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The oxidation state of chromium in coir pith after Cr(VI) adsorption from aqueous solution was investi-
gated using electron spin resonance (ESR). To elucidate the mechanism of chromium adsorption on coir
pith, the adsorption studies of Cr(VI) onto lignin, a-cellulose and holocellulose extracted from coir pith
were also studied. ESR signals of Cr(V) and Cr(III) were observed in coir pith adsorbed Cr(VI) at solution
pH 2, while ESR spectra of lignin extracted from coir pith revealed only the Cr(Ill) signal. In addition, ESR
signal of Cr(V) was observed in a-cellulose and holocellulose extracted from coir pith adsorbed Cr(VI).

Ic(?i/r/p?irtf: These results confirmed that lignin in coir pith reduced Cr(VI) to Cr(Ill) while a-cellulose and holocellu-
ESR lose extracted from coir pith reduced Cr(VI) to Cr(V). The Cr(V) signal exhibited in ESR of a-cellulose and
Cr(VI) holocellulose might be bound with glucose in cellulose part of coir pith. In addition, xylose which is main
Cr(V) in pentosan part of coir pith, indicated that it is involved in form complex with Cr(V) on coir pith. The
Cr(1II) adsorption kinetic of Cr(VI) from aqueous solution on coir pith was also investigated and described well

with pseudo second order model. ESR and desorption experiments confirmed that Cr(VI), Cr(V) and Cr(III),
exist in coir pith after Cr(VI) adsorption. The desorption data indicated that the percentage of Cr(VI), Cr(V)

and Cr(IIl) in coir pith were 15.63%, 12.89% and 71.48%, respectively.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Chromium is a widespread contaminant in the environment
which originates from the emissions of industry including electro-
plating, pigment, metal cleaning, leather processing and mining.
Chromium exists in natural water in two stable oxidation states,
Cr(VI) and Cr(III). Cr(VI) is more toxic, a powerful carcinogenic agent
and causes epigastric pain, nausea, vomiting, severe diarrhea and
hemorrhaging [1]. Therefore, it is essential to remove chromium
contamination from wastewater. Many conventional methods have
been investigated to remove chromium such as chemical reduction,
ion exchange, precipitation, reverse osmosis and electrodialysis
[1-3]. However, these methods are not widely practiced due to
their high operational costs and problems in the disposal of the
residual metal sludges [4]. In contrast, the adsorption method uses
inexpensive adsorbents as an economically feasible alternative for
chromium removal due to its efficiency and low operational costs.
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Previous research has reported that the reduction of Cr(VI) to
Cr(IIT) occurs after Cr(VI) adsorbs with living plants such as sub-
terranean clover [5], wetland plants [6], bacteria [7,8] and biomass
(non-living biological substances) such as hops biomass [9], rice
husk [10], dead fugal biomass [11], and oat byproducts [12]. In
addition, other literature reports that electron spin resonance (ESR)
experiments provide evidence of the reduction of Cr(VI) to Cr(III)
through an intermediate Cr(V) species by living plant and bacte-
ria [5-8]. In our previous research, coir pith, a byproduct padding
from mattress factories, was used as an adsorbent for Cr(VI) adsorp-
tion. This adsorbent was effective and had high capacity for Cr(VI)
adsorption [13]. However, the actual chromium oxidation state,
uptake and binding to coir pith after Cr(VI) adsorption have not
been investigated. ESR is a useful technique for providing informa-
tion on the oxidation state of the element under investigation.

