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Effect of Chemical Modification of Carboxyl Groups
in Apple Residues on Metal Ion Binding
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Abstract−AR (apple residue) was used as an alternative and cheap material for binding metal ions due to the
presence of carboxyl and phenolic functional groups. The binding capacity of copper, lead, and cadmium by AR
was pH dependent. Carboxyl groups of AR were esterified by acidic methanol to determine the contribution of
carboxyl groups to metal ions binding. The extent of esterification was determined by analyzing the amount of me-
thanol released in the sample hydrolysates by gas chromatography. The effect of esterification on binding metal
ions was investigated in batch experiments by unmodified and modified AR. All esterified AR showed signi-
ficant decreases in binding copper, lead and cadmium. The loss in the capacity of metal ion binding was propor-
tional to the extent of esterification. The capacity of metal binding decreased with increase in the concentration of
methanol in the respective hydrolysates or the modified AR. The data indicate that carboxyl groups on AR play
an important role in the metal ion binding.

Key words : Apple Residue, Metal Binding, Chemical Modification, Carboxyl Groups, Heavy Metals
cak
g

ps
e-

r-
ac-

by
lysis
lu-
n-
er,
t of

ac-
ntains
ly
a-
e-

s.
 re-
were
d

aly-
INTRODUCTION

The removal of toxic trace metals from aqueous solution is
of great importance environmentally and industrially. A num-
ber of researches were performed for the extraction of toxic
heavy metals from aquous solution [Tsezos and Volesky, 1981;
Tsezos, 1983; Lujan et al., 1994; Reed, 1992; Gardea-Torres-
dey et al., 1996]. Recently, recovery and recycling of organic
residues (agricultural, urban, fish industry, etc.) has become
one of the main fields of investigation in developed countries
due to their large waste volume [Randall and Hantala, 1975;
Scott, 1992]. In the present study, apple residue (AR) from
apple-juice process was used as an alternative and cheap poly-
meric material with suitable properties for removing metal ions
due to the presence of acidic groups (carboxyl and phenolic
group). To determine the binding mechanism of metal ions to
AR surfaces, it is necessary to determine which chemical groups
on AR are responsible for binding different metal ions. One
approach to gaining this information is a chemical modification
of the metal binding functional groups on the AR surface. 

Gardea-Torresdey and coworker [Gardea-Torresdey et al.,
1990] esterified the carboxyl groups on five different cells of
algae with acidic methanol and investigated the effect of esteri-
fication of carboxyl groups for metal ions binding. They de-
monstrated that carboxyl groups on cell walls of algae are re-
sponsible for copper ion binding, but are not responsible in
gold binding. Beverridge and Murray [1980] chemically modi-
fied amine and carboxyl groups on the cell wall of Bacillus
subtilis to neutralize their electrochemical charge for determi-

nation of their contribution to the metal uptake process. Kuyu
and Volesky [1989] found that alginates of cell wall (containin
carboxyl groups) of the seaweed Ascophyllum nodosum played
an important role in cobalt ion binding.

In this study, the methanol esterification of carboxyl grou
of AR was experimentally studied. An adaptation of the proc
dure used by Wilcox [Wilcox, 1972] was utilized to modify ca
boxyl groups with acidic methanol. The basic chemical re
tion is shown below:

The extent of carboxyl group modification was monitored 
subsequent analysis of methanol released after base hydro
of the esterified carboxyl groups. In addition, the effects of so
tion pH and esterification on metal ion binding to AR were i
vestigated. The binding abilities of the modified AR for copp
lead and cadmium were determined and compared to tha
unmodified AR.

