERFY FYAA2A Fg39
FEEAY B F23 T4 8 sited] AEEH
ZA4 8= functional group2 pHoll o8] %A AL &
e ¥ pHollA = v 89 surface functional groupo]
GAE g £ pHolMe 2A3E gmz Fo)egl
849 F34L 12 pHlA & dojdddz s o.

E A 9o pHt REFF FT5& 3 Fol
Z2EAE, oA’ ol R & Faol2E A XU EA 3=
234 AR U o] 7] WEd) Fiholdd
FEol&o] & AN distq A FwA N U
W FEoln, £¥ F40]2 AXY AR A A= AU
T F545 o228 gFNVE FAEE mE F40)29
Pl B24E FFE FEd) g 9] HEU R
o2 qZsEc}h 283 Pbél Znel ZASele pH 9914
Z3 o] FaHARoH, o]AL &ZEA pHlA Pbst Zn
olgo] §9%9 OH-ol&% ZAYPste Pb(OH), EE Zn
(OH).9 HAE 3TE Feh2go)? nYEAYE F5
Hz Za97] 94F9 Aoz AU

FHhl| B 2S5 &N W
Z2F4¢ WAEFEY TAFS 44 g8std 350
100mg/ts=2 AYd S4(pH 6.0) 100mlo] A2jdtd
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) o o
3 [ ]
i "§ 3w i
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i . .
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Fig. 3. Effect of the cell amount on accumulation of each
heavy metal by each heavy metal-tolerant microorganism.
The experiments were carried out by suspending the cells
in 100mé of solution(pH 6.0) treated with 100mg/£of each
heavy metal for 48 hours.

O : Heavy metal in cells (%) @ : Heavy metal in celis(mg/g
dry weight)



128 ZF2 - o|FA] - oUW - HESF

ZAY $3%5 237 A 99 g9 F3HFE AN
A3, Fig 3914 HEulsl o] $UF ulg-89 43oA
TAFe) F71E5E AW F3P FF5Y FHE F
7t o, a4 &Y g7 F85 FHFE PaHo &
A= Fle) vl st 2HFo] FoHAE ¥ AL
vebhgon, o)gl§ A3 Horikoshi S0 Actinomyces
levorisS} Streptomyces viridochromogenes® ©]-&3l A
Zo] M uranium FHFE 2AG A} FAFO) F7t
Y4E uraniume) F FHFL FUISHAN AX @9 F
F3 FAEE ¥ #AEHJTE B FAE 3o
At

¥ 8

FE&29u X MBE olf 7HEAE AE
A8t FFEo) A A4S Add BA FAYN F2F
ZA 5o 9% FIE WATE Bo8ld 2%, pH, ¥
A ARt T2 2 R 8l e AN FES
Z2WEE =AY Ade o 2o

ZE5AYRE 27 48 @AW S £3FL it
rate(NOy) group® 7H3 S35 BNA 4T oyt
B¢E FFH gy 2 Hole AU

A AWM BE FEFS FALE UM AWGE
FAANA EA el oy At oz AuFA|Zke) gy
& Aole T

24 UATY #FAW 545 $3L 2%, pHE 9%
#7890 J¥L 2oy, FE5 YT T2 434
274 exE Avtaoz 20~37C AR, FE& 43S
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