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ABSTRACT. Sorption properties of Streptomyces noursei mycelium for copper ions were compared with
the accumulation competence of dried and native yeast (Candida utilis) biomass. The copper sorption capa-
city of S. noursel after optimization was found to be higher than that of the two other adsorbents (dried yeast
biomass 82 %, native Candida cells 48 % of the sorption capacity of the S noursei mycelium).

Artificially released metals are important pollutants of environment in ground waters and especially
in industrial and agricultural treated waste waters. Copper, though it is essential to higher life, is toxic at higher
concentration (See, e.g., Stadler et al. 2003; ECOTOX 2005); as a widely used material, it represents both
potential and actual source of pollution.

Metals ions are usually removed from waste solutions by chemical methods: precipitation, electro-
deposition and sedimentation (Babel and Kurniawan 2003). Other more sophisticated procedures such as ion
exchange, use of activated carbon, or reverse osmosis, can also be used. However, all chemical, physical and
electrochemical methods have their limits; they are suitable, e.g., for specific types of ions, and their efficiency
depends on the content of organic matter in polluted solutions. These methods are frequently more effective
at higher metal concentrations.

Biosorption on microbial cells as adsorbents is considered to be a cost-effective method for the re-
moval of metals from wastes and is being developed in many research establishments. The biomass used is
of various origins. Active copper and cadmium accumulation was found in a biofilm of sulfate-reducing bac-
teria (White and Gadd 2000). Kratochvil and Volesky (1998a) studied the biosorption ability of the Sargas-
sum algae; they tested ion exchange of Cu, Ca and Fe ions and found that the affinity of the biomass for
copper was the highest. Other authors use nonviable and/or killed biomass, from different cell types, e.g.,
actinomycetes, algae, bacteria, cyanobacteria, moulds, yeasts (Golab et al. 1995; Tsekova et al. 2000; Sha-
koori and Muneer 2002; Gavrilescu 2004); metal accumulation was also documented in higher fungi (Ga-
briel et al. 2001).

Biosorption includes a number of processes that reflect the complexity of biological structures:
adsorption, ion exchange, precipitation, complexing, and active or passive uptake (Xu et al. 2004). The up-
take of metals from mixtures can be predicted on the basis of ion sorption equilibrium constants determined
experimentally (Kratochvil and Volesky 1998b) or applying mathematical models (Volesky 2003).

Like other sorptions, the biosorption of metals can be described by sorption isotherms: the best fit is
usually found with the Freundlich model

q=kx cl/b (Eq. 1)

where ( is an amount of the metal adsorbed on biomass (in mg/g dry mass), C is an equilibrium concentra-
tion of the metal in the solution (in mg/L) and k and b are the Freundlich constants.
The Freundlich model can be linearized and 1/b can be substituted by n:
logg=n x logc + logk (Eq. 2)

The constant K represents the metal bound when ¢ = 1 mg/L; n corresponds to the intensity of adsorp-
tion over the range of the equilibrium concentrations under study.
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The influence of biomass concentration is also very important; its decrease enhances the specific
metal content in the biomass but the total amount of bound metal is lower. A pH increase usually improves spe-
cific adsorption.

We compared the biosorption ability of Streptomyces noursei biomass with that of yeast. The actino-
mycete S Noursei, isolated from agricultural soil and classified by Ettlinger et al. (1958), is an industrial pro-
ducer of the antifugal antibiotic nystatin. Waste mycelium from the industrial-scale production has been used
for various purposes, including the biosorption of metals (Fjaervik and Zotchev 2005).

