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Biosorption of Chromium from Effluent
Generated in Chrome-Electroplating Unit

using Saccharomyces cerevisiae

K. Parvathi and R. Nagendran

Centre for Environmental Studies, Anna University, Chennai,

Tamilnadu, India

Abstract: Biosorption of chromium from effluent generated in chrome-electroplating

unit using waste yeast biomass Saccharomyces cerevisiae was carried out. Chromium

concentration in the effluent was 204 mg/L. Chromium biosorption equilibration time

was found to be 2 hours, with uptake of 6.607 mg/g. Biosorption increased with rise in

pH and chromium concentration. Equilibrium biomass concentration and agitation

speed were 2% and 150 rpm, respectively. The biosorption equilibrium data fit with

Freundlich and Langmuir isotherm models revealed Kf and Qmax values of 0.3727

and 384.61 mg/g, respectively.

Keywords: Biosorption, chromium, chrome-electroplating effluent, Saccharomyces

cerevisiae, Freundlich isotherm, Langmuir isotherm

INTRODUCTION

Pollution of water by chromium and its compounds used in leather tanning,

electroplating, metal finishing, and chromate preparation processes is of

serious environmental concern as the metal is highly reactive (1). It is a

highly toxic non-essential metal for living systems (2) and is a known carcino-

gen and mutagen (3). Its removal from effluents prior to their disposal is

essential from environmental health, management, and the economics points

of view. Conventionally, the following methods are employed for the
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removal of heavy metals from effluents: oxidation and reduction, precipi-

tation, filtration, electrochemical treatment, and evaporation (4). Search for

newer methods of removal of toxic metals from wastewaters has directed

attention to biosorption, based on metal binding capacities of various biologi-

cal materials (5).

The term “biosorption” refers to the passive non-metabolically—

mediated process of metal binding by biomass (6). Bacteria, yeasts, fungi,

and algae have been used as biosorbents of heavy metals. Among these,

yeasts are known to be selective metal biosorbents as compared to fungi, acti-

nomycetes, and bacteria (7).

The yeast Saccharomyces cerevisiae is readily available as a by-product

of established fermentation processes and can be easily obtained in consider-

ably substantial quantities at low costs (8). Often, the economics of the

treatment process is improved by using waste biomass instead of cultured

biomass (9). The application of S. cerevisiae as a biosorbent not only

removes metals from wastewaters but also eases the burden of disposal

costs associated with waste biomass (6). S. cerevisiae has been used to

remove Cr6þ, Fe3þ (10), Pb2þ (11), Cu2þ (12), zinc and nickel (13) from

synthetic aqueous solutions. S. carlsbergensis has been reported to be

effective in removing metals such as copper, zinc, and nickel from synthetic

aqueous solutions (7, 13). However, studies on biosorption of chromium

from real effluents are scarce (14). The present study investigates the effi-

ciency of biosorption of chromium from effluent generated in a chrome-

electroplating unit using S. cerevisiae.

MATERIALS AND METHODS

Biosorbent

Spent yeast biomass Saccharomyces cerevisiae was collected from the

fermentor at a brewery located near Chennai, India and transported to the lab-

oratory in plastic containers. The yeast cells were washed thrice with double

distilled water. After each wash, the biomass was separated by filtration using

Whatmann No. 42 filter paper. The biomass was dried in a hot air oven at 80ºC

for 8 hours and stored for further use.

Collection and Characterization of Effluent

Raw effluent was collected from an electroplating unit and transported to the

laboratory in plastic cans. pH of effluent was measured using a pH probe

(Elico pH meter). The effluent was characterized for its physicochemical

parameters employing Standard Methods (15). Heavy metal analysis was

done using Atomic Absorption Spectrophotometer (Vario-6, Analytik Jena,

Germany).
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Biosorption Experiments

2 g of biomass was suspended in 100 mL of effluent taken in 250 mL

Erlenmeyer flasks and maintained at 150 rpm on a rotary shaker (IKA-501,

Germany). Samples were withdrawn periodically during the 2-hour biosorp-

tion experiment and filtered using Whatmann No. 1 filter paper. The concen-

tration of total chromium remaining in the filtrate was determined using an

Atomic Absorption Spectrophotometer.

Time-Dependence Studies

Samples were withdrawn at fifteen-minute intervals during the biosorption

experiments and analyzed for chromium. The results were recorded and the

time profile of manganese biosorption sketched.

Effect of Biomass Concentration

Dry biomass was added to the effluent to yield concentrations (w/v) of 0.5, 1,

1.5, 2, 2.5, 3, 3.5, 4% and biosorption experiments were carried out.

