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ABSTRACT

Removal of copper from polluted water by plant leaves was studied using 15 species. Copper
was recovered in variable percentages depending on the species and pH value of the solution.
Copper recovery froma 20 mg/L copper solution ranged between 88% (in poplar leaves) and
33% (in oak leaves). For all leaves studied, maximum copper recoveries were found to be
between pH 4 and 6 depending on the plant species. At pI 2 the copper was not removed by
the plant leaves studied. Adsorption was suggested as the main mechanism for the reaction
between copper ions and plant leaves with a reaction order equal to one.
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RESUMEN

La remocion de cobre del agua contaminada por medio de hojas de plantas fue estudiada utilizando
15 especies. Se encontraron porcentajes variables de recuperacién de cobre que dependieron de
la especie y del valor del pH de la solucion. De los 20 mg/L de la solucién de cobre, ¢l intervalo
de recuperacion de este metal estuvo entre 88 % (en las hojas de dlamo) y 33 % (en las hojas de
roble). El mdximo de recuperacion de todas las hojas estudiadas se encontré entre 4 y 6 de pH
dependiendo de la especie de planta. A pH 2 el cobre no fue removido por las hojas de las
plantas estudiadas. Se sugirié que la adsorcién fue el mecanismo principal de reaccion entre los
iones de cobre y las hojas de las plantas con un orden de reaccion igual a uno.

INTRODUCTION

Since metals have many useful industrial applications,
removal of metals from municipal and industrial waste-
waters 1s an important environmental issue. In addition,
some trace metals are essential elements for the normal
growth and development of living organisms. However,
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many heavy metals are highly toxic to a wide range of
organisms when the metal accumulative concentration
exceeds a certain limit. Copper is widely used in the in-
dustry of electrical equipment and wires, pipes, alloys,
antifouling paints, algaecides and wood preservatives. It
is considered the second toxic metal to aquatic organ-
isms after mercury (Clark 1989). Absorption of excess
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copper by man may cause “Wilson’s Disease” which is
characterized by the accumulation of copper in the brain,
liver, pancreas, myocardium and skin (Bockris 1978).

Several methods are developed to recover metals
from wastewaters. These include coagulation, chemical
precipitation, ozonation, membrane filtration, biosorbents,
adsorption to activated carbon and ion exchange. The
last two are the most commonly used. However, these
are expensive and the ion exchange resin and activated
carbon must be regenerated. As a result, environmental
scientists keep looking for other low-cost adsorbents such
as cotton (Roberts and Rowland 1973), peat moss
(Coupal and Lalancette 1976, Ho er al. 1995), peanut
skins (Randall er al. 1978), waste tea leaves (Tee and
Khan 1988), bark and other cellulose material (Deshkar
and Dara 1988), green algae and rice hull (Roy e al.
1993), moss (AL-Asheh and Duvnjak 1997), and others.
The efficiency of these methods depends on the adsor-
bent device and metal solution.

Plant leaves are natural wastes that are found to be
efficient in removing considerable amounts of metals like
lead, cadmium, nickel and aluminum, from aqueous metal
solutions (Salim and Robinson 1985a,b, Salim 1988a,b,
Salim ef al. 1992, 1994 and Sayrafi et al. 1996). Using
plant leaves offers the advantages of being simple, di-
rect, and inexpensive. The efficiency of this method var-
ies according to the type of plant species, metal, pH and
other factors. In this paper, the ability of leaves from 15
different plant species to remove copper from polluted
water and the effect of pH on copper removal process
are investigated. In addition, a model for the kinetics of
the interaction between copper ions and leaves is dis-
cussed.

MATERIALS AND METHODS

Naturally dried leaves of 15 different plant species
common in Palestine were collected from Nablus and
Jenin areas in the northern West Bank (Table I). To
determine the leachable amount of copper, leaves were
cleaned first with deionized water before being soaked
in 1M HNO, for three days and the amount of copper
leached to the solution was measured using atomic ab-
sorption spectrophotometer as described below.