MATERIAL AND METHODS

Microorganisms, media and cultivations. Mycelium of industrial Sreptomyces noursai strain from
the production plant of ICN-Research Institute of Antibiotics and Biotransformations, Roztoky near Prague
was obtained as a waste product of a large-scale nystatin production. Wet mycelium was washed with distil-
led water, dried for 2 d at 50 °C and mashed; a portion containing particles <0.16 mm was used for the bio-
sorption. Candida utilis strain RIBM C8 (the collection of the Institute of Microbiology, Academy of Sciences
of the Czech Republic, Prague) and Vitex (industrially dried C. utilis biomass, cultivated on Mg-bisulfite li-
quors and treated by a spray dryer; Anhydro, Denmark) were used as controls.

C. utilis was aerobically batch-cultivated in a medium composed of (g/L) D-glucose 30, yeast auto-
lysate 7.5, peptone for bacteriology 7.5, NH4C1 9, K,HPO4 5.22, KHyPO4 2.75, MgCl,2H,0 2, FeSO4-7H,0
0.002 (pH 5.4; NH4OH control) at 34 °C. The biomass was centrifuged, washed with 10x larger volume of
water and centrifuged again.

Sorption experiments were done in 500-mL Erlenmeyer flasks filled with 100 mL suspension and
shaken at 2.5 Hz for 20 min (this time was determined to be satisfactory for achieving the equilibrium bet-
ween the copper concentrations in the solution and bound on the sorbent; cf. Ozturk et al. 2004) at 25 °C.
Three types of sorbents (concentrations of 0.5, 1.0, 2.5 and 5.0 g dry mass per 1 L suspension) were used.
Initial concentrations of copper ions were 5, 10, 25, 50, 100 and 250 mg/L; Cu(NO3),"H,O (analytical gra-
de; Fluka) and deionized water were used for the preparation of solutions. pH was set to 4.5 by HNO3 and/or
NaOH and controlled during sorption runs (pH 5.0 was used as the maximum to avoid Cu(OH), precipita-
tion). The amount of copper bound to the sorbent was calculated from the difference between the concentra-
tion (determined by atomic absorption spectrometry using Varian Spectrometer AA-30) in the solution at the
beginning and at the end of the experiment.

Evaluation of results. Linearized data were approximated by the least-squares regression using the
Mathematica 4.1 software.

RESULTS AND DISCUSSION

Sorbent type. The highest copper accumulation was achieved with the biomass of S. noursei (for
sorption time profiles with 2.5 g/L of sorbents see Figs 1 and 2). Curves of similar shapes were obtained by
using other initial concentrations of sorbents; all curves had a saturation character.

Corresponding equilibrium states had the form of Freundlich isotherms (Fig. 2; calculated from Eq. 1).
The data for Vitex and C. utilis gave good fits; in the case of S noursei, the Freundlich model does not
appear not to be quite relevant. Similar results were obtained for other sorbent concentrations.

Nuhoglu et al. (2002) found the value 176 mg Cu/g for the green alga Ulothrix zonata under con-
ditions similar to the maximum theoretical adsorption capacity given by the Langmuir model. Mattuschka
and Straube (1993) determined for S noursel the equilibrium value g = 9.0 mg Cu/g (at initial Cu concen-
tration 63.6 mg/L, biomass concentration 3.53 g/L, temperature 30 °C, pH 5.5). We found q = 19.8 mg/g
with initial concentration of Cu 50 mg/L and biomass concentration 2.5 g/L; however, when an appropriate
curve (Fig. 1) was used for finding the value corresponding to the initial Cu concentration 63.6 mg/L (under
conditions of Mattuschka and Straube 1993) our g value was 26.5 mg/g. Employing the data for biomass
concentration of 5.0 g/L and assuming a roughly linear relation between the adsorptions for biomass concen-
trations 2.5 and 5.0 g/L (cf. Fig. 3) we can conclude that our q value estimated according to Mattuschka and
Straube (1993), reached =21.0 mg/g, i.e. twice higher than that of Mattuschka and Straube (1993).

