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ABSTRACT:

Enhanced  Cr(VI)  biosorption  efficiency  (97.09%  in  24h,  pH  2.0)  by  heat  pretreatment  of 
Termitomyces clypeatus  biomass was observed as compared with that of live biomass (66.15% in 48h). The 
influence of different environmental parameters such as  pH, biomass dose, initial Cr concentration, contact 
time, shake condition on biosorption by the heat treated biomass were investigated. Adsorption characteristics 
fitted well with Langmuir and Freundlich isotherms and obeyed both the first and the second-order kinetics. 
Immobilization of the biomass in magnetic sodium/calcium alginate beads increased the flexibility, mechanical 
stability  of  the  biomass  and  biosorption  efficiency  remained  unchanged.  Desorption  studies  using  0.05N 
NaOH showed 36.4% chromium recovery. Heat treated biomass was cost effective, ecofriendly and showed 
efficient chromium removal with no risk of contamination during biosorption process. 
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INTRODUCTION
The problem of heavy metal  pollutants  in 

aqueous  ecosystem  is  becoming  acute  with  rapid 
industrialization  in  developing  countries.  The 
majority of toxic metal pollutants are waste products 
of  industrial  and  metallurgical  processes.  Their 
concentrations  have  to  reduce  to  meet  ever 
increasing  legislative  standards.  Chromium  is  a 
common pollutant  in  effluents  from industries  like 
metallurgical,  leather  tanning,  electroplating,  dying 
and  battery  manufacturing.  It  is  hazardous 
nonessential  metal  that  affects  human  physiology 
and  accumulates  in  the  food  chain-  as  a  strong 
oxidizing agent  capable of being absorbed  through 
the  skin  and  has  carcinogenic,  mutagenic  and 
teratogenic  potential  (Park  et  al., 2005). 
Traditionally, heavy metals are removed by chemical 
precipitation,  membrane  process,  reverse  osmosis, 
ion exchange, liquid extraction and electro-dialysis. 
However these methods are non-economical and not 
very efficient  to  reduce  the  metal  concentration  to 
the  level  as  required  by  environmental  legislation 
(Volesky, 2007). Emphasis is given to the utilization 

of  biological  adsorbents  for  the  removal  and 
recovery  of  heavy  metal  contaminants. 
Microorganisms (bacteria, algae, fungi) and various 
biomaterials such as, seaweed, agricultural biowastes 
and industrial byproducts have been tested to remove 
toxic  chromium  from  aqueous  solution  (Li  et  al., 
2007;  2009;  Han  et  al., 2007;  Park  et  al., 2008). 
Among these, fungi have several advantages such as 
fast  growth,  less  nutrient  requirement,  easy 
adaptability  and  available  as  industrial/laboratory 
byproduct (Say et al., 2004; Arief et al., 2008). The 
inactivated/dead  fungal  biomass  can  be  a  good 
source  of  biomaterial  for  biosorption process  as  it 
has  no  risk  of  contamination  during  biosorption 
process (Say et al., 2004; Deepa et al., 2006). 

The present study explored the potential of 
Cr(VI) biosorption capacity of heat treated biomass 
of  fungus  Termitomyces  clypeatus  from aqueous 
solutions  at  acidic  to  neutral  conditions  (pH 2-7). 
The influence of different environmental parameters 
such  as  contact  time,  initial  Cr(VI)  concentration, 
biosorbent dose, initial pH of solution and effect of 
shake  vs. static  condition  were  investigated. 
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Adsorption  characteristics  with  Langmuir  and 
Freundlich  isotherms and  kinetics  parameters  were 
evaluated. Another objective was to study the impact 
of  immobilization  on  the  biomass  as  magnetic 
Na/Ca–alginate bead for Cr(VI) removal. Desorption 
of chromium from the biomass was also checked. 

MATERIALS AND METHODS 

Biomass preparation
The  fungus  T.clypeatus  was  cultured  in 

synthetic  medium  under  submerged  condition  at 
30oC±2 for 4 days (Ramrakhiani  et al., 2011). The 
mycelia were washed and kept at 50±5oC for 48h for 
heat pretreatment.

Biosorption studies
Cr  (VI)  was  measured  by 

spectrophotometric  method  using  1,5-diphenyl 
carbazide  with  K2Cr2O7 (1gL-1)  stock  solution 
(Clesceri et al., 1998). Total chromium concentration 
was  estimated  through  AAS.  The  biosorption 
experiments and estimations of adsorbed Cr (VI) per 
gram of biomass were carried out (Ramrakhiani  et  
al., 2011). 

