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Abstract

The present article studies the role of functional groups from waste brewery yeast Saccharomyces cerevisiae cells in the bioadsorption of Cd2+, Zn2+ and Cu2+ ions. In order to clarify the role played by these functional groups, the brewery yeast was pretreated chemically, thereby helping to determine the mechanisms responsible for binding the target metals. SEM studies were performed to examine the surface microstructure of the adsorbent in pure as well as pretreated forms. The biomass was characterized using FTIR analysis, which indicated that hydroxyl, carboxyl and amid groups are present on the biomass surface. When carboxyl groups were modified by different chemical treatments, the adsorption capacity decreased dramatically, showing that carboxyl groups play a fundamental role in the bioadsorption process. The residual metallic ion concentrations were determined using an Atomic Absorption Spectrophotometer (AAS). Pseudo-first and second order kinetic models were used to describe the bioadsorption process.
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1. Introduction
The extensive use of heavy metals in industrial activities has led to their dramatic increase in wastewaters. Various methods are known today which aim to tackle the problem of heavy metal contamination, bioadsorption being one of the most promising applications. The term bioadsorption is used to describe, in general, the property of some microbial biomass like bacteria, algae, fungi or yeast, which is able to sequester heavy metals from aqueous systems. The advantages of bioadsorption over conventional treatment methods include low cost, high efficiency, the possibility of regeneration of the biosorbent and metal recovery.1
The bioadsorption mechanisms involved several processes, including ion exchange, coordination, complexation, chelation, adsorption and microprecipitation.2,3 Metal uptake by bioadsorption is reported to occur through interactions with functional groups native to the biosorbent cell wall.4,5 In the adsorption of heavy metals, the surface chemistry of the biosorbent plays a key role since adsorption is favored by the presence of oxygen-containing functional groups which can be very different according to the nature of the biosorbent.6,7 The cell walls of Saccharomyces cerevisiae consisting mainly of polysaccharides, proteins and lipids, offer many functional groups that can bind metal ions: carboxylate, hydroxyl, sulphate, phosphate and amino groups. In addition to these functional binding groups, polysaccharides often have ion exchange properties.8 These specific functional groups are essential for the adsorption of heavy metals due to their chelating attributes. Depending on the chemical activation method, partial oxidation takes place and the biomass surface becomes rich in a variety of functional groups whose nature and concentration depend on the method of activation, chemicals used and temperature of preparation.
The pretreatment and killing of the biomass either by physical or chemical treatments (for instance oxidation) or cross-linking are known to improve the biosorption capacity of the biomass.9,10
Parvathi and Nagendran identified the functional groups existing on the Saccharomyces cerevisiae cell wall by potentiometric titration. Their experiments confirm the qualitative and semi-qualitative determination of the nature of binding sites present on the yeast cell wall, namely carboxyl, phosphate and amino groups.4,11
Researchers have used different types of S. cerevisiae yeast cells (residual brewery waste biomass from brewing industry and pure strain growth in laboratory conditions) in different forms to remove heavy metals from aqueous solutions.12-16 It can be mentioned that, even if the S. cerevisiae yeast go through some kind of treatment during the fermentation process, this provides a better adsorption capacity than native ones.
The objective of this work was to enhance the bioadsorption capacity of the residual waste brewery yeast biomass applying different types of chemical treatments in order to remove Cd2+, Zn2+ and Cu2+ ions. Fourier transform infrared spectroscopy and scanning electron microscopy analysis were used for the extensive characterization and identification of the functional groups present on the yeast cell wall. These analyses give valuable information concerning the role of functional groups and help to determine the mechanisms responsible for binding the target metals.

Also, kinetic models (pseudo-first and pseudo-second order) for untreated and chemically treated biomasses were taken into account to describe the bioadsorption process.
2. Experimental
2.1. Biosorbent
The biosorbent, brewery waste biomass (S. cerevisiae) was collected from Ciuc Brewery (Miercurea-Ciuc, Romania) after use in fermentation processes and transported to the laboratory in plastic containers. The yeast was then washed with bi-distillated water until the pH remained neutral, separated by vacuum filtration and dried in a hot air oven at 80(C for 24 hours. 
2.2. Chemicals
Heavy metal solution preparation
The stock metal solutions were prepared by dissolving Cd(NO3)2×4H2O, ZnSO4×7H2O and CuSO4×5H2O of analytical grade reagent in an appropriate amount of distilled water. All stock solutions were diluted with deionized water to obtain the necessary concentration. The concentration of metal ions in the supernatant fluids was determined using a flame atomic absorption spectrophotometer (SensAA Dual GBS Scientific Equipment, Australia).

