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INTRODUCTION

As known, heavy metal such as As, Cr, Cu, Co, Pb, Ni
and Zn are always used to stabilize the colour of dyes. Therefore,
the waste water produced by many industries like textile,
cosmetics, pater, food, leather and cottons contains both dyes
and heavy metals'. Dyes and heavy metals are both toxic and
carcinogenic®’ to human beings. So it is urgent to remove dyes
and heavy metal from such kind of aqueous effluents.

A number of conventional methods are employed to
dealing with dye and heavy metal waste water, like chemical
precipitation, electroflotation, reverse osmosis and ion exchange
for heavy metal removal and photocatalysis, filtration, oxidation
and microbiological decomposition for decolorization*. Among
these technologies, adsorption is widely applied in both dyes
and heavy metal removal for high efficiency, easy operation
and low cost. As reported, many agricultural and industrial
by-product were studied as adsorbents for dyes and heavy metal
removal, such as wheat straw™>®, zeolite’, Candida tropicalis®.

In this study, Oudemansiella radicata was chosen as
adsorbent and lead and methylene blue contaminated water
as wastewater. lead and methylene blue have been selected
for adsorption studies for many researches. But no study has
been carried out using Oudemansiella radicata. Futhermore,
O. radicata is cultivated widely in China. Therefore, it is a
good choice to use it as ecofriendly and inexpensive source of
readily available adsorbent.
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Oudemansiella radicata was employed as an adsorbent to adsorb lead and methylene blue from aqueous solution. Response surface
methodology and mixture design were both applied to exploring the competitivity and different ratio between lead and methylene blue.
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In this study, batch experiments were designed to study
the competitivity between lead and methylene blue and the
experiments was carried out by response surface methodology.
Langmuir, Freundlich and Temkin sorption isotherms were
used to describe adsorption equilibrium data. Three kinetic
models have been used to analyze the adsorption process.

EXPERIMENTAL

Fresh spent mushroom of O. radicata which was purchased
from Huike, a mushroom production base in Chengdu of
China, was used in this study as the adsorbent. The mud was
removed by a knife and washed with ultrapure water for 3-5
times to remove dirt. After these steps, the biomass was dried
at 50 °C for 24 h, then was ground into fine powder by a
pulverizing machine (Joyoung, China). In the last, it was sieved
through a 200-mesh stainless steel sieve. Stock metal and dye
solutions were prepared by dissolving appropriate amounts
of Pb(NOs), (s) and methylene blue (KeLong Chemical
Reagent Factory, China) in ultrapure water. The required working
solutions of lead and methylene blue for the adsorption
experiments were obtained by diluting each stock solution.

All the chemical reagents used in this study were analytical
grade and all the solutions were prepared using ultrapure water.
Measurement of pH was conducted utilizing a pH/mV hand-
held meter (PHB, China).

Metal uptake procedure: Batch experiments were
carried out at 25 °C in 150 mL Erlenmeyer flasks containing
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50 mL metal solutions by shaking 0.4 g of SAB at 150 rpm
(Shaker incubator, SUKUN, China) for 2 h until equilibrium
was reached. After the biosorption process, the samples were
filtered immediately to remove the biosorbent by vacuum
filtration using filter paper (Whatman, China).

Metal analysis method: The analysis of vestigial lead in
aqueous solution was performed by the flame atomic absorption
spectrophotometer (VARIAN, America) with an oxidizing air
acetylene flame and background correction of the deuterium
lamp. The analysis of vestigial methylene blue in solution was
using visible spectrophotometer at 665 nm.

Calculation and data analysis method: The metal
concentrations sorbed by adsobent were calculated from the
difference between the initial and the final metal and dye
concentrations (Cj and C,) in solution. The following equations
were used to compute the removal percentage and the specific
uptake by the sorbent, q.q (mg/g), respectively:

Pb(l) removal (%) = %x 100 (1)
0
C3

C —
q. (mg/g)= OT ()

where V (L) is the solution volume and ® (g) the amount of
dry sorbent used. The pH was measured at the beginning and
the end of the experiments. Each experiment was carried out
in triple and the average results are presented.

The collected data was analyzed using Statistical Package
for the Social Sciences (SPSS) 16 statistical software for the
evaluation.

Sorption kinetics and isotherm experiments: Kinetics
experiments were performed to determine the necessary of
contact time to reach equilibrium. Different Erlenmeyer flasks
were treated following the general procedure described above
and the samples were taken at predetermined time intervals
ranging from 5 to 240 min. The initial metal concentration
was 120 mg/L and pH of 4.

