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Biosorption of Cd( II ), Cu( Il ), Pb( II ) and Zn( II ) in Aqueous Solutions by

Fruiting Bodies of Macrofungi ( Auricularia polytricha and Tremella fuciformis)
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(1. School of Environmental Science and Engineering, Sun Yat-Sen University, Guangzhou 510275, Chinaj 2. School of Life Science,
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University, 639798, Singapore )

Abstract ; Batch experiments were conducted to study the ability of fruiting bodies of Auricularia polytricha and Tremella fuciformis to
adsorb Cd( I ), Cu( Il ), Pb( Il ) and Zn( Il ) from aqueous solutions, including biosorption ability of the biomass to remove heavy
metals from solutions with different concentrations, kinetics of adsorption, influence of co-cations, and biosorption affinity in multi-
metal system. Results showed that in the solutions with individual metal, the maximum biosorption amounts of Cd( I ),Cu( 1l ),
Pb( 11 ),Zn( 1) by A. polytricha were 18.91, 18.69, 20.33, 12.42 mg-g ™', respectively, and the highest removal rates for all
cases were more than 85% . The maximum biosorption amounts of CA( II ) ,Cu( Il ) ,Pb( I ),Zn( Il ) by T. fuciformis were 19.98,
20.15, 19.16, 16.41 mg-g ', respectively, and highest removal rates for all cases were more than 75% . In the solutions with initial
concentrations of 10, 50 and 100 rng-L’1 , the biosorption amounts increased but the removal rates decreased as the initial
concentrations increasing. The pseudo-second-order reaction model described adsorption kinetics of heavy metal ions by fruiting bodies
of A. polytricha and T. fuciformis better than the pseudo-first-order reaction model. In the solutions with multi metals, the biosorption
amounts of heavy metals by two biosorbent were in the order of Pb( I ) > CAd(Il) > Cu(ll) > Zn( Il ). The ions with more
negative charges were preferential to be sorbed. The biosorption ability of A. polytricha was inhibited in multi-metal solutions. In multi-
metal solutions, T. fuciformis sorbed a higher amount of Pb ( Il ) but lower amounts of other three ions than that in the individual metal
solutions. The results indicated that both fruiting bodies of A. polytricha and T. fuciformis were potential biosorbents.

Key words: heavy metals; biosorption; fruiting bodies of macrofungi; Auricularia polytricha; Tremella fuciformis

LR ESEE TR TR K HER S XA I, T LS 38 P T AR o B o 4 R R K R Ak
2K NEZER T r [1] -
KK MESRSFERTmEMLGE", NIk, T8 18 1200909 17 537 B 18 1201001 26
il R E 482 BRI R L5 ESTH KA 0 AR 34 WA H (06202438 ; [ 5 A S8 B
N RN NN N #5415 H (30600011, 50779080)
AEPRF R AL G S DU B F A i Ak 2E AR B TEB A 25 (1986 ~ ), 4, B+ HF 50 28, F B HF58 7 1) o Ak b 31

S e S N N ‘P e VT A 4= e A, E-mail; moyu0001 @ ntu. edu. sg
@Jﬁ \H%&j(%ﬁ{f s 1EEE2'§K IA] X’E [//L Jﬂ:'ﬁ‘j(%y”:% * JE IR R A, E-mail; zhangrd@ mail. sysu. edu. cn



7 4 IS BAREMAART TIRAEXCA( ) Cu( ) PO I ) F1Zo( T ) i 0 BF45 L BT 52 1567

Az ) W B AR SR AT T A v 4 R R K Ak B Y B
T2 R B T 52 AL 08 A 1 A 0 i R
HAT VLR A0 - W B A v 5 82 A S 7 Ao 3, 48 A
BRI AE s R )z RRE , BT AR R, I AR B
B 5 M B R L R b e 0, TG I E Al gk B B
55K 8.