Chemical treatment of the biosorbent
Two grams of waste brewery yeast biomass were pretreated in different ways as described below:

· 20 ml formaldehyde + 40 ml formylic acid were agitated on rotary shaker at 150 rpm for 5 hours, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night, obtaining the amine-methylated biosorbent.
· 65 ml ethanol + 0.6 cc hydrogen chloride were agitated on rotary shaker at 150 rpm for 5 hours, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night, obtaining the carboxyl-esterified biosorbent.
· 50 ml 40 % (vol/vol) NaOH solution was boiled for 15 min, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night.
· 10 ml 10 % (vol/vol) H3PO4 solution was boiled for 15 min, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night.
· 10 ml 10 % (vol/vol) H2O2 solution was boiled for 15 min, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night.
· 10 ml 0.5 % (vol/vol) commercial laundry detergent solution was boiled for 15 min, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night.
· 75 ml benzene was heated under reflux conditions for 6 hours, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night, obtaining the lipide-extracted biosorbent.
· 10 ml of 2% (vol/vol) glutaraldehyde solution was boiled for 15 min, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night.
· 50 ml 1% (vol/vol) CaCl2 solution was autoclaved for 30 min, centrifuged at 5000 rpm and dried in hot air oven at 70(C for one night.
After each pretreatment with chemicals the biomasses were washed with generous amounts of deionized water. The NaOH pretreated biomass was washed with deionized water until the pH of the solution was in a near neutral range (pH 6.8-7.2). The dried sample was then ground, using a blender and sieved to pass through a 100 µm mesh size to obtain uniform particle size.
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Figure 1. Schematic of the chemical treatments performed on waste brewery yeast
2.3.  SEM analysis
Scanning electron microscopy was utilized for characterizing surface microstructures, porosity and fundamental physical properties of the adsorbent. The surface morphology of waste brewery yeast was determined using a scanning electron microscope of the type JEOL (USA) JSM 5510 LV.
2.4. FTIR spectral analysis


Untreated and pretreated biomass samples were subjected to FTIR analysis. The samples were prepared by encapsulating 1.2 mg of finely ground biomass particles in 300 mg of KBr. Infrared spectra were obtained using a JASCO 615 FTIR spectrometer, wavelength range 500-4000 cm-1, resolution 2 cm-1.

2.5. Metal bioadsorption studies

The batch equilibrium method was used to determine the sorption of heavy metals by the tested yeasts. The initial heavy metal concentration was 45 mg Cd2+/L, 50 mg Zn2+/L, 40 mg Cu2+/L. All bioadsorption experiments were carried out in 250 ml Erlenmeyer flasks containing 0.1 g dried biosorbent in 50 ml of the tested metal ion solution. This suspension was agitated for 3 hours at room temperature on a rotary shaker at 150 rpm. The biomass was separated by centrifugation at 12.000 rpm for 5 min and the residual metal ion concentration was measured in the supernatant. In order to determine the exact concentration of metal ions and establish the evolution of the removal process, samples of 100 (L were collected at different time intervals for up to 240 min.
The amount of adsorbed heavy metals was calculated using the following equation of Volesky and May-Phillips:17,18
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where
qt is time t adsorption capacity (mg/g),

C0 is the initial heavy metal concentration (mg/L), 

Ctis time t heavy metal concentration (mg/L), 

V = 50 ml, and 

m is the quantity of the adsorbent (g).

