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rwere used as adsorbents to

solution.
utilizedon a commercial scale

tact period of 90
70.0% (Carica papaya seeds) and 69.5
) seeds and 66.5% (Amaranthus hybridus)

onditions to be

»
ules showe u. 101s st : :
mim thus hybridus stalk) followed by Zn™" ions 69.0 % (Carica papaya
e data gENeT ated for sorption isotherms ?tted the Freundlich models. Erom the results, both substrates have
Sfﬂlkimy tobind metal ion whiclh could be used for the developmertt of an efficient, clean and cheap technology for
t’hf{:g;rial wastewater treatment.
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oDUCTION humans. Hence, itis of prime importance to prevent
ITN;I:; increasing discharge of toxic heavy metal the accumulation (.)f zinc from exceeding its
, 20 th:a environment poses serious threat to human threshold concentration. .
5 d thus has become a matter of concern Copper is a widely used material and its
contamination exists in aqueous waste streams
h as electronic and

e)dstencean

over the last few decades (Arpa etal., 2000; Hoetal,

a0y Adeyinka of al., 2008; Agiri and Akaranta,
2010). It has been reported by

2009, Egila et al.,
several authors that increasing concentrations of

hese metals in water constitute a severe health
pazard not only to human beings but other living
organisms mainly due to their non degradability
and toxicity (Demirbas et al, 2004). Numerous
netals such as Cr, Cu, Pb, Mn, Hg, Cd, Zn etc are
known to be significantly toxic. Zinc for instance
finds its way into water bodies through effluents
fom smelters, mining, processing plants, paints
ad pigments, pesticides and galvanizing units.
When present in  the wastewater beyond the
permissible limits of concentration, it becomes
hS:lfo‘ful to the living organisms (Santhy and
d:il&athyr 2004). The threshold value of zinc in
i argidwri:‘ter. is 5 mg/ .L.and for inland surface
hgest arine water, it is 15 mg/L (NIS, 2003).
_eestion of > 2 g/ causes toxic symptoms like
SVET, dlan-hea . y e . .
,gastrointestinal tract irritation etcin

from many industries suc
electrical, metal plating, mining, manufacture of
computer heat sinks, Cu plumbing, as well as
biostatic surface,asa componentin ceramic glazing
and glass colouring. Unfortunately, Cu is a
persistent, bioaccumulative and toxic chemical that
does not readily break down in the environment

and is not easily metabolized (Aydinet al., 2008). It
human or ecological food

tion or uptake and may be
or the environment.
high levels of Cu inay

may accumulate in the

chain through consump
hazardous to human health

Drinking water that contains
cause vomiting, diarrhea, stomach cramp and

nausea. The chronic effects of consumption of high
Jevels of copper are liver and kidney damage. The
suggested safe level of Cu in drinking water for
humans varies depending on the sources, but tends
to be pegged at 1.5 to 2.0 mg/L. Hence, removal of
copper from water and wastewater assumes
important.. Because of their toxicity level, itis
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rals from industrial

m e.these M€ y
0 removV queous waste 1nto

necessary t ) )
effluents before discharging 2
ironment. . been
MMM“MH other conventional methods .Wmo_ U‘ME
onsidered for the removal of metal G:Nmm on
industrial effluents such as chemical precipitaty m
chemical oxidation or reduction, m_wnqom“rmn:.nwﬂ
treatment, evaporative recovery; b.m_qmuo:\. Muo
exchange, and membrane technologies (Dermurbas
et al,, 2004). These methods were found :o.#r to _.um
effective especially when the heavy metal ions 1n
the contaminated media are high i.e. in order of 1-
100 mg/ L. Secondly, the operational problems and
the high cost of treatment also militate against these
techniques, as such this necessitates the search for
alternative methods. Biological methods such as
biosorption/ biocaccumulation may provide an
attractive alternative to physico-chemical methods
for theremoval of heavy metalions. Inrecentyears,
considerable attention has been devoted to develop
unconventional materials like agricultural by-
products for the removal of heavy metals from
wastewater. Since these plant-based by-products
represent unused resources, they are renewable,
.%%_x available and environmentally friendly.
us, in the quest to explore the effectiveness of
agricultural by-products
Y-products as adsorbents, severa]
@gn based ) ' era
Ased materials have been used to treat hea
metals in aqueous solyti vy
and co . olutions. The removal of lead
PPer 10ns from aqueous solutions b
Waste was re orted Yy sago
et ﬂ : by Ho, (2002). Singh, (2006a)
cd eat bran removeq about 87,159
W 2t pH 8.6 when, initia) ¢ ‘% of
d(Il) concentration,

of Ph{Il) yas . mn:hm_.e (2006b) observed that 98.4%

Y

Zn(II) ions mn.OB aqueous sg]

uty
this study. N wag SXan,;
; 5ma,
MATERIALS AND METHOpg '
Sample Collection

The African spinach (Amgy,
waste and pawpaw (Caricg
obtained from different ]oc
market, Minna in Niger State. g,
-at random from different mm:m”s
produce within this market g i
sample was made fr A Ply
samples were collected for these sty di €pr mmgzzm
ies !

