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W OB RHAFEWRFYE N YW, AR OKEEE (PVA) - R AN (SA) [EE & 154 Hl L PVA - SAR E 7 4,
DA B i s (Pb) A4 (Cd) RYRE TR R ZAT AN TR b5, 256 Bk . AL IR B8 A 198 1k 45, 3 5 1F 28 1 i 2 Hh
B PBAYPVA - SAFH 5 7 4 i HE L 15 /8% PVA + 1% SA + 3% iKY + 2% CaCL A9 FITH BO,, X P M 4 95.4%,
W FfF CARIPVA ~ SATE 5 7 il ) it A I 54 5% PVA + 1% SA + 3% 24} + 2% CaCl iR AIH,BO,, Xt CdAyWL =R A
63.7%. —/INER A SR . BIL DR R R R 4 4 . Langmuir 5% FRERE 750 i 5% 074 40025 75 465 W I PO Y B4 22 5 72
HHIE RELR*K0.993 95 FreundlichAk 1 58 T 4 i il iR B 4 W Bt CAMy A 1403 F2, R250.999 3. Freundlichs i W B A5
HE SR PVA - SATE 2 7 4 W M P AT C A #1223 A, R243 9120 0.958 7H110.982 3. A & i X Cd i1 B8 F5p K
B G e (2832 1 mg @) /NFPVA - SARE A 485 (19 BLIE e R Hhg, o (6,447 5 mg gt) , H EH A 2 I B PO Y
Freundlich#i 592 Bk (0.312 7) /NFPVA - SA & 7 75 W M PbAY K (0.431 0) , & % [ 52 5 W Bk Cd A PG BE 1A A4 .
PVA - SA [ 7 1 W% P PO A C ARy W RS- I 1] 23 591 9 3 W7 b, LY 1 A 7 6 W% B PO AN CAIG E- A IR (1 h) K. £h — 243h
F12E BRI AR i b FUL A 181 72 7 2 W B PO AN CAR 3 F1 2533 B2, R243-0 40999 9F10.994 6, FH iz A% U130 HE (1 5 Pb Al Cd
By P-4 1% o B (R0 1) 4 0.453 6 mg g 110.2060 mg Cd g, £h 2 8l J12A M REAR I b JUL4 [ 72 7 4 W B Pb AN CARY
Byt B, PR A AR A 1] 2 A 4 X POFN Cdi ST 1 o o B8 {1 43 7104 0.453 6 mg ¢'#110.206 0 mg g, FIHH7F
T X PO C Ay - A5 W B B2 11 45 314 1.817 2 mg g f110.842 5 mg . PVA- SAR & 7 4k W ffil Pb/CdIv th — R 3h 1124 %
o7 R R Kk, 41,324 1/1.253 1, F A 5 W B PL/C A &, 470,780 5/0.213 0, 11 AT & 25 W% BT P/CAIf e, K T [ 2 & 25 0k, , %
A 41 0 7 22 P B PO/C ik 2] 37 i i 75 S (%) I 0 Bb 1 PR 7 2 i 7 2 R I )G 813 326 2216
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Optimal Condition of PVA-SA Immobilizing Lentinus edodes Residue
for Absorbing Lead and Cadmium*
MA Pei'2, ZHANG Dan'”* & HE Haijiang'?

(\Institute of Mountain Hazards and Environment, Chinese Academy of Sciences and Ministry of Water Conservancy, Chengdu 610041, China)
(*Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract In this study, Lentinus edodes residue was immobilized by polyvinyl alcohol -Na-alginate (PVA-SA) for lead and
cadmium biosorption. Based on the ability of absorbing lead and cadmium from aqueous solution, the mechanical strength and
balling property, an orthogonal experiment was done to confirm the optimal condition of PVA-SA immobilizing L. edodes.
The optimal immobilization condition for absorbing lead was 8% (m/V) PVA + 1% sodium alginate + 3% L. edodes + 2%
CaCl, saturated boric acid solution, with biosorption rate of 95.4%, while that for absorbing cadmium were 5% PVA + 1% SA
+ 3% L. edodes + 2% CaCl, with biosorption rate of 63.7%. Langmuir model best described free L. edodes Pb** biosorption
isotherm, with R? 0.993 9. Freundlich model best fitted free L.edodes Cd*" biosorption isotherm, with R? 0.999 3. Freundlich
model best fitted Pb** and Cd?** isotherm biosorption process by PVA-SA immobilizing L. edodes, with R* 0.958 7 and 0.982 3,
respectively. The theoretic maximum biosorption quantities 9 Caom-Langmuir, fre) 2.832 1< 9 L angmuir, immobilization) 6.447 5 indicated after
immobilizing treatment, capacity of L. edodes for Cd*" biosorption increased. K iy rreundiicn, free 0-312 7K by, rreundtich. immobitizationy 0-¥31
0 showed after immobilizing treatment, capacity of L. edodes for Pb*" biosorption also increased. Cd** and Pb** biosorped by
L. edodes reached equilibrium within 60 min with equilibrium quantities ¢, of 1.812 mg/g and 0.844 mg/g, respectively, while
that by PVA-SA immobilizing L. edodes reached within 3 h and 7 h separately with g, of 0.200 8 mg/g and 0.492 5 mg/g,
respectively. Pseudo-second-order model well fitted Pb** and Cd** biosorption kinetics by immobilizing L. edodes and free L.
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edodes. The rate constant of Pseudo-second-order model for free L. edodes was k,, 1.324 1/ k,,1.253 1, and that for PVA-SA