Experimental data were used to determine the effect of chemical treatments (mechanism of adsorption) over the brewery waste on metal ions bioadsorption and the adsorption capacity under/after adsorption experiments, to establish the equilibrium time, to describe the kinetic models and to confirm the groups responsible for the metal bioadsorption by FTIR analysis. All experiments were repeated three times, the values presented were calculated using averaged concentration values. 
3. Results and discussion
3.1. Characteristics of adsorbing material

3.3.1. Biomass characterization
The cell wall of Saccharomyces cerevisiae has an elastic structure that provides osmotic and physical protection and determines the shape of the cell. The inner layer of the wall is largely responsible for the mechanical strength of the wall and also provides the attachment sites for the proteins that form the outer layer of the wall.19,20 In brewing yeast the electron-transparent inner layer may be as thick as 200 nm.21
3.3.2. SEM analysis
Scanning electron microscopy studies were used to examine the surface morphologies of the untreated waste brewery yeast biomass (control) pretreated with NaOH and after Cd2+ bioadsorption.
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Figure 2. SEM micrographs of: (a) untreated waste brewery yeast biomass (control), (b) waste brewery yeast pretreated with NaOH, (c) and untreated waste brewery yeast after Cd2+bioadsorption.
The SEM micrograph shows progressive changes on the surface of the biomass. Comparing Fig. 2a and 2c makes clear that the untreated biosorbent has some cavities in its structure. However, the surface of the biomass is flattened and the cavities disappeared, which is due to metal ions bioadsorption. A decrease in the pore sizes of the biomass is also observable which may be attributed to the fact that the porous structure plays a role in the heavy metal bioadsorption process. Fig. 2b shows that the biomass surface changes obviously after NaOH pretreatment, having a tendency to form agglomerates and spikes.
3.1.3. FTIR spectral analysis
In order to identify the functional groups responsible for metal adsorption on cells surface FTIR analysis was carried out and results are shown in Fig.3,4. The NaOH and esterified pretreated biomasses were selected for FTIR analysis because these two treatments enhanced the biomass bioadsorption capacities and presented good results in the uptake of heavy metals. The identified main peaks and their assignments are listed in Table 1.
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Figure 3. FTIR spectra analysis for untreated waste brewery yeast biomass (a), pretreated with NaOH (b), and esterified (c)
The most significant change can be noticed in case of esterified biomass, where the large and intense band at 3421 cm-1 and 3188 cm-1can be ascribed to the vibration of –OH groups for carbohydrates and –NH groups of proteins and peptides. Therefore, these changes are in concordance with the structural changes. As for the IR in Fig. 3b for yeast treated with NaOH, it can be remarked that the shape of this spectra is the same as the one for untreated yeast, with the peaks situated at the same values. This means that NaOH treatment does not affect the functional groups on the cells’ surface. On the contrary, as it will be shown below, this pretreatment facilitates the adsorption of metallic ions by eliminating the impurities from cell wall surface and exposing active binding sites.
Other peaks from the IR spectra show only minor modifications, the attribution of these peaks is discussed in detail below. At 2925 cm-1and 2368 cm-1 two low intensity bands appear, characteristic for –CH,–CH2, –CH3 lipids. Peaks at 1653 cm-1 and 1543 cm-1 can be assigned to elongation vibrations of groups C=O from different proteins, respectively N-H and C-N vibrations of the peptide bond in different protein confirmations. The band at 1400 cm-1 can be attributed to the vibration of –CH2 group from lipids.22 The band at 1235 cm-1 reflects the vibrations of the N–H bending,23 while the stretching at 1067 cm-1 is attributed to phosphonates. The spectra of region under 1000 cm-1 showed changes in the degradation of the mannans and β 1-3-glucans, which are widely present on yeast cell wall.12
[image: image7.png]Transmittance (%)

833
696
1235
N11I0O
8 3
817
1235 L
N~
58
3302 3198 1653 1400
| . | | . | | . | .
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm'l)

|
50C




Figure 4. FTIR spectra analysis for untreated waste brewery yeast biomass (a), and after (b) Cd2+ bioadsorption
Table 1. FTIR characteristic peaks of waste brewery yeast biomass before and after Cd2+bioadsorption.22-24
	Waste brewery yeast FTIR peaks

