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The adsorption of Cd4°" and Pb'™ 10 the surface of chetin has been studied in seawater a5 2 funcuon
of pH (2 10 K), tempersture (£ 10 60°C), salarwty (4 10 35), and the presence of other tmasition mctaly
The raes of sdiorption were gaie raged (7, = 20 mia) and were affecred by the prescecs of other
metaly such 3 Cu’". For P*°, 5 Langmuir-type adsorplion egesibrius s wied %0 roprosent e

riperimental cata. The Langmus

mability constant, K, was 1.9 % 10" ® mg mal ' and the complexing

capacity was 4.4 % 107 mol g*'. For Cd4"*, & single lincar adsorption with a siope of 515.1 £ 8.7 ml
37" was foumd. A decrease in the emperstuse resulicd in greater adsorpuon for both C47* aad P,
For P, an incroase in the salinity resulied in a decrease of the adswrpuos. For Cd™, the reverse
bebavior was observed as & consequerce of a direct competibon briween the chitin surface groups and

the C17 ioss o solution.  © 1790 Acsden Prwm, Ine

INTRODUCTION

The observed concentrations of many re-
active trace ciements in the oceans are rec-
ognized to be considerably lower than those
calculated with respect 10 their least soluble
salt (1). The scavenging of metals is an tm-
portant mechanism that limits the concentra-
tion of certain trace elements in the oceans.
A treatment of the adsorption propertics of
sinking particulate matter in the deep ocean
has been given by Balistrien e al. (2). These
workers suggest that the adsorptive properties
of manine particulate matter are controlled by
organic coatings. Relatively little is known
about the adsorptive charactenstics of such
organic films or coatings for trace metals ( 3).
Hunter (4) has presented data showing that
carboxylic acid and phenolic functional groups
appear 10 be the major ionizable groups in
such organic coatings. Scavenging in the ocean
has been investigated for relatively few metals
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(5=6). By contrast numerous laboratory stud-
ies have been carmed out on the uptake of trace
metals by sediments, pure mineral phases, and
biological material (7-12).

Vanous functional groups, such as carbox-
ylic, amino-, thio-, hydroxo- and hydroxy-
carboxylic, as well as relatively large surface
areas are exhibited by phytoplankton cells, al.
gae, biological debnis, and bacieria. Taking
into account these facts, baogenic organic par-
ticles play an important role in the binding of
metals and thewr transfer to the sediment,
thercby regulating the concentration of dis-
solved metals ( 12-20).

Chitin, as well as its deacetylated derivative
chitosan, is a constituent of the natural dis-
solved and partsculate organics and part of
fungi and bactenia Chinti-metal complexes
are known to be biodegradable (21, 22). This
makes chitin an imporant agent for metal
transport. When the chitin-metal complexes
break down, they release a large amount of
those mctals back into the scawater.

Most of the studies carmed out using these
natural polymers investigated possible uses off
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chitosan 10 remove metal jons in waste and
natural water (23-31) due 10 its higher che-
lating ability. However, ance chutin is a natural
component of paruculate organic matenal,
can serve &8 4 mode! absorber of metals in
ocean water (37).

In this paper we examane the adsorption af
Cd* and Pb* 1o chitin in seawater. The
measurements were made as a function of pH,
salinity, and temperature and in the presenoe
of competing metal jons in an attempt 10 better
understand the mechanism of the adsorpton.

EXNPERIMENTAL

The chitin powder used was from crab shells
and obtained from Sigma. Prior 1o use, the
chitin was washed several tmes with 0.1 M
HCL. After centnfugation at 12,000 rpm the
chutin was cluted repeatedly with Millipore
Super Q ion-exchanged water until the pH was
constant. The samples were air-dried. Takung
imto account peevious studies (23, 24, 32), the
amount used in all the cxpersments was 6 g
dm ~’ of chitin. The susface area was measured
by the BET method using krypton as the ad-
sorbate. The value found was 0. $ + 0,03 mol?
g~ for the bulk chitin used in most of the
expenments. Vanous size fractions from 53
hllOm“mm(m:{lmm’
£7'). Preliminary studies with different frac-
tions maging from 230 um to lower than 58
um gave adsorption results smilar 10 those of
the bulk, which was used in all the following
studies. Guif Stream seawater (5 = 35.53) was
filtered through 0.4%5-um  Millipore acd-
washed flters pnor 10 use Cadmium, lead,
and copper atomac adsorption standard solu-
tions from Sigma were used 1o make up the
solutions

