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Adsorption of zinc on bed sediment of River Hindon:
adsorption models and kinetics
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Abstract

The paper presents a study of zinc adsorption using the experimental data on bed sediments of River Hindon in western Uttar Pradesh (India).
The effect of various operating variables, viz., initial concentration, solution pH, sediment dose, contact time, and particle size, have been
studied. The optimum contact time needed to reach equilibrium was of the order of 60 min and was independent of initial concentration of zinc
i rbent doses
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ons. The extent of adsorption increased with an increase of pH. Furthermore the adsorption of zinc increases with increasing adso
nd decreases with the adsorbent particle size. The content of iron, manganese and organic matter in various fraction of sedime
ith increasing particle size indicating the possibility of the two geochemical phases to act as the active support material for the ad
inc ions. The adsorption data follows both Langmuir and Freundlich adsorption models. Isotherms were used to determine therm
arameters, viz., free energy change, enthalpy change and entropy change. The negative values of free energy change indicate
ature of the adsorption while positive values of enthalpy change suggest the endothermic nature of the adsorption of zinc on be
f the River Hindon. The positive values of entropy change indicate randomness at the solid/solution interface.
2004 Elsevier B.V. All rights reserved.
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. Introduction

The presence of heavy metals has long been used to deter-
ine the extent of pollution in a given area. Many rivers in
ensely populated areas contain anomalously high concen-

ration of metals. The metal concentrations in river water gen-
rally vary with flow as well as sediment concentrations. The
eavy metal load of sediments often reaches such high levels

hat its sudden desorption pose a great danger[1]. Therefore
orption and desorption processes influence the water quality
o a considerable extent. Occasional transport of sediment-
ich water results in increased heavy metal concentration in
ivers. The presence of organic complexes such as humides,

∗ Corresponding author. Tel.: +91 1332 272906x249;
ax: +91 1332 272123.

E-mail address:ckj@nih.ernet.in (C.K. Jain).

fulvic acids, etc. also accounts for higher level of meta
the sediments due to the formation of organo-metallic c
plexes.

Pollution from industrial and agricultural sources t
great extent is responsible for high concentration of
in river water [2]. This may also be contributed by w
ter distribution system due to leaching of zinc from g
vanized pipes. Zinc is an essential element for both
mals and men and is necessary for the functioning of
ious enzyme systems, deficiency of which leads to gro
retardation. Low intake of zinc results in retardation
growth, immaturity and anemia, condition known as ‘zinc
ficiency syndrome’. Symptoms of zinc toxicity in humans
clude vomiting, dehydration, electrolyte imbalance, abd
inal pain, nausea lethargyness, dizziness and lack of m
lar coordination. Zinc imparts undesirable, bitter astring
taste to water at levels above 5.0 mg/L[3]. Toxic concen
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trations of zinc above recommended value cause adverse ef-
fect in the morphology of fish by inducing cellular break-
down of gills. Zinc deficiency in human body may also re-
sult in infantilism, impaired wound healing and several other
diseases.

A number of technologies have been developed to remove
toxic metals from water. The most important of these in-
clude chemical precipitation, ion exchange, reverse osmosis
and adsorption. The suspended and riverbed sediments play
an important role in the transport of metals in aquatic sys-
tems. The important components of the suspended load for
geochemical transport are silt, clay, hydrous iron and man-
ganese oxides and organic matter[1,4]. Generally, the ad-
sorption study for sediment less than 50�m has been re-
ported widely, while that for the sediment more than 75�m
are few because of little adsorption action[5]. Adsorption
properties of the sediments provide valuable information re-
lating to the tolerance of the system to the added heavy metal
load.

Despite the wide variability of composition of the sedi-
ments depending upon the prevailing conditions, some inher-
ent structural and surface properties favouring heavy metal
sorption characterize them. A number of ingredients present
in sediments are identified as sorption active compounds and
are studied and reported by different authors. Forstner[6]
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2. Study area