MATERIALS AND METHODS

AR, which was obtained from an apple-juice processing f
tory, consists of processed skins, seeds and stems, and co
as much as 12% of the wet weight of original fruit. AR is main
composed of cellulose (30%) and lignin (19%), both with a c
pacity for binding metal cations due to their carboxyl and ph
nolic groups. AR was dried overnight at 60oC in a convection
oven, ground by a ball mill, and sieved into different fraction
In order to eliminate soluble components such as tannins,
sins, reducing sugars and colouring agents, the residues 
successively washed with 0.5 N HCI and then with distille
deionized water until a constant pH was achieved. FTIR an

AR��C O( )O�+CH3OH� HCl( ) AR�C O( )OCH3+H2O→
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sis was performed to identify functional groups of AR by FTIR
spectrometer (Perkin-Elmer, Model 1725X). 

Modification of carboxyl groups of AR with acidic methanol
was carried out according to the procedure of Wilcox [1972].
Nine grams of AR (sieved to particle size of approximately
300µm diameter) was suspended with continuous agitation in
633 ml of 99.9% methanol containing 5.4 ml of concentrated
hydrochloric acid. Aliquots were removed from the suspension
after 6, 24 and 48 hour at room temperature. The reactions
were quenched by addition of a large volume of distilled de-
ionized water. The samples were then dialyzed exhaustively
against 0.001 M HCl in Spectra/Por molecular porous dialysis
membrane at room temperature to eliminate unreacted metha-
nol, and dialyzed against distilled deionized water to make sam-
ples at neutral pH and then were lyophilized to reduce volume.
Modification of carboxyl groups of AR with methanol or hy-
drochloric acid was also carried out according to the procedure
described previously. 

The amount of modified carboxyl groups was determined ac-
cording to the method of Torresdey et al. [Torresdey et al.,
1990]. The extent of esterification of AR was examined by
base hydrolysis of the modified AR and subsequent analysis of
the released methanol by gas chromatography (GC). Base hy-
drolysis was performed by suspending 50 mg of AR (modified,
unmodified and modified with only methanol or HCl) with
1.25 ml of 0.005 M sodium citrate in 0.1 M NaCl at pH 5.0.
Subsequently, 0.1 ml of 1.0 M NaOH was added to the suspen-
sion. After being agitated for 5 min, samples were sealed with
parafilm and were incubated overnight at 4oC. Then, samples
were handmixed until an even suspension was obtained and
were centrifuged at 5,000 rpm for 15 min at 4oC. The superna-
tant fraction was transferred into an eppendorf tube and mixed
with 0.082 M sodium citrate at pH 3.0 to produce a final so-
dium citrate concentration of 0.0123 M. Samples were then plac-
ed in 5 ml Wheaton GC vials with teflon caps. One microliter
of the resulting solution was then injected into a gas chroma-
tograph (Shimadzu GC-14) equipped with an automated splitless
injector, a flame ionization detector, and a 25 m, 0.25 mm i.d.
phenylmethyl silicon fused capillary column (CBP5). The con-
ditions for GC analysis were as follows: injector temperature,
250oC; detector temperature, 275oC; carrier gas N2; carrier gas
pressure, 1 kg/cm2; carrier gas velocity, 32 ml/min. All analyses
were performed in split mode. Samples were run isothermally
at 40oC for 5 min. Between analyses, the temperature of the
column was increased to 220oC at the rate of 10oC/min and
then returned to the original temperature, in order to evaporate
H2O in column. To confirm the methanol peak, 2-propanol was
used as the chromatographic internal standard. The methanol
concentration was determined by integrating the peak area us-
ing an integrator (a Shimadzu C-R6A chromaropac) and was com-
pared with methanol standards. 

Batch experiments were performed at room temperature us-
ing AR and modified AR to investigate the contribution of car-
boxyl group on metal ions binding. Samples were prepared in
duplicate. All the glassware and polyethylene tubes were acid-
cleaned and rinsed thoroughly before use with distilled deioniz-
ed water. An initial metal concentration of 10 ppm was prepar-

ed by diluting 1,000 ppm of standard solution used for atom
absorption spectrophotometry (AAS). The 10 ml solution th
prepared was added to each 15 ml test tube containing 
weighted unmodified and modified AR. pH of solution in te
tubes was adjusted with 0.1 N/1 N NaOH and 0.1 N/1 N HC
and then each test tube was sealed with a cap and placed
rotary shaker (Roto-Torque model, model 7637). Test tubes w
removed after shaking for 24 hours and centrifuged for 5 m
at 3,000 rpm. The supernatant was analyzed by flame A
(Perkin-Elmer, Model 3100) to determine residual metal co
tent. Blank tests were also performed without AR to investig
the removal which might occur via metal precipitation an
adsorption on the glass wall. 