This study focuses on the oxidation state of chromium in
coir pith after Cr(VI) adsorption using electron spin resonance to
elucidate the mechanism of chromium adsorption. The lignin, holo-
cellulose and a-cellulose extracted from coir pith adsorbed Cr(VI)
were studied by ESR. The adsorption kinetics of Cr(VI) adsorption
on coir pith and desorption were also investigated.
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2. Methodology
2.1. Adsorbents preparation

Coir pith was obtained as a waste product from padding used in
mattress factories, Prachuapkhirikhan province (Thailand). It was
dried in ambient air and then crushed and sieved to obtain an
approximate particle size less than 75 um (—200 mesh, U.S. stan-
dard sieve). Lignin, holocellulose and a-cellulose were extracted
from coir pith according to the following standard methods: TAPPI
T 222 om-88 for lignin [14], TAPPI T 203 om-93 for a-cellulose [15]
and browning method for holocellulose [16]. In addition, b-glucose
and p-xylose were obtained from Merck Ltd., Thailand.

2.2. Cr(V) preparation

Na[Cr(O)(ehba),;]-H,0 for Cr(V) standard in ESR experiments
was synthesized from 2-ethyl-2 hydroxylbutanoic acid and sodium
dichromate in acetone [17]. To a solution of 19.8 g of 2-ethyl-2
hydroxylbutanoic acid in 125 ml of acetone in a 300 ml Erlenmeyer
flask is added 6.5 g of anhydrous sodium dichromate and the het-
erogeneous mixture is stirred magnetically until the dichromate is
completely dissolved (about 10 min). The flask is fitted with glass
stopper and immersed in a temperature controlled water bath at
25°C for a period of 24 h. The solution is poured into 375 ml of
hexane, whereupon the chromium (V) complex precipitates as a
dark red-violet solid. The crude product is collected, dried in freeze-
dried machine for 30 min to remove water and volatile materials.

2.3. Cr(VI) adsorption experiments

Batch experiments were conducted in a 20 ml sealed glass bottle
containing 0.2 g of adsorbents and 10 ml of Cr(VI) solution prepared
from potassium dichromate (K,Cr,07). The bottle was shaken at
150 rpm in the solution pH of 1, 2 and 10 at 30°C and contact time
of 30 min, 1-6, 18 h. The reaction mixture was filtered through the
filter paper. The Cr(VI) concentration remaining in the supernatant
was measured using a spectrophotometer (Spectronic 21, BAUSCH
&LOMB) through the development of a purple-violet color with 1,5-
diphenyl carbazide in an acidic solution at a wavelength of 540 nm.
Adsorption kinetics of Cr(VI) on coir pith were also investigated by
varying the initial contact time from 5 to 420 m.

2.4. Electron spin resonance (ESR) measurements

Ten milligram samples were loaded into a quartz sample tube
with 5mm diameter, and then analyzed by electron spin reso-
nance using X-band ESR spectrometer (JEOL, JES TE-100) under
the operation conditions of microwave power 5 mW, a microwave
frequency 9.44 GHz, an external magnetic field of 340 mT, a field
amplitude 10 mT, a field modulation 100 kHz, a modulation width
0.1mT, a time constant 0.1 s, and sweep time of 2 min. In addi-
tion, CrCl3-6H,0 and Na[Cr(O)(ehba), ]-H, 0 were used as Cr(IIl) and
Cr(V) standard, respectively, in ESR experiments.

2.5. Desorption study

The desorption study was carried out by agitating 0.2g of
chromium-adsorbed adsorbents with 10 ml of 1M NaOH and 2M
HNO3 at 30 °C and shaken at 150 rpm for 24 h. Then, the sample was
filtered by filter paper and the total chromium in the residual solu-
tion was determined by Inductively Couple Plasma Spectrometer
(ICP), Jobin Yvon-JY 124, France. The Cr(VI) remaining in solution
was measured using a spectrophotometer (Spectronic 21, BAUSCH

&LOMB) through the development of a purple-violet color with 1,5-
diphenyl carbazide in an acidic solution at a wavelength of 540 nm.
The difference in concentration between the total and hexava-
lent chromium (Cr(VI)) was taken as the concentration of trivalent
chromium, Cr(III).