immobilizing L. edodes was k,,,

0.780 5 and k,, 0.213 0. Fig 3, Tab 6, Ref 16

Keywords PVA-SA;immobilization; Lentinus edodes residue; thermodynamics
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[ 52 20 B 1 AR S 2011 20 6 04F A S 4] 42 8 S 1 2R ) 1 7R
HeAR, ETEIR T A B A A R KA B AR I AR R B
SR B ME L Bl B kTS Y AR, L AT A B AR
TR 2 L R R AL T B A R A O L, 7R R K A B
SRAT 2 R B S R, TR R A I T A AR g
Ak WA A Bk 3R, £E SR T kT, LRI R
43T A W AE T B I B4 1k R R Bl A e e L PR R
AR A A s JF & R B A SR PR Ak
2R M 0 1 5 AR Sy [ R RE A H T & B 5 K
Ab AT e k. B M EE (PVA) R FE . MrBg . Tl
A3 FUBLAR 58 B o A5 R A2 B AL, B A BB sy
[ 52 R AR 22— B, [ 52 B AR bR T2 52 B ARG B 5 i A,
2 32 B A W R ) A4 A e L 2R R e DA B [ S I
M. A L B AN S5 T 1) TR ) 2 A5 R A% 5 T R FE IR A
7 EL X BT A0S W B 2 4 T8 119 B T U 5 R ). v B R 4
BT 75 B 35 ) W B PO AN CARS 2 B, R A48 /N W R B ek 5 51,
R R v B T [ A AN PR B AR TR R A, [ E D
Bk o B AR, (R BE I, (R AS B A M R S, HOR AT
FE TR AE 6. S Wk 3 s, LS AR 4 Ak LR B, £
A e A e R T R ) [ s R A B ER A | ML B8R R
i P S5 [ IS8 5 ) 1 3 A, ol 368 I ) () 2R AU
H I E 545 H,BO, . CaClHIAICLAE0-3. PVAHR i i
fREN (SA) A AN BB PVARY R ER 1, [RA38E 4 T PVA - SA
[ 5 2 77 £ e R P AR E B 4. (L SARY VR I B R H 1
i, RO AE S Mgt Ca> 45 FH B T I IR T P SAAN RS, B
0 1 T £ 191,

B R AR R UE T RE A R A R 4 TR A
BRI, gk (Lentinus edodes) TEFR FEFAETH AR, Wik
PR 1R 8, AU R IR, T EL [ G2 SUAA 40 i A 2%
IRFEIE S A e A R [ PR 2 30 ] A A B 4
R KR T A X 420, [ AN Z AR A T TR B T oY, 22
SRR X B AT A N 1 5 AR ST, 7 S 8 SRR A I I 5
XD, ABF S8 i R TTPVARRE | SAMRSE CaCL R EELL
BV R4 R AR I IEAS IR B, S B M PbAHIC A 9 32 22
2, LIARAFHIVEPVA - SA R E & 25 W BN Po AN C i) fre A FL 77,
SR R 2 1 F Ak B 4 o KR (L A B

1 FORHS 751
L1 #F #

AR : 99.99% 1 Cdky, 73BT 4EATHNO,, SA, PVA,
JE7KCaCl,, NaOH, HCI, H,BO..

R R A F) A 0 20 93 1 < K 7 Al A T S A M A
B IRRERY TR AR AR SC 2 B9 R Pe i, TR T AR A P (50£2)
CHETZAE R, BV 20, FRY AL 0401 1R A W52 B 1
ALY, TROAT O, &

CAfE# W (p = 1000 mg L) (. FREL4E 4 840
0.100 0 g F/LHEHCL(V/V =1 : 1), BR5E 4, ik
HNO, I mL, KB T/KERZE100 mL, 7).

Pbi% & (p = 1000 mg L -HAYEHl: FREL1.599 0 ¢
Pb(NO,),, # T 47100 mLIH 1.42 g/em® HNO, F i i 25 B
TR, A1 000 mLAE I, KB T/RMREZEZE, 5.

pHIE FH1 mol L' NaOHE{ HCIH 5.