T AR R, R AN LT 1 S92 A % B o 48 T Y BE ) A
FI] S B 2 B IE 32, 1995 4F |, Muraleedharan %[5] Xt
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Cd( 1) Cu(Il) Pb(IU) F1Zn( 1), A2 45 X5 52 43 )
TN IR B 2 4 Jm T W W R A b R g g 3 A
WIAYRE :10, 50 Fil 100 mg « L™", Jf X0 455 Ao J 35
JE — ZR A SIS R], % 4 S 4 0 B 3l ) o AR
FOFFE. T3 5k — R 91 S 50 B BT R T A R AL
A A X % T < S G BR E E  E TT 0 A Ah ER R
(HRBEE S I ] | A7 1) H At 15 7 55 ) 6 I8 A 258 23

R S, B S JHG I B R < T Y a2 AR L 2 % A
R R Rk g 25 DR b B R K R SR B T, Sl Al
BARF TS B3 AR B S Ao A B R TS
Qe IK 0 L W B A B A Al

1 #M#E5FE
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SOCHE T = HERFH.
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AR S vh B0 A 0] X Ry 43 A 4l S5 K
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4y W CdCl, . CuCl, - 2H,0 . Pb(NO,), .ZnCl,
il # & Cd( 1), Cu(Il).Pb(Il).Zn(CIl) 1000
mg- L™ (% £ .
1.2.1 ¥ -FLERIHFW

FCA(I) Cu( 1) P I1) Zn( 1) fiff 55 W i
BE T WY, 451 10, 50, 100 mg - L~
1.2.2 Z&EIEEGHER

CA(I) Ca(Il) . Pb(I) . Zn( 1) 4 Fh<)m iy
PITTAL A (6 Ff) . = =40 & (4 Fh) Rl 4 Rl & @A &
(1 Ff) At 11 Fpab B HAHAE PR ESEE T
(3 FE 244 100 mg- L'
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TR R K HE 6% AL (ICP-OES, Perkinelne 5300dv,
Optima, USA) il %E.
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Q = V(ey —¢,)/m () Ao,k O B B W ME B B W L,

b, Q J2 AL BT T W B R R Jm e
mgeg VIR AR B IIREL, Ly, AR T
AR MR, mg L7 s e, RS VR h R 4R
VR HE  mg- L m S B A L g
AR S R AR TR A XN
" = (¢y —¢,)

c

x 100% (2)
0

S m S IR R 006 KV W 4 TR R T R R R
HA 452 52 (1) M.
1.5 Wl )2 s
W — B W IR 30 A A ol
dq/dt = k,(q., - q,) (3)
Sk, Ay o — B B R R B S RE R B, min Tk,
R 130 Y WA R 32 3 R 5 g, e TR RS P 8 B ASL JB E
Wi B 50 0 B 4 R 0 R, mgeg s g, SR AT I %o
7 I 5 R B ) 8 A 4 A B mg gL 30 (3) ALY
TE ALtk F ik =k
In(q,, —q,) = Ing, -kt (4)
Wit In(q,, —q)-t FEEL, NRERATA by fH, A
WREE AT 55 4.,
W B I B e A o
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2 HBRE5HSH

2.1 BEARTE B — T A S VA P R S
2.1.1 BRSO ) e i T 4 D 1 0% 2R

M1 AT LU ASHE ST R AT 2 Pl B )
CAd( M) .Cu( 1) Ph( 1) Zn( I ) ¥4 1R & iy % B
RAE. AR ) B E O 10 mg- LA B 5 K )
21O fe B R B T 22 A AR S TR ) 1 BT S 4% SR AR
AT, {H 50 1 100 mg- L~ 4b B ) 057 B} &k b ok 26
(R BIF 5 495 55 T w5 . 45 FL A SCHRA L, 33 2 ol B 50
CACI) \Cu( I1) PhC L) \Zn( 1) £ 15 B 2 5 45 A
By

EAEFZANAAREFZFHSEETHRMAXCA(T) Cu( I) . Pb( I) . Zn( I ) R £ bR

Table 1  Comparison of biosorption capacity between fruiting bodies of A. polytricha, T. fuciformis and other biosorbent on

Cd(Il), Cu(Il), Pb(II) and Zn( II ) from aqueous solution

-1
Gmax/ MB" 8

B KA LES Cd( 1) Cu(1Il) Ph(Il) Zn( 1) LSS
FAHE T (A polytricha) T 18.91 18.69 20. 33 12.42 KWF5E
FIAREFIAE(T. fuciformis) B 19.98 20. 15 19.16 16.41 ABF5E
B AW 21k (Auricularia polytricha) HA — 1.46 — — [16]