Effect of pH

The pH of the effluent was adjusted and maintained at 1, 2, 3, 4, 5, and 6 using

1 N H2SO4 and 1 N NaOH and biosorption experiments were carried out.

Effect of Chromium Concentration

The effluent was diluted with double distilled water to yield solutions containing

25, 50, 75, 100, 125, 150, 175, and 200 mg/L of chromium. They were

subjected to biosorption, maintaining the biomass concentration constant at 2%.

Effect of Agitation Speed

Experiments were carried out by varying the agitation speed of the biosorption

mixtures from 0 (no agitation; control), 50, 100, 150, to 200 rpm and biosorp-

tion experiments were carried out.

Calculation of Chromium Uptake

Chromium uptake by biomass was calculated using the following mass

balance equation for the biosorbents (16):

q ¼ ½VðCi � CfÞ�=S ð1Þ
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where,

q ¼ chromium uptake (mg metal / g cell dry weight)

V ¼ volume of metal-bearing solution contacted (batch) with the

biosorbent (L)

Ci ¼ initial concentration of metal in solution (mg/L)

Cf ¼ final concentration of metal in solution (mg/L)

S ¼ dry weight of biosorbent added (g)

Biosorption Isotherms

Freundlich and Langmuir isotherms were used for interpreting the chromium

biosorption equilibrium.

The Freundlich equation is given below:

q ¼ KfC
1=n
e ð2Þ

where,

q ¼ heavy metal adsorbed on the biomass (mg/g dry weight)

Ce ¼ final concentration of metal (mg/L) in the solution

Kf ¼ an empirical constant that provides an indication of the adsorption

capacity of biomass

n ¼ an empirical constant that provides an indication of the intensity of

adsorption

The Freundlich adsorption constants (Kf and 1/n) were obtained by plotting

log Qe as a function of log Ce.

The Langmuir equation is given below:

q ¼ ðQmaxb CeÞ=ð1þ b CeÞ ð3Þ

where,

q ¼ heavy metal adsorbed on the biomass (mg/g dry weight)

Ce ¼ final concentration of metal (mg/L) in the solution

Qmax ¼ maximum possible amount of metallic ion adsorbed per unit weight of

adsorbent

b ¼ equilibrium constant related to the affinity of the binding sites for the

metals

The Langmuir adsorption constants (Qmax and b) were obtained by

plotting 1/Qe as a function of 1/Ce.
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RESULTS AND DISCUSSION

Effluent Characteristics

The physicochemical characteristics of the effluent from a chrome-electroplat-

ing unit are given in Table 1. The permissible levels for various heavy metals

in effluent generated in electroplating units have been specified by The Central

Pollution Control Board of India (17). From the table, it is evident that

chromium with a concentration of 204 mg/L exceeds the permissible level

of 2 mg/L. In comparison with chromium, the concentrations of all other

metals were not only very less, but also within specified limits. Hence, the

metal of focus in this study is chromium.

Time-Dependence Studies

Time profiles of chromium biosorption by Saccharomyces cerevisiae are

shown in Fig. 1. Biosorption of chromium increased with time. The equili-

bration time for biosorption of chromium from the effluent by S. cerevisiae

was 2 hours. In contrast to this, Ferraz et al. (18) have reported an equilibration

time of 30 minutes during chromium biosorption from its synthetic aqueous

solutions by S. cerevisiae. The longer equilibrium time recorded in the

present study may be attributed to the presence of other ions in the effluent

(Table 1) and their interference with chromium biosorption. Investigating

the biosorption of chromium from its synthetic aqueous solutions by S. cere-

visiae in the presence of lead, Ferraz and Teixeira (19) have reported slower

metal uptake from multi-metal solutions, suggesting a competition between

the ions for binding sites in yeast cellular walls.

Table 1. Physicochemical parameters of effluent generated in chrome-electroplating

unit

Sl.

No. Parameter Concentrationa
Permissible level for effluent generated

in electroplating industry (EPA, 1987)

1. pH 3.6 6.0–9.0

2. TSS 120 100

3. COD 30 250

4. Cu 0.29 3

5. Ni 0.05 3

6. Fe 0.26 3

7. Zn 0.10 5

8. Cr 204 2

aAll values are in mg/L except pH.
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Figure 1. Time profile of chromium biosorption by Saccharomyces cerevisiae from

effluent generated in chrome-electroplating unit.

