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Abstract: Arsenic is an example of a heavy metal usually present in different types of industrial effluents. It is
also responsible for environmental pollution and toxicity. Temperature and particle size are very crucial
parameters in adsorption reactions. The effects of these two parameters on the bioremediation of As (III) from
aqueous solution using modified and unmodified coconut fiber was investigated. The result showed that the
most suitable temperature was 303K and 0.6mm is a better particle size than 0.3 mm. Various thermodynamic
parameters, such as G , H , S  and Ea were calculated. The values obtained for G , H  and Ea were all0 o o 0 o

negative while those obtained for S  were positive. The data showed that the sorption process is spontaneouso

and exothermic in nature. The findings of this investigation suggest that physical sorption plays a significant
role in controlling the sorption rate. The sticking probability model was further employed to assess the
applicability of coconut fiber as an alternative adsorbent for As (III) contaminants in aqueous system.
Therefore, these results could serve as design parameters in the treatment of arsenic from aqueous solution.
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INTRODUCTION hardening [3]. These and other industrial application of

The presence of heavy metal ions in the environment environment. Arsenic is very toxic; it affects the skin
has been a matter of major concern due to their toxicity to causing skin cancer in its most severe form. Signs of
human life. Unlike organic pollutants, the majority of arsenic toxicity on the skin are hyper pigmentation
which are susceptible to biological degradation, heavy particularly on the areas not exposed to the sun and also
metal ions will not degrade into harmless end – products hyperkeratosis on sole of feet and palms of the land.
[1]. The treatment of aqueous wastes containing soluble Acute effects of arsenic poisoning by oral intake are,
heavy metal ions requires the concentration of metal ions intense abdominal pain, nausea, vomiting, diarrhea
followed by recovery for secure disposal. Many resulting from gastro-intestinal tract damage and all
techniques such as chemical precipitation, ion exchange, terminating in coma and death [4]. Toxicity of arsenic
reverse osmosis, solvent extraction and adsorption on occurs in the order As(III)>As(V)>organoarsenic
activated carbon are used for wastewater treatment compounds [4].
(removal of metal ions). The adsorption technique, both As a result of these toxic effects of arsenic in the
bio and chemical adsorption, has a definite edge over the environment,  its  removal  and  recovery became
other techniques [2]. As a result of the expensive nature pertinent. The  conventional  methods  of treatment are
of these methods and the generation of post-sludge after expensive, as mentioned above hence the use of
treatment, more effective and less expensive materials unconventional  methods  of  treatment  by biosorption.
have been sought for in heavy metal removal from In our laboratory, the applications of agricultural by –
aqueous solutions. products  in  the  adsorptive treatment of arsenic and

Arsenic is a heavy metal, employed in so many other heavy metals have been undergoing [5-10]. The
industrial productions such as manufacturing of uses of other agricultural by-products for the
insecticides, doping agent in semiconductor bioremediation of heavy metals have been reported
manufacturing and in lead based alloys to promote elsewhere [11-13].

arsenic introduces arsenic and its compounds into the
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In this work, we report the effects of temperature and reacted  with  200 ml aliquots of 1.0M iodine solution. The
particle size on the bioremediation of As(III) from aqueous unreacted iodine was back titrated with standard
solution using modified and unmodified coconut fiber. thiosulphate solution. The amount of SH groups
Coconut is a common and abundant fruit. The fiber is the incorporated onto the coconut fibre were calculated using
inner part which covers the shell containing the nut. This the relationship [16]:
fibrous part is generated as a waste in the processing of
coconut fruit. The composition of the fiber is given as (1)
[14]: Water soluble 5.25%, pectin and related compounds
3.00%, Hemi-cellulose 0.25%; Lignin 45.84% cellulose Where;
43.44% and Ash 2.22%. Thus, coconut fiber is also V = Volume of the standard thiosulphate solution used
classified as a ligno-cellulosic material. in the blank titration (unthiolated cocunut fibre); 

Temperature is a crucial parameter in adsorption V = Average volume of the standard thiosulphate
reactions. According to the adsorption theory, adsorption solution  used  in  the  test titration (thiolaed
decreases with increase in temperature and molecules coconut fibre). 
adsorbed earlier on a surface tend to desorbe from the M = Molarity of the thiosulphate solution. 
surface at elevated temperatures. The decrease in W = weight of the thiolated coconut fibre. 
adsorption with increasing temperature, suggest weak
adsorption interaction between biomass surface and the Sorption of metal Ions: Biosorption experiments were
metal ion, which supports physisorption. performed in a constant speed shaking water bath and