The River Hindon is one of the important rivers in western
Uttar Pradesh (India), with a basin area of about 7000 km2

and lies between latitude 28◦30′ to 30◦15′N and longitude
77◦20′ to 77◦50′E. The study area is a part of Indo-Gangetic
Plains, composed of Pleistocene and subrecent alluvium. The
river originates from Upper Shivaliks (Lower Himalayas) and
flows through four major districts, viz., Saharanpur, Muzaf-
farnagar, Meerut and Ghaziabad in western Uttar Pradesh and
covers a distance of about 200 km before joining the River
Yamuna downstream of Delhi. The major landuse in the basin
is agriculture and there is no effective forest cover. The aver-
age annual rainfall is about 1000 mm, major part of which is
received during the monsoon period (June to September). The
main sources of pollution in River Hindon include munici-
pal wastes from Saharanpur, Muzaffarnagar and Ghaziabad
urban areas and industrial effluents of sugar, pulp and pa-
per, distilleries and other miscellaneous industries through
tributaries as well as direct outfalls. The physico-chemical
characteristics of different effluent drains joining River Hin-
don and their impact on river water quality has been discussed
in an earlier report[13].
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ompiled the most association of heavy metals in partic
orm in sediments, where he described the active constit
ith the nature of association. Jenne[4] discussed the role
lay sized minerals in trace element sorption by soils and
ments. Lion et al.[7] studied the adsorption characteris
f estuarine particulate matter with reference to Fe/Mn o
nd organic surface coatings. Gagnon et al.[8] studied the
orption interactions between trace metals and phenolic
tance on suspended clay minerals. Fu and Allen[9] studied
he adsorption of cadmium by oxic sediments using a m
ite binding model. The model has been used satisfac
o predict the extent of adsorption over the pH range 4.5
ajracharya et al.[10] studied the effect of zinc and amm
ium ions on the adsorption of cadmium on sand and soi
eported that both the ions suppress the adsorption ca
ignificantly.

Although clay and silt component adsorb metal ions m
etter than coarser fraction of sediment, one should take
ccount that most river sediments contain 90–95% san
nly 0–10% clay and silt. Therefore, in river systems w
igh sand percentage and low clay and silt content, the
ll contribution of sand content to adsorption of metal
ould be comparable to or even higher than that of
nd silt fraction[5,11,12]. In the present study, adsorpti
f zinc on bed sediments of River Hindon has been s

ed with a view to demonstrate the role of bed sedim
n controlling metal pollution. Adsorption data has b
nalysed with the help of adsorption models to determ

he adsorption constants associated with the adsorption
ess and isotherms have been used to obtain thermody
arameters.
. Experimental methodology

All chemicals used in the study were obtained from Me
ndia and were of analytical grade. Deionized water was
hroughout the study. All glassware and other containers
horoughly cleaned and finally rinsed with deionized w
everal times prior to use.

Freshly deposited sediments from shallow water
he bank of River Hindon at Khajnawar were collected
olyethylene bags and brought to the laboratory. Sam
ere taken from the upper 5 cm of the sediments at p
here flow rates were low and sedimentation was ass

o occur[14,15].
Textural features of the sediments were observed a

reliminary classification made according to grain-size
istinctive geochemical features. The important geoch

cal phases for the adsorption process are organic m
anganese oxides, iron oxides and clays. The conten
anganese oxide and iron oxide were measured as tota
anese and total iron, respectively, and extracted from the

ment samples using a acid digestion mixture (HF + HC3
HNO3) in an open system.
Adsorption experiments were conducted in a series o

enmeyer flasks of 100 mL capacity covered with a te
heet to prevent contamination. Fifty mL of zinc ion solu
200–2000�g/L) was transferred in the flasks together w
esired adsorbent doses (Ws in g/L), and placed in a wat
ath shaker maintained at desired temperature. The pH
olution was maintained throughout the experiment usin
ute HNO3 and NaOH solutions. The pH was measured be
nd after the solution had been in contact with the sedim
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Table 1
Characteristics of sediments

Sediment fraction (�m) Weight (%) Total Mn (mg/g) Total Fe (mg/g) Organic matter (mg/g)

<75 2.2 2.808 112.40 2.067
75–150 20.2 2.250 78.24 1.123
150–210 24.1 1.648 28.04 0.695
210–250 35.7 0.650 13.76 0.547
250–300 6.5 0.258 7.20 0.532
300–425 10.5 0.183 6.84 0.517
425–600 0.8 – – –

the difference between the two values was generally less than
0.1 pH unit. Aliquots were retrieved periodically and filtered
through 0.45�m membrane filters. The filters were soaked
in dilute (1%, v/v) HNO3 for 1 h and thoroughly rinsed with
deionized water prior to use. The filtrate was analysed for the
remaining concentrations of studied metal.

