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Biosorption of Heavy Metals onto Sphagnum Peat Moss

Hideshi SEKI, Kefeng Yu’, Hideo MARUYAMA and Akira SUZUKI

Division of Marine Life Science, Graduate School of Fisheries Sciences, Hokkaido University,

3-1-1 Minato-cho, Hakodate-shi, Hokkaido 041-8611, Japan
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Biosorption of Cd** and Pb®* onto sphagnum peat moss was investigated. The mole
numbers and acid dissociation constants of metal-binding sites (carboxyl and phenolic
hydroxyl groups) were determined by potentiometric titration. The Cd?* and Pb?" adsorption
data were analyzed using two different adsorption models. The models were based on the acid
dissociation reactions of acidic sites and the monodentate or bidentate binding reactions of
bivalent metal ions to acidic sites. The results showed that the biosorption of bivalent metal
ions onto peat moss followed the bidentate adsorption model. The number of acidic sites of
peat moss was about 1.5 mmol-g™, so that the saturated adsorption amount of bivalent metal
ions was 0.75 mmol-g™. It was also shown that the adsorption process of Cd** and Pb**

followed pseudo-second-order kinetics.
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REAKSTEBPTOBHDETEB A A L8EERBKT D2 &0
H, BETOGRA AV OHBICHBELRETEROVLSOTHD L

T

Z %2 b TWb (Cacheris and Choppin, 1987; Choppin, 1988; Maes et
al., 1988; Torres and Choppin, 1984). 7=, BHEHE N &F A 4 1
HLTEWEEKRERENDEZAET L2200, BEBHEZHVWTEAES
BA A oRESEHEAEBRNE LEMHELITHON TS (Deans and
Dixon, 1992; Ho and Miller, 1985; Seki et al., 1990). J& % E 1X U /v &R
FINELT ) - MEAKBEZEDEEROAKBRARY ~—Tbh
D, T OBUEENERBAATUEY A MELTHET LS. BHEY

o

BO—HTHLT7IVBBIOTZAVABIZTAINAFIVEE T =2/

i

—AHEARKBEZEEFEICEDLD, Wb KEETHLITEOREA L L
TOEMEINETHL. EFSLETMEMAICEIY 7 I a2 RiEi
L, A"Efb&tnESRBWERE EFETEEBIZONTHRF L L
(Seki and Suzuki, 1995). 7 X &% 600 K UL L T &+ 5 & &~
Wb+ 27, LWEHEBEEO LR ELEBITRERRNDPEFLIKETNTL, A&
RBAOZMRE LIEEEANGBAT D7D I IT QIR E %> B & IS H# 2
VENODLZERbhole., £, TERENAG 7 I VBEMME T2
AANEEETLL, BALBECREREECELZANE LEESBREY
HE2A~O7 I CBOFMMAEILTLEEMBTII RN LB RRS
.

AT, ERFICEERKRKEHROBHEHETCHDLE— FE R
EHOWEZARITLAEHOBRAETBICO VTR L., B — FE A
KIZAEDOHBMERBETHY, IPOBEMELRKICEREA T I
N oWARADNE S, B2 BRAEME L LTORMARN RIS TW
% (Crist et al., 1996; Ho and Mckay, 1999; Ho et al., 2000; Mckay and

Porter, 1997). EHWMWE O X524 B & A MI T VAR LR LE



Tz )= VEKBETHY, 2 OBEEIRED pH3-7T TR & £
ToHleoERWAERED pHIC X > TRELZ/T 5. &R WFHEE D pH
WHEEO TRIT R - WAERFORERIERGEOREICEVWTEETDH
LN, E—bFERADOERBRWRERME, LI pHEGFHEIZOWTEEW
MEEMIZIFEAL TR TV RWY, 22 CAMIETIE, TTE—E

CHFETOIMMMEEDOR LM ERLZRESTDLLDICE—FEAD
WAL AEMEZT 7. WICpH L@ RBWHIREEZZZ T NI U LL
h oW EFEREZAT, BUELE~DOKFBA T EERBA T O AKIG
HEEELTE2HEOREET NV EH W TCEREROEEWMBENT 21T - 7.

1. % B

1.1 E—FER

AAZEE () »"ba@an-KkEHRKEE— FE2509% 1.0
dm®® 0.01 mol-dm® HCIREH T~ FF v 7 A ¥ —F —% T 24
RE R B R VBT LRI AR K TR IR LW L 60C THZME L /2. Wi
WML —bhERA2g9g%, 7—F7uty VA0 THMBELHBERER
Bz Lz, UFTiEhhLTcuniney — FE X% PML, L -
v— hERA%Z PMS &£ T 5.

