A great number of industries such as textile, printing, paper and pulp, petroleum, iron-steel, pesticide, paint, solvent, pharmaceutics, consume large volumes of water, and organic based chemicals. These chemicals show a large difference in chemical composition, molecular weight, toxicity, etc. In addition effluents of these industries contain undesired quantities of these pollutants and need to be treated [Aksu 2005]. This highly colored industrial eﬄuents substantially aﬀect visibility, photosynthesis in the receiving water bodies and toxic to the aquatic life due to the presence of metals, chlorides and other compounds [Chapman and Kimstach 1996, Elmacı et al., 2005].

Due to their complex aromatic molecular structures many synthetic dyestuffs and heavy metals are resistant to biological degradation cannot be biodegraded, so, colour and heavy metal removals by traditional biological processes are difficult and not complete [Slokar and Le Marechal 1997]. Lately many physical and chemical treatment methods including adsorption, ﬁltration, chemical coagulation, precipitation, electrodialysis, membrane separation and oxidation have been used for the treatment of dye and heavy metal containing effluents. Some of these techniques have been shown to be effective, although they have limitations like overall cost, regeneration problem, secondary pollutants and limit versatility [Robinson et al., 2001, Forgacs et al., 2004, Crini 2006].

Biosorption is an effective technology using inactive and dead biomasses to remove heavy metals from aqueous solutions in the absence of metabolic activity necessary for intracellular accumulation [Esposito et al., 2002, Davis et al., 2003, Soylak et al., 2006].

On the other hand, biosorption represents passive interactions of the cell wall with metal ions. These reactions include adsorption, ion exchange reactions with functional groups at the cell surface, and surface reactions. Metal ions binding sites which localized at cell surface include carboxylic, hydroxylic, and phosphate groups of lipids, proteins, and polysaccharides [İleri et al., 1994, Seletnia et al., 2004].

In addition the use of dead biomass appears to be more attractive as compared with live biomass, since heavy metals or other toxic pollutants have few inﬂuences on the biosorption process. Besides, there is no requirement for the supplement with any nutrients for maintaining growth of dead biomass.

Metal ions, chromium(VI) and nickel(II) were chosen for biosorption studies with regard to their wide use in industry and potential pollution impact. Hexavalent chromium from electroplating and similar industries has been reported to be toxic to animals and humans; it is known to be carcinogenic and is reported to be bioaccumulated into ﬂora and fauna, creating ecological problems (Singh and Tiwari, 1997; Jianlong et al., 2004).

Ni(II) was used in many processes such as electroplating, leather tanning, wood preservation, pulp processing, steel manufacturing, plastics pigments, mining and metallurgical processes then discharged into the environment (Selatnia et al., 2004b). Compared with Ni(IV), Ni(II) is a more toxic and carcinogenic metal. This is due to its toxic effects on living systems so that strict limits have been stipulated for discharge of Ni(II) into the environment.

Yeasts are a better crude biosorbent material for the removal of heavy metal ions or reactive dye due to their unicellular structure and high growth rate (Aksu and Dönmez, 2004). In addition, yeast cells can be easily cultivated into inexpensive growth media, and has a potential for bioremediation of wastes at lower pH values (Malik, 2004).

In this study, a process of biosorption of chromium(VI) and nickel(II) and Remazol Blue dye onto R. muciloginosa was investigated in media with a constant dye (approximately 50 mg l−1) and increasing heavy metal concentration. These heavy metals and dye were chosen because of their widespread use in Turkish industry with relatively high consumption rate and being quite common pollutants in wastewaters from the textile industry.
2. Materials and methods
2.1. Dye and heavy metal solutions

The stock solutions of chromium(VI) and nickel(II) were prepared by dilution of K2Cr2O7 (Merck) and NiSO4 (Merck) to a final concentration of 1 g l-1 of chromium(VI) and nickel(II). The Remazol blue reactive dye stock solution which is commonly use in cotton and silk fabric in Turkey was prepared by dissolving the powdered dyestuff in distilled water to a final concentration of 2% w/v. Appropriate volumes of the stock solutions were added to the media.

2.1. Dye and heavy metal solutions

Samples uptake from textile wastewaters was centrifuged and spread on (0.1 ml) the Petri plates containing molasses media with 50 mg/L Remazol blue and 50 mg/L heavy metal (chromium and nickel) and incubated at 30±1 °C. The composition of the growth medium is molasses solution (nearly equivalent to 10 g L-1 sucrose), 1.0 g L-1 NH4SO4 and 0.5 g L-1 KH2PO4 (Aksu and Dönmez 2000). Agar (15 g L-1) was added for plates. The pH of the growth medium was adjusted to 5 for nickel(II) and 6 for Remazol blue and chromium(VI) by dilute (0.01 M) and concentrated (1 M) H2SO4 or NaOH solutions. Cells from microcolonies on these plates were isolated and purified streaking the cells repeatedly on the molasses medium agar plate with Remazol blue and heavy metals. The pure cultures were kept at 4 °C and were transferred to molasses media including Remazol blue and heavy metals every 3 months.

2.1. Dye and heavy metal solutions

The exponentially growing culture of the isolate was used for 18S rRNA gene amplification. PCR was carried out by 25 cycles of denaturation step at 96 °C for 10 s, annealing at 50 °C for 5 s and elongation at 60 °C for 4 min. The primer set that used in PCR reaction was D1/D2 region of large-subunit rDNA Sequencing and phylogenetic analysis was carried out as described by Fell et al., 2000; Biswas et al., 2001.