Figure 2. Effect of biomass concentration on chromium biosorption by Saccharo-

myces cerevisiae from effluent generated in chrome-electroplating unit.
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Effect of Biomass Concentration

Biosorption of chromium with varying biomass concentration is shown in

Fig. 2. Chromium uptake rose from 4.356 mg/g to 6.607 mg/g with

increase in biomass concentration from 0.5% to 2%. Chromium

uptake decreased slightly when the biomass concentration reached 4%

(6.148 mg/g). A similar trend in metal uptake with variations in biomass con-

centration has been reported for chromium biosorption from its synthetic

aqueous solutions by Aspergillus niger and Saccharomyces cerevisiae by

Chandrasekhar et al. (20) and Ferraz and Teixeira (19), respectively. High

biomass concentrations are known to cause cell agglomeration and consequent

reduction in inter-cellular distance (21). This is reported to produce a “screen

effect” among the dense layer of cells, leading to “protection” of the binding

sites from metal ions (22). In other words, the metal uptake is higher when the

inter-cellular distance is greater, as this condition ensures optimal electrostatic

interaction between cells, a significant factor for biosorption (21). Decrease in

biomass concentration in the suspension at any given metal concentration is

known to enhance the metal/biosorbent ratio and thus increase the specific

metal uptake (22).

Effect of pH

Uptake of total chromium was highest at pH 2 (16.75 mg/g), as evident from

Fig. 3. The uptake decreased to 9.536 mg/g at pH 6. It is also clear from the

Figure 3. Effect of pH on chromium biosorption by Saccharomyces cerevisiae from

effluent generated in chrome-electroplating unit.
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figure that biosorption of hexavalent chromium decreased sharply with pH,

from 94.5% at pH 1 to 1.99% at pH 6. Maximum biosorption of trivalent

chromium was observed at pH 6, the value being 98.01%, whereas, the

minimum removal of 5.43% was recorded at pH 1.

The different biosorption profiles of Cr (III) and Cr (VI) may be attributed

to the solution chemistry of the chromium ion (23) at different pH and its

nature of interaction with the biosorbent (24).

In the case of biosorption of trivalent chromium, as the pH is lowered, the

overall surface charge on the biosorbent becomes positive due to increased

number of Hþ ions; these ions compete with chromium ions for the binding

sites on the biosorbent (24). Hence, the low biosorption of Cr (III) at low

pH may be due to the competition between protons and Cr (III) ions for the

binding sites of the biosorbent. However, with increasing pH, the number of

Hþ ions decreases and hence Cr (III) is effectively biosorbed (25).

Cr (VI) showed an opposite trend because it is an anionic species in

solution. The dominant hexavalent chromium species at acidic pH are

HCrO4– and CrO42
2 (26). At acidic pH, due to increased Hþ ion concentration,

the biosorbent becomes protonated. The increase in Cr (VI) biosorption at

acidic pH may be attributed to the electrostatic attraction between positively

charged groups of the protonated biosorbent and anionic species of

chromium. Moreover, the fall in biosorption with increasing pH could be

due to two reasons: one is the decrease of the electrostatic attraction and the

Figure 4. Effect of agitation speed on chromium biosorption by Saccharomyces

cerevisiae from effluent generated in chrome-electroplating unit.

K. Parvathi and R. Nagendran632

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



second is the competition between the chromium anionic species and OH2

ions for adsorption onto the binding sites of the biosorbent. Such a phenom-

enon for Cr (VI) biosorption has also been observed by Bingol et al. (27).

Effect of Agitation Speed

Figure 4 presents the effect of agitation speed on chromium biosorption by

Saccharomyces cerevisiae. Control units at 0 rpm (no agitation) exhibited

very low chromium uptake (0.2 mg/g). Chromium uptake increased 3-fold

from 2.14 mg/g to 6.607 mg/g with a rise in agitation speed from 50 to

150 rpm, beyond which there was no further increase. Similar trends in bio-

sorption of cadmium and lead by Sargassum sp. have been reported by

Cruz et al. (28) and Martins et al. (29), respectively. Lower metal uptake at

higher agitation speeds beyond a point is attributed to non-homogeneity of

the biosorption mixtures (30) caused by vortex phenomenon (31). The

highest uptake of chromium at an agitation speed of 150 rpm observed

presently indicates least mass transfer resistance experienced by the system.

Thus, it appears prudent to carry out biosorption at this speed and no

further enhancement is needed to make the binding sites readily available

for chromium uptake. It is known that external mass transfer resistance is

directly proportional to the thickness of the stationary fluid layer surrounding

the biomass particles. The film thickness in turn is controlled by the agitation

speed of the bulk solution. A higher agitation speed decreases the film

thickness and eventually eliminates film resistance (31).