3. Results and discussion
3.1. Cr(VI) adsorption

Batch experiments were carried out on the adsorption of Cr(VI)
by coir pith, lignin extracted from coir pith, holocellulose extracted
from coir pith and a-cellulose extracted from coir pith at an adsor-
bent dosage of 2% (w/v), solution pH 1, 2 and 10, contact time of 18 h
and temperature of 30°C. The results presented that the percent-
ages of Cr(VI) adsorption on holocellulose extracted from coir pith
(23.22% at solution pH 1, 16.92% at solution pH 2, 5.03% at solution
pH 10) and a-cellulose extracted from coir pith (16.14% at solution
pH 1, 6.94% at solution pH 2, 0.99% at solution pH 10) at all solution
pH were quite low, while the percentages of Cr(VI) adsorption on
lignin extracted from coir pith (75.74% at solution pH 1, 84.63% at
solution pH 2, 30.49% at solution pH 10) and coir pith itself (65.64%
at solution pH 1, 67.62% at solution pH 2, 16.61% at solution pH
10) were high. However, the percentages of Cr(VI) adsorption onto
coir pith itself were lower than lignin extracted from coir pith. In
addition, the results indicated that the maximum Cr(VI) adsorption
percentage on lignin extracted from coir pith was observed at solu-
tion pH 2. These results confirmed that lignin extracted from coir
pith has excellent ability to adsorb Cr(VI). The coir pith is a poten-
tial adsorbent for removal of Cr(VI) due to the fact that coir pith is
composed of approximately 36% lignin.

3.2. ESR of Cr(VI) adsorption by coir pith at various solution pH

The oxidation state of chromium adsorbed on coir pith after
Cr(VI)adsorption was measured by electron spin resonance. ESRis a
physical method for observing resonance adsorption of microwave
power by unpaired electron spins states in a magnetic field. Cr(III),
containing unpaired electrons is ESR positive and Cr(V) is also pos-
itive, while Cr(VI) with no unpaired electron is ESR negative. The
ESR spectra of coir pith adsorbed Cr(VI) at various solution pH
is shown in Fig. 1. As can be seen, the ESR spectra of coir pith
adsorbed Cr(VI) at solution pH 2 and pH 10 exhibited the signal with

CrCL,Cr(l)+cair pith at solution pH 4

Cr(lll),g=1.971
«

Cr(Vi)+coir pith at sclution pH 10 Criv.g=
(V),g=1.984 =
e Cr(llly,g=1.871

Cr(VI)+coir pith at solution pH 2 Cr(V),g=1.984 Cr(lll, g=1.971

'3

Cn(Vl)y+coir pith at solution pH 1

Free radical g=2.008
Coir pith

330 335 340 345 350
Magnetic field (mT)

Fig. 1. ESR spectra of coir pith adsorbed Cr(VI) at various solution pH (conditions:
Cr(VI) concentration=990 mg1-!, contact time 18 h, 30°C, dosage =2% w/v).
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Fig.2. ESR spectra for residual solution from Cr(VI) adsorption by coir pith at various
solution pH.

g=1.971 for Cr(Ill), g=1.984 for Cr(V) and the large signal of free
radical (g=2.006) in coir pith. These results indicated two reducing
processes, Cr(VI) to Cr(V) and Cr(III) exist. ESR spectra of residual
solution in various pH was also shown in Fig. 2. Cr(Ill) and Cr(V)
were not observed in the residual solution in solution pH 2 and
10. This might be confirmed that the reduction process of Cr(VI) to
Cr(V) and Cr(VI) to Cr(Ill) only occurred on coir pith surface after
Cr(VI) adsorption. On the other hand, Cr(Ill) revealed in the residual
solution in the solution at pH 1. This explained that Cr(Ill) in solu-
tion at pH 1 occurred from the direct reduction process of Cr(VI)
to Cr(Ill) in solution because of strong acidic solution. The solu-
tion had shown color change to green-grey. The Cr(Ill) in solution
was not favorably adsorbed on the coir pith due to the electrostatic
repulsion between Cr3* and positively charged coir pith. However,
the partial of Cr(VI) at solution pH 1 could be adsorbed on the coir
pith surface which the electrostatic attraction occurred between
the positively charged coir pith and negatively charged HCrO4~,
but the ESR of Cr(IlI) signal on coir pith surface was not clearly
observed (Fig. 1). This due to the fact that the reduction of Cr(VI)
to Cr(Ill) occurred very quite low because the percentage of Cr(VI)
adsorption on coir pith is lower in comparison with lignin adsorbed
Cr(VI) at solution pH 1 and coir pith at solution pH 2.

