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Quantification of Inhibitory Impact of Heavy Metals on the Growth of Escherichia coli. Cho, Kyung-
Suk, So Yeun Koo, Ji Young Kim, and Hee Wook Ryu'*. Department of Environmental Science and Engi-
neering, Ewha Womans University, Seoul 120-750, Korea, 'Department of Chemical and Environmental Engi-
neering, Soongsil University, Seoul 156-743, Korea — The quantification of the toxicological effects of the heavy
metals such as Cu, Cd, Cr, Hg, and Zn on the growth of Escherichia coli was performed, and the variations of toxic-
ities with exposure time were evaluated in adaptation procedure. The characteristics of growth inhibition on Escher-
ichia coli by heavy metals were different with metal species, and critical concentration of each metal, which
inhibited cell growth completely, were Cu of 3.5 mM, Zn of 2.5 mM, Cd of 1.5 mM, Cr of 1.2 mM, and Hg of 0.12
mM, respectively. The tolerance of E. coli against heavy metals, based on ECs values, increased in order of Cu>Zn > Cr
> Cd > Hg. The slopes obtained from the relationship between ECs values and expose time corresponds to adapt-
ability of test organisms to the toxicants. The adaptability of test organisms to the toxicants was much higher at
higher slope values. Adaptability of E. coli on heavy metals increased in order to Zn > Cd > Cu> Cr>Hg.
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Fig. 1. Time profiles of OD in LB medium containing a heavy
metal. (a) Zn and (b) Cd.
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Fig. 2. Time profiles of OD in LB medium containing a heavy
metal. (a) Cu, (b) Cr, and (c) Hg.
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Fig. 3. GI with metal concentrations. (a) Zn and (b) Cd.
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Fig. 4. GI with metal concentrations. (a) Cu, (b) Cr, and (c) Hg.
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Fig. 5. ECsy with the time of exposure to heavy metals.

2 XE T§ ECsy 22 Table 19 8] et E. colid)
Znoll Y&k ECsp 3t 1.38-2.02 mM (End point=2.02 mM)
O 2 Pseudomonas putida (003-026 mM)2} Vibrio fischeri
0.29-041 mM Bl oF 30-708) 31, Pseudomonas fluorescens
(0.06-5.51 mM)&} Tetrahymens pyriformis (145 mM)Sh=
fALslgTE. Cu9] 7% E. coli®] ECsp 32 2.00-2.50 mM
(End point=2.20 mM)2-2. P. putida, V. fischeri, E fluorescens,
T. pyriformis 25} <¢F 2-2500) 715F =5}, &, E. coli®] Cu
ol gt WAL & Al vlsl WAdel el A&
omjghe}. Znt Cuell o8] A Ao A3zt ofgt A
o2 B9% ARl Saccharomyces cerevisiage B=
Aol oFgt AR Hr=Isiet. E. coli®] ECsp 4t Cd®| 73
ol 1.08-1.23 mMZ ERFS E3e 2 AFE 2ot
oF 2-240 W7} 31, Crel 7ol 1.08-1.13 mME T.
pyriformis (1.44 mM)Z A8k oF 3-30u) 718 9o
T. pyriformis®] ECso 3t Bohe vha WSl o]kl Al
Hale} o] FFdol Wk FA4-2 wZAA e BT =4
ABZ2A, 359 il wet Aol debddt <5
41 18 =t 25575 A T4l Ag
WAlel =7 7} =, njAE2] SR/l oel 72
F25] A NHAAS £ vAEAAA Ad) =3
g2 gepd oE F vEE HE SAS HAH ¥
WFR= AL oy deolw, ek Al Fuatgz &
48 5 9l

Fig. 3-52 €] A|AIgE vle} 7ol & 2|7} wWislel] wle}



INHIBITION OF HEAVY METALSON E. coli 345

Table 1. Comparison of toxicity of heavy metals to unicellular organisms

Growth inhibition (ECso, mM)

Heavy metal

E. coli P. putida P. fluorescens V. fischeri T. pyriformis S. cerevisiae
Zn** 1.38-2.02%(2.02)* 0.03°-0.26° 0.06%-5.51° 0.291-0.41° 1.458 16.35" -non toxic"
Cu* 2.00-2.50% (2.20y* 0.01°-0.02' 0.20-0.27¢ 0.58-0.61° 0.838 0.03"-35.09"
cd* 0.51-1.02 (1.02)* 0.003-0.014° 0.073¢ 0.161%-0.206° 0.0368 0.004"-0.025"
¥ 1.08-1.132 (1.13)* 0.05°-0.09° 0.04¢ 0.068-0.31% 1.448 0.03"-0.09"
Hg* 0.12-0.13% (0.13)* - - - -

“Present study; *Reinke et al. [7]; *Slabbert {12]; “Paran et al. [6]; ‘Duttka and Kwan [2]; ‘Gellert et al. [4]; #Sauvant et al. [9]; "Schmitt et al.

{10]; 'Schmitz et al. [11]; 3Torsloy [13]; *Gellert [3]
*After exposure for 12 h (fully adaptation).
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