Glass bottles (250 ml) were used as containers to run
the experiment. These were carefully cleaned and soaked
in 1M HNO, for three days. Thereafter, bottles were
washed with deionized water.

Copper stock solution (1000 mg/L.) was prepared us-
ing CuSO,-5SH,O (Analar grade, BDH). Necessary dilu-
tions were done to obtain the desired copper concentra-
tions. Certain weight of the clean dry leaves was placed
inside the glass bottles and 200 ml of the required copper
solution concentration were added. The experiment was

TION SITES

English name

Scientific name

TABLEL PLANT SPECIES STUDIED AND THEIR COLLEC-

Collection site

Carob Ceratonia siliqua Sicleh Harthich/ Jenin
Cinchona Eucalyptus longifolia Sieleh Harthich/ Jenin
Cypress Cupressus sempervirens — Nablus

Ficus Ficus nitida Nablus

Guava Psidium guajava Sieleh Harthich/ Jenin
Loquat Eriobotrya japonica Sieleh Harthich/ Jenin
Olive Olea europea Sieleh Harthieh/ Jenin
Qak Quercus ithaburensis Sieleh Harthieh/ Jenin
Pine Pinus halepensis Sieleh Harthieh/ Jenin
Pistache Pistacia palaesting Sieleh Harthieh/ Jenin
Poplar Populus euphratica El-badan/ Nablus
Reed Phragmites australis Till/ Nablus

Sisso Dalbergia sisso Nablus

Walnut Juglans regia Nablus

Willow El-badan/ Nablus

Salix alba

run at room temperature (about 20 °C) and the pH of the
solutions was monitored and adjusted to the desired val-
ues using either 1M NaOH or 1M HCI as required. The
pH values were determined using a pH-meter (Hanna
Instruments, model 8521). The accuracy of the instru-
ment was + 0.01. Removal of copper from the solutions
was monifored by tracing the decrease of copper con-
cenfration. Copper concentrations were measured using
an acetylene-air flame atomic absorption spectrophotom-
eter (Pye Unicam, SP 192). Each measurement of cop-
per concentration was repeated five times and the aver-
age was taken. Readings with a standard deviation above
10% were rejected.

RESULTS AND DISCUSSION

All leaves employed were found copper-free, as in-
dicated from the negligible concentration of leached cop-
per ions in solutions of these leaves.

Ability of different plant leaves to remove copper

Leaves (20 g/L) of different plant species were found
to have difterent abilities to remove copper from aque-
ous solutions containing 20 (mg/L) copper. Rate of cop-
per removal was fast during the early stages of con-
tact, then decreased to reach a steady state condition
(Fig. 1). The fast recovery of copper at the beginning
of the experiment could be due to the immediate ad-
sorption of copper on the leaf surface (film diffusion).
Then, the metal 10ns start to enter the pores of the leaf
in a slower process called “intrapore diffusion” (Salim
and Robinson 1985a.b, Salim ef al. 1992).

Figure 1 shows the decrease in copper concentra-
tion, as a function of time, at the natural pH value of
leaf suspension (pHn) with initial pH value been adjusted
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Fig. 1. Removal of copper from copper solution (20 mg/L) using 20
g/L dry leaves of different plant species. pH of the solution
was not adjusted (pHn)

topH 4 for all leaf suspensions. At equilibrium, pH val-
ues of different leaves were found between 3.98 and
7.06 with cinchona being the most acidic and ficus the
least. Poplar and sisso leaves were found to be the most
effective in removing copper from polluted water (> 80%
removal) and cinchona, carob, oak and ficus were the
least with percentage removal that did not exceed 35%.

