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ABSTACT

The Adsorption of heavy metals, Mn, Zn, Cu, and Cr and three types of bacteria
{Entrobacter aerogenes, Escherichia coli, and Rhizobium meliloti) on the surface of activated
charcoal made from date palm leaves was investigated. Resuits obtained indicated thal metal
ions were adsorbed tocharcoalioa consuierable extent amounting to 71.4% for Zn*", 71.5%
for Mn?*, 72% for Cr™ and 84% for Cu®". The nature of this type of adsorption is suggested to
be of the physical type, since formahon of new compound was not observed. The adsorption
of bacteria to charcoal surface was found to be rmuch more pronounced, reaching 71% for £
aerogenes, 94% for E. Cofi and 98% for R maliloti. it is suggested that the nature of
interaction between bacteria cells and charcoal surface is of chemosorption type as evidenced
by the increase in electrical conductivity (EC) and the marked decrease inthe pH of the
bacterial suspension. Our results suggest that charcoal, made from date palms, may be
considered as & useful tool for purification of drinking water.

INTROCDUCTION

Changes in the nature or intensity of molecular forces is a phenomenon
that relates to a number of physical processes of which adsorption is the
most important. Adsorption falls into two main categories namely, physical
adsorption and chemosorption (Alexander and Kitchener, 1953 ). The
physical type involves the operation of weak polar interactions termed as Van
der Waal forces in which no chemical bond is formed between adsorbent and
adsorbate. On the other hand, chemosorption involves chemical interactions
in which a chemical bond, in a new two dimensional chemical compound, is
consequently formed. Since adsorption occurs at the surface of the interface
between adsorbent and adsorbate, the inherent properties such as size and
chemical nature of both adsorbent and adsorbate are of utmost |mportance in
the adsorption process.

The adsorptive abifity of a number of varied adsorbents has been
investigated by a number of authors {Bradford, 1975; Allen et al., 1971). Ray
et al. (1981) studied the adsorption of metallic ions to algal celi walls at pH
4.5 and found that the strength of adsorption falls in the order Cu® > Sr** >
Zn* > Mg® > Na' suggesting a frend from probable covalent to ionic
bonding. Charcoal has been employed in a2 number of adsorption processes.
For instance, in medicine (Westali, 1987}, in purification of drinking water
and removal of resin byproducts in organic synthesis (EI-Nadi et al.,
2001). The adsorptive potential of an adsorbent has been described by
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a number of relations mainly mathematical (Langmuir, 1916; Brunaer and
Teller, 1938; Harkin and Jura 1944). Activated charcoal made from date
palms ieaves was recently studied in this respect and its remarkable
adsorptive potential was demonstrated (El-Nadi et al., 2001).

In this study the adsorption of metal ions namely, Cu®*, Cr*3, Mn?, and
Zn*?, and three different types of bacteria, namely E. cofi, E. aerogenes and
R. meliloti on the surface of activated charcoal was investigated with the
ultimate goat of practical application of the obtained results in the field of
purification of drinking water and other related processes.

MATERIALS AND METHODS
Preparation of Charcoal:

Charcoal was prepared from leaves of date palm (Sci) grown in central
Saudi Arabia (Al-Qassim Region) according to the procedure described by El-
Nadi et al. (2001).

Adsorption of heavy metals

Solutions of copper sulfate [CuSO,] manganese nitrate [Mn(NOa).], zinc
nitrate [Zn(NOs);] and chromium nitrate [Cra(NOs);] ions were made to reach
the final concentration of S5ppm. All cations used in this work are of analytical
grade. Charcoal (3g, 2mm mesh size) was added to equai volumes (100 ml)
of each solution of the cations and shaken mechanically for 15 min, fittered,
using Wattman filter paper No.40. The filtrate obtained was used for the
determination of the remainder cations in solution, using inductively coupled
plasma (ICP) model GBC SC Equipment Pty, Ltd., England. Triplicate
determinations were carried out. Percentage adsorption of metal ions was
calculated from the concentration differences of each ion before and after the
adsorption process.