Differential pulse anodic strippeng voltam-
metry ( DPASY) was used for all the metal
determinations. The measurements were per-
formed with the PAR 303 static drop mercury
clecirode (SDME) working in the hanging
mercury drop clectmde (HMDE ) made, using
the PAR Model 3458 polarographic analyzer
system conmected to 3 DMP-40 ploter. A
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polyethylenc cell was employed (33). A Ag/
AgCl electrode was used as ihe reference elec.
trode and a coued platinum wire as the aux-
ihary clectrode

The reduction potential was 09, 0 &, and
~0.6 V. respestively, for Cd°", Pb™, and
Cu®"_ In all cases, the rate was 2 mV/s: the
pulse height, 50 mV; and the deposition 1me,
| min. For most of the stucies. the measure-
ments were made in duplicate.

The measurements of adsorption of Cd**
and Pb™ 10 chutin were made after the amples
were equilibrated at the desired temperature
in a shaker bath 24 h before its determination.
The concentrations of metals in the samples
were determined after fltration using HA
Millipore acid-washed 0.45.um flters, Every
point represents the result of a separate run.
The metals were analyred in the filtrate by us
ing the method of standard addition The pH
was adjusiad by adding 0.1 M HCl or NaOH.
All the pHi measurements were made on the
fice proton scale (M) using Trs-scawater
buffers.

RESULTS AND DISCUSSION

Uptake kinetics of Cd** and Pb** The rapid
uptake of Cd** and Pb*" is shown in Fig |
Both metals reach the maximum adsorption
in about the same time. Assuming a pseudo-
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first order kimetic uptake of these metals. the
half-times calculated are 20 = 6 and 22 + 5
min, respectively, for Cd** and Pb™* . Chitin
has a higher adsorption capacity for Cd(1l)
than for Pb(ll). Afier the equilibration time,
73% of the initial smount of C4** (5.0 % 1077
Af) was adsorbed on chitin while only 41% of
initial PBE° (50 X 1077 M) was adsorbed.
These half-times and the percentages of metal
adsorbed on chitin are in good agreement with
the results obtained by Yang and Zall (31) for
ihese metals in processing wastes. Taking into
account the data published by these authors
(12), the adsorptions follow the sequence Cu
> Cd » Pb. This order shows a comrelation
with the second ionzation potential, as exhib-
ited by chitosan (23),

Adsorption isatherms. In Figs. 2and 3, 2
1ypecal determination of the complexation ca-
pacity of seawater is shown by curves | and 2
for both Pb(I1) and CA(IT). A van den Berg-
Runic plot ( 35) was used (Fig 4),

(Me] _[Me] 1 m
(RMe} G KomsoserCue'
where [ RMe ] is the concentration of metal
ion bond 10 the surface expressed as mol g '
ichitin dry wt), C, s the ol ligand con-
centration, and Kl © the conditional
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stability constant determined wath respect to
[Me'], the concentration of the metal ion in
all its inorgame forms. The values obtained
for the Gulf Stream seawater are shown in Ta-
ble [ Again. higher ligand concentrations are
exhibited by Cd(Il) than by Pb(IT) and both
are lower than those of Cu( 1l ). Similar values
for the three compounds are obtained for the
stability constamts. This trestment assumes
that metal complexation can he adequately
represenied by a single ligand and complexes
having a 1:1 sieichiometry, The slight curva-
ture observed at lower comcentrations for
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Cdi( 1) is taken as an indication of the presence
of two or more ligands of different stabalny
constants { 35). In both cases, only the linear
relationship has been analyzed. The complex-
ation parameters denved from the singhe-b-
gand mode! may not actually represent the li-
gand or binding sites 1n the sample. For a set
of ligands with broadly simalar stabilsty con-
stants, only an average stability constant wall
be obtained by this technique.