R YH A K BR R (Pinus sylvestris ) k7] — — 11.38 — [22]
B ( Bacillus sp. ATS-1) gl E) — 16.25 — — [20]
%% (Rhizopus arrhizus) HE 26.80 — 15.50 — [20, 23]
BOR 3l K T A ( Zoogloea ramigera) il — — 10. 40 — [24]

5 4 i7 B V- ¥ @ ( Phanerochaete chrysosporium ) HE 15.20 — — — [25]
5 (Aspergillus flavus ) ) — — — 17.27 [26]

2.1.2  RAKRNL I 4R 0 B ) R

2 2 g R R UE— By R R R X R B 5
AT R - SR I B B 4 09 3l ) 2 i R AT AL
SRR e 2 G S NNE R (S N e e 1 i VR )
R* {f(0.9235 ~0.999 3) Lt # R A1) fE — B B2 B R?
fH(0.2085 ~0.9499) 5. W 4h, WF9E KW, B4 3t
TR v o — B A B DL G 1) 1 A T 47 L S 6 I A
e KW BRE /0N T 7 — B A5 A 4L | - A I B i S
S0 T A 1 e KW B B AR — B R H SR

BF 4 Fh 4 08 0 3h 1 A FRAE S T B AR B S 45 1
5 B I ST R A A g R R
B 2o AR A 5 o B W B B ) A AR A B 8 R
W7 B 3k A 5 22025 R B IS Mata 251 A F2 82
AT ERESERE AWK, KRGS TS
W F 70 5 A i A2 S 17 2 A e

B4 JE W B R R W0 AR W 10 mg- LT
k, 341t 50 F1 100 mg- L™/ k, {8 K, KEBIAH 2
— B, BV BE 06 R ARG Lk, (E AR, H
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Table 2 Parameters of pseudo-first-order and pseudo-second-order models of biosorption on Cd( I ), Cu( Il ), Pb( Il ) and Zn( 1)
by fruiting bodies of A. polytricha and T. fuciformis
W TR W ARV TR i%%ﬁm[ﬁi HE— B 5 Al e B A5 A
/mg-L7" G/ ME* Gog/mg gk /min”! R? q./mg g~ hy/mge (g min) ! R?

Cd(1II) 10 2.14 1.02 2.25E-02 0.942 1 2.22 6.22E-02 0.9955
50 8.07 6.42 4.93E-02 0.8631 8.87 9.84E-03 0.988 6
100 18.91 13.91 2.82E-02 0.7573 22.22 2.03E-03 0.9235
EAH Cu(ll) 10 1.93 0.92 2.68E-02 0.9499 2.03 7.15E-02 0.996 5
50 6.48 3.17 2.20E-02  0.592 6.90 1.31E-02 0.966 8
100 18.69 12.63 1.27E-02  0.6225 17.17 4.20E-03 0.9255
TS24k Pb( 1) 10 1.52 0.23 1.74E-02  0.9562 1.50 5.22E-01 0.999 3
50 11.34 5.35 3.28E-02 0.8584 11.88 1.24E-02 0.9951
100 20. 33 5.07 8.99E-03  0.2085 19.10 1.87E-02 0.990 7
Zn( 1) 10 1.71 1.20 3.40E-02 0.9185 1.90 3.85E-02 0.997 8
50 7.15 4.03 1.71E-02  0.6375 7.71 9.12E-03 0.978 0
100 12.42 7.27 9.24E-03 0.6195 10. 08 1.65E-02 0.966 9
cd( ) 10 1.91 0.13 9.62E-03  0.0382 1.90 2.27E-01 0.997 2
50 10. 30 0.75 7.56E-03 0.0519 9.93 1.17E-01 0.9973
100 19.98 5.45 -5.30E-03 0.0877 10. 93 2.37E-02 0.8879
HAE Cu(ll) 10 2.06 0. 41 1.96E-02  0.460 1 2.10 1.25E-01 0.996 1
50 9.00 1.25 9.28E-03 0.5153 8.57 1.31E-01 0.997 4
100 20. 15 6.55 -3.97E-03 0.2893 9.51 -2.07E-02 0.996 8
Fszik Pb( 1) 10 1.30 0.50 1.89E-02 0.4871 1.43 5.13E-02 0.960 1
50 10. 77 4.43 2.65E-02 0.701 4 11.20 1.41E-02 0.9979
100 19.16 4.78 4.46E02 0.699 1 19.52 2.16E-02 0.999 7
Zn( 1) 10 1.60 0.45 1.46E-02 0.3581 1.56 1.51E-01 0.9924
50 9.49 3.48 4.59E-02 0.9011 10. 05 1.46E-02 0.969 3
100 16.41 5.22 -9.05E-04 0.0148 10. 28 -3.43E-02 0.9883