MATERIALS AND METHODS 2 grams of the adsorbent was placed in a 250 ml

Materials: The coconut used was obtained from a local solution of initial concentration of 2000 mg L . After
farm in Uturu, Abia State Nigeria. It was pilled and the shaking for 1 hour (according to the preliminary sorption
fibrous part (i.e. the fibre) was collected. The fiber was dynamics test) at 150 rpm, the reaction mixture was
washed with deionized water, ground into a meal and then centrifuged at 3000 rpm for 10 min. The metal content in
air dried. The dried fiber was sieved to obtain particle the supernatant was determined using flame Atomic
sizes of 0.3 mm and 0.6 mm. It was then soaked in 2% (v/v) Absorption  spectrophotometer  (FAAS)  model 200A.
dilute nitric acid overnight, filtered and washed copiously The amount of metal ion adsorbed was calculated by the
with deionized water and air dried ready for use. The difference in the initial concentration and the amount of
treatment of the adsorbent with HNO  solution aids the metal ion remaining in solution. The two different particle3

removal of any debris or soluble biomolecules that might sizes and temperatures listed above were investigated,
interact with metal ions during sorption. This process is maintaining the pH each time at 5.0.
called chemical activation of the coconut fibre. All
reagents used were analytical grade and used as RESULTS AND DISCUSSION
purchased without further purification. 

Methods adsorbed as temperature was varied for the two particle
Chemical modification of adsorbent: The coconut fiber sizes of 0.3mm and 0.6mm for unmodified and modified
was modified by thiolation using the method of Okeimen coconut  fiber  is presented on Table 1. It has already
and Okundaye [15]. Specifically, a 25 gram sample of the been established that coconut fiber can be used as
powdered  air-dried activated husks was thiolated with adsorbent for the removal of As (II) ion from aqueous
550 ml of 1.0M solution of thioglycollic acid for 24hrs at solution [6, 17].
29°C. The mixture was filtered, washed with deioniozed
water and then with methanol. It was finally washed with Effects  of  temperature  and  particle   size:  The mean
deionized water and dried at 50°C. The degree of metal ion sorbed by the coconut fibre at each temperature
thiolation  was  estimated  titrimetrically  by reaction of the was  determined  using  a mass balance equation
thiolated husk with iodine and back-titration of the expressed as: 
unreacted  iodine with sodium thiosulphate solution.
About 0.5 g portions of the thiolated coconut fibre were qe = ( Co-Ce ) V / m (2)

o

t

temperatures of 293K, 303K and 323K were investigated.

Erlenmeyer flask containing 100ml of arsenic (III) ion
1

The experimental results for the amount of As (III)
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Table 1: Amount of As(III) adsorbed (mg g ) as temperature increases for1

two particle sizes on modified and unmodified coconut fiber

Amount adsorbed (mg g )1

-------------------------------------------------------------------------

Unmodified Modified

------------------------------ -------------------------------

Temp. (K) 0.3 mm 0.6 mm 0.3 mm 0.6 mm

293 942.6 944.0 902.5 952.5

303 983.5 991.5 948.6 972.3

323 942.6 961.4 946.2 974.6

Table 2: Values of Equilibrium constant (Ka) and standard Gibbs free

energy change ( G ) for the adsorption of As(III) onto unmodified0

and modified coconut fiber

Ka G  (KJ gmol )0 1

-------------------------------------------------- ------------------------------------------

Unmodified Modified Unmodified modified

Temp -------------------- ------------------- -------------------- ---------------------

/K 0.3mm 0.6mm 0.3mm 0.6mm 0.3mm 0.6mm 0.3mm 0.6mm

293 8.21 8.56 4.63 10.03 -5.13 -5.23 -3.73 -5.62

303 29.80 58.32 7.03 17.52 -8.55 -10.24 -4.91 -7.21

323 8.22 12.45 8.79 19.20 -5.66 -6.77 -5.84 -7.94

Table 3: Thermodynamic parameters for adsorption of As (III) onto

unmodified and modified coconut fiber

Unmodified Modified

-------------------------- ------------------------------

Quantity 0.3mm 0.6mm 0.3mm 0.6mm

H (KJ gmol ) -0.51 -0.13 -1.53 -3.10o 1

S (J/gmol-K) 43.57 21.20 199.54 523.78o

Ea(J gmol ) -16.63 -8.31 -14.13 -4.741

S* 0.990 1.000 1.030 0.970

Where;
qe = metal ion adsorption per unit weight of biomass

(mg g  biomass) at equilibrium, 1

Ce = metal ion concentration in solution (mg L ) at1

equilibrium;
Co = initial metal ion concentration metal in solution

used (mg L );1

V = volume of initial metal ion solution used (L);
M = mass of biomass used (g).

