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Biosorption of Cd**using the fruiting bodies of two macrofungi

LI Weihuan, MENG Kai, LI Junfei, CHENG Xianhao, BAU Tolgor
Institute of Mycological Science and Technology/Shandong Key Laboratory of Edible Mushroom Technology, Ludong University, Yantai 264025, China

Abstract: Discharge of heavy metals containing effluents into the water bodies contaminates the aqueous environment. This
is one of the most serious environmental issues of the century. The conventional methods used for metal removal become less
effective and more expensive when the volumes of wastewater are high, and the metal concentrations are low. Biosorption
technology has gained important credibility during recent years because of its eco-friendly nature, excellent performance,
and cost-effectiveness. Fruiting bodies of macrofungi are considered ideal for the biosorption of heavy metals, because it has
been demonstrated that many fungal species exhibit high biosorptive potentials. Macrofungi grow prolifically and are found
in many parts of the world. They are macro in size, tough in texture and have other physical characteristics conducive for
their development as biosorbents without the need for immobilization or deployment of sophisticated reactor configuration as
in the case of microorganisms. The aim of the present work was to evaluate the biosorption capacity of two different
macrofungi, Trametes robiniophila and Fomes fomentarius in respect of heavy metals, viz. cadmium from aqueous solutions.

The biosorption characteristics of Cd** from aqueous solution using the fruiting bodies of two macrofungi belonging to
Polyporaceae (T. robiniophila and F. fomentarius) was investigated as a function of initial pH, biosorbent dosage, contact
time, and initial Cd*" concentration. The optimum initial pH of the aqueous solution was found to be 6.0 for the removal of
low concentrations Cd*" (10 mg/L). The percent removal of Cd*" was found to increase with the increase in biosorbent
dosage and contact time, and the biosorption of Cd** by two macrofungi all achieved equilibrium with biosorbent dosage of 2

g/L. The contact time achieved the biosorption equilibrium was 30 min for T. robiniophila and 60 min for F. fomentarius.
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Langmuir and Freundlich models are the most widely used models in the case of the adsorption of metal ions with
biosorbents. Langmuir and Freundlich models were applied to describe the biosorption isotherm of Cd** by T. robiniophila
and F. fomentarius. Langmuir model fitted the equilibrium data all better than the Freundlich isotherm for two macrofungi.
The maximum biosorption capacities of T. robiniophila and F. fomentarius were found to be 17. 40 and 8. 91 mg/g,
respectively, at optimum conditions of pH 6.0, contact time of 60 min and biosorbent dosage of 2 g/L. The prediction of
biosorption rate gives important information for designing batch biosorption systems. Information on the kinetics of pollutant
uptake is required for selecting optimum operating conditions for full-scale batch process. In order to clarify the biosorption
kinetics of Cd*" onto T. robiniophila and F. fomentarius fruiting bodies, two kinetic models, pseudo-first-order and pseudo-
second-order models were applied to the experimental data. The results showed that the biosorption processes of Cd** by two
macrofungi followed well pseudo-second-order kinetics. Chemical ion-exchange may be the main mechanism for the
biosorption of Cd** by two macrofungi.

Based on all results, it can also be concluded that T. robiniophila and F. fomeniarius can be used as alternative
biosorbent to treatment wastewater containing Cd”" since they are low-cost biomass and have a considerable high biosorption

capacity.
Key Words: macrofungi; Cd*"; biosorption; kinetic model ; adsoption isotherm; ion-exchange model
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Fig. 1 Effect of biosorbent dosage on Cd** biosorption
capacity by two macrofungi ( initial Cd** concentration =10 mg/

L, initial pH=6, contact time=3h)

http ; //www. ecologica. cn



20 4] R S PR O B TS Cd* i) A B 6161
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Fig. 2 Effect of initial pH on Cd** biosorption capacity by two Fig. 3 Change of pH before and after Cd** biosorption
macrofungi (initial Cd** concentration=10 mg/L, biosorbent dosage

=2 g/L., contact time=3h)
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Fig. 4 Effect of contact time on Cd** biosorption capacity by two Fig. 5 Effect of initial Cd** concentration on Cd** biosorption
macrofungi ( initial Cd** concentration = 10 mg/L, initial pH =6, capacity by two macrofungi (initial pH=6,biosorbent dosage=2 g/
biosorbent dosage=2 g/L) L, contact time=3h)
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Fig. 6 Linear fitting of isotherms for Cd** biosorption