Perkin-Elmer atomic absorption spectrometer (model
3110) was used for determination of concentration of zinc.
Average values of five replicates were taken for each determi-
nation. Operational conditions were adjusted in accordance
with the manufacturer’s guidelines to yield optimal deter-
mination. Quantification of zinc was based upon calibration
curves of standard solutions of zinc ion. These calibration
curves were determined several times during the period of
analysis. The detection limit for zinc ion was 0.0008 mg/L.

4. Result and discussions

The sediment characteristics of River Hindon is given in
Table 1. The sediment has a rather coarse texture, composed
of more than 95% sediment of size >75�m and <5% silt and
clay. The organic content of the sediment was of the order of
0–1%. The background zinc level in the various fractions of
the sediments was negligible (below detection limit) in the
u dded
f zinc
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Since the sediment fraction 210–250�m has compara-
tively higher weight percentage (i.e. 35.7%), therefore it was
considered appropriate to study the comparative adsorption of
zinc ions on this fraction and clay and silt fraction (<75�m)
to demonstrate the importance of the coarser fraction in con-
trolling metal pollution.

5. Effect of operating variables

5.1. Equilibrium time (t)

The effect of contact time on the adsorption of zinc
ions on two particle size of adsorbents is shown inFig. 1.
The asymptotic nature of the plot indicates that there is
no appreciable change in the remaining concentration af-
ter 60 min. This time is presumed to represent the equi-
librium time at which an equilibrium concentration is at-
tained. The equilibrium time was found to be independent
of initial concentration. All the further experiments were,
thus, conducted for 60 min. Adsorption curves are smooth
and continuous leading to saturation, suggesting the possi-
ble monolayer coverage of zinc ions on the surface of the
adsorbent.

According to Weber and Morris[16], for most adsorption
p h1/2

r c
a cle
s ea-
t d a
p dif-
f the
npolluted zone, compared to the amount of adsorbate a
or the adsorption tests. This confirms the absence of any
articulate attached to the sediment particles. The conte

ron, manganese and organic matter in various fractio
ediment decreases with increasing particle size indic
he possibility of the two geochemical phases to act a
ctive support material for the adsorption of zinc ions.

Fig. 1. Effect of contact time (t an
 n percent adsorption of zinc ions.

rocesses, the uptake varies almost proportionately witt
ather than with the contact time,t. Therefore, plot of zin
dsorbed,Ct versust1/2, are presented for the two parti
izes of adsorbent inFig. 1. The plots have same general f
ures, initial curved portion followed by linear portion an
lateau. The initial curved portion is attributed to the bulk

usion, the linear portion to the intraparticle diffusion and
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Fig. 2. Adsorption of zinc ions on bed sediments at different concentrations.

plateau to the equilibrium. The experiments were conducted
at pH <7.0 to avoid any precipitation of zinc ions.

5.2. Adsorption isotherms

The adsorption isotherms of zinc are shown inFig. 2. It
is evident from the isotherm that there is a linear distribution
in the range 0–1000�g/L. Further, for the same equilibration
time, the adsorption of zinc is higher for greater values of
initial concentration of zinc ions or the percentage adsorption
is more for lower concentration of zinc and decreases with
increasing initial concentration. This may be due to the fact
that for a fixed adsorbent dose, the total available adsorption
sites are limited thereby adsorbing almost the same amount of
adsorbate thus resulting in a decrease in percentage uptake of
the adsorbate corresponding to an increased initial adsorbate
concentration.

A comparison of two plots reveals that the affinity of zinc
is more for <75�m fraction, i.e., clay and silt as compared
to coarser fraction. This may be attributed to the fact that
<75�m fraction contain more iron and manganese content
than that of 210–250�m fraction indicating the possibility
of association of these substrate with clay and silt particles.
These findings reveal the possible role of clay and silt com-
ponents as active support for the adsorption of zinc ions. The
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that the adsorption of zinc rises from 7.5% at pH 2.0 to 86.9%
at pH 6.0 in the case of clay and silt fraction (0–75 mm) and
from 5.2% at pH 2.0 to 84.8% at pH 6.0 in the case of coarser
sediment fraction (210–250�m). Almost similar behaviour
with pH was reported by many authors[17–23] on various
adsorbents.