1.2 E—FERODEBRERT
HREKIZE—FT A 05 g2 MA=ETHERBSIETCE—FET R
ODHNMETKEZREIEL. ERFFHATICEBNYTE — MEXABBIK
BT ATy I AE =T —THAL L, HNO; K % M %2 T pH3 LL T &
LhIc2R® % 05 dm® & Lz, FiE & 0K &5 H NaOH iR % I
MU,pH 2N 10 AL L oA O pH Z ¥ pH & L THI&E
L7, BBIIEO pHRXP pHS E 2 FCZoBELBEYVIRLE. WME

% 30°CHE IR KA o THT N, o 4 38 1% 0.01 mol-dm™>(NaNOj3) & L 7=.



1.3 AFEYLBIURRERER
REKIZE—FERA005F721X01gaxMA=ETHEMRBIET
E—hFEAOAHECTCKEZERESEHLZ. - NERXBBEKE~ T X T
v AL —FZ —THEHHLL, FIERED CANO;), £ 721X Pb(NO;), IF ik %
N Z, HNO; £ 721X NaOH WK IC X W AT E D pHICHEI LB I &R %
05 dm?® & L. FrEMB I Ickic 7T oV —2WMY T~ 72
PERy hEHWTEREBIKRO - (3 cm®) Z&E B LUIEME O 48 R E
AWE L. MEFEFEICELLZZICE - MERXZELmE L (3000
rom, 20 min), MO pH L & RBREEZHE L. &K EEIXR %
6 B R (U1 W R TR 4y ok e R A-1800 2, A S ELMERT (BK))
FHVWTHEL, @BREREIVHAREE FHREOEZNLRE L.
W5 FEBRIE 30°CTEIE KM TAT v, A A R E X 0.01 mol-dm™®
(NaNOj) & L 7. Pb(NO3), 3 & U8 CA(NO3), #1H1 ## £ 1% 1.0x107" % X

W 2.0x10* mol-dm™ & L 7=.

2. BRLER

21 E—FERDY A XHH

Figure 1 (2 L — % — a7 7 # &L 2Ok 7- 88 43 A7 W & %5 & LA-300 (3 5
BAEFT (KR)) ZHWTHELZ PML (E#H) B L O PMS (H#H) o
ERMYESAHBEE RS, PML BLX O PMS 0 — FBEEZTHLEN
24497 B L 3209 um TH Y, LLEHERBIXIZT L T 3.21X10*° B L O
2.81X10°m*m> TH o 7=.

22 E—FPERDOBEERLBHERORE
BANEBMEOKENSLXRNEZHOTHEE LA PML(O) B X O PMS
(A) O BEYER O fEBE 8 2 Figure 2 1278 7.



~(Kw /Cp — K /Cyip)V = (Crp = Cy)V
w

(1)

Z 22, D[molg'liZ & — b & R & & UE O FEEIE S, Cho [mol-dm™]
% OE B AR AT O K R A A BT, Cy [mol-dm™iE NaOH Z ¥ L
T2 DOKFEAF AR E, Ky [mol2dm™®liZ Kk @ 4 # > #, mon [mol]
XHIM L7 NaOH &, V [dmPlid & &, w [glid— b T A @B EE
ThdH. E—FERADODERBERXRIINRF VLKL T = 7 — LK
MRETHY, EEO pH ITB T 5 B — b T R E 8O 2L

wATE I D (Seki and Suzuki, 1995; Seki and Suzuki, 1999).

Ke+Cy Kp+Cy

D= (2)

Z 202, K [mol-dm™®]ik 4 B o 5 o fig B %, N [mol-g i3 i 1k 2 & g
EOXEMBUEREBRTHY, RFCBILIVPPEZENENR TN LESE
O 72/ =K BEIZOWVWTORTI A =X THDL I EEERT.
Figure 212 R L7 ERER L Eq Qb HEH LEEMEERE L OEETF
MR/ ERD KBELONOE%E Table 11278 L 72. Figure 2 ® E#
X Table 1 IR LZMEZHWVWTEq QbR HLEHABE TH D, #
B R OMICHBEBRE r=0995 DRI BN HGE LT,

23 AFREOLBLURREEE

PML & PMS @1 F X U LW 75 F2 B8R O &5 R & Figure 312, ik
R EEBR O E % Figure 4 [2 73, Htdiho g [mol-g ' I KR t [s]i