RESULTS AND DISCUSSION

1. FTIR Analysis Results on the Surface of AR
FTIR analysis was performed to identify functional groups 

AR by FTIR spectrometer (Perkin-Elmer, Model 1725X). Ba

Fig. 1. FTIR analysis results on the surface of AR.

Fig. 2. Effect of pH on the removal of copper by AR.
[AR: 0.01 g/10 ml, I: 0.01 M NaCl]
Korean J. Chem. Eng.(Vol. 16, No. 5)
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al groups on AR were observed such as : (1) the peak at 3,400
cm−1, probably OH− band of phenolic functional groups, (2) the
peak at 1,700 cm−1, possibly C-O or C=O band of carboxylic
groups, (3) the peak at 1,440 cm−1, perhaps OH− bond of car-
boxylic groups. Based on these analysis results, functional groups
of AR were identified as carboxylic and phenolic groups. Simi-
lar analysis results of functional groups of AR have been report-
ed by Maranon and Sastre [1991].
2. Effect of pH for Metal Binding
 pH of solution has been identified as the most important
variable which governs metal adsorption on hydrous solids.
This is partly due to the fact that hydrogen ions themselves
are strongly competing adsorbates, and the solution pH influ-
ences the speciation of metal ions and the ionization of sur-

face functional groups [Snoeyink and Jenkin, 1980]. 
In Fig. 2, Fig. 3, and Fig. 4, the effect of pH for copper, le

and cadmium removal in ligand free system is illustrated. T
optimal pH ranges for copper, lead and cadmium were fr
pH 5.5 to 7.0, pH 6.5 to 8.0, and pH 8.0 to 9.5, respective
The maximum removal was 91.2% for copper, 95.3% for le
and 91% for cadmium, respectively. Blank tests are also sho
to verify that the removal mechanism is purely biosorption. 
indicated in Fig. 2, precipitation of copper occurs at pH grea
than 5.5. But, if precipitation does contribute to the remov
mechanism, the removal capacity should not have decreas
pH greater than 7.5. The decrease in copper removal cap
at pH>7.5 may have been caused by the complexation of c
per with hydroxide. As can also be seen in the results of bl
tests of Fig. 2, precipitation does not contribute to the remo
mechanism of lead and cadmium. 
3. Chemical Modification and Extent of Esterification

Table 1 displays the concentrations of methanol determin
in hydrolysates of modified AR. The concentration of meth
nol detected in the respective hydrolysates increases rap

Fig. 3. Effect of pH on the removal of lead by AR. 
[AR: 0.01 g/10 ml, I: 0.01 M NaCl]

Fig. 4. Effect of pH on the removal of cadmium by AR.
[AR: 0.01 g/10 ml, I: 0.01 M NaCl]

Table 1. Gas chromatographic analysis of methanol released
from esterified AR

Reaction type Hours modified 
Methanol release

(mmol/g AR)

Reaction with 0 hr 0.000±0.000
MeOH-HCl 6 hr 0.304±0.003

24 hr 0.317±0.006
48 hr 0.489±0.003

Reaction with 48 hr 0.000±0.000
MeOH

Reaction with HCl 48 hr 0.000±0.000

*Each value represents mean ± standard deviation of four re
cated analyses

Fig. 5. Effect of acidic methanol modification on copper bind-
ing.
[I: 0.1 N NaCl, pH: 5.7]
September, 1999
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during the first 6 hr of esterification and then levels off so that
only approximately 2.7% additional carboxyls were esterified be-
tween 6 hr and 24 hr of reaction time, and additional (about
35.2%) carboxyls were esterified between 24 hr and 48 hr of
reaction time. No methanol is detected in the hydrolysate of the
unesterified control. In addition, AR equlibrated with methanol
alone and/or only hydrochloric acid for 48 hr showed no meth-
anol present in sample hydrolysates.
4. Effect of Esterification on Metal Binding 