Figures 2 and 3 show the changes of 1he
scawaler's complexing capacity (curve J)jasa
consequence of the addition of chitin, The ad-
sorbed amount of cadmium and lead was es-
timated using curves 2 and 3, while the equil-
ibeation was obtaimed from curves 3 and |,

An equibbration plot | RMe) versus
[Melll)) pves the adsorption isotherm. Fig-
ures § and 6 show the different adsorption iso-
therms for lead and cadmium, respectively.

A surface complex formation model can be
used 1o describe the adsorption of lead to chstin
surface groups. The chitin surface acid-base
properties ( 32) may be charactenized by

RH; =RH +H". K, 121
RH=R +H". Ko 13]

The metal complex formation with the chitin
surface may be considered as that with poly-
functional macromobecules,

Me® 4 RH, = RMe'* " & xH*":
K. 14)

where R, designates the deprotonated surface
site. A general macroscopical adsarption
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vl wamaner Dt are ploted accortiong 10 e Langmuase
cquation | 8] both in e steence 2ad in e presence of
Cd™ snd Cu'" o the same concenimation of mach metal
et

equilibrium imsvolving vanous adsorption
mechaniems is assumed. giving an average
equihibnum consant
RH, + Me™ = RMe* ™" + xHi*;
K 13)
The equilibnum constant for Eq. [$] may
be defined for a given pH, omitung the
charges, in terms of a conditional constant as
{ RMe 161
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PG 6 Single adscrpuon sotherm exhibuied by Cd'”
sbcwhed 1o chitin bogh in the abaence and ia the praence
of Cu™ ana ™

Sl o Tl wmd vty Sowewe. Vol 100, N 1 e 10



w

Equation | 6] can also be interpreted in terms
of a Langmuir sotherm,

r ._ful*_"l,_
MK TS [Me™)

7

'R‘r‘!mh]
(KW' + [Me*]’

where [ RMe | and | Ry | comespond 1o Iy
and I, respectively, and are the amount of
metal ion adsorbed and 1he maximum value
of the metal ion adsorption capasity ( com-
plexing capacity) [mol g™']; and KJ is the
conditional constant, vahd for a given pH.
Figure 5 shows the usual form of Langmuir
isotherm (Eq. [8]) for the adsorption of lead
to chitin. We may denve from the expenmen-
tal data the equilibnum constant KJ. wrans
forming Eq. [8] into

I = . I 1 191
[RMe}  (Ry]  Ki{Ri)[Me™]’

and by plotting [ RMe | "' vs [Me™*]™", the
values of Ry and K can be evaluated  Figure
7 illustrates such a phot for the binding of Pb**
to chitin at pH 8.2, At high surface coverage,
a devaahion from the lincar relationship is ob-
served. This indicates that Pb™" woas bind first
10 the highest affinity surface ligands and sub-
sequently to those of less activity. The values
obtained for the amount adsorbed ar mono-

[ RMe) = (8]

AEXERR
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FiG, 7. Langmus plot (Eq [9]) for the binding of 1%
fromn ttesnon data (Fig 5),
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laver capacity [ Ry | and for the conditional
constant K} or Lasgmuir pamameters are
gpiven in Table 1. Using the [ Ry ) value for
Cu®* of 6.86 X 10 * mol g ' chitin given by
Gonzalez-Davila and Millero ( 12), one finds
that |50 umes more copper than lead can be
adsorbed on chitin producing a complete
monolayer.

Figure 6 shows the Linear sotherm for the
adsorption of Cd (1) w chitin, indicating that
K, the chitin/water panition coefficient,
constant and cqual 10 the slope of the iso-
therm. Lincar sotherms for the adsorption of
cadmium on rivenine-suspended particles also
have been showa by Commans and van Dyk
(36). The value obtamned for K, 153151 =87
ml g " chitin. This kind of isotherm s shown
by solutes that do not imteract strongly with
specific surface sites on the adsorhemt (37),
indicating a nonspecific interaction of cad-
mium on chitin.