B8R AFT LV RERETHDL. EMWEM~D 2B A4 OWAE

MW wEERXIC/E Y Z LN Z v (Antunes et al., 2003; Ho and

Mckay, 2000). = Z C, PML & PMS OB HEE 2 L3 % 72 O IC &



Ao “wHEEAZBEMHLZ.

d(g/
%ﬂa—q/qe)z 3)
[
kt
g=0, (4)
1+ kt

2T, K [sTUE B R E G, qe [mol-g i A B A A v A S B
T 5. Equation (4)I2 K D EFHE A & EBRA R OEZEFE TN K/ &k
kO EMBEBREr 2P IcRLE., P oERIT Eq. ()2 & 5
HETHDH. PMSOWEEE T PMLOK 10ETH Y, K345 TIFIF
EHIZELE.PMS T A AR/ SN RmEREELTHWD Z &iX
R ERAETHDI N, WEERENEFICEHENZ DL, PHHETE
EWRIEEZIT o BICIMIKSBEIC X > TW A % BT %5 Biosorptive
flotation ~ @ %] H 723 #] F T = % (Aldrich and Feng, 2000; Kefala et al. 1999) .
24 E—FERADHAFIIOLB&LUSRORE

PML B X O PMS O & )& A 4 WA & & -5 pH O 1R & Figure 5
(# FI v ALWFE) & Figure 6 ($h% %) IZ-x3. PML & PMS ® %
BERIZENBRWVWI E DL, PMLNEICHFET 2 BELEOIZIE T~ TH
CRATCEDORABICFAHINL TN EEZLNLD.

EMEM~O2MEBBEA AL OREA T =XLF, EFA NE&

BA A 1:1 TS 7 5 Monodentate ! &

-S" +M?* & -SM* (5)

2:1 THi A& 1 % Bidentate 1|12 KB T % .



2(-S7)+M?* & (-S),M (6)

TR LR AY A M, MP R 2B AL Th
H, BREAY A NBENEL 7LX v T A EEZ L ORY v~ —~4
JL R0 Y T

A FEENERSEAOEELZ L OBREDCBERAREHN ~ORAED L

< 78 Monodentate B! Td 5. F 7=, Bidentate &5 A& 1% AL fn gk & B2

Z

[y
r

H~D 2 &)@ A 4 OfE4 1% Bidentate B TH v, AW

Monodentate B & @D 1/2 TH L0, #weaWH A FoOMENEL TdHH
IX¥ Monodentate B! ff & 12 b X THE A U A I W I v (Seki and
Suzuki, 1999, 2002; Suzuki and Seki, 1999).

TIvgEBEBBEASD 2MER A A O E N Bidentate B ThH 5
S, HYHBHKROBHEME TCHLE - FEALRAKRTH D & RE
THLE, HEMMEE~02MEBA A OfAEEL (dmP-mol ™) Tk K
TE S 1,

B = i 7
I 8K (K; 1 )T C )

—brEA0O4&EBEBEHKEZIIRKXTEHE 2 BN 5 (Seki and

Suzuki,1999, 2002) .

NcOc + Npbp
e = 5

(8)

22T, Cy[moldm@® iz B A A O EmiEE, o[-l 34 B A 4 12
LK MMELEOYWER CTH D, Equations (T)E @)L XRANELND.



e =N —— . +Np . (9)
=77 L
2
P =2+—(E‘ ;ﬁCCH) (10)
i i~M

Equations (9) & (10)Z AW THHB LA Pl ER L ERMEOEE TS
M/ E DB D% Table 2127 L7z, 2k, WX N L& K
TEMAEMEIC LV RELALME (Tablel) Z Wiz, &E A 4 9 H
W % Cuo [mol-dm™®]1E 3% & Cyidk XN THRYE 2.

wq
Cm=Cumo— Ve

(11)

B H o FE# 1L Tables 1 & 21278 L72fE %2 AW T Egs. (9)-(11)2 & F H
LE-dtREMETH 5.
e o - oI, WA D Monodentate B &= F L 2 @ H L 7~ 45 & %

Figures5 & 6 x L 7z

N ﬁCCM +N ﬂPCM
“1+KcCph +BcCy | 1+KoCy + B:Cy

Qe = (12)

B 4 o A 1E Monodentate L E 5 L (Egs. (11) & (12)) & &k % 3 & &

ThdH. ETNICKDHEMELE EZBRMEOMBEFMEE X, Monodentate 7!