From  Table  1,  we observe that the amount of As(III)
adsorbed  increased  from  293K  to 303K and then
decrease when the temperature increased to 323K. This
means that the optimum temperature of adsorption is
within 303K to 313K. Therefore, increasing the
temperature beyond this point will not favour the

adsorption. This is similar to the results obtained by
various  researches  [18-20]. However,  Horsfall  and Spiff
[19], found out that the magnitude of the increase in
amount as temperature is increased continues to decline
as temperature is increased from 303K to 353K. Their
findings also reveal that most metal ions were removed
between the temperatures of 303k to 323k. This is because
with increasing temperature, the attractive forces between
biomass surface and  metal  ions are weakened and the
sorption decreases.

Also, at high temperature, the thickness, of the
boundary  layer  decreases,  due to the increased
tendency of the metal ion to escape from the biomass
surface  to  the  solution phase, which results in a
decrease in adsorption as temperature increases [21].
Thus adsorption isotherms are classified into  several
sub-groups based on temperature range. The sorption
isotherms  at  283K to 313K belong to the subgroup III.
On  the other hand, the sorption isotherms at 323K to
333K belongs to sub-group II, while above 343K is
subgroup 1 [22]. In this investigation, from Table 1 at
temperature of 303K, the amount  adsorbed started to
decrease, thereby, defining a plateau. Therefore, it seems
reasonable to propose that for the experimental conditions
used, the formation of a complete monolayer of metal ion
covering the biomass surface belongs to subgroup III,
meaning  that  saturation  of  the biomass surface seems
to be reached at 303K to 313K and the optimal temperature
of adsorption for As (III) could be obtained within this
range. Also, the particle size of 0.6mm gave a better
adsorption for both modified and unmodified, than the
size of 0.3 mm.

Thermodynamic  Treatment  of the Sorption Process:
The equilibrium constant Ka was calculated using
equation (3).

      Ka = qe/Ce (3)

Where qe is amount of As(III) adsorbed (mg g ) and1

Ce  is  the  amount remaining in solution at equilibrium
(mg L ). The values of G , the Gibbs free energy for the1 0

adsorption were calculated using equation (4).

G  = - RT InKa (4)0

Where G   is  standard Gibbs free energy change,0

R is the universal gas constant and T is absolute
temperature (K). The standard enthalpy change ( H )0

and the entropy change ( S ), were obtained from the0
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slope and intercept respectively of the plot of ln ka vs 1/T probability of As (III) ion sticking to the coconut fibre
(not shown); generated from equation (5). surface is very high as S*  1 for both adsorbent types.

(5) physisorption.

The equilibrium  constant and the standard Gibbs CONCLUSIONS
free energy are shown on Table 2, where as the other
thermodynamic parameters are shown on Table 3. In conclusion, the use of coconut fiber which is a

From  the  equilibrium  constant  (Ka)  values on waste  in  this  study  will  be environment friendly and
Table 2,  we  can  see  that  adsorption of arsenic (III) was will also help to reduce the huge amount of indiscriminate
highest at 303K. All values of equilibrium constant  were effluent  discharges from industries. It may also provide
greater  than one, showing that coconut fiber both on affordable technology for small and medium scale
modified and unmodified were capable of removing industries.  The  results  also  show  that  the sorption of
As(III)  from  wastewater.  Again  all  the values of G  are As (III) on coconut fibre was favoured by lower solutiono

negative  indicating the spontaneous nature of sorption temperatures. The thermodynamic parameters that were
of As (III) by the biomass. Also, all G  values are < -15 evaluated including the sticking probability model0

KJ gmol  indicative that physical adsorption  is  the indicate that the sorption process was exothermic,1

predominant mechanism in the sorption process. physiosorption and diffusion controlled. Therefore,
Again, from Table 3, the negative values of H coconut fibre which is a waste has favourably been usedo

further  confirm  the  exothermic  nature  of  the adsorption to remove As (III) from aqueous solution with specific
process. The positive values of S  also shows that the emphasis on temperature effects on the adsorptiono

freedom of the metal ion is not too restricted  in the reactions.
biomass confirming a physical adsorption. Values of
activation energy (Ea) and the sticking probability (S*) REFERENCES
were used to support the assertion that physical
adsorption is the predominant mechanism.  The  sticking 1. Reed, B.F., S. Arunachalam and B. Thomas, 1994.
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