The effect of various parameters on the rate 
of  biosorption  process  were  observed  by  varying 
contact  time,  initial  chromium  concentrations, 
biomass  dose,  initial  pH of  solution  and  effect  of 
shake vs static condition on biosorption. 

Immobilization of pretreated biomass
The  biomass  was  immobilized  with 

magnetic  particles  in  sodium  alginate  and  PVA 
matrix  (Li  et  al., 2008).  The  magnetic  particles 
(Fe3O4) were prepared by mixing ammonia solution, 
FeCl3 and FeCl2  at 80oC. The magnetic-alginate gel-
based  biofunctional  beads  were  formed  by  ionic 
polymerization by entrapping powdered biomass(6g) 
with  PVA  (5g,  marinated  overnight);  sodium 
alginate(1g)  and  magnetic  particles(1g)  mixed  in 
100ml  DDW  and  heated  under  microwave.  The 
homogenized mixture was collected in bead form in 
saturated  boric  acid  and  calcium  chloride  (5%) 
solutions using a peristaltic pump. The beads were 
hardened in the CaCl2 solution (12h, 4oC) and stored 
after washing with DDW.

Metal recovery
Cr  (VI)  loaded  biomass  was  placed  in 

desorption medium (0.1N NaOH or 0.5N HCl) for 
24h  at  30ºC and  150rpm. Total  chromium and Cr 
(VI)  concentrations  were  determined  in  aqueous 
phase.  Desorption  ratio  was  calculated  from  the 
Equation (1).

Amount of Cr desorbed
Desorption ratio =     _______________________________   X 100               (1) 

       Amount of Cr adsorbed

RESULTS AND DISCUSSION

Heat  modification  of  the  biomass  led  to 
significant  improvement  in  adsorption  capacity 
resulting in removal  efficiency of Cr (VI).  Results 
showed  that  the  biomass had  efficient  (100%) 
biosorption  capacity  for  Cr  (VI),  while  removal 
efficiency of live  T.clypeatus biomass was  66.15%. 
This difference  may be due to removal  of organic 
and mineral matter and introduction of more sorption 
sites  on  biomass  for  Cr  (VI)  uptake  (Kapoor  and 
Viraraghavan, 1998).

Biosorption parameter studies

Effect of pH
Figure 1(A) showed Cr (VI) removal by the 

biomass  at  pH  2-7  (4-120h).  At  pH  2.0,  the 
maximum biosorption was 97.09% in 24h and 100% 
in 48h. At pH 5.0 and 7.0, similar Cr (VI) (86.73% 
and 86.68%) removals were recorded in 48h, which 
increased  to  94.45%  and  93.18%  respectively  in 
120h.  Acidic  conditions  caused  opening  and 
availability of more binding sites (due to increased 
H+  ion  concentrations)  on  cell  surface,  thus 
facilitating biosorption of Cr (VI) (Paravathi  et al., 
2007). Increased metal removal rate at pH 2.0 might 
be  due  to  strong  electrostatic  force  of  attraction 
between  the  oppositely  charged  adsorbate  and 
adsorbent.  At  increased  pH  (pH  5-7)  cell  surface 
contained  negative  charges,  which  could  be 
explained by involvement of additional factors like 
reduction,  precipitation,  chemical  interaction  and 
physical  forces  (hydrogen  bonding  or  ion-dipole 
interaction) in the sorption process (Das and Guha, 
2007).  Similar  trend  on  chromium  biosorption  by 
Saccharomyces cerevisiae was reported (Paravathi et  
al., 2007).

Effect of biomass dose 
Removal of 48.61% Cr (VI)  was achieved 

with  only  2gL-1 biomass  in  48h  (Fig.1B).  The 
removal efficiency increased to 76.13% and 81.36% 
respectively with increase in biomass dose at 8gL-1 

and  12gL-1,  due  to  increase  in  contact  surface  of 
adsorbent  particles  with  increased  biomass  and 
increased  availability  of  binding  sites  for 
complexation  of  Cr(VI)  (Lui  et  al., 2007). 
Equilibrium between the metal ions and the biomass 
was  established  at  8gL-1 of  biomass  dose,  as 
observed  by only 5% increase  in  biosorption  with 
increase  in  biomass  concentration  to  12gL-1. 
Therefore  8gL-1 biomass  dose  was  used  to  study 
optimization  of  other  biosorption  parameters. 
Removal of Cr (VI) increased with biomass content 
in  Trametes  versicolor  polyporus  (Subbaiah et  al., 
2008). 