1.2 1% 2%

| PR % #s (HY-5) , L7 KF (FA2001N, &t
0.001) , [HIR T 146 (DFG801) , JF TG REIL (AAS K
FIIE =, GBC9322AA) , HHUE HIELL (6=9 cm) , | iZpH
40 (pH 1~14) , HHEHL (FZ102) .

1.3 RBEFH*E

ARSCLAPVA. SA. ML FITH,BO, 1 CaCl, 1) e B A B BT R 11
AR R R &R, A N AR, #E17IE 28,
LIPOHICAM W B 5k E BT M 845, 45 A PVA - SAREE & 4
ARG ER Y | AL AR 5 B R B 1 S BRAL 2R M TR R A R Y,
PRI AL I PVA - SAE 22 A Bk il U7, 1E 38l 36 KT L 2 1.
1.3.1 PVA-SABEEEEMHMEREBLMERMIK PVA-SALE

1 EXRBERAFR

Table 1 Levels of factors in orthogonal experiment (mm/V)

KT [ Factor S—
Level it
PVA SA CaCl, L edodes
1 5 0.2 2 0.5
2 8 0.5 3 1
3 10 0.8 4 2
4 12 1 5 3

T G A F R OE A IR B0 R AR 86 7 % (2) HI/EPVA-
SA R 7 4%, FRELPVARISA, {8l A 2674100 mL ZEM 7K Ay be
B, A PR, B HI 2 45~50 °C, IATF 45 R
YU E N 0.5%~3%, IRA35), WA B . A 7~95 4
S B4 S 8 4 R 9 BT A B 2%~5% CaCL [ 1 FITH, BO, I i
rh, AW Ty TR S BRI /NER R 24 b 2R TR
KBk, SRIGEREA P (50£2) CHEIE TR EE TR, AL
b £ . BRI A A A DL .
PVA - SAJE & B a4 BRALH: T I O AR 5 2

Ll R [ 5 771
Fl';élv%lé\? Mixture Immobili;e{ltion
RN material
Pressure dripping

[ P ¥
Immobilization solution

Immobilized L.edodes
Ell PVA-SAEERIEHIHI&
Fig. I Process of PVA-SA immobilizing L. edodes
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FH T 45 [ 22 i P VA - SATE B 4, LA 2 PR i /NER 1)
S FE U3 Q) TR PR I, B S R S0, B FpH 2/9HCI
WEWOTIZ2 h, SR )5 R AR OB Jr s 56 AL R & B
XoF 4 Jm 1 W B BB D e, MR TR VA K (Pb: p=10 mg L', pH
5~6; Cd: p=5mgL"', pH 5~6) 25 mLF250 mL .28 =N,
A3 A ] ) R AR 0.5 g, &R T3 W3 h. FH e
EUEACLL UE, FHE W o YR EE T (AAS) D2 JE i P
HCARY & .
1.3.2 PObFICARMBI ARG A FaE Aol J12HiR g 5
IFLPb (p= 10 mg L', pH 5~6) FICd (p= 5 mg L', pH 5~6) %
W25 mLF250 mLELZE = MM, TIA 100 mgd 4k, {7 4% ik
JEN4mg LY, =R TR WHL 3. 5,10, 40, 60, 100, 140,
180, 240, 300. 360, 420, 480, 540 min, PVA-SAI& & 7 4 (1)
AR K. 43 5P ( p=10 mg L', pH 5~6) FI1Cd ( p= 5 mg
L, pH 5~6) & J@ VA W25 mLT-250 mLE % = fH N, A
500 mg PVA- SA[HEF 4% ; i P W1, 3.5, 10, 30,
50, 60, 80 min.

FAH e PE R 4R I, T A ASTUZE POFNCAI) 75 .
1.3.3 PoAACAWRBH#LITZEIRTE  H b 2 (0 W 44 ) 2% 56
TC SV B2 43 512410, 20, 40, 60, 80, 100 mg LY 4: J@ AWk,
B25 mLF250 mLELZE = MM, InA A& 4100 mg, P87
4R IE W pHIA H95~6, T30 C I Z %1 h, FHAE E Pk
AR U, TR AASTIRE POAICARY) 75 i

[T 5 7 48 ) W R A 22 i 0 . P o 4 T T VR B
WIK5, 20, 40, 80, 120 mg L', H(25 mLT-250 mLH %€ = ffi )i
N, ITAPVA- SAH E 7 45200 mg, #7154 J& B T HrifE i pH
{5 M 5~6, T30 CTIEIR % 244 G V- Ak ], fvbd e v
TEACTT UE, VE W H AASTNE PO HICAI & .
14 RIEHFHHFER HIELE

W2 6500 F) B 4 S W B R SR A SR

X=(C,—C)/C,
K, XKW (%) 5 C oW 4 )& 31 I W) iR R B2 (mg
LYy C R R 4 )& 551 1 PV FE (mg LY); VA& R W IR

A (mL) .