The highest amount of copper adsorbed per 1 g of biomass (k; see Table I) was found for S. noursei,
the lowest with C. utilis. Moreover, S. noursel showed an inverse dependence of k on sorbent concentration
(with decreasing sorbent concentration the k value increased). The constants correspond to those of Sag et al.
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(2000) who found similar values of n and Kk in the same range for Rhizopus arrhizus. We found a higher
adsorption capacity in S noursei and Vitex that in R. arrhizus.
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Fig. 1. Dependence of the adsorption capacity (q, mg/L)
on the initial concentration of copper (cy, mg/L) at pH 4.5
(concentration of sorbents 2.5 g/L); triangles — S. noursei,
circles— Vitex, squares— C. utilis.

Fig. 2. Adsorption isotherms (g, mg/L) of copper (Cy,
mg/L) approximation measured data by the least-squares
regression using the Mathematica 4.1 software; for further
details see Fig. 1.

The high adsorption ability of the S noursel mycelium for copper is also demonstrated by the linea-
rized adsorption isotherms in Fig. 3. Similar results were also obtained by Ozturk et al. (2004) with Strep-
tomyces coelicolor; their data for Nill and Cul! adsorption excellently fitted with the Freundlich isotherm.

Tablel. Constants? of the linearized Freundlich isotherms at pH 4.5

Sorbent Concentration? n k log k
S noursel 0.5 0.254 27.991 1.447
Vitex 0.386 8.281 0.918
C. utilis 0.568 2.542 0.405
S noursel 1.0 0.278 17.314 1.238
Vitex 0.298 9.733 0.988
C. utilis 0.602 1.361 0.134
S noursel 2.5 0.309 16.003 1.204
Vitex 0.386 5.443 0.736
C. utilis 0.547 1.192 0.076
S noursel 5.0 0.464 9.176 0.963
Vitex 0.305 6.459 0.810
C. utilis 0.502 1.538 0.187

4Constants of linearized Freundlich isotherms (Eq. 2) obtained by approximation for all exa-
mined concentrations of the sorbents; the approximation was done by the method of least
squares.

bg/L dry mass.

Effect of pH. The highest adsorption capacity was achieved at pH 5 (Table II). pH enhanced the g of
Vitex and C. utilis. At pH 5.0 we reached a mere 82 % (Vitex) and 48 % (C. utilis) of the adsorption capa-
city of S noursai. Sag et al. (2000) found the best adsorption of copper for R. arrhizus at pH 4 while at pH 5
it was significantly lower. This can be connected with a different composition of biomass surfaces at various
pH. On the other hand, Ruiz-Manriquez et al. (1998) achieved with Thiobacillus ferrooxidans a higher adsorp-
tion capacity at pH 6 (the copper perchlorate solution they used started to precipitate at pH 6.5).

On comparing the results of Ozturk et al. (2004), who found =42 mg/g in S coelicolor at initial
copper concentration of 150 mg/L and biomass concentration of 1.0 g/L (our estimation was 55.2 mg/g), and
Mattuschka and Straube (1993) at 63.6 mg/L and 3.5 g/L, who found q=9 mg/g for S noursei (our estima-
tion was 19.5 mg/g), we demonstrated a higher adsorption ability of S noursei relative to S coelicolor (by
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30 %) and also higher than found earlier for S. noursei (by 100 %). We also showed that the adsorption abi-
lity of S noursai is higher than that of the two types of yeast biomass.
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Fig. 3. Linearized adsorption isotherms (logq, mg/g) of copper (log ¢, mg/g) approximating measured data
(constants n and k were calculated from Eqs 1 and 2 to simplify the approximation); 0.5-5.0 — concentration
of sorbents in g/L; for further details see Figs 1 and 2.

Tablell. Effect of pH (3.0-5.0) on adsorption capacity®

Sorbent 3.0 4.0 4.5 5.0
S noursel 8.44 6.17 11.4 18.5
Vitex 17.5 20.7 22.8 31.7
C. utilis 33.1 36.7 36.1 38.6

4Sorbent concentration 2.5 g/L, initial Cu concentration 100 mg/L.
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