5.4. Effect of adsorbent dose (Ws)

The effect of adsorbent dose on the adsorption of zinc
ions is shown inFig. 4 for a fixed initial concentration of
1000�g/L. It is observed that the adsorption of zinc per
unit weight of adsorbent decreases with increasing adsor-
bent load. On the other hand, percent adsorption increases
from 86.9 to 93.0% for the 0–75�m fraction with increasing
adsorbent load from 0.5 to 2.5 g/L.

5.5. Effect of particle size (dp)

The effect of particle size of adsorbent on the adsorp-
tion of zinc is shown inFig. 4. These plots reveal that for
a fixed adsorbent dose, the adsorption of zinc is higher for
smaller adsorbent size. Further, it is observed that the percent-
age adsorption decreases with increasing geometric mean
of adsorbent size. This is because, adsorption being a sur-
f par-
a n oc-
c and
s
t igher
lay and silt constitutes <5% of the total sediment load
herefore, comparing the two weight percentage of the
ractions and their corresponding adsorption capacitie
inc ions, it is clear that the contribution of coarser sedim
s more in controlling metal pollution as compared to c
nd silt fraction.

.3. Effect of pH

The effect of pH on the adsorption of zinc ions is show
ig. 3for a fixed initial concentration of zinc ions (1000�g/L)
nd adsorbent dose of 0.5 g/L at a particle size of 0–75
10–250�m. Experiments could not be performed at hig
H values due to low solubility of metal ions. A general
rease in adsorption with increasing pH of solution has
bserved up to the pH value of 6.0 for both the fraction

he sediment. From the results, it is evident that the pH
aximum uptake of zinc ions is 6.0. Further, it is appa
ace phenomenon, the smaller particle sizes offered com
tively larger surface area and hence higher adsorptio
urs at equilibrium. Similar trend with adsorbent dose
ize was also reported by other workers[5,11,12,24,25]for
he uptake of metal ions on various adsorbents. The h

Fig. 3. Effect of pH on percent adsorption of zinc ions.
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Fig. 4. Effect of adsorbent dose and adsorbent size on percent adsorption of zinc ions.

content of iron and manganese in the 0–75�m sediment
fraction also accounts for higher adsorption in this fraction,
which is the main driving force for the adsorption of zinc
ions.

6. Adsorption models

In general, the adsorption isotherm describes how adsor-
bates will interact with adsorbents and so is critical in opti-
mizing the use of adsorbent. Adsorption data for wide range
of adsorbate concentrations are most conveniently described
by adsorption models, such as the Langmuir or Freundlich
isotherm, which relate adsorption densityqe (metal uptake
per unit weight of adsorbent) to equilibrium adsorbate con-
centration in the bulk fluid phase,Ce. The adsorption models
have been used to determine the mechanistic parameters as-
sociated with the adsorption process.

6.1. Langmuir model

Langmuir’s isotherm model suggests that uptake occurs on
homogeneous surface by monolayer sorption without interac-
tion between sorbed molecules. The model assumes uniform
energies of adsorption onto the surface and no transmigration
o m of
L ing
e

w
C ions
( xi-
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a
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6.2. Freundlich model

The Freundlich equation has been widely used and is ap-
plicable for isothermal adsorption. This is a special case for
heterogeneous surface energies in which the energy term,b,
in the Langmuir equation varies as a function of surface cov-
erage,qe, strictly due to variations in heat of adsorption[27].
The Freundlich equation has the general form[28]:

qe = KFC1/n (2)

The Freundlich equation is basically empirical but is often
useful as a means for data description. Data are usually fitted
to the logarithmic form of the equation:

log qe = log KF + 1
n

log Ce (3)

whereqe is the amount adsorbed (�g/g),Ce is the equilib-
rium concentration of the adsorbate ions (�g/L), andKF and
nare Freundlich constants related to adsorption capacity and
adsorption intensity, respectively (Table 3). When logqe is
plotted against logCe, a straight line with slope 1/nand inter-
cept logKF is obtained (Fig. 5). This reflects the satisfaction
of Freundlich isotherm model for the adsorption of zinc ions.
The intercept of line, logKF, is roughly an indicator of the
adsorption capacity and the slope, 1/n, is an indicator of ad-
sorption intensity[29]. The Freundlich parameters for the
a t
f f the
R ption

T
L

S
(

t

2

T
F

S
(

2

f adsorbate in the plane of the surface. The linear for
angmuir isotherm equation is represented by the follow
quation[26]:

1

qe
= 1

Q0 + 1

bQ0Ce
(1)

hereqe is the amount adsorbed at equilibrium time (�g/g),
e is the equilibrium concentration of the adsorbate