(cm-1)
	Assignment

	Before adsorption
	After adsorption
	Differences
	

	3408
	3392
	16
	O–H stretching / hydroxyl, carboxyl, amide groups

	3170
	3198
	28
	N–H stretching / proteines and peptides

	2925
	2924
	1
	–CH2 lipids

	2368
	2368
	-
	–CH,–CH2, –CH3 lipids

	1653
	1653
	-
	C=O / carboxylic acids groups

	1543
	1537
	6
	O–H stretching / hydroxyl groups

	1400
	1400
	-
	–CH2 streching from lipids

	1235
	1235
	-
	PO2- in DNA, RNA and phospholipids

	1072
	1067
	5
	PO2- from DNA

	1048
	1047
	1
	Mannans

	833
	817
	16
	Mannans, glucans


Important information on metal bindings of the surface groups in case of Cd2+ are presented in Fig. 4. The peak shifts on IR spectra indicate the groups involved in the bioadsorption process. After Cd2+ bioadsorption, on the large band, a shifting to higher wavelengths can be observed from 3170 cm-1 to 3198 cm-1, and to lower wavelengths from 3408 cm-1 to 3392 cm-1, corresponding to the hydroxyl, carboxyl and amide groups. The valence vibration of N-H groups has shifted from 1543 cm-1 to 1537 cm-1. A shift from 1067 cm-1 to 1072 cm-1 demonstrates the involvement of phosphate groups (mainly from RNA) also present in the biomass. Researchers reported that the modifications occurred in the range of 833 cm-1 to 817 cm-1 informa bout the participation of mannans in the heavy metal uptake.24,22
3.2. Bioadsorption results
3.3.1. The graphical interpretation of the metal uptake
In order to investigate the effect of pretreatments on the metal uptake of waste brewery yeast biomass, the cells were treated with different chemicals (Fig. 1). It can be noted that the NaOH treated biomass enhances the metal uptake in all cases. In addition, a slightly elevated bioadsorption capacity for Zn2+ and Cu2+ is observable when the biomass is treated with detergent, formaldehyde / formic acid and calcium chloride respectively. When compared with the untreated biomass, the rest of the applied treatments reduce gradually the biomass’ bioadsorption capacity.
Fig.5 shows the effect of chemical treatments on waste brewery yeast involved in cadmium bioadsorption. It can be seen that the treatment with NaOH is the only one, which increases metal adsorption in comparison with the untreated biomass, the maximum value of adsorption increasing from 12.10to 17.97 mg/g. Our results confirm that the removal of surface impurities, rupture of cell membrane and exposure of available binding sites after pretreatment may be the reason for the increase in metal bioadsorption. Applying the NaOH treatment, hydrolysis reactions can occur, causing high dissolution of organic substances from the biomass. The hydrolysis reactions can lead to the formation of more carboxylic (-COOH), carboxylate (-COO), and alcohol (-OH), groups in the pretreated biomass, which enhances the cationic biosorption.25As Fig. 5 shows, all other treatments applied reduce the Cd2+ bioadsorption capacity with values between 8.53 mg/g and 0.85 mg/g, evidencing that the functional groups have a certain role in the bioadsorption process. Researchers showed that the alkali treatment of the biomass may destroy autolytic enzymes and remove the lipids and proteins which mask the reactive sites. Besides, the pretreatment could release polymers such as polysaccharides that have a high affinity towards certain metal ions.26,27
[image: image8.png]17.97