For sorption isotherm experiments, the concentration
ranges used were 20-120 mg/L. The solution pH was 4 and
the Erlenmeyer flasks were shaken for 2 h.

Response surface methodology: Response surface
methodology is a classic experiment design to screen the
optimum condition. This experimental design is a useful and
convenient method to reduce the times of experiment. But in
this study, we use response surface methodology to exploring
the competitivity between lead and methylene blue in mixed
wastewater.

The mixture design was also employed in this study, which
is used to find the effect of the different ratio of lead and
methylene blue on their removal percentage.

RESULTS AND DISCUSSION

Response surface methodology and mixture design: As
shown in Table-1, it is not difficult to find that between lead
and methylene blue, there have been competitive behaviours.
Only lead or methylene blue presence, their adsorption capacity
increased only because their initial concentration increases.
But when lead and methylene blue exist at the same time, the
situation is different. Methylene blue adsorption capacity was
inhibited by lead, and it is found that as lead initial concen-
tration increasing, the adsorption capacity of methylene blue
decreased. However, adsorption capacity of lead was little
affected by methylene blue. As the initial concentration of
methylene blue changing, adsorption capacity of lead did not
show significantly changes.

Adsorption isotherms: The adsorption equilibrium is
usually described by adsorption isotherm model to explore
the adsorption mechanism. Three common isotherm models,
Langmuir, Freundlich and Temkin models were employed in
this study.

The Langmuir isotherm model assumes that monolayer
adsorption takes place on homogeneous surface without

TABLE-1
EXPERIMENTAL DESIGN OF RESPONSE SURFACE METHODOLOGY AND MIXTURE DESIGN AND EXPERIMENT RESULTS
No Response surface methodology Mixture (120 mg/L) Mixture (240 mg/L) Uptake (mg/g)
Lead Methylene blue Lead Methylene blue Lead Methylene blue Lead Methylene blue

1 120 120 120 120 35.10 26.82
2 60 60 19.33 13.34
3 60 60 19.36 13.47
4 60 60 19.38 13.38
5 0 120 0 120 0 28.34
6 120 0 120 0 35.15 0
7 0 0 0 0

8 60 0 19.34 0

9 0 60 0 14.45
10 60 60 19.32 13.45
11 120 60 35.11 12.42
12 60 60 19.35 13.41
13 60 120 19.32 26.93
14 60 60 60 60 19.34 13.39
15 30 90 9.69 20.81
16 90 30 28.03 6.66
17 0 240 0 57.46
18 240 0 69.47 0
19 180 60 57.19 12.04
20 60 180 19.33 41.83
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interaction between the adsorbed molecules’. The linear form
of this model is expressed as eqn. 3:

c, 1 C
+

9. d.K. q, S
where C. (mg/L) is the equilibrium concentration of Pb(Il) in
the solution; q. (mg/g) is the equilibrium concentration of
Pb(II) on the adsorbent; . (mg/g) is the maximum monolayer
adsorption capacity and Ki (L/mg) is the Langmuir model
constant related to the heat of adsorption.

Freundlich isotherm model supposes that the adsorption
takes place on heterogeneous surfaces with the interaction
between the adsorbed molecules'. The linear form of model
can be express by following equation:

Inq, =InK, +(1/N)(InC)) @)
where Kr and N are the Freundlich constants; K¢ [mg/g
(L/mg)'™] is the adsorption capacity; the value of 1/N is smaller
than one indicates a favourable adsorption process.

Temkin isotherm model considers that the heat of adsor-
ption of all the molecules would decrease linearly with coverage
by the effects of some indirect interaction between adsorbent
and adsorbate'. And linear form of Temkin model expresses
as eqn. 5:

q. =(RT/b)In(K,C,) 5)
where b is the Temkin isotherm constant and Kr (L/mg) is the
Temkin isotherm energy constant; R is the universal gas
constant (8.314 J/mol); T (K) is the absolute temperature.

The analysis of adsorption isotherms was performed by
using initial lead and methylene blue concentration from 20
to 120 mg/L at 25 °C. The constants and correlation coeffi-
cients of three isotherm models were given in Table-2. As
shown, the adsorption isotherm of lead on O. radicata, no
matter in single or mixture system, were better fitted to
Freundlich isotherm. The R? (0.968, 0.952) of Freundlich are
higher than R? (0.962, 0.935) of Langmuir and R? (0.962,
0.903) of Temkin. It suggested that the adsorption of lead took
place on heterogeneous surface of adsorbent. The adsorption
isotherm of methylene blue on O. radicata, in single system,
the R? was too low to fit with no isotherm model, but in mixture
system, the adsorption process was fitted with Freundlich
model. The R* (0.952) of Freundlich model was higher than
other two models.