Adsorption of bacterial cells

Preparation of bacterial cells: Escherichia coli, E. aerogenes, and R.
meliloti were obtained from the Scil Microbiology laboratory of Department of
Water and Soil, at the College of Agriculture and veterinary medicine in Al
Qassim. E. coli and E. aerogenes were prepared by growing cultures
overnight at 35°C in lactose broth (EC medium, Difco, Detroit, Ml, USA) and
R. Meliloti was prepared by growing cultures for 48 hr in yeast mannitol broth
(YMB) at 30°C. Cells of each microorganism were harvested by
centrifugation at 5000 rpm for 15 min and washed in physiological saline
solution (0.15 M Na Cl). The washed cells were resuspended in 50 ml of
sterile phosphate buffer (Fisher, Cincinnati, OH, USA). The resuspended
cells were brought to a final volume of 100 ml by adding deionized water.
Bacterial cell concentrations in the suspension were determined by standard
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plate method using four replicates (Zuberer, 1984).

Charcoal (10 g), 2mm mesh size, were mixed with 100 mi of each
microbial suspension and shaken using a reciprocating shaker for 20 min.
Charcoal was immediately removed from each suspension and 10 ml of each
suspension was serially diluted by 10-fold steps into deionized water. Culture
tubes containing a defined substrate medium (MacConkey-Bouilion, E. Merck
Darmstadt, Germany) for E coli and E. aerogenes, and YMB for R. meliloti were
inoculated from each bacterial suspension after dilution. Most probable number
as described by Woomer (1994) was determined after incubation at 35°C for 48
hr for coliform (E. coli and E. aerogenes) and at 30°C for 3 days for R. melilot;.

Measurements of pH and EC
The pH and EC of bacterial cell suspension were measured before and
after addition of charcoal. The pH was determined using the Jenway pH-
meter mode! 3310 and EC was determined using the Jenway EC-meter
mode! 4340.

RESULTS ANS DISSCUSION

The adsorption of the heavy metals (Mn, Zn, Cu, and Cr) and three types
of bacteria (E. coli, E. aerogenes, and R. meliloti) on the surface of activated
charcoal, made from date palm leaves, was investigated. Table (1) shows that
the strength of adsorbance to charcoal surface was almost identical for Cr™,
Mn* and Zn* ranging from 71.4 to 72% and was much higher for Cu®
corresponding to 94.3%. Ray et al, (1981) studied the adsorption of some heavy
metals including Cu®, Zn*, Mg** and Na* on algal cells and found that the
largest value of adsorption was for Cu®*.

Results may indicate that adsorption of these metals to charcoal surface
belongs to the physical type since no new compounds were isolated i.e. no
chemical bond is formed. The differences in values of adsorption determined for
these metals are possibly attributed to the differences in affinity of these metal
ions toward charcoal. Since the values of ionic radii of these metal ions are
approximately identical (Table 1), they do not play significant role in determining
the degree of adsorption. :

Table (2) indicates that charcoal reduced the number of bacteria in the
suspension by 71%, 94%, and 98% for E. aerogenes, E. coli, and R. meliloti,
respectively. The decrease in pH of the bacterial cell suspension (Table 3)
clearly indicates proton (H*) exchange at the interface between bacterial cells
and charcoal particles resulting in H* release to the medium and consequently
the pH value shifted to the acid zone. Table 3 shows also that the electrical
conductivity (EC) of the bacterial suspension has increased indicating that the
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ionic strength of the bacterial suspension has also increased due to liberation of
charged entities at the surface. Thus, adsorption of the bacterial cells to
charcoal surface is more likely to be of chemosorption type since charged
entities are involved as indicated by decease in pH value and increase in EC.

It may, therefore, be concluded that charcoal made from date palm leaves
could be employed in varied adsorption processes, one of utmost importance is
the purification of drinking water.
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Table 1. Adsorption of heavy metals on the surface of charcoal made from
date palm leaves

Heavy metals
n*? Mn* cr? Cu*
Adsorption (%)t 7141002 71510015 72.010.02 943 +0.21
lonic radius 1 0.7 0.80 0.69 0.7

1 % Adsorption values were averages of triplicate
$ fonic radii (Pauling, 1960)

Table 2. Effect of charcoal on microbial populations measured in the

suspension
MPN index (cells/mi )X 10*
Treatment E.coli _ E. aerogenes R. meliloti
Untreated 24 15 110
Treated with charcoal 0.15 0.43 21
% Reduction 94 71 98

Table 3. pH and EC levels in bacterial suspension before {A) and after (B)

treatment with charcoal
Microbial pH EC (dS/m)
suspension of: A B %Decrease A B % Increase
E. coli 72 48 67 15 65 433
E. aerogenes 7.2 49 68 12 6.2 517
R. meliloti 7.0 47 67 14 40 286
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