Coir pith contains major two components, lignin and cellu-
lose (lignin 36%, holocellulose 43.8%, a-cellulose 27.8%). Therefore,
the ESR analysis of lignin, a-cellulose and holocellulose extracted
from coir pith adsorbed Cr(VI) at solution pH 2 were also investi-
gated to clarify the mechanism of Cr(VI) adsorption on coir pith.
(Fig. 3). The Cr(VI) signal (g=1.984) revealed in the ESR spectra of
a-cellulose and holocellulose extracted from coir pith after Cr(VI)
adsorption, while the Cr(Ill) signal exhibited in the ESR spectra of
lignin adsorbed Cr(VI). These results suggest that in Cr(VI) adsorp-
tion, the reduction process from Cr(VI) to Cr(V) should be occurred
at the cellulose part of coir pith, and that from Cr(VI) to Cr(Ill), at
lignin part of coir pith.

Generally, Cr(V) is unstable, but it could be observed in the
ESR spectra of a-cellulose and holocellulose extracted from coir
pith suggesting that the intermediate Cr(V) may be bound with
glucose [18] composing in cellulose resulted in the Cr(V) com-
plex is stable. To investigate that glucose constituents in cellulose
may be involved in the Cr(V) complex, ESR spectra of p-glucose
(CgH120¢) adsorbed Cr(VI) was measured (Fig. 4). The results show
that ESR spectra of p-glucose adsorbed Cr(VI) exhibited the sig-
nal with g=1.984, Cr(V) that similar to ESR spectra of cellulose

Cr{Vly+Holocellulose
at solution pH 2

Cr{vl), g=1.984

Cr(ViytAlphacellulose
at solution pH 2

Cr(V), g=1.984
Cr{Vl)+Lignin at Free radicaJ\/
2.006

4=

solution pH 2 crll, g
‘/ =1.971
a soon 12 _
g’ =1.871

s

330 335 340 345 350
Magnetic field (mT)

Fig. 3. ESR spectra of various adsorbents adsorbed Cr(VI) at solution pH 2 (condi-
tions: Cr(VI) concentration=990mg1-! contact time 18 h, 30°C, dosage =2% w/v).

adsorbed Cr(VI). Thus, it confirmed that glucose in cellulose could
be bound with Cr(V). Cr(IlI) was also not revealed on the surface of
either holocellulose or a-cellulose. This indicates that the reduc-
tion of Cr(VI) to Cr(Ill) had not occurred due to the fact that the
electron supply from cellulose for the reducing of Cr(VI) to Cr(III)
is not enough. In addition, pentosan is also the composition in coir
pith about 16.2% (data not shown). Xylose (C5H190Os5) is the main
component in pentosan. Therefore, xylose was used as adsorbents
for the representative of the pentosan in coir pith for ESR experi-
ment. As seen in Fig. 4, the results showed that the Cr(V) revealed
in the xylose adsorbed Cr(VI). This indicates that the reduction of
Cr(VI) to Cr(V) should also occur. Therefore, xylose and holocellu-
lose and a-cellulose are involved in the reduction of Cr(VI) to Cr(V)
in coir pith.

