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SHORT COMMUNICATION

ABSTRACT

Nickel biosorption ability was evaluated in two bacterial strains: Acinetobacter baumannii UCR-2971 and
Pseudomonas aeruginosa UCR-2957, resulting in greatest adsorption at pH 4.5 and a residence time of 100
minutes. Biosorption isotherms showed that the processfollowsthe Langmuir model . The maximum adsorption
rates (Nma) Were 8.8 and 5.7 mg-g? for A. baumannii and P. aeruginosa, respectively; however, affinity
constants suggest that P. aeruginosa (K=1.28) has higher affinity for nickel than A. baumannii (K=0.68). Itis
suggested that both strains could be used for wastewater treatment, as long as the concentration of Ni?* is

within therange of mg-L*.
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Nickel is an important environmental inorganic pollutant,
with allowed levels under 0.04 mg-L* in human consumption
water. Higher concentrations affect normal florain ecosystems
and are toxic for human beings.

Conventional chemical methods for heavy metal removal
from wastewater (precipitation, filtration, ion-exchange,
reduction-oxidation) are expensive and ineffective, particularly
when metal concentration is low (4,12,13). Thus,
biotechnological methods such as biosorption are emerging
as an interesting alternative. Since cells are metabolically
inactive in non-viable biomass systems, metal interactions
occur at the superficial level (14). Bacteriaexpressawiderange
of complex molecules on their cell wall, which confer anionic
net chargeto the cell surfaceat acidic pH values (13). In Gram
negative bacteria, the lipopolysaccharide, a highly anionic
structure, has been identified asthe main binding sitefor metals
(9). Whenthecell wall isindirect contact with the environment,
negatively charged groups are ableto attract and bind metallic
cations based on electrostatic forces, without cellular energy

consumption, an effect that is favored by the high surface-
volumeratio in bacteria(3,5).

In this work, nickel biosorption ability was investigated
using bacteria isolated from wastewater contaminated with
heavy metals (34.9 + 9.0 mg Ni?"-L%; 31.5+ 4.0 mg Pb?*-L%).
The sample was aseptically filtered (0.45 um membrane); the
residues were resuspended in 100 mL Trypticase Soybean
Broth (TSB, Difco) and incubated at 25°C for four days. Then,
0.1 mL fromthe TSB wereinoculated in Blood Agar, Cetrimide
Agar (Difco), and Mac Conkey Agar (Oxoid) plates and
incubated for 48 hoursat 25°C. | solated strainswereidentified
using the automatic VITEK system (BioMérieux, Inc);
Acinetobacter baumannii (UCR-2971) and Pseudomonas
aeruginosa (UCR-2957) werethe selected strains. For biomass
production, these strains were inoculated in TSB and agitated
(80 rpm) inathermal bath (Orbit 3540, Labline), for 72 hoursat
28°C. The TSB was centrifuged at 5000 rpm for 10 minutesand
biomass was washed three times with sterile distilled water
and dried at 56°C for 48 hours. Theinoculaof each adsorption
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assay were prepared by suspending 5.0 mg of dry biomassin
0.5mL of sterilesaline solution (0.9%).

To determine optimal adsorption conditions, aseriesof flasks
containing 100 mL of an initial solution of Ni?* (1.00+0.01
mg-L) were inoculated with each strain and maintained in
agitated bath (80 rpm) at 28°C. Threevauesof pH (2.5, 3.5 and
4.5) and four residencetimes (60, 80, 100 and 120 minutes) were
evaluated. After that, 12 mL of each flask were centrifuged 10
minutes at 1500 rpm and the final concentration of Ni%* was
determined in the supernatant by atomic absorption
spectroscopy (Perkin Elmer model 3300), according to the
methodol ogy recommended by APHA (1).

The assayswere repeated at optimal conditions (pH 4.5 and
residence time 100 minutes) with Ni?* solutions of 1.00, 0.80,
0.60, 0.50, 0.40 (+ 0.01) mg-L™, in order to obtain adsorption
curves, which were adjusted to Langmuir lineal model of
isotherms by the equation

C

f_Cf+ 1

N N, KN

max

where N is the capture of nickel (mg-g?), Nmx the maximum
capture of the metal (mg-g*), C: the final concentration in the
solution (mg-L™%) and K is a constant related to the affinity
between the metal and the biomass (2,7,8,14).