2 G55
2.1 REBEEFEWHE

PEPVAHKE (A) | SAYJE (B) . CaCLIKJE (C) LK
HAHE (D) 40 AR, #I84H RKPIESSR K 3158 %
AR 245 2R DL R 2.
2.1.1 PVA-SAEIEEHREBLMERILE MNFR2P0TLIAEH,
PVA JF J78%F110%f, PVA - SA [l 1 7 1% 1 g 3R 1 45 47
PVAMR FE 1 I ol ook v s BR B LA TR, 114 AN 13 # /NER. SA
e J3E B4 42 R AT LB S k3% PVA - HLBO/INER A Bk P, 10124
PVAR 5 ] 5%, SAUE M 0.2%K) 1# /NsR IR 1 2% 3 SAHR
JE40.8%0 3# /NER I BRME R Ay, HLBEAT H B0 14 ZNER G R %
4. EPVAT m—E BIE LT, A B AE08 M2 0 2 00 & 4%
i, AEE TR 909 042 (8 PVA - H,BO/NEK HH BB R L4, 4
B 8 # /INER A 4 By ) R 38 N B 4%, /NBR S BLA SR A i R
BLERYE 22, 53 8h, A 4R Wk B (Y 1S in 2 T4 PVA5 H BO,#E 1T
Foor A, FEAR/INER B LA B . PVAE B 2 52 Wi /N ER i 1
T R M 0 B B N . VAR R, B E PVATR FE 893 N,
PVA—H,BO,/INER (14 B 558 52 RV R 1 52 7 184
212 WEWRMPOACIHIPVA-SABRIEEHMWRER T X
3/EPVA - SAE & 7 4 XF Pb AN CdWY B 2 1) 1E 22 38 48 7 22 43
Mr. SEAI#R, 8% N £ XFPVA - SALH E 7 4k Pb A Cd
MR B, R 3TATLLA 1, 4 ZE X FPVA - SAJH
JE T 4 PO 22 52 A ) K /N UK T S CaCl vk B > 2 493 vk
SPVAMR JEE >SAK FBE, XTPVA - SAE 5 7 i CAME F 2 52 1 11 K
AN P R PVAMK Ji > CaCl ik B >S AR B > 75 4 Wy vk J32 . Jr 2%
OINTEE R, PVAVK I | SAVR I . CaClyk B Rl i by vik Ji
XFPVA - SAL 7 7 i PO 32 1) 52 Wi B A i 3. PVAK JEE X}
PVA - SATH 5 77 75 W B C A W B 5 i e 28, Hog 3 &
Xof CAM B 2R A4 5 i AN d 3

FAZAN T Z LK1 42 TR B T W BR S. XFa—
A RZSRYE, BEK, FaRi% K 4 T8 B il W R ik

F2 EXKEARMNAEER

Table 2 Design and results of orthogonal experiment

. P Factors HERTE LR e PO R CARB#
ke Balling Mechanical i e Pbbiosorption  Cd biosorption
Mark A B C D Acid tolerance

property strength rate (/%) rate (/%)
1 T(3%PVA) 1(0.2% SA) 1 (2% CaCl,) 1(0.5% L. edodes) 7 Poor % Poor 7 Poor 92.34 61.00
2 1 2(0.5% SA) 2 (3% CaCl) 2 (1% L. edodes) ~ *f Moderate % Poor % Poor 90.50 39.98
3 1 3(0.8% SA) 3 (4% CaCl,) 3 (2% L. edodes) ~ fli Excellent ' Moderate 71 Moderate 89.15 51.44
4 1 4(1.0% SA) 4 (5% CaCl,) 4 (3% L. edodes) "' Moderate " Moderate 7% Poor 90.15 51.76
5 2 (8%PVA) 1 2 3 7% Poor . Excellent 1. Excellent 87.05 47.88
6 2 2 1 4 It Excellent K Nice K Nice 92.42 54.04
7 2 3 4 1 K Nice it Excellent K Nice 85.86 42.18
8 2 4 3 2 fit. Excellent  fii Excellent K Nice 89.92 54.38
9 3 (10%PVA) 1 3 4 It Excellent K Nive K Nice 87.89 39.58
10 3 2 4 3 K Nice K Nice 71 Moderate 85.39 36.23
11 3 3 1 2 fit. Excellent  fii Excellent it Excellent 89.44 44.70
12 3 4 2 1 K Nice It Excellent It Excellent 88.76 46.54
13 4 (12%PVA) 1 4 2 7 Poor [ Nice It Excellent 71.63 28.71
14 4 2 3 1 K Nice it Excellent it Excellent 88.68 3475
15 4 3 2 4 7 Poor 1 Moderate K Nice 92.24 36.58
16 4 4 1 3 F1 Moderate [ Nice K Nice 92.39 35.40
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Table 3 Variance analysis of Pb and Cd absorption by PVA-SA immobilizing L. edodes
5 B Pb Cd
Sour:ij;fj\fadiance e 1 F Al P F
Degree of freedom Sum of square Degree of freedom Sum of square
PVAIREL 3 44.38 0.742 3 914.37 16.050*
PVA concentration . . . X
SAMKJE
SA . 3 54.75 0.915 3 29.61 0.520
concentration