The ESR spectra of lignin after Cr(VI) adsorption at solution pH
2 (Fig. 3), showed the signal of Cr(Ill) with g=1.971 and free radical
with g=2.006. The presence of Cr(IIl) signal in the ESR spectra of
lignin indicates that the reduction from Cr(VI) to Cr(III) should occur
in lignin surface after Cr(VI) adsorption. Generally, the reduction of
Cr(VI) to Cr(Ill) requires a large amount of protons and electrons

g=2.008, free
Cr{V)+Cair pith radical

/ g=1.884, Cr(V)

\

Cr{Vl)+D-glucose

>

Cr(Vl)+D-xylose

<

)

330 335 340 345
Magnetic field (mT)

Fig. 4. ESR spectra of p-glucose and p-xylose adsorbed Cr(VI) (conditions: Cr(VI)
concentration=990 mg1-', solution pH 2, contact time 18 h, 30°C).
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Fig. 5. ESR signal sterile coir pith and non-sterile coir pith adsorbed Cr(VI) (con-
ditions: Cr(VI) concentration=990 mgl-!, solution pH 2, contact time 18 h, 30°C,
dosage =2% w/v).

[19]. Therefore, the reduction from Cr(VI) to Cr(Ill) could occur due
to the fact that the hydroxyl groups [20] and carbonyl groups [21]
contained in lignin play a role as electron donor for the reduction
reaction. The reduced Cr(Ill) on the lignin surface may be bound
with carbonyl ((=0) and methoxy group (O-CHj3) in lignin struc-
ture through a coordinate covalent bound [13]. Therefore, the Cr(III)
signal on the lignin was observed by ESR.

From literature reviews reported that the appearance of Cr(V)
is a known intermediate product during the reduction of Cr(VI) to
Cr(III) by various plants, algae and bacteria that are living organisms
[7]. Howe et al. [5] reported that those ESR spectra on subterranean
clover plant adsorbed Cr(VI) revealed the presence of Cr(Ill) with
both the low and high concentration Cr(VI) sorption and inter-
mediate Cr(V), Cr(IV) with the high concentration. However, Cr(V)
signal could be observed in coir pith adsorbed Cr(VI) as shown in
Fig. 5, which is different from other research studied. Therefore, the
confirmation for coir pith which is a non-living biomass was ster-
ilized by autoclave at 121 °C for 2 h. The comparison of ESR spectra
between sterile coir pith and non-sterile coir pith were presented
in Fig. 5. The results indicate that the ESR signal for non-sterile coir
pith and sterile coir pith at solution pH 2 is not different. The Cr(V)
signals were exhibited both in non-sterile coir pith and sterile coir
pith adsorbed Cr(VI) at solution pH 2.

3.3. ESR of Cr(VI) adsorption by holocellulose, c-cellulose and
lignin extracted from coir pith at various solution pH

The ESR spectra of Cr(VI) adsorbed on holocellulose and «-
cellulose extracted from coir pith at various solution pH were
shown in Figs. 6 and 7, respectively. The results showed that the ESR
spectra of holocellulose and a-cellulose adsorbed Cr(VI) at solution
pH 1, 2 and 10 exhibited the ESR signals with g=1.984 for Cr(V). The
presence of Cr(V) indicated that Cr(VI) adsorbed on cellulose was
reduced to Cr(V). In addition, the results showed that the signal
intensity of Cr(V) at solution pH 10 is higher than pH 1 and 2 due to
the fact that the Cr(VI) species in solution are different. The species
of Cr(VI)in the high solution pH is CrO42~ while the form of Cr, 072~
is the predominant in the low solution.

Fig. 8 showed the ESR of Cr(VI) adsorbed on lignin extracted from
coir pith at various solution pH. The Cr(Ill) signal with g value = 1.971
was observed in the ESR spectra of lignin absorbed Cr(VI) at solution

Cr(V),g=1.984

Cr(VIy+Holocellulose
atpH 10

Cr{Vly+Holocellulose
atpH2
Cr{Vly+Holocellulose

atpH1

Holocellulose.