A Langmuir isotherm; B: Freundlich isotherm

R1 CA* R BB FEHERMSE (pH=6 , WHFI =2 /L, WK =3 h)

Table 1 Isotherm equations and parameters for Cd>* biosorption (pH=6,biosorbent dosage=2 g/L, contact time=3h)

He g B3 Langmuir 257158 Langmuir isotherm Freundlich SR8 % Freundlich isotherm
Biosorbent J7#2x Equation . K, R? F7 3 Equation n Ky R
ke i L '=0. 0575x+0. 3462 17.4027 0. 1660 0.9987 r=0.2224x+1. 766 4.4959 5.8474 0. 9545
Y ¥

Trametes robiniophila

e =1 )
ARRALE . y=0. 1123x+0. 6318 8.9081 0. 1777 0.9989  y=0.1204x+1. 5454 8.3041 4. 6898 0. 9380
Fomes fomentarius

2.6 ZhJjrEAin

X VPR A TR R o 700 R S G 19 ST B 580 A7 o — B RN B 8 ) A R ZR ML (R 7)), ARAS IR
PETFE R SR T3 2, MRS RUARER 2 FLIE WK CA> i vE B 3l 1 2 B 2R P 305 40 56 2 85K 0. 999 , 5
KT WE—Br sl 2R LR AU 1 RE 5 e 400G D7 R AR AT X AR DR R A B35 J 22 AL AT X Cd™ 19 BHE VS ST 1487 O e
4.83 mg/g Fl4.64 mg/g, 5 I BARAF AT TR 4. 85 mg/g Fl14.62 mg/g AEF WA, U BH K PR IR [
FUXF Cd™ A A= D B RRIAF A v I Bl 2 AR R Cd™ 5 AW BRHE s 25, W B ot e P g B
T R AR AE R B R A 2B AU SRR MR B K, R 0. 47 i K FARBRZ AL (K, =0.07)
D IRRAR TR Cd™ Y W B R0 K T AR 2 LT X 5 S g 45 2R — 3,
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Fig. 7 Linear fitting of kinetic models for Cd>* biosorption
A First-order kinetic model; B: Second-order kinetic model
R2 Ca*EYMRMEINEFTEMSH
Table 2 Kinetic equations and parameters for Cd>* biosorption
A R R WE—Bi 3l F1 24 First-order kinetic model WE B3l J1 245K Second-order kinetic model
Biosorbent Ji e Equation K, q, R? Ji R Equation K, q, R?
BT
. y=-0. 0054x-2. 1698 0. 0054 0.1142 0.7009 y=0.207x + 0. 0907 0.4724 4.8309 0.9999

Trametes robiniophila
NN |

y=-0.0109x-0. 7193 0.0109 0. 4871 0.7139  y=0.2154x + 0. 6376 0.0728 4.6425 0.9998

Fomes fomentarius

WA =10 mg/L,pH=6 , W =2 o/L

2.7 BT ISR

IOE B T A AR Z AU R BRI B 2 L TR B Cd™* 19 S BERT 25 min PRSI , SRAS HOAHOC R EL R?
{53574 0. 9873 F10. 9194, Ui B B 1 S A6 10 RS 4 ) 400 & A b R BT 1 SRS G A MG BF S A ih it
PR, 0 R L P T SRR B Cd** i A2 BRI W] BE Ay 8 2 4 B

3 e 07 -

B B9 A DRI R TR T o o " rrametes robinioptila
(Y ET B VAL AT, DAL I 2 60 36 i 2 434 i 5 1L ) . 5 0s ° Fomes fomentarius
W FE S, W FRFR) 22 A6 FL A LR RO HRORE  BELIE 2R 5 o |
BT SR 5 RS A | A BN FIEA Z R © sl
FI L BEL L B 300 5 4 B F M R E oz | o
JR AR (R, SR FRAERE G ks ol o .
1 R 390 P e o R R o 2 0 D A T, 310 ol . >
mg/L i CA> IR, M B AR B 2L E R R o8 2 L m = > -
o/ L B 3R I WG BT 17 | S5 B B e K22 B 53-31) h 98 % Time/min
HI194% . BS Cd EMMHIET SRR G A

