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Influence of Competing lons and Metabolic Inhibitors on Heavy Metal Accumulation in the Cell of
Heavy Metal-Tolerant Microorganisms

Ju-Sik Cho, Hong-Jae 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 wastewaters and mine wastewaters polluted with various heavy metals. The effect of competing
ions and metabolic inhibitors on heavy metal accumulation in the cells was investigated.

Heavy metal accumulation into cells was drastically decreased in the presence of competing cation, APF*, and
also decreased, at a lesser extent, in the presence of competing anions, CO:>~ and PO,%". But heavy metal accumula-
tion was not influenced generally in the presence of the other cations and anions.

The accumulation of Cd, Zn or Cu by Cd-, Zn- or Cu-tolerant microorganism was remarkably decreased in
the presence of metabolic inhibitors, but the accumulation of Pb by Pb-tolerant microorganism was little affected
in the presence of metabolic inhibitors. These results suggested that the accumulation of Cd, Zn or Cu by
Cd-, Zn- or Cu-tolerant microorganism was concerned with the biological activity depending on energy, and the
accumulation of Pb by Pb-tolerant microorganism depended on not the biological activity but the physical adsorption
on the cell surface.

Each heavy metal-tolerant microorganism also exhibited some ability to accumulate the other heavy metals
in solution containing equal concentrations of cadmium, lead, zinc and copper, when measured at 48 hours after
inoculation of the microorganisms, but the accumulation rates were somewhat low as compared to the accumulation
rates of heavy metal fitting to each tolerance. These results suggested that the accumulation of each heavy metal
by each heavy metal-tolerant microorganism was a selective accumulation process.
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Fig. 1. Effect of various cations on accumulation of each heavy metal by each heavy metal-tolerant microorganism. The
precultured microorganism cells(dry weight 5 P. putida 160mg, P. aeruginosa 180mg, P. chlororaphis 150mg or P. stutzeri 180mg)
were suspended in 100mé of each solution treated with 100mg/f of each heavy metal and 50mg/¢ of each cation.
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Fig. 2. Effect of various anions and pH on accumulation of each heavy metal by each heavy metal-tolerant microorganism.
The precultured microorganism cells(dry weight ; P. putida 160mg, P. aeruginosa 180mg, P. chlovoraphis 150mg and P. stutzeri
180mg) were suspended in 100mé of each solution treated with 100mg/€ of each heavy metal or 50mg/¢ of each anion (applied

as sodium) at pH 6.0 and pH 8.0.
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Fig. 3. Effect of metabolic inhibitors on the uptake of heavy metals by heavy metal-tolerant microorganisms. The precultured
heavy metal-tolerant microorganism cells(100mg/dry cell) were treated with inhibitors by suspending the cells in 50m of a
solution containing DNP, 24-D or NaN3(103M or 104M) with continuous stirring for 48 hours.
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Fig. 4. Accumulation of heavy metals by each heavy metal-tolerant microorganism in solution treated with 100mg/¢ of

each heavy metal or mixed heavy metals.

The precultured microorganism cells(dry weight ; P. putida 160mg, P. aeruginose 180mg, P. chlorovaphis 150mg or P. stutzeri
180mg) were suspended in 100mé of solution(pH 6.0) treated with 100mg/¢ of each heavy metal or mixed heavy metals.

A Treated with éach heavy metal

B Treated with mixed heavy metals
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