330 335 340 345 350
Magnetic field (mT)

Fig. 6. ESR spectra of holocellulose adsorbed Cr(VI) at various solution pH.

CrV),g=1.984
J\ Cr(V)+Alphacellulose at pH 10

J\\E;mlphacellulose atpH 2
J\)‘%Alphacelluluse at pH1

Alphacellulose

330 335 340 345 350
Magnetic field (mT)

Fig. 7. ESR spectra of alphacellulose adsorbed Cr(VI) at various solution pH.

pH 1,2 and 10. This indicated that the Cr(VI) adsorbed on lignin was
reduced to Cr(III). However, the signal intensity of Cr(III) at solution
pH 10 was more clearly observed than pH 1 and 2. This explained
that the precipitation of Cr(OH); occurred at high solution
pH (pH 10).

Cr(Vl)+Lignin at pH 10 Cr(lil),g=1.971
Free radical, g=2.006

J

t/_——_\:(lli),gﬂ 971
e J—"

Cr(VI)+Lignin at pH1

Cr(VI)+Lignin at pH 2

Cr(Ii,g=1.971

Lignin

330 335 340 345 350
Magnetic field (mT)

Fig. 8. ESR spectra of lignin adsorbed Cr(VI) at various solution pH.
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Fig.9. ESRspectra of coir pith adsorbed Cr(VI) at solution pH 2 under various contact
time.

3.4. ESR of Cr(VI) adsorption at various time

The ESR signals of coir pith adsorbed chromium in various con-
tact time were shown in Fig. 9. The Cr(V) signal (g=1.984), Cr(III)
(g=1.971) and free radical (g =2.006) were revealed in coir pith and
that the signal intensity of Cr(V) was gradually increased with time
up to 18 h, while the Cr(IIl) was almost constant. The signal inten-
sity of Cr(V) increased with increasing the contact time due to the
increase in the amounts of Cr(VI) adsorbed on coir pith. This led to
the increase in the reduction of Cr(VI) to Cr(V) in cellulose part of
coir. The amounts of Cr(VI) adsorption by coir pith were 11.22 and
33.47mgg~! for 30 min and 18 h, respectively.

3.5. Adsorption kinetics

The adsorption kinetics of Cr(VI) adsorption on coir pith can
be determined by the pseudo first order and pseudo second order
model. The pseudo first order model is presented by the Lagergren
equation as follows [22]:

k] t
2.303

log(ge — q¢) = log(ge) — (1)
where q; and qe are the amounts of Cr(VI) adsorbed (mgg-1!) at
any time t and at equilibrium, respectively; k; (min~1) is the rate
constant of the pseudo first order adsorption. The values of ge and
ki can be determined from the intercept and slope of the plot of
log (qe — q¢) versus t (Fig. 10), respectively, and are listed in Table 1.
The pseudo second order model according to Ho and Mackay [23]
is expressed as:(2)q—t[ = kzéez + qiewhere ks (g7' mg=1min~1)is the
rate constant of the pseudo second order model. The plot of t/q
versus t is presented in Fig. 11. The values of ge and k, can be cal-
culated from the slope and intercept of the plot, respectively, and
are shown in Table 1. The pseudo second order model shows a bet-
ter fitting model than the pseudo first order model because of the
higher coefficient correlation (r2). In addition, it can be seen from
Table 1 that the theoretical value of g. calculated by pseudo sec-
ond order model is quite close to the experimental values, while qe

14
1.2 4

-
L

log (qe-qy)

o o o o
o M B o o

0 50 100 150 200 250 300 350 400 450
t(min)
Fig. 10. Pseudo first order kinetic plots for Cr(VI) adsorption by coir pith (conditions:

Cr(VI) 990 mgl-1, temperature 30°C, solution pH 2, dosage =2% w/v, particle size
<75 m).