CaClL k¥

: . 3 158.83 2.654 3 167.65 2.943
CaCl, concentration
BRI 3 03 0.953 3 26.21° 0.460
L. edodes concentration ST 95 621 .
%% Error 3 59.84 3 56.97
ST Total 15 374.83 15 1194.81

K. MPVAHN 8%}, PVA- SAi & 7 1 4T Py i 5 755 T H
T, H90.34%; 4PVAN 5%, PVA- SAH % 7 4 % Cd
B R B33 25 T B K, H53.55%. 24 SA N 1%M], PVA- SAA
FE 7 45 X PO A CA iy W B 3 & T I B K7, 43 312 90.57% 1
47.02%. 24 CaCl,}y2%Hf, PVA- SAFH 5 F 4 Xt PoAI Cdfry i B
T T HE AT, 48 51091.69%F148.79%. X475 4 M vik &
3%, PVA - SAJf AE 7 46 %] PoFI CAf W Jif 2 2 T H e ko F,
4391 °490.69% F1145.49%. LRI, PVA- SAIH 22 77 %k W% il Pb
(IR AEBL J7 H18% PVA + 1% SA + 2% CaCl, + 3% # A}, Tk
B CAY A L7 R5% PVA + 1% SA + 2% CaCl, + 3% 4 .
2. LI AT AT, 8% PVATH A I 7 4k /INER L BR 1 |, LW
R TR T P R AT 5% PVATSIY 7 28 /INER PR AL 5 22
{H S SAHR FE }0.8%F11.0%H, PVA - SAE XE 7 4 1 g BR 74 |
MU i J2 1 2 A A 48 . T 3 3 B A5 ) 6T 7 24 W B €
) e AR e P SAHR I 1%, T PVA - SATH & 7 4 A BRAL M i
ST HE R 7 VR RO PVA - SAR 22 75 45 6 PoFI CAf
FFF 2R3 5910 h 95.4%F163.7%, —/INER FR S BR: . HIL AR 3 S5 A
T P A A

2.2 PVA-SABIEEIEWMPbFACIHIBI H1FF

2.2.1 PVA-SABIEEHWMIPobANCARIZH HFEETE  K2fl
212 PVA - SA ] 5E 75 15 W [ PoFN CABE I fa] (28 4k . 7T LLF

i, PVA - SAE5E B 1 W B PO AT CARY it 72 43 Ay bR 38 1S 5 7
B BE. AR & A BYTT T hP, Cfd) I BRF 5 T DA O3E i £
53.51%, PRy B35 T EE MO N £ 93%; 1K S5 POAICd Y il B
REENNHL LA T 2% . PVA - SAH 2 7 25 W Ml CAZE 7 him ik 21 °F
fif, MIPbFE3 hJE ik B, - W B 2t 43971 27 0.200 8 mg/Fll
0.492 5mg g.

1 25 X P AT C d i W B2k A2 o] Loy WA B Be (&
3). SB—FrBE, AR 10 min 4 PO CAR W J 3R nf
TH B N2 67%F158%; 5 B B, PoAICAAY I B % 38 i 2%
1. R IEI60 minft, [ i A 4% X PoAN Cdivy W i 4B 15 £ 7
5, PoAICAR -1 1 B 4 53124 1.812 mg ¢! i1 0.844 mg g,

PVA- SA [ 5& 75 25 W Fff PoFN Cd i -4 I 7] LY B i 7 4
W Bk C dF POI% - A7 15 1] (1 h) K A5 2. X 5 — sz 3 15 iy
ZER A, Lin NEE& PR E E MR AR 5 EL A R /20 AR AR 5 2
2 Am )P A ) 1 h ), 2 4% 7 L g 1 FR R %2 SRBYS T8
W BFF Zon > Bisf i3, 2 B0 7 [ A0 235 SRS, R 5k e B 4 1 D PR T
i 55 [ 2 W AR e o 4 S A e R A O, (A I A3
A% 1 T 4 TR B 0 I IR TR 4 T B i R AR R Y
PrHUG RAE R L TR T 4 R B B W BHEH DL AR s
B 52 BB R VR 204, B A, W BRI A A a2 2 A4 L B & A A
TN A B SR

F4 EXHBEKTFHEREFRMEHE /%)
Table 4 Mean biosorption rates of Pb and Cd by PVA- SA immobilizing L. edodes from orthogonal experiment (#/%)