18

16

14

~

o

6/,zp0 Bul ®b




Figure 5. Effect of different pretreatments on the Cd2+ uptake of waste brewery yeast biomass; Ci=45 mg/L, 0.1 g/100 ml (dry mass per volume), 23°C, pH 5.6, 150 rpm.
The highest effect on bioadsorption capacity for Zn2+ removal was reached by the NaOH treatment (Fig. 6).The bioadsorption capacity of untreated waste brewery yeast biomass increased from 10.75 to 23.40 mg/g. Otherwise, the lowest value was reached in case of the ethanol treatment, when qe decreased from 10.75 to 1.70 mg/g. This aspect is the result of the modification of carboxyl groups, which have a significant role in bioadsorption mechanism.
In addition to NaOH treatment, there are three others which increase the adsorption capacity on a smaller scale – from 10.75 mg/g to respectively 11.85 mg/g (detergent), 11.25 mg/g (benzene) and 11.10 mg/g (formic acid/formaldehyde). These positive effects appear probably as a result of the fact that zinc is a metabolic element. The rest of the treatments decrease adsorption capacity, varying between 1.80 mg/g for H2O2 and 9 mg/g CaCl2.
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Figure 6. Effect of different pretreatments on the Zn2+ uptake of waste brewery yeast biomass; Ci=50 mg/L, 0.1 g/100 ml (dry mass per volume), 23°C, pH 5.4, 150 rpm.
In case of Cu2+ (Fig.7), two treatments enhance adsorption capacity from 17.32 mg/g to respectively 20 mg/g (NaOH) and 19.65 mg/g (CaCl2). Scientific literature indicates that CaCl2treatment improves copper adsorption capacity as a result of the conversion of active binding sites from H+ to Ca2+.This substitution may favor the bioadsorption of metals, due to the size of the ions; it should be easier to exchange metal for calcium than for H+.25
The lowest adsorption capacity was found by ethanol pretreatment, with qe decreasing from 17.32 to 9.82 mg/g. The rest of the treatments also reduce adsorption capacity.
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Figure 7. Effect of different pretreatments on the Cu2+ uptake of waste brewery yeast biomass; Ci=40 mg/L, 0.1 g/100 ml (dry mass per volume), 23°C, pH 4.6, 150 rpm.
3.2.2. Adsorption kinetics
Kinetic studies of metal bioadsorption were developed in order to determine the minimum necessary time to achieve the sorption equilibrium and to evaluate the mechanism of bioadsorption. Two different kinetic models were applied to evaluate the bioadsorption data of Cd2+, Zn2+and Cu2+ onto untreated and pretreated biomass. Pseudo-first (Lagergren) and pseudo-second order (Ho and McKay) kinetic models were used to correlate the experimental data.28,29 Experimental data were plotted in form of log(qe-q) against time (figure not shown) to evaluate the suitability of the pseudo-first order model. Correlation coefficients obtained for this kinetic model ranging between 0.7120 and 0.8976led us to conclude that the considered bioadsorption process cannot be classified as taking place according to the first-order model.
The pseudo-second order sorption kinetics was also used to fit the experiment data in order to analyze the metal ions bioadsorption on waste brewery yeast (Fig.8).The values of qe, k2 and R2 were calculated and presented in Table 2. The values of the theoretical qe for all sorbents (untreated and pretreated) were in good agreement with those obtained experimentally. 
These results indicated that the sorption process of metal ions onto biomass followed the pseudo-second order kinetics, suggesting that the considered process takes place by chemisorption.
The adsorption capacities of previously reported biomasses for Cd2+, Zn2+ and Cu2+ bioadsorption are presented in Table 3. It can be observed that the waste brewery yeast S. cerevisiae presents good adsorption capacities compared to other low cost adsorbents.
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Figure 8. Plots of the pseudo-second order kinetic models for Cd2+ bioadsorption on waste brewery yeast biomass. Ci=45 mg/L, 0.1 g/100 ml (dry mass per volume), 23°C, pH 5.6, 150 rpm.
Table 2. Kinetic parameters for Cd2+ bioadsorption using waste brewery yeast biomass.
	Biosorbent
treatment
	qe, exp
(mg/g)
	Pseudo-second-order

	
	
	qe, calc
(mg/g)
	k2 (g/mg(min)
	R2

	untreated
	12.1
	12.14
	3.04( 10-2
	0.9983

	CaCl2
	4.38
	4.71
	8.56 ( 10-3
	0.9768

	H2O2
	6.8
	7.03
	1.06 ( 10-2
	0.9915

	H3PO4
	0.85
	0.89
	7.71 ( 10-2
	0.992

	detergent
	8.53
	8.93
	7.85 ( 10-3
	0.9922

	HCOOH+HCHO
	5.4
	5.73
	7.79 ( 10-3
	0.9767

	C2H5OH
	2.08
	2.25
	2.00 ( 10-2
	0.9832

	NaOH
	17.97
	18.42
	5.20 ( 10-3
	0.993

	glutaraldehyde
	8.33
	8.85
	7.29 ( 10-3
	0.994

	benzene
	4.87
	5.66
	3.34 ( 10-3
	0.9263


Table 3. Results from the literature: comparison of different biomasses regarding to Cd2+, Zn2+ and Cu2+ removal capacity