Effect of pH on copper removal by plant leaves
Copper removal efficiency by leaves of different plants
species was studied at different pH values (2,4, 6 and
pHn), and the maximum efficiency at each pH is reported
in table 1I. For all plant leaves used, copper removal
was minimal (if any) at pH 2 and maximum at pII be-
tween 4 and 6. Similar results were obtained for copper
and cadmium removal by water hyacinth roots (Low et
al. 1994, Wang 1995). According to Wang (1995), the
1soelectric point for water hyacinth roots was around pH
2. AtpH less than 2, most of the binding sites on the root
surface would have positive charges making the bindin g
and/or sorption of the metal ions unattractive. Another
hypothesis is that higher H* concentrations do not allow
precipitation of metal ions in sifu within the roots. but
keep metal ions available for free diffusion out of the
roots and free space (Arvik and Zimdahl 1974). Our re-
sults indicate that metal binding raises with increasing
pH to reach a maximum at about pH 5. Ke and Rayson
(1992) observed similar results. It has been attributed to
the change in the dominant functional groups responsible
for binding on the cell wall, with carboxylate groups and
diamine groups being the most important ones inpH < 5
and pH 6, respectively. In addition, the binding sites of
the leaf cell wall would have a net negative charge.
This would lead to electrostatic attraction between metal
ions and negatively charged binding sites of the cell wall
(Wang 1995). At higher pH values, precipitation of metal
occurs. The solubility product constant (Ksp) for cop-
per hydroxide is 4.8 X 10°. This value predicts that
copper begins to precipitate as hydroxide at pH 7.59.
Maximal copper removal percentages of different plant
leaves and the corresponding optimal pH values are
presented in table 111. Maximum removal of copper

TABLEIL. PERCENTAGE REMOVAL OF COPPER (20 mg/L) BY
PLANT LEAVES (20g/L) AT DIFFERENT pH VAL-
UES AFTER 150 HOURS CONTACT

Plant species

% Curemoval at pH

2 0 pHn
Carob 2.5 20.0 37.5 25.0
Cinchone 0.0 82.5 90.0 20.0
Cypress 8.0 175 27.5 35.0
Ficus 12.5 20.0 20.0 2715
Guava 0.0 47.5 40.0 47.5
Loquat 5.0 575 60.0 65.0
Olive 0.0 275 37.5 350
Oak 0.0 30.0 30.0 20.0
Pine 0.0 40.0 70.0 67.3
Pistachio 17.5 G60.0 57.5 50.0
Poplar 20.0 80.0 65.0 70.0
Reed 7.5 60.0 52.5 45.0
Sisso 27.5 65.0 70.0 77.5
Walnut 5.0 70.0 55.0 60.0
Willow 35.0 70.0 55.0 AT5
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was 88% (poplar leaves) and minimal was 33% (oak
leaves).

TABLE L MAXIMUM REMOVAL OF COPPER BY PLANT
LEAVES FROM THE 20 mg/L. COPPER SOLUTION
AND THE pH VALUE OF THE MAXIMUM RE-

MOVAL

Leaf type Maximum % removal pH

Poplar 88 4.00
Sisso 83 4.30
Willow 78 4.00
Pine 76 6.20
Loquat 71 6.19
Walnut 71 4.00
Reed 66 4.00
Pistachio 62 4,00
Guava 54 4.00
Carob 48 6.00
Cypress 42 6.08
Cinchona 37 6.00
Olive 37 6.00
Ficus 34 6.00
Oak 33 6.00

Kinetics of the interaction between copper ions and
plant leaves
Application of adsorption isotherms

The present results agree with those reported by oth-
ers authors (Salim and Robinson 1985a,b; Lee and Hardy
1987, Salim 1988a,b, Yadava et al. 1989, Salim ef al.
1992, Wang 1995, AL-Asheh and Duvnjak 1997), ie.,
that the loss of metal ions on biosorbents occurs mainly
through adsorption of the metal ion on the adsorption sites
of the biosorbent. The linearized form of the Freiindlich
isotherm model was applied to the results of this study.
The model is

Cn: ‘k Cslfn

where:

C, = the equilibrium concentration of copper adsorbed
on leaves (mg/g).

C, = theequilibrium concentration of copper left in solu-
tion (mg/L).

k= the Freiindlich constant related to sorption capac-
ity of the sorbent (L/g).

1/n = the sorption intensity of the sorbent.