Effects of pli, temperatwre. and salfnity. The
pH depeadence of the Pb?" and Cd** adsorp-
tion on chitin has been studsed by measurning
the remdual solute concentrations by DPASV
in the filtrate. Adsorption of metal jons at the
solid chitim surface-water interface is strongly
pH-dependent ( Fig. £), because the properties
of both the chitin surface (charge and poten-
tzal ) and the solution compostion ( metal ion
speciation ) change with pH.

Figure 8 shows the effect of pH on the ad-
sorption of Pb™ and Cd?" on chitin. At pH
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values lower than 3.5, line adsorption of Pb**
on chitin oocurs; a1 values of pH above 1.5, 0
nearty constant amount of Pb?* is adsarbed.
The hydroxo complexes of Pb(Il), such as
PBOH ", in our opinion, are fully labile. be-
cause change in the peak potential £, at pHl
near 7 o due to the formation of a hydrono
complex of Pb{ll) (38).

For Cd**, an pH values between 2 and 12,
the amount of Cd®* adsorbed increases with
a siope of 0.58 = 0.2. A1 pH values higher
than 1.2, a shight increase with a slope of 0.06
£ 0.1 1n the adsorbed Cd** concentration is
exhibited. Over all ranges of pH studied, the
chitin results are amilar to those found by
Murray (39), Morgan and Stumm (40), and
Lastinen and Zhow (41 ) for different clements
adsorbed to MnO;,

These results do not correspond with Eq,
[12] bedow. Neglecting the activity coethoent,
the mass law expression for the reaction [£)

RMe|[H*)"
{RH, | [Me™*]

Upon rearrangement we have
RMe
bl{w;%-l* mpH,

whete Z = log K% + log | RH. |. If Z is con-
sidered a constant, Eq. [11] becomes

Ky = [10})

[
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tog e L lles . 7 4 4 pH.

Me(ll)]s

Equation [ 3] predicts 2 slope of 2 for the
adsorpiion  of divalest mewals w0 chitin,
whereas the slopes shown in Fig. & are only
045 2 0.1 and 0.57 = 0.2, respectively, for
Pb™* and Cd™ . Sumilarly, the pH dependence
of the adsorption of other metal ions ( 32, 39-
41 ) was always much less than 2 and closer
10 the value 0.5, As has been observed by oth-
ers (32, 39-41), the cause of the difference
between the slope and the ratio may be that
the values of Zin Eq. [ 12] may mot be constant
even if the amounts of Pb** or Cd** adsorbed
are very small. Different siies may exiss on the
surface of chitin which may be changed by the
solution. The values obtaned for the ampho-
teric properties of the swrface of chitin in 0,7
M NaCl were pk,, = 44 + 0.2 and pKo
= 64 * 03 (32). The number of SO,
~SOH, and -SOF sites on the surface of chitin
may change with varyving pH. The low values
may also be due 16 the adsomption of asions
as countenons and the chemisorption of an-
sons by replacement of OH ~ groups. Either of
these processes would change the H ™/ Me®"
ratio and the cation adsorption equilibrnum.

The effect of temperature on the adsorption
of cadmium and lead on chitin is shawn in
Fig. 9. In both cases, the adsorption on chitin
decreases at higher temperatures, showing the
same behavior as the adsorption of gases on
solids The speaific I'IHP E was calculated
for the adsorption of Cd ™ and Pb°* using

K, = Aexpl - E/RT), [13)