�g/L), andQ0 andbare Langmuir constants related to ma
um adsorption capacity (monolayer capacity) and ener
dsorption, respectively. When 1/qe is plotted against 1/Ce,
straight line with slope 1/bQ0 and intercept 1/Q0 is ob-

ained (Fig. 5), which shows that the adsorption of zinc f
ow Langmuir isotherm model. The Langmuir paramet

0 andb, are calculated from the slope and intercept of
raphs and are given inTable 2. These values may be used
omparison and correlation of the sorptive properties o
ediments.
dsorption of zinc are also given inTable 2. It is eviden
rom this data that the surface of the bed sediments o
iver Hindon is made up of small heterogeneous adsor

able 2
angmuir parameters for adsorption of zinc ions

ediment fraction
�m)

Adsorption maxima
Q0 (mg/g)

Binding energy constan
b (mg/L)−1

0–75 5.0 4.338
10–250 12.5 0.974

able 3
reundlich parameters for adsorption of zinc ions

ediment fraction
�m)

Adsorption capacity
KF (mg/g)

Adsorption intensity
1/n

0–75 0.088 0.593
10–250 0.046 0.690
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Fig. 5. Graphical representation of adsorption isotherms: (A) Langmuir isotherm and (B) Freundlich isotherm.

patches which are very much similar to each other in respect
of adsorption phenomenon[25].

7. Adsorption kinetics

7.1. Thermodynamic parameters

The effect of temperature on adsorption of zinc onto bed
sediment of River Hindon is depicted inFig. 6 for a fixed
adsorbent dose of 0.5 g/L and initial zinc concentration of
1000�g/L. The temperature range used in the study was from
20 to 40◦C. Adsorption increased with increase in temper-
ature, which may be mainly due to the increase in number
of active sites caused by the breaking of some bonds. Ther-
modynamic parameters such as free energy change (G◦),
enthalpy change (H◦) and entropy change (S◦) were de-
termined using the following equation[30–32].

G◦ = −RT ln Kc (4)

G◦ = H◦ − T S◦ (5)

whereG◦ is the change in free energy, kJ/mol;H◦ the
change in enthalpy, kJ/mol;S◦ the change in entropy,
J/mol/K;T the absolute temperature, K;R the gas constant =
8 be
d

K

rption o

whereCAe andCeare the equilibrium concentration (�g/L) of
the metal ion on the adsobent and in the solution respectively.

From Eqs.(4) and (5), it can be rewritten as:

log Kc = S◦

2.303R
− H◦

2.303RT
(7)

When logKc is plotted against 1/T, a straight line with slope
H◦/2.303R and interceptS◦/2.303R is obtained (Fig. 7).
The values ofH◦ andS◦ were obtained from the slope and
intercept of the van’t Hoff plots of logKc versus 1/T (Fig. 7).
The thermodynamic parameters for the adsorption process
are given inTable 4.

Positive values ofH◦ suggest the endothermic nature of
the adsorption of zinc on bed sediment of Hindon. The nega-
tive values ofG◦ indicate the feasibility of the process and
indicate spontaneous nature of the adsorption. However, the
negative value ofG◦ decreased with an increase in tem-
perature, indicating that the spontaneous nature of adsorp-
tion of zinc is inversely proportional to the temperature. The
positive values ofS◦ show the increased randomness at
the solid/solution interface during the adsorption process. A
positive entropy of adsorption also reflects the affinity of the
adsorbent for zinc ion. Similar findings were also observed
by Srivastava et al.[24] and Namasivayam and Ranganathan
[33]. The adsorbed water molecules, which are displaced by
t han is
l f ran-
d pacity
o to the
.314× 10−3; andKc the equilibrium constant. This may
efined as:

c = CAe

Ce
(6)

Fig. 6. Effect of contact time and temperature on adso
 f zinc ions: (A) 0–75�m fraction and (B) 210–250�m fraction.

he adsorbate species, gain more translational energy t
ost by the adsorbate ions, thus allowing the prevalence o
omness in the system. Enhancement of adsorption ca
f adsorbent at higher temperatures may be attributed
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Fig. 7. Van’t Hoff plot for adsorption of zinc ions: (A) 0–75�m fraction and (B) 210–250�m fraction.