Biosorption studies at shake vs static condition
Biosorption  of  the  biomass  was  higher  at 

shake  condition  (150rpm)  than  observed  for  static 
condition  (Fig.1C&D).  The  maximum  absorption 
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capacity  at  100mgL-1  (Fig.1C)  and  500mgL-1 

(Fig.1D)  of  Cr  (VI) solution  were  recorded 
respectively as 12.35mgg-1 and 38.11mgg-1 in 120h 
under  shaking,  and  optimum  biosorption  was 
achieved  in  48-56h.  In  static  condition,  maximum 
biosorption  was  observed  in  144h.  Shaking 

facilitated  contact  between  the  metal  ions  and  the 
binding sites of biomass thereby promoting effective 
transfer of sorbate ions to the sorbent sites. Similarly 
agitation had a positive impact over the non-agitated 
system  for  Cr  (VI)  biosorption  by  Rhizopus 
nigricans (Bai and Abraham, 2002). 

Fig.1. (A) Effect of pH: Initial Cr(VI) conc.; 100mgL-1, Biomass dose 0.2g/25ml, Agitation speed; 150rpm, Temperature; 30°C.
Fig.1. (B) Effect of biomass dose: Initial Cr(VI) conc.; 100mgL-1, pH; 5.0, Agitation speed; 150rpm, Temperature; 30°C.
Fig.1.  (C&D) Biosorption  efficiencies  at  shake  vs.  static  condition:  (C)  100mgL-1 initial  concentration  (D)  500mgL-1 initial 
concentration, Biomass dose 0.2g/25ml, pH; 5.0. 

Effect of initial chromium concentrations
At  pH  2.0  the  maximum  chromium 

absorbed  was  18.37mgg-1 starting  with  150mgL-1 

concentration  (Fig.2A).  When  initial  Cr  (VI)  ion 
concentration increased from 25-500mgL-1 the metal 
uptake (qe)  increased,  while the binding sites were 
not  saturated  (Fig.2B).  The  maximum  chromium 
accumulation capacity of biomass was found to be 
24.39mgg-1 at 500mgL-1 initial concentrations in 48h. 

Effect of contact time
Effect of time course on Cr (VI) biosorption 

was  studied  at  pH 2.0  (Fig.2C)  and  5.0  (Fig.2D). 
Removal  process  consisted  of  three  phases:  a 
primary  rapid  phase  of  4h  which  accounted  for 
almost 50% biosorption of Cr (VI). This was because 
the kinetics of metal biosorption, depending on the 
physical  sorption  on  the  cell  surface  was  usually 
rapid during the early period of contact between the 
sorbent  and  the  sorbate.  The  second  equilibrium 
phase  was  effective  during  4-24h.  In  final 
bioaccumulation  phase  (24-48h),  the  increase  in 
metal  reduction  was  25-30% with metal  uptake  2-
4mgg-1.  It  could  be  concluded  that  the  physical 
sorption  and  reduction  of  Cr  (VI)  to  Cr  (III) 
accounted for the metal removal in this period when 
the  overall  biosorption  process  reached  saturation 
(Tunali et al., 2005). 

Biosorption isotherms

Biosorption data for initial concentration of 
metal  ion  (25-500mgL-1 K2Cr2O7 solution)  were 
analyzed by Langmuir and Freundlich isotherms to 
describe the distribution of metal  ions between the 
liquid  and  solid  phase  (Liu  and  Liu,  2008).  The 
Langmuir isotherm equation (2) is 

           θ.b.Ce

qe =   ———                          (2)
         1+b.Ce

Where,  qe;  metal  uptake  at  equilibrium 
concentration(mg/g),  Ce;  metal  concentration  at 
equilibrium(mg/ml-1),  b;  Langmuir’s  constant  to 
energy of adsorption, θ; slope of 1/qe vs. 1/Ce(mgg-1). 
The constants θ and b are evaluated from linear plot 
of 1/qe vs 1/Ce (Fig. 3A). 

Freundlich’s  isotherm  Equation  (3)  and  its 
logarithmic form (Equation 4) is 

qe=K.Ce
1/n                              (3)

                      1
lnqe=lnK+————             (4)
                   n lnCe

K; Freundlich’s  constant  of adsorption capacity,  n; 
Freundlich’s constant of adsorption intensity.

The Freundlich’s  constants, K and n were 
calculated from linear plot of ln qe vs ln Ce (Fig. 3B). 
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K  and  n  were  estimated  respectively  from  Y-
intercept  and  the  slope.  The  Langmuir  and 
Freundlich adsorption constants calculated from the 
corresponding  isotherms  with  the  correlation 
coefficient were presented in Table 1a. The n value 

(between  1  and  10)  for  the  biosorbent  used  was 
obtained  to  be  greater  than  one,  indicating  that 
adsorption  of  Cr  (VI)  is  favorable  (Kadirvelu  and 
Namasivayam, 2000). 

