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Extended Langmuir Models for Cd* and Cu* Biosorption by Hydrilla Verticillata
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Abstract: Using submerged aquatic plant is a cheap and clean technique to remediate contaminated water with low concentrations of heavy
metals. Biosorption of both cadmium and copper by fresh tissues of H. verticillaia, a submerged aquatic plant, was investigated in aqueous solu—
tion at various initial pH values. We found the biosorption process was strongly pH-dependent and the optimum pH value of adsorption was de—
termined as 7.0 for cadmium ions, and 5.0 for copper ions, respectively. Of three selected extended Langmuir models, the fitting results of mod—
el A were the best. In contrast to model A, the adsorption capacity of H. verticallata was largely undervalued by the model B, and slightly over—
rated by the model C. This result indicated that the sorption of H. verticillata for cadmium and copper was independent on the valency charge of
heavy metals, and no further interactions occurred to form the complex of biosorbent—metal-H*(BMH). Three—dimensional biosorption sur—
faces were plotted by using the regression parameters of extended Langmuir model A, which clearly illustrating the characteristics of H. verti—
callata biosorption for cadmium and copper ions at different pH values. The comparison of theoretical ¢ values and experimental ¢ values
showed that: when C, was between 24 mg+ L and 72 mg-L™, a relative error between 78% of theoretical q values and experimental g values was
within 22% for cadmium, and a relative error between 90% of theoretical ¢ values and experimental ¢ values was within 10% for copper. This
research provides a case study on cadmium and copper biosorption by H. verticillata at different pH values, which might improve our knowl—
edge of understanding and regulating submerged aquatic plant for remediation of water pollution with low concentrations of heavy metals.

Keywords: H. verticillata; cadmium; copper; biosorption; pH; extended Langmuir model

A B S — TR I B R BOK AR BB
JEHE B ARHE B (<100 mg - L) E & J& K A AL BEDY,

SO 5008 B AR TR W B LY S AR BE R B
I PIRSEST, WY E N — RGeS I /) B TE
A R SR 32 2056, AnmBR 3% (Potamogeton

7 F 9 : 2009-04-22

ELTH: R AARIFEEESHE LIHE (20777059)

EERN - ZEF(1981—), B, W AZ N LB A, EER
A IR KIS A 5185 , E—mail: Thomaskiki@163.com

EifEE .BEW E-mail: czyan@iue.ac.cn

lucens ) .0 IR F-3% (Potamogeton pectinatus )\ JXUHR 3
(Eichhornia crassipes ) \Myriophyllum brasillensis . F& £
W B (Myriophyllum spicatum ) . 4 1 B ( Ceratophyl-
lum demersum )51, 5] N Fh— LA XK A AW 25



146 ZREHTEE  BREE R CA* A Cu® W3 & Langmuir BEFUESY

201041 A

KR 4R R M A R ES BT TSRS, R
BT /K A 40 R AR Ay A 4 R 591 2 B 75 Gk (A Hh i 2
&8 (B DX 5 TH R 9T K 2 F 2 X AE YAt
o 82 B 28 7 2 AN -85 5 72 (Langmuir B8,
Freundlich ##1 )&, TOlbJE/K pH (HZEL K, A[E pH
ZAET B P85 A 21 Langmuir 77 B RH#A,
T #1 & Langmuir A& 24 AV F — > J5 F °] R 7R A A
pH 2500 T R I-F B Rr i . RGERFST pH EXTTIK
) % o B 4 JR8 %) S i) B % 4 i Langmuir #5871 i BF
FERIARIE

PG, AR 5T B 92 : (1) 4% pH [EXTKE
Yy (Re PR ) W oY 4 B SR AT A9 S ), 1 8 AR
Yy B 251 5 (2) B B8 HL A9 & Langmuir 271,
FEAE pHESF T HA B 15 JoK 4 1 A 4 W B Ay
i, RN e —25 T B & R A YW MR AT RL

1 R EFTTE

11 #FelH &

TEBUH DL TR Y (et RR OV ik Rt
TESCI E RS 2 AT, dIBUE R R PS8 — B0
2510 em KAYTRAL (RGBT ), F 3% R IR VS W IR Uk
SRR ZEE TR, BT YR K S8

H 43 B4l CdCL-2.5H,0 F1 CuSO,+SH0 43 B EE
il B B TR 1000 mg- L' ISR, BT
1 000 mL Z&EHHF (25 C)&H.

1.2 K 75%E

B 150 mL W) 4R E 4R W N 2.4.8.16.24.36,
72 mg L7 BT — R FI A 250 mL HETEHR A,
0.1 mol - L 3872 .0.1 mol - L' NaOH & & 375 pH 1H,
BIGMA 0.25 g FUKEY (AT E ), Bl A
TEJATY pH {H o ¥ R AF (250 mL 4T ) e R IR
P (200 r-min™,25 C1 °C), 120 min"?f5 53] F147,
R TR , A N W T 43 8, I
W43 366 E A (Model SolaarM , Thermo Electron, USA )
WERBHESBRE . RBYRE 3T, R
BEAT— R FVAIIAE YRR %o BR 2 3y , ARSI 3%
B AT AR RE R BAAEE R W FI /K AR TTCE o XoF
RORIEERRE I A (TR ) A BE B W
HER, WA A K RIERZR
1.3 #iEabE