TETNOEAEN CdWAE =0.733 8 L O Pb W& =0.902, Bidentate i
ETEFALOHAN CAd WE =0.962 B LR PhsE =0979 TH Y, H 5
2212 Bidentate EF L EOHEBENEWWI ENDH, E—FEZX~D 2
Mi4mA 4 ofa XA IO\ Bidentate Bl ThH 2 & B2 b 5.
T, E—FEAD2ME&RA A ICH T 5 WA EIX 0.72 mmol.g™!
TH Y (Table 1), — MR A A RBBIEOK 112 TH DN, FEH
CEMTH DI ENDEARLESLREERE - BERE*AME LEEAES
BORESHBEIBNWCHERBREMBE CTHL EE X DN D.

B
KERROBHEME THIE— FEALEDZ I FI U LB EUTH

ij

AT DOREFE HEERS, RRERXOHEIPSUTOMERE Z 57,

1. E—=FERXA~D 2 lid)d A A O W& B2 3 RoE I
o 7.

2. E—bEZRA~D 2 iR AF L ORE XS = XN HEEH OB
Bidentate ! T& - 7z .

3. AP CTHWEZE — hE XD 24 B A 4 v W% &1L 0.72 mmol.g™!

Thy, RO AFT U ZHBEIEORN 112 TH - 7.
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Nomenclature

Cy = equilibrium concentration of hydrogen ion
Cwo = initial concentration of hydrogen ion
Cwm = equilibrium concentration of metal ion

Cwmo = initial concentration of metal ion

D = amount of deprotonated acidic sites
K = dissociation constant

Kw =ion product of water

k = pseudo-second order rate constant

Moy = added amount of NaOH

N = numbers of acidic sites

q = adsorption amount of metal ion at time t

ge = adsorption amount of metal ion at equilibrium
t = adsorption time

\Y = liquid volume

w = dry weight of peat moss

p = metal binding constant

= fraction of acidic sites occupied by metal ions

<Subscript>

C = carboxylic group

P = phenolic hydroxyl group

11

[mol-dm]
[mol-dm]
[mol-dm]
[mol-dm]
[mol-g]
[mol-dm]
[mol? dm’®]
[s]

[mol]
[mol-g™]
[mol-g™]
[mol-g]
[s]

[dm?]

[q]

[dm® mol™]
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Figure Captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Size distribution of peat moss. Unpulverized (PML), solid line;

pulverized (PMS), dotted line

Acid dissociation of peat moss. Peat moss concentration, 1.0 g-dm's;
ionic strength, 0.01 mol-dm™® (NaNO3;). Solid curve was calculated

from Eq. (2)

Time course of Cd adsorption onto (a) PML and (b) PMS at 30°C.
Peat moss concentration, 0.2 g-dm'3; ionic strength, 0.01 mol-dm3

(NaNO3j); solid curves, Eq. (4)

Time course of Pb adsorption onto (a) PML and (b) PMS at 30°C.
Peat moss concentration, 0.1 g-dm'3; ionic strength, 0.01 mol-dm3

(NaNO3j); solid curves, Eq. (4)

pH dependence of Cd adsorption onto peat moss at 30°C. lonic
strength, 0.01 mol-dm™® (NaNOs); solid curves, Egs. (9) - (11);

dotted curves, Eqs. (11) and (12)

pH dependence of Pb adsorption onto peat moss at 30°C. lonic

strength, 0.01 mol-dm™® (NaNO;); solid curves, Egs. (9) - (11);

dotted curves, Eqgs. (11) and (12)
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Amount of Cd adsorbed [mmol-g7]
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Amount of Pb adsorbed [mmol-g]

0.8

(a) PML-Pb; k = 0.0089 51, r = 0.993
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L —1] ]
N o/ A
o—0 O

OPb=0.7x10*mol-dm-3, pH4.9
APb=1.3x10*mol-dm-3, pH4.7

[0Pb=1.5x10% mol-dm-=3, pH4.6
I ]

500

1000 1500 2000
t[sl

Sekit> Figure 4



Amount of Cd adsorbed [mmol-g7]
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Amount of Pb adsorbed [mmol-g]
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Table 1 Numbers and dissociation constants of acidic sites

-COOH ©OroH

N (mol - g™) 7.66x10™ 7.20x10™

K (mol - dm®) 7.08x10° 7.41x107




Table 2 Cd and Pb binding constants

-COOH @gel
Bidentate binding
Bfor Cd (dm®- mol™) 9.77x10* 2.03x10°
Bfor Pb (dm®- mol™) 3.16x10° 5.62x10’
M onodentate binding
Bfor Cd (dm®- mol™) 6.97x10° 5.95x10°
Bfor Pb (dm®- mol™) 3.77x10* 1.50x10"




