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APICHART PANITCHAGUL : BIOSORPTION OF COPPER AND ZINC
IN AQUEQOUS SOLUTIONS BY RHODOPSEUDOMONAS BOONKERDII
SP. NOV. STRAIN NS20 AND BRADYRHIZOBIUM SP. STRAIN DOAO.

THESIS ADVISOR : ASST. PROF. USANEE KITKAMTHORN, Ph.D.,
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ADSORPTION/BIOSORBENT/ADSORPTION ISOTHERM/UPTAKE KINETIC

This research was carried out in order to assess the heavy metals (Zn and Cu)
removal by Rhodopseudomonas boonkerdii sp. strain NS20 and Bradyrhizobium sp.
strain DOA9. Both bacterial strains were proved as heavy metal tolerant. The
experiments were divided into the adsorptions by living and by dead cells. Growth
rates and populations of the two strains in aqueous solutions containing 250 and 500
mg-L™ of each CuSO4.5H,0 and ZnSO..7H,O were investigated. Bacterial inocula
obtained from 5 days cultivation (early of stationary phase) at 1, 5 and 10% (vol/vol)
were inoculated into the 10 mL of heavy metals containing media. The heavy metal
sorption times were evaluated at 48 to 144 hours. The heavy metal concentrations in

the supernatant were determined using atomic absorption spectrometer. It was found

that both strains can grow in aqueous solutions containing 250 and 500 mg-L™ of each
metal compounds. Growth rate and population of bacteria decreased with an increase
of heavy metal concentration. The highest heavy metal removal efficiency by living

cells was found when 10% (vol/vol) of fresh bacteria were inoculated into the

aqueous solution containing 250 mg-L™ of heavy metal compounds. The sorption took

place and reached equilibrium over 48 hours. The highest efficiency of sorption



process was found in zinc uptake by R. boonkerdii sp. strain NS20. Zinc was removed
by about 50% within 144 hours. In case of adsorption by dead cells, 2 and 4 g-L™* of
each bacterial dried biomass were inoculated into the heavy metal solutions
containing 80-500 mg-L™ of each CuSO4.5H,0 and ZnS0,.7H,0. Solution pH was
adjusted to 4, 5.5 and 7. The sorption times were 5 to 1,440 minutes. It was found that
2 g-L™ of biomass exhibited higher heavy metal removal efficiency than 4 g-L™" of

biomass. Dried biomass showed the highest metal uptake when used as biosorbent in

the treatment of 500 mg-L™* of metal compound solutions. The sorption equilibrium
was reached within 30 minutes. The highest metal removal efficiency was found in
copper uptake by R. boonkerdii sp. strain NS20. The copper concentration in the
solution was decreased by about 80% within 24 hours. The adsorption by dead cells
followed Freundlich adsorption isotherm and the uptake kinetic was well described by
pseudo-second order model. The adsorption process was found to be endothermic.
Positive values of standard entropy changes were found in copper uptake. The
sorption was considered to be spontaneous process only in the case of copper removal
by R. boonkerdii sp. strain NS20. Heavy metal removal efficiencies by the both
bacterial strains became lower when used with industrial waste water treatment. This
was due to the presence of two-ions species in the water. In order to determine the
possible active site in the bacterial biomass, FT-IR analysis was carried out. The
result indicated that amine, amide, carboxyl, hydroxyl and phosphate were the

important functional groups involving in the cell-metal ion interaction.
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