Fig. 5 shows the effect of esterification on copper binding at
pH 5.7. The capacity of copper binding by unmodified AR was
82.5%. However, it decreases significantly by esterification of
carboxyl groups of AR, and the extent of loss of copper bind-
ing capacity was proportional to the extent of esterification. As
the concentration of methanol found in the respective hydro-
sates for most modified AR increases, copper removal capacity
decreases. AR esterified for 6 hr, 24 hr, and 48 hr exhibit about
15.9%, 20.1%, and 30% decreases in copper binding, respec-
tively. These experimental results show a similar trend to the
results of Gardea-Torresdey and coworkers [Gardea-Torresdey
et al., 1990]. They investigated the effect of esterification of car-
boxyl groups of five different algal biomass for metal ions
binding, and reported that uptake of copper by algal biomass
decreased dramatically by esterification of carboxyl groups, and
the biomasses of Chlorella, Spirulina, Eisenia, Laminaria, and Cy-
anidium esterified for 48 hr exhibit 66%, 57%, 27%, 40% and
46% decreases in copper binding, respectively.

The effect of esterification on lead binding at pH 5.5 is shown
in Fig. 6. Similar to the experimental result for copper binding,
the degree of loss of lead binding capacity was proportional to
the extent of esterification of AR. The capacity of lead binding
by unmodified AR was 92.6%. However, the loss of lead bind-
ing capacity of 6 hr, 24 hr, and 48 hr esterified AR was 12.4%,
16.6%, and 38.8%, respectively. 

Fig. 7 shows the effect of esterification on cadmium bindi
at pH 7.7. It also shows similar experimental results as cop
and lead binding. The capacity of cadmium binding by unmo
ified AR was 58.4%. But, AR esterified for 6 hr, 24 hr, and 4
hr exhibit 8.1%, 13.7%, and 36.1% decreases in cadmium b
ing, respectively. These experimental results indicate a good 
relation between the loss of metal binding capacity and the am
of methanol released by hydrolysis (Table 1). As the conc
tration of methanol found in the respective hydrosates for m
modified AR increases, metal binding capacity decreases. F
these experimental results, carboxyl groups on AR may p
vide major sites for metal ion binding. 

CONCLUSIONS

AR was used as an alternative and cheap polymeric mat
for removing metal cations due to the presence of carboxyl 
phenolic functional groups. The removal capacity of copp
lead, and cadmium by AR was pH dependent. The optimal 
ranges for copper, lead and cadmium were from pH 5.5 to
pH 6.5 to 8.0, and pH 8.0 to 9.5, respectively. The maxim
removal was 91.2% for copper, 95.3% for lead, and 91% 
cadmium. However, the chemical modification of carboxyl gro
of AR resulted in a decrease in binding of copper, lead a
cadmium. The degree of loss of metal binding capacity is p
portional to the extent of esterification of AR. The 48 hr este
fied AR exhibit 30%, 38.8% and 36.1% decreases in copp
lead and cadmium binding, respectively. These experime
results indicate a good correlation between the loss of m
binding capacity and the amount of methanol released by 
drolysis. As the concentration of methanol found in the r
spective hydrolysates for most modified AR, metal bindin
capacity decreases. From these experimental results, it was f
that carboxyl groups on AR play an important role in me

Fig. 7. Effect of acidic methanol modification on cadmium bind-
ing.
[I: 0.1 N NaCl, pH: 7.7]

Fig. 6. Effect of acidic methanol modification on lead bind-
ing.
[I: 0.1 N NaNO3, pH: 5.5]
Korean J. Chem. Eng.(Vol. 16, No. 5)
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