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Adsorption and Redox State Alteration of Arsenic, Chromium and Uranium
by Bacterial Extracellular Polymeric Substances (EPS)
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The effects of extracellular polymeric substances (EPS) of Pseudomonas aeruginosa on adsorption and redox
state alteration of dissolved As, Cr and U were investigated through batch experiments. Surfaces of bacterial cells
were either vigorously washed or unwashed. Solutions of As(V), Cr(VI) and U(VI) were inoculated with the bacte-
rial cells under no nutrient condition, and total aqueous concentrations and redox state alteration were monitored
over time. No As adsorption occurred onto bacteria or EPS; however, unwashed bacteria reduced about 60% As(V)
to As(lIT). Unwashed bacteria also led to removal of 45% total dissolved Cr and reduction of 64% Cr(VI1). About
80% U(VI) was removed from solution with unwashed bacteria as well. Such electrochemical reduction of the ele-
ments was likely due to reducing capacity of EPS itself or detoxifying reduction of the bacteria which kept their
viability under protection of EPS. The results indicated that bacterial biofilm may significantly control the redox
state and subsequent mobility of As, Cr and U in natural geologic settings.

Key words : bacteria, extracellular polymeric substances (EPS), arsenic, chromium, uranium
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Fig. 1. Growth of Pseudomonas aeruginosa in TSB (37°C)
over time.
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Fig. 2. Comparison of the washed and unwashed bacteria
after centrifuge.
W: washed bacteria; U: unwashed bacteria
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Fig. 3. The concentrations of total As, As(V) and As(llI) in
their aqueous phase over time after 1.1 mg/L of As(V)
solution was reacted with unwashed P, aeruginosa at pH 7.
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Fig. 6. The concentrations of total aqueous U over time
after 0.5 mg/L. of U(VI) solution was reacted with P,

aeruginosa, surfaces of which were washed or unwashed.
(a) As in bacterial exudate; (b) Cr in bacterial exudate
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Fig. 7. The concentrations of (a) aqueous total As and
As(IIT) and (b) aqueous total Cr and Cr(1II) over time after
1.1 mg/L of As(V) and Cr(VI) were reacted with bacterial
exudate solutions extracted from P. aeruginosa. The values
of Cr(Ill) were calculated by subtraction of Cr(VI) from
total Cr.

TAsE: Total As in exudate solution; TAsC: Total As in
abiotic control solution; As(IIDE: As(Jll) in exudate
solution; As(IINC: As(lll) in abiotic control solution;
TCrE: Total Cr in exudate solution; TCrC: Total Cr in
abiotic control solution; Cr(lIDE: Cr(Ill) in exudate
solution; Cr(II1)C: Cr(I11) in abiotic control solution
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Table 1. Colony-forming units of washed and unwashed P aeruginosa before and after reaction in As(V), Cr(V1) and U(VI)

solutions
As(V) Cr(VI) UV
‘Washed Unwashed Washed Unwashed Washed Unwashed
Before incubation 8.5x10° 1.4x108 8.5x10% 1.4x10° 1.4x10° 1.4x10°
After incubation 8.2x10° 1.6x107 1.8x10° 2.5x107 3.6x10° 9.1x107
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