Fig.2. (A&B) Effect of initial metal ion concentration (A) pH 
2.0, (B) pH 5.0: Biomass dose 0.2g/25ml, Agitation speed; 

150rpm, Temperature; 30°C.
Fig.2. (C&D) Effect of contact time: Biomass dose, 0.2g/25ml, 
Agitation speed, 150rpm, Temperature, 30°C. Contact time 9 and 

10 corresponded respectively to 24h and 48h. (A) pH 2.0, (B) pH 
5.0.

The  adsorption  isotherms  obtained  for  Cr 
(VI) uptake by biomass followed both the Langmuir 
and  Freundlich  predictions  within  the  studied 
concentration  range  (25-150mgL-1)  (Table  1a).  Yet 
the  linear  correlation  coefficients  of  Langmuir 
isotherm exhibited better fit  to sorption data of Cr 
(VI) than the Freundlich isotherm. This observation 
implied that  the monolayer  biosorption, as  well  as 
heterogeneous  surface  conditions  might  co-exist 
under  the  applied  experimental  conditions.  Similar 
patterns  of  equilibrium modeling were  reported  by 
Aermonas  caviae,  (Loukidou  et  al., 2004)  and 
Trametes  versicolor  polyporus (Subbaiah, et  al., 
2008) for  Cr  (VI)  biosorption.  In  general,  the 
Freundlich  equation  described  experimental  data 
better than the Langmuir isotherm are reported (Say 
et al., 2004; Tunali et al., 2005).

Table 1a: Adsorption isotherms constants for biosorption of Cr (VI) by heat treated biomass of 
Termitomyces clypeatus

Isotherm 
type

Experimental pH Isotherm constants Correlation  of 
deviation (R2)

Langmuir 2.0   θ=0.0115;  b=9.701  0.9867
5.0   θ=0.1031;  b=2024.9  0.9606 

Freundlich 2.0     K=86.07;  n=2.18  0.8994
5.0     K=1.601;  n=0.266  0.8575
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Fig. 3. (A) Langmuir isotherm. (B) Freundlich isotherm

Biosorption Kinetics modeling
To  investigate  the  biosorption  kinetics,  the 
Lagergren  first  order  (Equation  5)  and  pseudo-
second-order  (Equation  6)  kinetics  models  were 
applied. 
                                k1

ln (qe - qt) = lnqe -  —— t                    (5)
                             2.303 
Where qt; amount of metal adsorbed (mgg-1) at time 
t(h),  qe; metal  uptake,  k1(min-1);  adsorption  rate 
constant of first-order kinetics. t was plotted against 
log(qe-qt) and straight lines shown in Figure 4A were 
fitted by regression, the value of k1 with regression 
coefficient  was  obtained  from  linear  plot  and 
presented in Table 1b.  

 t             1        1
— =     —— + —  t                               (6)
qt          k2qe

 2    qe

Where  k2;  adsorption  rate  constant  of  pseudo-
second-order equation (mg/min). Time t was plotted 
against t/qt and straight line as shown in Figure 4B 
were fitted to the plot. The equilibrium rate constant 
k2  and equilibrium capacity qe determined from the 
slopes  and intercepts  were  listed in  Table 1b. The 
theoretical  qe values  for  all  the  tested  biosorbent 
system were very close to the experimental qe values 
in  case  of  second-order  kinetics,  which  best 
described the data.

Table 1b: Values of the parameters of kinetic models

Kinetics model
Experimental 
pH  and  qe 

(mg/g)
    Kinetics constants

Regression 
Coefficient 
R2

Lagergren-first 
order kinetics model

2; 12.99 K1=0.0686 h-1; qe= 8.618mgg-1 0.964
5; 11.72 K1=0.1406 h-1; qe= 10.022mgg-1 0.993

Pseudo second order 
kinetics model

2; 12.99 K2=0.0134 gmg-1h-1; qe=11.351mgg-1 0.992
5; 11.72 K2=0.00945 gmg-1h-1; qe=13.495mgg-1 0.994
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Fig. 4. (A) Langergren first order kinetics (B) Pseudo second order kinetics

Cr  (VI)  adsorption  capacity  of  bio-functional 
magnetic beads

Immobilization in magnetic Na/Ca alginate 
beads  (2.5  mm diameter)  increased  the  flexibility, 
mechanical  stability of the heat and acid pretreated 
biomass  apart  from  imparting  ecofriendly 
characteristics,   reduced  contamination  and 

economizing  the  operational  costs  (Arica  and 
Bayramoğlu, 2005; Li  et al., 2008). The chromium 
removal rate by bio-functional beads (Table 2) was 
same as compared to non-immobilized biomass. Bio-
functional  magnetic  beads  of  biomass  were  easily 
separable with weak external magnetic field.