KSF Pb cd
Level A B C D A B C D
1 89.98 85.57 91.69 89.09 53.55 44.29 4879 44.57
2 90.34 89.17 90.35 85.54 49.62 4375 4525 44.44
3 87.87 89.14 88.99 89.12 4176 4373 45.04 4274
4 86.24 90.57 83.41 90.69 33.86 47.02 3972 45.49

o)
(=]

40 |

—&—Pb

——Cd
20

=)

I {3 Biosorption rate (/%)

0 60 120 180 240 300 360 420 480 540 600
t/min
P12 I TAIXTPVA - S A E B 48 W B A FIR Y 52
Fig. 2 Effect of time on Pb and Cd biosorption rate
by PVA-SA immobilizing L. edodes
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Fig. 3 Effect of time on Pb and Cd biosorption rate
by free L. edodes
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2.2.2 PoFACARIMR B Bh 12 4R B W SR 43 AT 2 i o WA f
FI) 2 R 0 B S A T R T R 4 B B T AR W
Rfkast B2 A sl 124 R A P — 2R i 5 B2 ( Pseudo-first-order)
FEh — 2% 3 & 7 #2 (Pseudo-second-order) . 7K F+4:HF 5T &
AR EXF CuMIPbA A= W B IR AR — G A W B 3 2 R 031,
U Firs M 2 0 9 45 R 2 IR T G B Bh Fr2E O R O — 2
T O B 20 ) S AR S A 5 55 TG 2R AF P (Bacillus
clausii S-4) W Jff Znf) 1o 0,

ARG O — s 15T PVA - SATE 22 75 45 Al FH
T 4 W PO CAR W 3l Jy 2k ad A2, 45 R RS, th —Sah Ty
20 R ] DAAR B b 4845 PVA - SA ] 58 7 4 X Po AT CA ) 1
hreEid AR, MO R BRI 90.999 9410.994 6, Bt -1
W 84331 $9.0.453 6 mg g'F10.206 0 mg g, HiAR A5 H 1
PVA - SA[H] 3 7 2 I B Po it 3% 2 %k, (0.780 5) KT PVA-
SA I % 77 4 W i CAR 3 S 8k, (0.213 0) , ULHIPVA - SAFH
T 2 W PO S R I R Cd Y s BE . [ rh A 5 e PO A
CAy Bl 125005 45 F WA 5C RELR2 5301 2410.999 9£110.999 8,
TR ST 0 B 23 10 1.817 mg g F110.8425 mg g, B — 4%
Bl 1 E AL RE AR L MR R ) A 25 T B PO Car sl 2l e
AT 8 Bk R T, R A 4 R B Pb/CA i A K F [
i ) ke, 32 W 1 2 7 2l W2 R Pb/C ik 1) - i e 75 82 (14 s i) L 1
P A 2 T T A R

Freundlich#5 % AE 1R 47 i1 il & PVA - SAIF & 7 46 W i by #4
Jrerad B, MG RELR>M0.958 7; Langmuirti BIHLL-& 25 B rf,
G e KM g =-0.462 4<0, RNAS2PR, H K Langmuir
WL RIS TE A 415 38 PVA - SATR & B 4 W F POy 34 ) 24 72
Freundlichfl Langmuirfi %Y 8 AR ff- 1 1 148 PVA - SAE 22 & 4k
W B CAryFR 2t B8, AHOC R AR 5371 0.998 1£110.982 3,
Langmuirfs B 25 8 47 ] Freundlichf5 B 31 5 H ) PVA - SA
[ 7 7 24 W B PO & (0.431 0) KT 1R A7 25 W i PbAd & (0.312
7)), B 1k [ J5 6T PO IR B BE T4 R T PVA - SAREE 7 4 T
B Cdy BRI W B Tk, (6447 5 mg @) KT
W B CAft) foe R ERIE W g, s, (2832 1 mg ), 2
[#] 5 J5 W i Cdi fig J13 8 T Freundlich#$: 283145 PVA - SA
[#] 58 7 765 W S POYIK (3.040 1) /NFPVA-SAIR E 7 7 e fFCd i
k(0.431 0), FLHIPVA - SA[H 3 F 45 W B PoIT BE 138 T B Cd
MRE
3 45k

PAPVA, SA. CaCl, I # 2 #3 Ue E AN ER, B IEACid .