Figure 5. Effect of metal ion concentration on chromium biosorption by Saccharo-

myces cerevisiae from effluent generated in chrome-electroplating unit.
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Effect of Chromium Concentration

Biosorption increased with rise in chromium concentration in the effluent

(Fig. 5). A rise in chromium concentration from 25 to 200 mg/L resulted

in an increase in its uptake by Saccharomyces cerevisiae from 0.85

to 6.607 mg/g (more than 7-fold), respectively. Similar performance by

S. cerevisiae during studies on chromium biosorption from its synthetic

aqueous solutions has been reported by Goyal et al. (10).

Figure 6. Freundlich isotherm for chromium biosorption by Saccharomyces cerevi-

siae from effluent generated in chrome-electroplating unit.

Table 2. Isotherm constants for chromium biosorp-

tion by Saccharomyces cerevisiae from effluent gen-

erated in chrome-electroplating unit

Sl. No.

Isotherm

constants

1. Freundlich

R2 0.9241

Kf 0.3727

1/n 1.016

2. Langmuir

R2 0.9376

Qmax (mg/g) 384.61

b (L/mg) 0.1259
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Biosorption Isotherms

The Freundlich adsorption isotherm for chromium biosorption by Saccharo-

myces cerevisiae is given in Fig. 6. Values of Kf and 1/n obtained from the

isotherm are compared in Table 2. The magnitude of Kf and 1/n illustrate

the separation of metal ions from wastewater and the adsorption capacity of

the yeast (Kf ¼ 0.3727). The Freundlich adsorption equation thus arrived at

is: q ¼ 0.3727Ce
1.016. The Langmuir adsorption isotherm for chromium bio-

sorption by S. cerevisiae is plotted in Fig. 7. Values of Qmax and b obtained

Figure 7. Langmuir isotherm for chromium biosorption by Saccharomyces cerevi-

siae from effluent generated in chrome-electroplating unit.

Table 3. Comparison of isotherm constants for chromium biosorption available in

literature

Sl.

No.

Type of

biomass

Freundlich

constant

Kf

Langmuir

constant

Qmax (mg/g)

Maximum

concentration

used (mg/L) Reference

1. Saccharomyces

cerevisiae

0.3727 384.61 200 Present

study

2. Sargassum sp. 10.782 68.94 300 (32)

3. Pantoea sp. 1.80 204.1 250 (25)

4. Aeromonas caviae 11.76 181.48 250 (33)

5. Rhizopus nigricans 12.06 43.47 400 (34)

6. Pseudomonas sp. 0.112 111.11 325 (35)

7. Bacterial consortium 2.63 38.17 100 (36)
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from the isotherm are compared in Table 2. Qmax value of 384.61 mg/g for

S. cerevisiae indicates high metal uptake by the biomass. The Langmuir

adsorption equation thus arrived at is: q ¼ [384.61 � 0.1259 � Ce]/
[1þ (0.1259 � Ce)].

Table 3 gives a comparison of the Freundlich and Langmuir isotherm

constants available in literature for chromium biosorption by various biosor-

bents. Comparatively lower Kf value (0.3727) was observed in the present

study. This may be due to the presence of ions other than chromium in the

effluent which decrease the specificity of Saccharomyces cerevisiae for

chromium. However, the Qmax value of 384.61 mg/g is indicative of high

biosorption potential of the biomass.

CONCLUSION

Chromium biosorption efficiency of Saccharomyces cerevisiae from effluent

generated in a chrome-electroplating unit was evaluated under laboratory con-

ditions. The chromium biosorption equilibration time was 2 hours with an

uptake of 6.607 mg/g. In the biosorption system where the biomass concen-

tration was varied, chromium uptake was highest at 2%. An increasing

trend in biosorption was observed with rise in pH and chromium concen-

tration. In experiments where agitation speed was varied, the chromium

uptake increased gradually from 50 to 150 rpm. The Freundlich and

Langmuir constants determined from the respective adsorption isotherms

revealed Kf and Qmax values of 0.3727 and 384.61 mg/g, respectively.

These constants are indicative of high biosorption potential of the

S. cerevisiae. The findings of the study indicate that biosorption is a

promising technology for removal of chromium from effluent generated in

chrome-electroplating unit. However, further studies with respect to metal-

biomass specificity and applicability to various other metal-laden effluents

will help fine-tune this process for large-scale application.
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