Optimum pH valuesfor bacteriabiosorption areacidic, since
the cell wall keeps negatively charged (13). pH values above 5
are known to result in nickel precipitation (14) and therefore
were not evaluated. For both strains, an increment of Ni?
adsorption was observed, as the solution pH increased from
2.5t04.5 (Fig. 1). Thismight be explained because at very low
pH values functional anionic groups could be bound to
hydronium ions (HsO"), leading to restriction of cation uptake
asresult of charge-repulsion forces, which become stronger as
pH decreases(2,12). In similar studieswith other metal cations,
Malekzadeh et al. (11) isolated a strain of Pseudomonas sp.
highly capable of accumulating uranium at pH 6.5; also, Leung
et al. (10) found that lead and copper uptake by P.
pseudoal caligenes and Micrococcus luteus increases as pH
valuesraisefrom 210 6.

Optimum pH value for nickel adsorption was 4.5, with
optimum residence time of 100 minutesfor both strains (Fig. 1);
once this time elapsed, uptake diminished, which agrees with
biosorption models, where the process can be considered as an
equilibrium that involves adsorption and desorption, due to
saturation (12). Similar studiesreport maximum nickel adsorption
a pH 5 and optimum residencetimes of 100 and 120 minutesfor
nickel uptake by different microorganisms(2,12,14).

Biosorption kinetics has not been completely defined, but
some authors propose that it follows a pattern close to the
empiric model described by Langmuir (2,6,7,8,15). The high
correlation coefficients obtained from linear regression of
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Figure 1: Effect of pH and residencetime on Ni? biosorptionin
(A) Acinetobacter baumannii UCR-2971 and (B) Pseudomonas
aeruginosa UCR-2957. (C) Adsorption isotherms (pH 4.5,
residencetime: 100 min, 28°C).

isotherms (r=0.9838 for P. aeruginosa; r=0.9804 for A.
baumannii) show that experimental adsorption kineticsfor these
strains can be adequately described applying Langmuir



isotherms. Thisallowed to determinethe maximum nickel uptake
(Nmax): 8.8 mg-g* and 5.7 mg-g?, and the affinity constant
between metal and biomass (K): 0.68 and 1.28 for A. baumannii
and P. aeruginosa, respectively. These results show that A.
baumannii hasahigher ability to uptake Ni2* than P. aeruginosa,
athough affinity for nickel ions is higher in the latter. These
findings suggest that P. aeruginosa could have alower number
of wall binding sites to interact with Ni?*, but with a stronger
binding to this metal, compared to A. baumannii.

Previous studies with P. aeruginosa report higher
adsorption rates for other metals (4); there are no reports
concerning biosorption by Acinetobacter sp. Nickel uptake has
been reported in Phanerochaete chrysosporium (Nma= 55.9
mg-g?), Aspergillus niger (Nma=14.1 mg-g?) and a hyper
accumulator strain of Bacillus sp. (Nma=244 mg-g?) (6,14,15).

Results obtained in the present study indicate that 4.0 g-L*
of A. baumannii and 6.1 g-L* of P. aeruginosa biomass would
be theoretically necessary to remove all the nickel of the
wastewater analyzed. Clearly, it would not befeasibleto employ
thiskind of microbial biomass as the only method to eliminate
nickel from wastewater contaminated with high concentrations
of this metal (g-L* or more), because such high levels would
promote a faster saturation of binding sites, displacing the
equilibrium towards a desorption process (3,4,12,13).
Nonetheless, this biomass could be applied in reactors after
conventional chemical treatments, to further deplete the nickel
content of some industrial wastewaters.

ACKNOWLEDGEMENTS

Theauthorswouldliketo thank Dr. B. Lomontefor hiscritical
review of this manuscript. This work was supported by the
Vicerrectoriade Investigacion of the Universidad de CostaRica.

RESUMO

Bioadsor ¢cdo de niquel por Acinetobacter baumannii e
Pseudomonas aeruginosa isoladas de aguasresiduais
industriais

Foi avaliada a capacidade de adsor¢do do Ni?* por duas
bactérias, Acinetobacter baumannii e Pseudomonas
aeruginosa, em pH 4.5 com tempo de contato de 100 minutos.
| sotermas de adsor¢éo foram cal culadas com as duaslinhagens.
Observou-se que, para ambas, 0 processo de adsor¢do esta de
acordo com o madelo fisicoquimico de Langmuir. A captacéo
méximado Ni% (Nm) foi 5.7 8.8 mg Ni?* g * paraP. aeruginosa
e A. baumannii, respectivamente. N&o obstante, P. aeruginosa
apresenta uma constante de afinidade (K=1.28) maior que A.

Nickel biosorption by A. baumanii and P. aeruginosa

baumannii (K=0.68). Estes resultados indicam que ambas as
linhagens sao adequadas para o tratamento de aguas
contaminadas, desde que a concentracdo de niquel seja da
ordemdemg-L™.

Palavras-chave: bioadsorcéo, niquel, Acinetobacter
baumannii, Pseudomonas aeruginosa, tratamento de adguas
residuais
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