SZMPVA - SAEN 5E 77 4 W B PO A PR 2R I E & A CaCl,
e BE > 0 VA BE >PVA MK B >SAVR L ; S PVA - SAH & &
4 % B Cd i PR3 F2 KOG F W PVATE 2 >CaClL ik B2 >S AR i
> 5 J7 22 M 4R K W], PVAL SA | CaCl Fl #r 2%

R5 A= FhHF A IS PoFNCANR M iR R 2k S 4k

Table 5 Parameters of pseudo-second-order kinetic for Pb** and Cd** biosorption

Al R Dh — 25 1245250 Parameters of pseudo-second-order kinetic Kkt
Adsorbent Adsorbate g/mg g ' (Dry biomass) k R? Equation
PVA - SATAIE A 1 Pb(1l) 0.453576 0.7805 0.9999 ¥ =2.0247x+6.2277
PVA- SA immobilizing L. edodes cd(ll) 0.206075 0.2130 0.9946 y=4.8526x+110.54
A P Pb(Il) 1.817191 1.3241 0.9999 ¥ =0.5503x+0.2287
Free L. edodes cd(Il 0.842531 1.2531 0.9998 y=1.1869x+1.1242

2.3 PVA-SABIEEHNEBREE WM PbFAICARIFHR S

FHR

I 2F I 5 A B T 4 R B A R AR I, A AR
X 5 B 4 Jm B I R R B 45 4. AT 98 32 F Langmuir Al
FreundlichZ4 15 W B 455 75 X5 PVA - SAFE & 7 4 K A rh 75 25 %
B POAT CARg ) 2 UEATASEAUL, 44838 [ 2 Ab B XoF 7 % TR B P
FICARE S50, 459 W% 6. Langmuirl Freundlich%5 i
B ASE 750 8 4 ey bl A8 11 P 7 2 I PR PO A A T 40 R A OG R
BRYy5)90.993 94110939 1, Langmuirti %I H Freundlich#i
T 485 45 S 4. Freundlichfl Langmuirf 74 GE 1R U Hb 4
A R A g R CA A T AR A OC R BR? 43 51 410999
3/10.979 4, Freundlich#% %Y H Langmuirdss 5§l 5 45 5% 50 4.

3V B X PVA - SA [T 7 4 W B PO IR B35 i 240 A8 B 3%
PVAVK X PVA - SALE 5 7 4k W B C Ay W R385 g i 2,
(SRS AP N

PVA - SAJF 72 7 14 W i Po i) fe A i /& 8% PVA + 1% SA +
3% 4 B+ 2% CaCL 16 FHIH,BO,, X Pbif L bt 34 95.4%,
PVA - SAE 2 7 1 W Bt CAi) fie AEFL /2 5% PVA + 1% SA + 3%
FUEHY + 2% CaCL I ATH,BO,, X CAAyMLFH = 463.7%, —
JINER B BCERYE | ML B R R R 4 A

Langmuira5 i W FFF A5 59 B8 F5 G s $0LA 7 205 1 FFF PO A
F1 R, S B BR2K90.993 9, HiYk & Freundlich# B!, 4
K ZBR>M0.939 1; Freundlichfi I GE AR £ b 1 i 7 25 W K
CAf S50 B, RZ0.999 3, HR & Langmuirfi &1, R2H

6 WRHPLFICAHIR MR N FHEBISH
Table 6 Isotherm parameters of model for Pb and Cd isotherm biosorption

PVA - SA[NSE Fr 1

Ty ZH I 4 Free L. edodes PVA-SA immobilizing edodes
Isotherm model Parameter Po(Il) cd(lh) Pb(Il) cd(ll
q,/mg g "' (Dry biomass) 72.9927 2.8321 -0.4624 6.4475

Langmuir bx100 Langmuir constant 0.8375 3.1762 -100.95 5916
R? 0.9939 0.9391 0.9898 0.9981

k Freundlich constant 0.7704 0.3127 3.0401 0.4310

Freundlich n Freundlich constant 1.1675 1.0314 0.1282 1.5099
R? 0.9794 0.9993 0.9587 0.9823

bMLangmuirii 50, kMlnjEFreundlich# % b: Langmuir contant; k, n: Freundlich contant
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I 545 T QR - 0 P TR 0 I s 2 5 ) W B P R C ) e AR T 7

729

0.939 1. Freundlich% ifif W B 455 78 3 454 iR PVA - SA [ & 7
T W2 B PRI CARY A Sy 2 ad B, R243 51345 51 0.958 7F10.982 3.
PVA-SAIF & 7 4 W P RE 1 ELI B CRY BE 1 5. H iR A&
45 CAR I e K M ikg o (2.832 1 mg L) /NTPVA-
SAE A 15 CAf g, o, (6:447 5 mg L), 1 26 W BT PD
' Freundlich# 1 2 5k (0.312 7) /NFPVA - SAFE G 75 %8 1% [t
PbitY £ (0.431 0) , 7 %[5 J5 W B CARPLAY fig 14 =i T

9 H 7 205 W BFE PO C AR P-4 Hsf 18] 4 60 min, P W% B 4
43 51°41.812 mg g F10.844 mg g'; PVA- SAEAE 7 45 % Fi PoFNI
CAfr) - st 18143594 3 WA 7 h, P-4 108 B 43 3104 0.201 mg gt
£10.493 mg g