The values of k and 1/n were obtained from the inter-
cepts and slopes, respectively, of the linear plots of logC,
versus logC_ of the experimental data (Fig. 2). Param-
eters of the Freiindlich adsorption isotherm of copper on
poplar leaves are:

logk=2.72and 1/n=1.44

The linear plot in Fig. 2 suggest the applicability of
Fretindlich adsorption isotherm on the uptake of copper
ions by poplar leaves. Fretindlich isotherm can be applied
to substances with pores which are not too narrow (Ponec

(.49
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Fig. 2. Application of the Freiindlich adsorption isotherm on the
uptake of copper from various copper solutions by 20 g/L.
poplar leaves at pH 4.4. C_is the amount of copper adsorbed
on poplar leaves. C_is the amount of copper left in the solu-
tion

et al. 1974). The value of k (the intercept) increases slightly
with time, while 1/n values remained almost constant (av-
erage 1/nvalue=1.42). The value of 1/nis usually depen-
dent on the nature and strength of the sorption forces as
well as on the distribution of active sites on the surface of
the sorbent. If 1/n > 1, bond energies increase with sur-
face densitly of the sorbent (Wang 1995).

Order of the adsorption reaction

Time-dependent loss of metal from solution with vari-
ous metal concentrations can be used to study the effect
of metal ion concentration on the rate of its adsorption by
plant leaves and thus, gives the order of the reaction be-
tween metal ions and plant leaves (Salim et al. 1994). The
concentrations of copper adsorbed on poplar leaves (C)
was calculated (assuming C, and C, are additive). For
each initial concentration of copper a plot of C, against
Ji wasplotted (Fig. 3). The slopes of these straight lines

v
+ 2 mg/l
0.6 o 6 mg/L
ﬁ0-5' AT0 mg/L
g0_4 | S mgfL
=
= %18 mg/L
8 0.3 »
020 mg/L
0.2
0.1
0 T
0 1

O

SQR time (hours)

Fig. 3. Plots of copper uptake (C ) by 20 g/ L poplar leaves versus
square root of time (SQR) for various copper concentrations
at pH 4.4
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(dC /d Jr ) reflect the rate of copper adsorption (dC [dt)
on poplar leaves, which can be expressed by the formula:

(dC, /dr), =1/ 2~1(dC, / d1),

Plotting the rate of copper adsorption (dC /df) against
the concentration of copper left in the solution (C) results
in a linear correlation as shown in Fig. 4. Each line corre-
sponds to the rate of adsorption of copper as a function of
concentration of copper left in the solution (C) after a
certain exposure time and regardless of the initial concen-
tration of copper in the solution. Therefore, it can be con-
cluded that the loss of copper ions on poplar leaves is a
first order reaction, or might be a pseudo first order reac-
tion due to the high number of adsorption sites on leaves.
In general, the first order reaction model is applicable to
the sorption of heavy metals from liquid to solid phases,
which is considered to be a reversible reaction with an
equilibrium being established between two phases (Wang
1995).

0.04
E 0.03 ® 4 hours
50 %12 hours
g *16 hours
— 0.021
=
a3
2
0.017
0 = ; ;

Cs (mg/L)

Fig. 4. Dependence of the rate of copper uptake (dC_/dt) by 20 g/L.
poplar leaves on the concentration of copper remaining in the
solution (C) at pH 4.4

CONCLUSIONS

Removal of copper 1ons from aqueous solutions
was found to be dependent on the plant species used.
Among the plant leaves studied, poplar and sisso leaves
were the most effective in removing copper. Cinchona,
olive, ficus and oak leaves were found to be weak
removers of copper.

Metal removal by leaves of all 15 plants studied
was found to be pH-dependent. Maximal metal re-
moval was achieved between pH 4 and pH 6. Metal
was notremoved at pH 2 was almost negligible for all
leaf types studied.

Fretindlich adsorption isotherm was found to be ap-
plicable fo the results of the present study. Therefore,
adsorption can be suggested as the main way of inter-

0 2 4 6 8 10 12 14 16 18

action between plant leaves and copper ions. The re-
action between copper ions and plant leaves was found
to be a first order reaction.
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