1) J1%G pH {1 6.0 ~7. 4 ;2 W E Ak Ky 4.0 g- L7

FIARB TSR Cu (4 9 B 451 1, &, (B BB 35 ) 4R
B H 10 mg-LflijQE 50 mg-[f1 T WA B8 (%
2). Tewari 25" W} 58 B Mucor hiemalis %} Cr( V)
F1R WA A, I i BB 2 R 5 A ) AR B LU g
k, {5 A% 16 Loukidou 45" 75 BF 5% %5 22 [ [ 1% 40
& Aeromonas caviae Xt Cr( VI) B W [t ) % 30, b &
&8 5 A W) IR B AR R S, k(BRSO R AR
Yy VR T 26 52 o 45 J@ Wk BE 52 W), G B, (B R AR YR AL
[F) , 3T R 55 W RFF 5] 20 i B R 23 B AT R B AL 22
S 5. BFSEEE R o, 78 8 A W) 1A R B KT 1
B AR H AN A SO AR R R 4 e U TR AR AR Y
W T 328 48 B L e R BE A5 1 T P
2.1.3 bR 4 T A R R IR B e A R R Y S

AW R EARH F LR (D),
Cu(Il) . Pb( 1), Zn(Il) B & K % Br & 20 5 N
100% (10 mg-L™") . 87% (10 mg-L™") | 94% (50,
100 mg-L™") , 100% (50, 100 mg-L™ ") ; (A ARH ¥
SEAAR A 93% (10 mg+L™") . 89% (10 mg-L ") . 88%
(100 mg-L™") . 76% (50 mg-L").

BT A 2 o 7 B e 29 60 min 1, I i

T AN () A7) iy e 5 T s AR 1140 R AT £ R 2 A 32 1
Ak A5 REK W, B R H M AR H X CA(CT)
Cu( 1) Ph( 1) Zn( I ) i Wi BT 2 #5 bifl 2 45 ) v W
) 1 Vi B 44 T 4G . Vimala 25810 K B0 A
PG00 i DR Y 4 e ) T VAR R G R I A AT
W B A9 B T4 T . Galli A X » IR
BE E 1Y  F7 7E 1 R0 S Ry R B R B S AR R
AREFEEXCA(T) Cu( 1) Zn( 1) 19 KRRy
TEHAN UG HE N 10 mg- L' AF ik B e K (BT AR
Hp SR xy Zn (10 ) B9 W) . 24 o 4 @ v W) Ik Tk
B LT, XBEREA T XFRAR T E 100
mg- L™V E A V8 L TR A 47 T AR RIR A X i T
BN JBT W B ) b 9 W B SR R A BR A, X
55 Kapoor 25 il Akar 45 (O BFE 45 B — B W16
T4 JE Uk R B i X Ph (T ) 2% Bk R 5% A K. 100
mg-L ' Cd( 1) Cu( 1) . Pb( I1) . Zn( I ) W H
A9k 0.89 1.57 .0.45 F11.53 mol-L ™", H
o Ph (I ) Y vk B2 2 B AR A X I AT B R A
TR AT BARH R H SR B A 800 B A
T 0.45 mol- L™, AT X 100 mg-L ™" BPh( 1 ) ik
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60 min 150 YIskipH 6.78~7.04 13g0
- VihpH -
B 15| 6.03~6.56 w15 _I_
£ 460 & 5 60 &
18 o e x
2 10| & = 10| &
= J40 W = H40 W
A 5k 120 S 5f § 420
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Fig.1  Biosorption amounts and removal rates of CA( II ), Cu( I ), Pb( II ) and Zn( Il ) in single-metal solutions with different concentrations