Adsorption kinetics: To investigate the adsorption
kinetic pattern of lead and methylene blue on O. radicata,
three popular models are applied in this study.

The linear forms of the pseudo-first-order model (eqns.
6)'? and the pseudo-second-order model (eqn. 7)" can be
described as follows, respectively:

In(q, —q,)=1nq, Kt (6)
t 1 +t
o 4 7
a Ka aq. @

where g. (mg/g) and q; (mg/g) are amount of Pb(Il) adsorbed
on modified spent L. edodes at equilibrium time and time t
(min), respectively. K; (min™") and K, (g/mg min) are the
pseudo-first-order and the pseudo-second-order rate constants,
respectively.

The Elovich model'* is common used to describe chemi-
sorption, expressing as following form:

q, =1/y)In(xy)+(1/y)Int ®)
where x (mg/g min) is the initial adsorption rate and y (g/mg)
is the desorption constant.

All the parameters of three adsorption kinetic models were
shown in Table-3. According to the R? values, it indicated that
the adsorption of lead and methylene blue on O. radicata
couldn’t be well described by the pseudo-first-order model.
Whereas, it can be seen from Fig. 1 that the pseudo-second-
order kinetic linear model could give an ideal fit to the experi-
mental data, for the R of lead is 0.9982-0.9997 in single and
mixture system, especially, for the R* of methylene blue is
1.0000. Moreover, that the calculated g. was so close to the
experimental data also suggested a good agreement. Fig. 2
showed that the data of methylene blue both in single and
mixture system were also fitted well to Elovich kinetic model.
It is suggested that the adsorption process of methylene blue
was chemical adsorption.

Conclusion

In this study, the O. radicata was used as an adsorbent for
removal of lead and methylene blue from aqueous solution.
When adsorption of lead and methylene blue in mixture waste-
water, it is found that the presence of lead could inhibit the
adsorption of methylene blue and with the initial concentration
of lead increase, the inhibition was increased too. The isotherm
and kinetic analysis were carried out and the results suggested
that the adsorption of lead in both single and mixture system
were followed the Freundlich model, illustrating that the
adsorption of lead on O. radicata was heterogeneous adsor-
ption. The adsorption of methylene blue in single system did
not fit with any of the three models, but the data of methylene

TABLE-2
LEAD, METHYLENE BLUE SINGLE-SYSTEM AND MIXTURE-SYSTEM ADSORPTION ISOTHERMS RESULTS
Adsorption isotherms Parameter Single-system Mixture-system
Lead Methylene blue Lead Methylene blue
q. (mg/g) 41.667 -16.129 43.478 55.556
Langmuir K. (L/mg) 0.075 0.130 0.066 0.052
R’ 0.962 0.504 0.935 0.603
K [mg/g(L/mg)'"™] 5.540 1.749 5.023 3.165
Freundlich N 2.123 0.585 2.020 1.290
R’ 0.968 0.862 0.952 0.954
K (L/mg) 0.780 0.627 0.663 0.796
Temkin b 278.098 112.925 266.406 261.100
R’ 0.962 0.797 0.903 0.882
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TABLE-3
LEAD, METHYLENE BLUE SINGLE AND MIXTURE SYSTEM ADSORPTION KINETIC RESULTS
Kinetic model Parameter Single-system Mixture-system
Lead Methylene blue Lead Methylene blue
q. (cal)(mg/g) 5.124 11.156 4.255 14.083
Pseudo-first-order K, (min™) 0.023 0.020 0.020 0.025
R’ 0.912 0.974 0.858 0.985
q. (cal)(mg/g) 42.478 1000 41.667 1000
K, (g/mg min) 0.014 - 0.014 -
Pseudo-second-order I (mgfg min) 26.316 _ 25.000 _
R’ 0.9982 1.000 0.9997 1.000
X (mg/g min) 1.20 x 10° 4.80E+67 1.75 x 107 2.56E+54
Elovich y (mg/g) 12.017 0.273 0.524 0.236
R’ 0.876 0.955 0.852 0.962
q. (exp)(mg/g) 43.085 584.76 39.907 547.18
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Fig. 2. Linear-fitting of Elovich model

blue in mixture system fitted with Freundlich model too. The
results of kinetic analysis showed that the adsorption process
of lead and methylene blue in single and mixture system all
fitted well with pseudo-second-order kinetic model. The
adsorption of methylene blue also followed Elovich kinetic
model, suggesting that the adsorption process of methylene
blue was chemical adsorption.
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