T =G5 5 7 2 B R RE AR T i DL T 7 4 W P AN Cd
BB Jy2fad B, K96 R BURS3 514 0.999 9F10.994 6, BHipF-
W BfE 3914 0.454 mg g F10.206 mg g T s JoE g
T REAR - M 32 11 PR 7 4 W) BN PO AT CARY 3 1 255 72, R23 01
0.999 9F10.999 8, HyTZ AR 1 B HA A BT -y g B )
H1.817 2 mg g'H10.842 5 mg g, [ 1 7 25 I Pb/CA A, K T
[P 2 7 2k 1) ke, 2% D] 2 i 8 T B Po/C d ik 3] - A T 5 2 14
18] B 7 26 9T 75 2 A B T

References

1 Wu XL (3&8%4%%). Entrapment microorganism technology in treating
wastewater. Water Supply & Drainage China (‘TR 4HE/K), 1993, 9 (5):
42~46

2 YuYX (Grfii), Wu GQ (RHFK), Meng XT (# %EKE), Yang HF (15
7). Enchiridion of Environmental Engineering Checkout. Beijing, China
(At 57): Publishing Company of Environmental Science in China, 1990

3 Qi SB (57K ¥K), Luo JZ (¥ 1), Qiao QX (FFIKES). Entrapment
microorganism technology of treating wastewater. Shanghai Environ
Prot (LB RL), 2002, 21 (3): 185~195

4 LiF (ZFig), Li XW (B8 ®R), Yan W (fi). The research on
embedding biomass using polyvinyl alcohol. Water Supply & Drainage
China (1" [E 257K HEZK), 2000, 16 (12): 14~17

5 Gao TY (FEEH). Biosorption of Cd(Il) and Pb(Il) from water solution
by waste of edible mushroom: [Master’s Degree Paper]. Chengdu, China
(W #B): Chengdu Institute of Mountain Hazards and Environment
Chinese Academy of Sciences, 2008

6 LiuN, Yang Y, Luo S, Zhang T, Jin J, Liao J. Biosorption of > Am

by Rhizopus arrihizus: Preliminary investigation and evaluation. Appl

7

11

12

13

14

16

Radiat Isot, 2002, 57 (2): 139~143
Li T (ZEf¥), Yu YX (A7 i 22), Hu JC (122 #). A study on the treatment
of LAS in detergent waste water with PVA entrapped entrapment cells.
Chin J Environ Sci (B35 1), 13 (5): 16~20

Liu L (XI%5), Li J (Z=7%), Wang YE (W {). The investment materials
of bio-entrapment technology. Water Purif Technol (if7K ), 2005,
24 (1): 40~42

Yu X (‘F#). Studies on treatment of lead-bearing wastewater by
entrapment Rhizopus oligosporus: [Doctor’s Degree Paper]. Guangzhou,
China (J/H): Sun yat-sen University, 2002

Li Y (32£53). Concentration analysis of heavy metals in edible fungi
from Chongqing and characterization of the absorption for Hg*" in
Pleurotusostreatus: [Doctor’s Degree Paper]. Chongqing, China (F JX):
Agricultural of Southwest University, 2005

Xu LH (#TFZL), Chen QB (BR{H %), Ye CW (& 30), Wu YM (5 )i
#%), Li X (Z#%). The study on heavy metal accumulation discipline of
edible mushroom. Agric Environ Sci J (LIRS Rl 24 417), 2005, 24
(Suppl): 42~47

Hu G (#1f#), Zhang L (), Tong MR (W), Yu YT (AT 12
Ji£). The characteristic of Pb(Il) adsorption from aqueous solution
by immobilized Streptomyces rimosus using polyvinyl alcohol. fon
Exchange & Adsorption (T3 5 W ), 2000, 16 (6): 534~539!
Wang N (£ 1), Min XB (/NJ%), Wang YY (£ 2z #), Chai LY (4
37.JG), Zhou M (Ji ). Comparative study on treating wastewater
containing zinc by free and immobilized sludge of SRB. Environ Sci &
Technol, 2008, 31 (11): 69~72

Gabriel J, Baldrian P, Hlad6AkovaA K, HaAkova M. Sorption by
native and modified pellets of wood-rotting Basidiomycetes. Lett Appl
Microbiol, 2001 (32): 194~198

Zhang D (3K J}), Gao IW (& {dfH), Ma P (&%), He HI (fili&1).
Effect of competitive interference on the metal ions biosorption by
Auricularia polytricha mycelial. Ecol & Environ (:Z535%), 2008, 17
(5): 1822~1827

Fan RM (U %i 1), Zhang BG (5K {2 ), Zhang HX (5K L #)), Fan JH (3
Z1H), Wang Q (L), Bai ZH (1% #) . Study on adsorption of Zn**
by Bacillus clausii S-4. Chin J Environ Engin (55 T F2244[0), 2007, 1
(8): 44~47