pH E AN 40 i 3% 1 W B i P A9 FEE , B3 g, 8 Linear fitting of fon-exchange model for Cd>* biosorption
M) 4 a8 15 A A A DT 5% o 4 J8 S 1 P R BRE L 24
pH ELH R, R AR AE R HOR H, 0, BT S Cd™ 5a 4 W 57 22 1 A0 45 A0 05, 5 53 AMER pH i iz i 571
FM T AL, (AR R 5] FIu s, B R 3G, R T AR R R R W R A R, B pH G T
Fo, Y pH I 0 AR T 4 F S W BRI R R R H, O IR, B A R U 5 RIS
A7) 2 1T £ LA 0 22 | AR T R TS PR JE A KA Cd™ B R AR 7, TR T CdP A IR =

http ; //www. ecologica. cn



6164 A E = 31 &

pH =6 B, W B Cd® AR R iA e KAE . >4 pH>6 B W i Cd™ & AR K i SOt JE BURT i Cd(OH)
FAH, [ CA(OH) , &35 CA* SR ML B &, Tl i Cd(OH) , B 248K, o 4 0 50 B v AR €™
K, NIRRT Cd (MR8 FTEPE CA(OH ), A H* A B it fe 52 7 5 75 W pHL FRAIE S 10

WFSE R B, 0146 pH (H A 2—6 (BT ) 30 5. 5 (RBEEALIE) B, RN 5 pH (EFm . X 5 EBARHE
TSNS Cd*  Cu®*  Zn™ WM AT I — 20T, M40 4k pH {H R 2—5 B, SOV G W pH ETHE . B Ho ™' Al
Ofomaja 251 A LS 1A 3 S SR R A2 S S AILER F A e o 3ok 82 7 s o9 pHL (B HE B R B TRl 0
TR BT HAER , AP AR I S TR Ok, SOk E AR B TR AR T, BRARE TR
PR A 015 U B AR B RN B )2 FL R X Cd™ B B B SE RN Cd™ | Cu®  Zn* 1R W B DA 28— 58 48 J52 1o Ay
= AER S RR pH B T, P RE A R R I B ot A v SR GRS 2 5 4 W PRV T 3K 5 AN [ ) 0 b et
FEE S

WA A () 22 M O B P B2 DRI 2R A R R P L R I BB R B 390 8 1 At vl R 1940 A R A7 05 5 3 ™
B 25 R S I N, Sz 7 8 B AR TR s Bt S 17 A AT 305 Tk W RS A S W B €™ o B, S R o B SR T R, L
FRFI A 0 10T B AR LR AL A 4 A MR TR RN R B 2 AL R X Cd*t A BREA A o B Bl
I S

B 3 4 S A JEE 3, A b T W B ) 4 TR S B 5 T L, B A T S U R A3, i B e
IR 45 B8 8 - K AR R 1 K 22 Do) 194 J e A A% B 9 3R st 7 38, AT 3840 T 4 i 5 - R R 3R =2 ] 1) il A L
R I B A T T R BT X S A A A T R R P AR R 4D R B Langmuir 457
I T L M 5 S 33K R R R o 5510 % G B A= W B 3 A2, Langmuir U057 #2452 B9 B A% 7 AR 185 )2 FL I X Cd™
B KR ¢, 43314 17.40 mg/g F18.91 mg/g, SHAMEWH L FIXTESE (F3)

R3 TREWRMF Ca> IR EE R LER

Table 3 The biosorption capacity of Cd** in comparison with other biosorbents

A R A5 Cd™* Wit / (mg/g) W pH Cd** ¥/ (mg/L) S0k
Biosorbent Biosorption capacity of Cd?* pH Cd** concentration References
MRAETE Trametes robiniophila 17.40 6 10—250 This study
K5 ZFLE Fomes fomentarius 8.91 6 10—250 This study
ARJRA papaya wood 17.22 5 5—500 [38]
B Aspergillus niger 4.38 6 — [39]
MliZE Ceramium virgatum 39.7 5 10—400 [40]
BV (IC) BE W Mucor rouxii 8.36 5 — [41]
WAL B V-4 Phanerochaete chrysosporium 27.79 6 5—500 [42]

BRI LY Saccharomyces cerevisiae 8.17 7.2 8—30 [43]

25 BRIk MR R ARG 2 FL R AR T B R Cd™ R, X R R B B R IR, T R
S bR FHAL 3R H 4 CA™ MK, LABH 175 YR 3%
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