2.1. Dye and heavy metal solutions

The yeast cells were transferred into 100 ml liquid molasses medium with 50 mg/L Remazol blue and 50 mg/L heavy metal concentrations in 250 ml Erlenmeyer flasks. The flasks were incubated at 30±1 °C on a rotary shaker (New Brunswick Scientific innova 4230) at 100 rpm for 2-4 days.
2.1. Dye and heavy metal solutions

Yeast cells were grown in molasses media at pH 5 value at 30±1 °C on a rotary shaker for 2 days. The biomass was centrifuged 3.421 x g for 10 min. The pellet was exterminate by autoclaving ( Alp CL-40M ) at 121 °C for 15 min. 1.25 g of exterminate biomass was added to the biosorption flasks according to the biomass found in bioaccumulation studies (bizim yayın).
2.7. Biosorption studies
The experiments were performed in 250 ml Erlenmeyer flasks containing solutions of different Remazol blue concentrations 50, 100, 200, and 400 mg/L and two heavy metals concentrations 50, 100, and 150 mg/L in 100 ml media.
The flasks were agitated at a 100 rpm constant shaking rate for 24 h at 30±1 °C. Samples (3 ml) were taken at certain times (0, 15 min, 1 h, 2 h, 4 h, 6 h, 8 h, and 24 h) and centrifuged at 3.421 x g for 10 min. The supernatant was analyzed for the remaining dye and heavy metal concentration.
2.8. Analytical methods
During the incubation period, 3 ml sample was taken daily from each flask. Samples were centrifuged to precipitate suspended biomass at 5000 rpm for ten min. The concentration of Remazol Blue in the supernatant was determined by determining the absorbance at 600 nm. Cell free molasses medium was used as the blank. The concentration of nickel(II) in the supernatant was determined spectrophotometrically at 340 nm by using sodium diethyl dithiocarbamate as the complexing agent for nickel(II), respectively (Snell and Snell 1959). The concentration of chromium (VI) in the supernatant was determined spectrophotometrically at 540 nm using diphenyl carbazide reagent in acid solution as the complexing agent for chromium(VI). For the measurement of microbial growth during the incubation period, the biomass concentration was determined by measuring the turbidity of the diluted sample at 600 nm using a standard curve of absorbance againts dry cell mass. Biosorption efﬁciency was expressed as

Removal (%) =(C0 – C)/C0 x 100

where C0 and C are the initial and residual concentrations of metal ionand dye, respectively. In adddition all analyses were performed in duplicate.

3. Results and Discussion

3.1. Effect of initial pH on chromium(VI), nickel(II) and Remazol Blue uptakes

The pH of metal and/or dye solution plays an important role in the whole biosorption process and particularly in the adsorption capacity, inﬂuencing the surface charge of the biosorbent, degree of ionization of the species present in the solution and the dissociation of functional groups on the active sites of biosorbent, and the solution metal and dye chemistries.

Optimal pH for the experiments was found in bioaccumulations experiments (Ertuğrul et al., 2009) then used in biosorption experiments. According to experiments, optimal pH values for the yeast cells to remove the pollutants were, pH 6 for only dye and chromium(VI) and dye, and pH 5 for nickel(II) and dye in media containing 50 mg l−1 heavy metal and 50 mg l−1 Remazol Blue. Low pH has been found to favor adsorption of dyes (Aksu and Donmez, 2003) and heavy metals (Bai and Abraham, 2001) by the biomass of yeast and fungi.

3.2. Single effect of initial dye and heavy metal concentration on biosorption.

Remazol Blue biosorption by R. mucilaginosa was investigated at different initial dye concentrations between 54.9 and 365.1 mg l−1 at pH 6. As shown in Fig. 1, maximum dye biosorption yield was 77.1% for 117.5 mg l−1.

<Here Figure 1>

Biosorption capacity of the yeast cells at 49, 127.1 and 165.7 mg l−1 initial chromium(VI) 22.3, 47.7 and 62.2 mg l−1 initial nickel(II), concentrations, given in Fig. 2. At the end of the experiments, the highest chromium(VI) removal yields measured were 31.3% for 49 mg l−1 concentrations. The nickel(II) removal yield was 32.5% for 22.3 for 34.7. It is clearly seen in Figs. 1 and 2 that the Remazol Blue biosorption yield of the yeast cells was signiﬁcantly higher than that of chromium(VI) and nickel(II).

<Here Figure 2>

3.3. Simultaneous effect of dye and heavy metal on biosorption

Dye and heavy metal biosorption by R. mucilaginosa was investigated at different initial heavy metal concentration between 48.8 and 60.1 mg l−1 at a constant dye concentration. These experiments were repeated at a ﬁxed dye (39.2-51.2 mg l−1) concentration due to determine maximum dye and/or heavy metal biosorption. The simultaneous effect of dye and heavy metal biosorption of the yeast cells is given in Figs. 3–5.

<Here Figure 3>

In the medium containing 50mg l−1 dye the chromium(VI) biosorption stabilized at around 17% yield as seen in Fig. 3. In the medium with chromium(VI) after 1 hour of incubation the dye biosorption was around 55–61% yield. In the medium containing nickel(II) there was about 8–38% nickel(II) and 86–93% dye removal (Fig. 4).

<Here Figure 4>
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