where A is the frequency factor and K, is the
partition coefficient of Cd** or PH™* om chitin.
The lincar fits of the values of In &, versus |/
T (K) shown in Fig. 9 give values of E,
= =206 & 045 keal/mol and Ep, = ~$.26
= 0.62 keal/mol. These negative specific ad-
sorption encrgies of Cd(11) and Ph(I1) may
be due to the heat of hydration of 1hese metals
being lower than their heat of adsorpton.
Salinity influences adsorption due 10 efects
on adsorhate activities in solution, as well as
Sl of Codenat ot Iy Sowmce Y (BT My | e 1
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surface charge and double-layer properties of
ihe hydrated particles. The effect of salinity on
the partition coefficient of Pb** and Cd™* is
shown in Fig. 10. A linear relationship hetween
log K, and 5'7 is found in both cases. For
lead, the sope of log K, with 5''7 increases
with a slope of 0, |, For cadmium, the amount
adsorbed decreases when salinity increases,
with a slope of =0.12. The same results have
boen shown by Comans and van Dk ( 36) for
the Cd** adsorption on riverine-suspended
particles in fresh waler and in more saline wa-
ter. At very low salinities, most of the cad-
mium will be present as Cd** | but when the
salinaty increases, the formation of stable Cd-
chloro complexes occurs and dominates the
cadmium speciation. [t can be concleded that
the adsorption behavior of cadmium is regu-
lated by the decreasing free Cd " activity in
solution, through the combined effect of in-
creasing cadmium complexation (mainly by
C17) and increasing ionic strength. This sug-
gests that the free Cd** activity determines the
partition of cadmium between the chitin and
the solution. The system can be described as
a direct competition for Cd®* ions berween
ligands at the chitin surface and C17 in the
solution. These chionide complexation effects
gve a metal distribution that can be deseribed
by a single adsorption sotherm (Fig 6).
Competition with other metals. In nateral
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dqueous systems several metallic 16ns will ke
present. and a selective uplake of these wons
by chitin surface groups can be expected. In
order o investigate this effect, a mixture con-
taning Cu®™ . Cd°", and Pb** was added.

Figure | shows the effect of added Cu’" on
the uptake rate for both Cd** and Pb™* . Lower
equilibrium concentrations of each metal are
achieved. The Cd** concentration changes
from 73 to 69% while the Pb** concentration
changes from 21 to 35% The hall-time cal-
culated assuming a pseudo-first order uptake
changes from 20.5 = 6.2 w0 286 £ 54 mun
for C4** and from 226 = 5.1 10 335 2 6.1
min for Pb*" Since Cu®" has a higher afinity
for chuun surface groups ( 32), the highest af-
finity surface groups of chitin are rapsdly oc-
cupied by Cu®* . The adsomption of metal ions
by chitin and chitosan from mixed metal jons
solution, shown by Muzzarelli (24) and
Yoshinan and Subramanian (21 ), does not
follow a set stowchiometry. This suggests that
ihere may be more than one active site for
different metals on the surface of these poly-
mers.

Fagures 5 and 7 show 1he effect of the pres-
ence of Cu™ and Cd°" on the adsorption iso-
therm of Pb** on chitin, When higher
amounts of other metals are added, a lower
concentrabion of Pb" is adsorbed. The values
obtained for the Langmuir parameters calkcu-
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lated using the transformed Langmuir equa-
ten (Eq. [9]) are shown in Fig. 7 and given
0 Table IN{K} = 5,50 10 * molg™"). The
complexing capacity for Pb** was 50 x 10*
mal g7 less in the presence of copper and
cadmium than without these metals The small
changes in the conditronal constant shows that
the sites occupied by Pb** are the same,

In Fig. 6, a slightly lower K, partition coefe
ficsent is observed in the presence of Cu®™* and
Pb™* for the adsorption of Cd™* (Tabie 11),
mainly due 10 1he presence of the Cu?! ion.

CONCLUSION

It has been demonstrated that cadmsum and
lead can be adsorbed by chitin surface groups
in seawater. The adsorption of lead on chitin
can be correlated well with surface complex
formation equilibeia, while the experimental
data for the adsorpton equilibrium of Cd™*
shows a single adsorption isotherm, Vanations
in factors sach as pH. iemperature, and salinity
have additional { positive or negative ) effects
on the mobsliaton of lead and cadmium. 1
is concluded that the Cd** activity is reduced
by chloride complexation The system can be
descnibed a3 a direct competition for Cd*™* sons
between clutin surface groups and C1 - in so-
lution. When two or more ransition metal
ions are present together in the solution, Cu®",
whach forms the most stable complex with the
polymer, is preferentially adsorbed. leaving
part of the Cd** and Pb™' in solution. Our
results suggest, however, that there may be
more than ome active site for the different
metals on 1he surface of chitin,
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