Table 4
Thermodynamic parameters for the adsorption of zinc ions

Sediment fraction (�m) Temperature (◦C) Kc G◦ (kJ/mol) H◦ (kJ/mol) S◦ (kJ/mol)

0–75 20 4.4335 −3.6297 35.770 134.30
30 6.6920 −4.7899
40 11.346 −6.3217

210–250 20 3.878 −3.3027 32.470 121.90
30 5.667 −4.3710
40 9.101 −5.7479

enlargement of pore size and/or activation of the adsorbent
surface[34].

7.2. Adsorption dynamics

The rate constant of adsorption is determined using Lager-
gren first-order rate expression:

log (qe − q) = log qe − kad

2.303
t (8)

whereq and qe are amounts of metal adsorbed (�g/g) at
time, t (min) and at equilibrium, respectively andkad is the
Lagergren rate constant for adsorption (1/min). The straight
line plots oflog (qe − q) versust for different concentrations
(Fig. 8) and temperatures (Fig. 9) indicate the applicability
of the above equation. Values ofkad were calculated from the
slope of the linear plots and are presented inTables 5 and 6
for different concentrations and temperatures, respectively.
The rate constants were higher at higher temperatures. Sim-
ilar findings were also observed by Namasivayam and Ran-
ganathan[33].

tration

7.3. Intraparticle diffusion

The rate constant for intraparticle diffusion (kid) is given
by Weber and Morris[35]:

q = kidt1/2 (9)

whereq is the amount adsorbed (�g/g) at time,t (min). Plots
of q versust1/2 are shown inFigs. 10 and 11for different
initial concentrations and temperatures, respectively. All the
plots have the same general features, initial curved portion
followed by linear portion and a plateau. The initial curved
portion is attributed to the bulk diffusion, the linear portion to
the intraparticle diffusion and the plateau to the equilibrium.
This indicates that transport of zinc ions from the solution
through the particle solution interface, into the pores of the
particle as well as the adsorption on the available surface
of sediment are both responsible for the uptake of zinc ions.
The deviation of the curves from the origin also indicates that
intraparticle transport is not the only rate limiting step. The
values of rate constants (kid) were obtained from the slope
of the linear portion of the curves for each concentration of
Fig. 8. Lagergren plots at different initial concen
 s: (A) 0–75�m fraction and (B) 210–250�m fraction.
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Fig. 9. Lagergren plots at different temperatures: (A) 0–75�m fraction and (B) 210–250�m fraction.

Table 5
Rate constants at different concentrations

Sediment fraction (�m) Concentratin of zinc (�g/L) Lagergren rate constantkad (1/min) Intraparticle rate constantkid (�g/g/min1/2)

0–75 500 4.38× 10-2 14.000
1000 4.03× 10-2 17.770

210–250 500 5.74× 10-2 17.144
1000 5.50× 10-2 23.125

Table 6
Rate constants at different temperatures

Sediment fraction (�m) Temperature (◦C) Lagergren rate constantkad (1/min) Intraparticle rate constantkid (�g/g/min1/2)

0–75 20 4.28× 10-2 13.125
30 4.03× 10-2 15.625
40 4.54× 10-2 18.125

210–250 20 5.57× 10-2 25.455
30 5.50× 10-2 26.364
40 6.96× 10-2 27.273

Fig. 10. Intraparticle diffusion plots at different initial concentrations: (A) 0–75�m fraction and (B) 210–250�m fraction.

Fig. 11. Intraparticle diffusion plots at different temperatures: (A) 0–75�m fraction and (B) 210–250�m fraction.
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metal ions (Table 5) and temperatures (Table 6). The value
of intraparticle rate constant (kid) was higher at higher con-
centration. Increasing temperature slightly improved thekid,
but did not have any significant effect. Similar findings were
also observed by Namasivayam and Ranganathan[33].

8. Conclusion

It is concluded from the study that though zinc ions have
more affinity for the fine fraction of the sediment, but the
overall contribution of coarser fraction to adsorption is more
as compared to clay and silt fraction. The adsorption data
suggests that the pH of the solution is the most important
parameter in the control of metal pollution. The percentage
adsorption increases with increasing adsorbent doses, and as
such removal increases with decreasing size of the adsorbent
material. The two important geochemical phases, iron and
manganese oxide, also play an important role in the adsorp-
tion process. The content of iron in the sediment fractions
was found to be relatively higher indicating the possibility of
presence of iron minerals other than hydroxides. The equi-
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