R EE R P IERR AR ERZE<T %,

TUKAEYIRE %o B 455 R B R Y o ) 358 D7 1
N

q=(Co=C,)-V/W (1)
K :q 24 120 min JFUUKAEY (e BB EL R
(Cd*Fi Cu) B BAA IR MY B , mg - g7'; Co VBB LR E
LBV ,mg-L7;C, 2N 120 min [T W T WELE
W, mg L7V RV AR TR, L W M YR i B T
H,g
1.4 AR Langmuir 2B/

B A ERESRE-HRA RS, a0 5R 0% 5
Xt EE 4R R BFE AT e ok BM, X HAR R B v 287 A
BH, [F] B U B P A] s h

B + M«<»BM, K, = [B]-[M]/|BM]

B + H <»BH,K, = [B]:[H}/[BH]

IS, R o6 500 % B 4 T ) W B i T 3R R

_ (9u/K,,) * C;[M] (2)
=1+(1/K,.) - C;[M]+(1K,,) - C[H]

A B: HIE T GRS I R,
TEMR FR 50 B R B AL B AR AT R R A A .
1, A T R AT 27 0 BMos, HA IR B U
A7 R BH . B , W82 B 55 5% — 4 B 4 i 1 IR
B[R A,

4= @ua* {(1/K,,) - C,[M]™) (3)
1+{(1/K,,) - C,[M]}2+( LK,,) - C,[M]

BER C. ANAREEY A Brid , BB H R T 3%
784 BM A1 BH, [FlB}, By I8 B 8] A9 AH B SE AR A
FEA R E] R BMHM, G, 2 BRF500 5 B 4 T A R =
CIE-Z Wk

Gue* CAM] - {(1+(K,/K) - C;[H]} (4)
=K, +C,[M]+(K,/K,) - C,[H[+2(K,/K ) - C,[H]

K g NEEEE TR E, mmol g ™; ¢u HHIL
B R , mmol - g5 C; [HA H¥ E , mmol - L Cq[H]
NEGJEE TS, mmol - L5 K, K, Fl K BPAH &,

1z J Sigmaplot 10.0 %k {43 £ 4 18] 5 &4 B J
2, SR (Guue Ko K K SHAREIR 2 S.E RIS 53
RECVI)NFE 1 PR,

2 HREWE

2.1 pH XK Bt 2 A9 0E
pHEREMELSBAYRMNFEREZ—. A~
A pH &4 T (W@ S ,pH=2.0~7.0; XI4Hii 5 ,pH=
2.0~6.0), BFXE &R W ENE 1 PR,
M 1 FTLAE H, TOKAE ) S5 AT LA SO B
&R  AHY A R ZMEBUE A SRR =
EREWIEE, EYAMEE N E SR WYL EFETE .
YrER FF BT RS E BB 45 A E RIS, Davis 1




55 29 B4 13 ® W B O\ OB ¥ ¥ 147
# 1 #iFR Langmuir B[O 9 4R
Table 1 Fitting results of extended Langmuir models for heavy metal and H. verticillata system
Mk e E 2 G /mmol - g K, /mmol - L™ K, /mmol - L K/(mmol+L)?
R A HE 033 0.04 0.03
(pH=2.0~7.0) S.E. 0.02 6.18¢-3 8.61e-3
CVI% 6.11 15.21 26.50
B BE 0.09 2.13e-6 7.58e+4
S.E. 0.02 2.04e-5 3.39e+11
CV1% 2.75 958.40 4.48e+8
C e 0.33 0.04 0.03 4.07e+4
S.E. 0.02 6.26e-3 9.67¢-3 7.96e+9
CVI% 6.21 15.41 29.74 1.96e+7
B A b4l 0.40 0.08 0.59
(pH=2.0~4.0) S.E. 0.03 0.02 0.22
CV1% 8.95 26.70 37.01
B BE 0.13 8.59¢-6 1.87e+6
S.E. 0.03 5.06e-5 7.13e+13
CVI% 21.76 5.8%e+2 3.82e+9
C BE 0.44 0.10 0.04 0.03
S.E. 0.02 0.01 7.26e-3 8.17¢-3
CV1% 4.68 11.54 19.79 21.87
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Figure 1 Biosorption values of heavy metals for H. verticillaia at different pH values
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Figure 2 Three—dimensional biosorption surfaces of cadmium and copper ions for H. verticillata
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Figure 3 Comparison between theoretical g values of extended Langmuir model A and experimental ¢ values

for cadmium sorption onto H. verticillata



150 ZEEBE  BEWH C*H Cu ¥ /& Langmuir BERIFFST 20104E 1 A
_ 20 ~ ] _
i pH=2.0 i pH=3.0 ol pH=4.0 .
A A A
10}
15F
" 8l ~.§ 15t ad
80 S ®or n
£l 2 Flop A8 Fiof
@ " g | = i | R
= 4f = A =
& 5t =X 5 p
2r A | f 3 E
O-Iél 1 1 1 L 1 1 1 L 1 1 1 0 Ié 1 1L 1 1L O_ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
0 10 20 30 40 50 60 0 10 30 40 50 0 5 10 15 20 25 30 35 40

A B fmg - L

A T /mg - L
A SEHE

S B /mg - L
mEE

4 BRI MRAIHRE Langmuir #38 A $+HE 5 LNEX L E

Figure 4 Comparison between theoretical g values of extended Langmuir model A and experimental ¢ values

for copper sorption onto H. verticillata
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