	Metal
	Sorbent material
	Bioadsorption capacity (mg/g)
	Reference



	Cd2+
	Cladrophora fascicularis (untreated)
	1
	30

	Cd2+
	Saccharomyces cerevisiae immobilized (untreated)
	3.78
	31

	Cd2+
	Phanerochaete chrysosporium (untreated)
	17
	32

	Cu2+
	Phanerochaete chrysosporium (untreated)
	43.3
	32

	Cd2+
	Canoal meal (untreated)
	0.642
	33

	Zn2+
	Canoal meal (untreated)
	0.062
	33

	Zn2+
	Scenedesmus quadriquada (untreated)
	0.595
	34

	Cu2+
	Scenedesmus quadriquada (untreated)
	0.765
	34

	Cd2+
	Albies alba (untreated)
	1.75
	35

	Cd2+
	Triticum aestioum (untreated)
	8.58
	36

	Cu2+
	Triticum aestioum (untreated)
	4.16
	36

	Cd2+
	Azolla filiculoides (untreated)
	86
	37

	Zn2+
	Azolla filiculoides (untreated)
	62
	37

	Cu2+
	Azolla filiculoides (untreated)
	48
	37

	Cd2+
	Pleurotus florida (untreated)
	3.21
	38

	Cd2+
	Pleurotus florida (treated with NaOH)
	9.76
	38

	Cd2+
	Mucor rouxii (untreated)
	6.94
	26

	Zn2+
	Mucor rouxii (untreated)
	4.89
	26

	Cd2+
	Mucor rouxii (treated with NaOH)
	9.45
	26

	Cd2+
	Mucor rouxii (treated with H3PO4)
	0.94
	26

	Cu2+
	Neurospora crassa (untreated)
	0.54
	39

	Cu2+
	Neurospora crassa (caustic treated)
	12.28
	39

	Cd2+
	Neurospora crassa (treated with NaOH)
	9.50
	39

	Cd2+
	Saccharomyces cerevisiae (treated with NaOH)
	17.97
	Present study

	Cd2+
	Saccharomyces cerevisiae (treated with ethanol)
	2.08
	Present study

	Zn2+
	Saccharomyces cerevisiae (treated with NaOH)
	23.4
	Present study

	Zn2+
	Saccharomyces cerevisiae (treated with ethanol)
	1.7
	Present study

	Cu2+
	Saccharomyces cerevisiae (treated with NaOH)
	20
	Present study

	Cu2+
	Saccharomyces cerevisiae (treated with ethanol)
	9.82
	Present study


4. Conclusions
The bioadsorption properties of the waste brewery yeast Saccharomyces cerevisiae biomass were studied for Cd2+, Zn2+ and Cu2+ removal from synthetic aqueous solutions. The biomass was pretreated in various ways to study the influence of functional groups on adsorption capacity in the bioadsorption process. Among the pretreatment methods, NaOH treatment was found to be superior to others in case of all metals. However, this study indicates the potential improvement of bioadsorption capacity when using some of the other chemical agents as well. 
The bioadsorption of the metal ions studied is a rapid process and often reaches equilibrium within four hours. The maximum uptake values in case of NaOH treatment were found to be 17.97 mg Cd2+/g, 23.4 mg Zn2+/g and 20 mg Cu2+/g, respectively. 

SEM, FTIR analysis and adsorption kinetic models were considered. The FTIR analysis indicated the presence of the hydroxyl and carboxyl groups on the biomass surface, all of which play an important role in the bioadsorption process. When these functional groups were modified, the adsorption capacity decreased dramatically, suggesting that the process takes place mainly by ionic exchange. As the spectra showed, the NaOH treatment did not modify the binding sites on the biomass surface. Therefore, with the digestion of proteins and lipids, the binding points were freely released. This could explain why the bioadsorption capacity disposal of waste brewery yeast (after having been used in fermentation processes) was higher compared to the native S. cerevisiae yeast cells. The results above show that cadmium, zinc and copper bioadsorption depends on the surface chemistry of the sorbents.
Based on mathematical calculations carried out, it was found that the kinetics data describing the bioadsorption process fitted well the pseudo-second order model. The parameters for this kinetic model were determined.
It appears that readily available waste Saccharomyces cerevisiae biomass from fermentation industries offers an alternative in the removal of heavy metals from industrial wastewaters.
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