Table 2: Biosorption by immobilized heat treated biomass of T.clypeatus.

Pretreatment 
Time (Hours)

Biosorption (%)
pH 2.0 pH 5.0 pH 7.0

Control Beads
48 0.085 1.184 2.583

Heat treated biofunctional Beads

4 30.07 28.28 27.07
8 43.25 40.91 38.66
24 71.58 68.43 66.33
48 89.46 81.99 78.23

Desorption of chromium
Regeneration  of  the  biosorbent  and  the 

removal  of  metal  are  one  of  the  key  factors  in 
assessing their potential for commercial application. 
In  48-96h,  36.19%  of  total  chromium,  of  which 
35.47% was in form of  Cr (VI),  was  eluted using 
NaOH  (0.1N)  (Table  3).  Addition  of  concentrated 
NaOH leached out various components, along with 

swelling of biomass and also destroyed the cellular 
structure  of  biomass.  Similar  effects  of  NaOH 
elution  were  noted  with  Sargassum  siliquosum 
(Cabatingan  et  al., 2001).  Desorption  of  chromate 
from  commercial  anion-exchange  resins  such  as 
IRA-400 was done using a strong base (1N NaOH) 
(Chanda and Rempel, 1993). 
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Table 3: Desorption of total chromium and Cr (VI) by adsorbed heat treated T. clypeatus biomass.

Desorption 
medium

Time (h) Metal type Adsorbed metal 
(mgg-1)

Desorbed metal 
(mgg-1)

Desorption (%)

0.1 N NaOH

48
Total Cr 12.35

4.47 36.19
72 4.18 33.85
96 4.36 35.31
48

Cr(VI) 12.35
3.88 31.42

72 4.25 34.41
96 4.38 35.47

0.5 N HCl

48
Total Cr 12.35

0.16 1.29
72 0.098 0.79
48

Cr(VI) 12.35
0 0

72 0 0

In presence of acid (HCl, 0.5N) a negligible 
amount of chromium was desorbed from T.clypeatus 
biomass which may be due to the strong bonding of 
Cr (VI) to  T.clypeatus  biomass. This observation is 
supported  by  enhanced  biosorption  capacity  of 
biomass by HCl pretreatment (communicated in the 
adjoining paper).  Elution of  Cr (VI)  ions by 0.5M 
HCl  was  reported  in  the  fungus  Penicillium 
purpurogenum (Say et al., 2004).

CONCLUSIONS

The  modified  T.clypeatus biomass  is 
proposed as an effective biosorbent for removal of 
Cr(VI) in wastewater treatment.
The following conclusions can be withdrawn from 
present study:

• Heat  treatment  of  fungal  biomass 
significantly  improved  the  biosorption 
efficiency and working pH range (from 
2-7),  whereas  live  biomass  showed 
biosorption at pH 3. Application of the 
biomass  had  several  advantages  like 
ecofriendly  (generated  from  edible 
fungus), cost effectiveness and no risks 
of  contamination  during  biosorption 
procedure.  Heat  treatment  also 
increased  shelf  life  coupled with easy 
handling  and  transportation  of  the 
biomass.

• The  effect  of  different  experimental 
variables  (pH,  dose,  initial  Cr(VI) 
concentration,  contact  time  and 
shaking) on the uptake of Cr(VI) using 
heat  treated  biomass  were  found  as 
dependent variables. 

• Cr (VI) isothermal equilibrium sorption 
using  the  biomass  followed  both  the 
Langmuir  and  Freundlich  predictions. 
Thus  the  monolayer  biosorption,  as 
well as heterogenous surface conditions 
co-exist  and  followed  pseudo-second 
order kinetic mechanism.

• The  kinetics  of  Cr  (VI)  biosorption 
consisted  of  three  phases,  the  rapid 
phase,  where  protonated  active  sites 
were  bound  to  CrO4

2-/Cr2O7
2-  ions  by 

electrostatic  force;  equilibrium  phase 
where metal binding sites are saturated 
and  slow  phase  depending  on  the 
reductive  group  of  the  biomass 
reducing Cr (VI) to Cr (III),  in which 
the topography and surface structure of 
the  cells  acted  as  the  major  effective 
factor.

• The  biomass  was  immobilized  with 
similar Cr (VI) removal efficiency. 

• Recovery  of  adsorbed  chromium  in 
alkali was observed.
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