12

10 4

0 50 100 150 200 250 300 350 400 450

tfmin)

Fig. 11. Pseudo second order kinetic plots for Cr(VI) adsorption by coir pith (condi-
tions: Cr(VI) 990 mg1-1, temperature 30 °C, solution pH 2, dosage =2% w/v, particle
size <75 um).

calculated by pseudo first order is different from the experimental
value. Thus, it is suggested that the adsorption kinetics of Cr(VI) on
coir pith are appropriately described by the pseudo second order
model. A similar phenomenon has been observed in Cr(VI) adsorp-
tion by used tyres and sawdust [24]and ethylenediamine modified
rice hull [25]. The adsorption kinetics fitted well with the pseudo
second order model. This suggested that the adsorption of Cr(VI)
on coir pith involved a chemisorption process [25,26].

3.6. Desorption study

In batch studies, the desorption experiments were studies using
2M HNOj3 and 1M NaOH as eluents. The Cr(VI) desorption with
1 M NaOH was 15.63%. In addition, Cr(IIl) can be desorbed with 2 M
HNO;3 approximately 71.48%. This indicated the high percentages
of Cr(Ill) desorption with 2 M HNO3. However, Cr(III) desorption is
not reach 100% (only 71.48%) although the 2 M HNOj is very strong
acidic solution for desorption. It suggested that Cr(V) bound with
glucose in cellulose part of coir pith (data from ESR experiments) is
quite stable. Therefore, it cannot be desorbed in the solution. These
results confirmed that Cr(VI), Cr(V) and Cr(Ill), exit in coir pith. The
desorption data indicated that percentage of Cr(VI), Cr(V) and Cr(III)
in coir pith were 15.63%, 12.89% and 71.48%, respectively.

Table 1

Kinetic parameters for Cr(VI) adsorption by coir pith (conditions: Cr(VI) 990 mgl-!, temperature 30°C, solution pH 2, dosage =2% w/v, particle size <75 pm)

Model Ge(exp) (Mgg) e(caly (Mgg™") Rate constant r2
Pseudo first order 42.71 17.827 k1 (min-1), 0.00368 0.9721
Pseudo second order 42.71 39.21 ko (gmg~! min—1), 0.00159 0.9972
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4. Conclusions

The ESR spectra of coir pith adsorbed Cr(VI) at solution pH
2 exhibited both Cr(V) and Cr(Ill) signals, while ESR spectra of
lignin extracted from coir pith revealed Cr(III) signal. On the other
hand, ESR signal of Cr(V) was observed in a-cellulose and holo-
cellulose extracted from coir pith adsorbed Cr(VI). These results
suggested that there exist a couple of Cr(VI) adsorption sites, cellu-
lose site with the reduction process from Cr(VI) to Cr(V) and lignin
site with that from Cr(VI) to Cr(Ill). The Cr(V) signal exhibited in
ESR of a-cellulose and holocellulose might be bound with glu-
cose in cellulose part of coir pith. In addition, xylose which is the
main in pentosan part of coir pith, indicated that it is involved in
form complex with Cr(V) on coir pith. The adsorption kinetic for
Cr(VI) adsorption on coir pith fitted well with pseudo second order
model, indicating that the mechanism of Cr(VI) adsorption on coir
pith involved the chemisorption process. From ESR and desorption
experiments confirmed that Cr(VI), Cr(V) and Cr(IIl), exist in coir
pith after Cr(VI) adsorption. The desorption data indicated that per-
centage of Cr(VI), Cr(V) and Cr(IIl) in coir pith were 15.63%, 12.89%
and 71.48%, respectively. The percentage of Cr(VI) adsorption on
lignin extracted from coir pith has quite high (84.63% at solution
pH 2) when compared to the holocellulose (16.92% at solution pH
2) and a-cellulose (6.94% at solution pH 2).
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