by fruiting bodies of A. polytricha
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+ YiikpH 80 60 min _l_ -| 80
T 15F 6.03~6.56 T Isk —— ¥lEpH
5 leo « % 6.78~7.04 Jo0 s
= 5 = g
@ 10 - & ﬂg 10 - &
= 140 = 40 #
£ sy —20 g sk 20
NN 0 oL RN 0
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VIR IR B /mg- L VIR R B /mg L™
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Fig.2  Biosorption amounts and removal rates of CAd( [l ), Cu( I ), Pb( Il ) and Zn( Il ) in single-metal solutions with different

concentrations by fruiting bodies of T. fuciformis



7 4

IS BAREMAART TIRAEXCA( ) Cu( ) PO I ) F1Zo( T ) i 0 BF45 L BT 52

1571

o 0 K7 R AR 2 30 i s W R A R ) TR R E
S Fh TR A 5] 2 IR 9 P a7 ) R R B E L I 9 Ph (D)
VA YRR B JRE e/, LA B T R AL, B LA
Bk 28 7 iR AR K
2.2 EAETEHERMAARTLAREZ SRIES
AR P ) I RS
2.2.1 BARH TS A AR H 552K 55
IR R/ I

SRR W) W R R A 2 G R TR S TR O X A% T
F MR Bk A /)N I T 4 i - 0 A R AN T A T
EARGT A, KL EEBAR TLAEEAARET
SER TR G Ak B B BT AT G LA VA, WM Y
KA F¥HRPhb(I) > Cu(D) > Zn(Il) >
Cd(II).

#3 HC(I)  Cu(Il) PH(IT) Zn( 1) HY 6

T ES T AE S 80 454 AT T 45 5, Wl A5 3 40 F 41
Tt H B T AR B PR T S A R
0SB 5 () 5% 0 R e 5 A 40 Pl 91 K 1 4 U
TR SE M. > H B PR 22 R KB, B R AR,
BT RN B 4 R A ST B . 7E Nieboer 4517 41
WS BE THERLET,P() B THE T
(Class b) , i Cu( 1) \CA( 1) .Zn( 1) J& F i % 25
F (Borderline) . — AN, B E L DM Y
A AR T AR AR BV T A S T R o R 5
IR E AR P D) B M 4 R 4 )R
F5 0 G T R AU 0 R/ R T 4 R S TR R
B TR 5, T LG B I B R R OR. Cd( D) .
Cu( 1) \Zn( I1) ¥y F ik 0 85 1, 0 via g % g B A
F i STmk R, ELIR R IE 2 s 7, BT LS Tk 42
JIN B TR /N B 4 O B A

®3 Cd(I).Cu(I)Pb(0).Zn(1l) WEFHIESH
Table 3 Ton characteristic parameters of Cd (I ), Cu (I ), Pb (Il ) and Zn (1)

EL)E W B 52 /NI FL B P (CBAR AR ) B TER /nm J5F B ft /g mol ™' LA S FE %K i {37 %

Ph( 1) I 2.33 0.082 207.2 7.18 4

Cu( 1) 2 1.90 0.072 63. 54 6.41 2.4

Zn( 1) 3 1.65 0.074 65.38 4.54 4

cd( 1) 4 1.69 0.097 112.4 5.51 4
2.2.2 AFESBREGERTEBAREMARE Y RERY, YILAEE AR, R 5 028 (A 52 3L

S R I 4 S A Ak

ARG 2 P 4R 4 2 B R RN 4% T 4 TR
FEH4 A 100 mg- L™ f430E 1 W B 570 % 55 4 J %) 1
HEST — R AR S, FE A7 B9 T 18] X 0% B 253057 47 76 52
P HRMESBRASEWRTPH(I) Zo( 1) |
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