N‘DﬁDM\D

,ﬁv:.ufv
) Seeqy %

HA.)\HEMD wSomH,”
3 ~5W Smm 4 g
S of zum of

Sample Pretreatment
- The representative samples wer,

soaking in hot deionized water S:M aa
24 hours then rinsed in hot g :
remove all debris, and air drijeq
dried samples were ground y
sieved through a 400 micron me
powder retained on the 400 ums
for the sorption studies

€0ileq b
. tergen
€l0onized Sﬁmﬁmﬁw
for one Week ,;g
: . T
sh screen The fiy

léve was thep, Used

MWE%»E& Wastewater Preparation

ereagents used are i

and &mm.zmn deionized Mwwwwﬂ &Hﬂﬂwmﬁwﬁmﬂm
préparation. 1000 mg/1 stock solutions of SEMH
(II) from CuSO,.5H,0 and zinc (IT) from Zn
AZOw.VN.mINO were prepared. From the stock
solutions, working solutions of initial concentratior

(5-50 mg /1 o
mmcmo?m\ ) of each metal were prepared by serid

%»%Momnwmﬂ Preparation for Sorption Studies
i WUg screened fine adsorbent was soaked I

nmmm 03 M HNO, for 24 hours to remove &
chn 18 or soluble biomolecules that might interfe*
With the meta] ions during the sorption T
Process is the chemical activation of the sampl®
The adsorbent was then filtered through Whatr
No.41 filter Paper and rinsed with de-ionised wal?

. ) 1
The rinsed adsorbent was later air dried fof
hours,

Mw.ﬁacs Experiment

mnnﬁomnc:ﬁaw.ﬂgm od O
,;.m _SXPerimental procedure mmmn:c.wa ¥
Okieimen and Okieimen (2001) was mod!
m0=0¢<m

176

Scanned with CamScanner



e 5 dies vt 200 --;"'-I-I--- e BT
rﬂﬂznsefd and Amaranthus ybridus L Stalk
he pretreated powdere\d samples were
8 0 d shaken with lOp cm of a metal ion
.k o anwhose concentration was 5mg/L. The
ta]ution » shaken at various time intervals of 30
52ﬁ135 rinutes at room temperature in a
b m shaker at 300 rpm. At the end of each
oCatlf;ﬁ) 4 the mixture was filtered using
¢ Peﬁ]ter paper No. 42 and the filtrate was
wha ;ﬂ sample bottles in a refrigerator prior to
The final concentration of the metal ion in
ate Was determined using Atomic

ectrophotometer, model Pye Unicam

e New

\

$iS-
filtr

Mode Adsorption Study
eriments were carried out in the batch mode
Thee™ easurement of adsorption capabilities at
foa ssing different concentrations of 10,20,30,40
3 C;(;smg 7 L for the various heavy metals studied.
; of various concentrations (10.0 mg/ L to
omg/ L) of the metal ions were placed in 250 cm’
o ol flasks, and 05 & of the substrate was added
Comcch The corked conical flask was shaken in a
0 ?awéaﬁng shaker at 300 rpm for constant metal
irzf‘.gubstrate contact period of 90 minutes at 33°C.
The separation of the adsorbents and solutions was
crried out by filtration with Whatman filter paper
No. 42 and the filtrate stored in sample cans in a
refrigerator prior to analysis. The residual metallic
.n concentrations were also determined using an

Atomic Absorption Spectrophotometer.

ey
100 cm

Data Analysis
The amount of Zn®* and Cu® adsorbed (a) in mg/L

from the aqueous solution by the two substrates at
tme t was determined by using the following
equations:

2=C, CG——(1)

Percentage removal of heavy metal ions from initial
s"lum.m concentration calculated from the
following Equation.

R

_C.-C,
"«“CT—XIOO%
Whep, . ——

® G is the initial metal ion concentration

m .
t"fnge/tL)' and C, is the metal ion concentration at

SO ARRERAS ootiution Using Carq
ca

.

Adsorption Model

Isotherm adsorption models haye been :

wastte stream treatment to predict the abi?‘sed =

certain adsorbent to remove a pollutant do;‘vyn'(:i 2
0a

specificdischarge value (Ronda et

mass of adsorbent and a(waste strea;'r;lzgfz) ir.\chol;etni

for a sufficiently long time, equilibrium bethecn

the amount of pollutant adsorbed and the amount
remaining in solution will develop. For any system
under equilibrium conditions, the amount of
material adsorbed onto the media can be calculated
using the mass balance of .(3):

i: (CO—“Ce)/
m M

Where ¥, (typically expressed as mg pollutant/g
media) is the mass of pollutant per mass .of media,
Co is the initial pollutant concentration 1n solution,
Ce is the concentration of the pollutant in solution-
after equilibrium has been reached, Vis the volume
of the solution to which the media mass is exposed,
and mis the mass of the media.

Adsorption data for wide range of adsorbate
concentrations are most conveniently described by
adsorption isotherms, such as the Freundlich
isotherms or Langmuir isotherms (Hashem et al,,
2007). The Freundlich equation was used as the
model for adsorption in this study which is
represented by the general formulae givenbelow as
4)
>=K,C.)

whichcan belinearized as:
ln(-{)=an, +ylnC,
m n

Where 7m is the amount adsorbed per unit mass of
adsorbent, Ce is the solution concentration at
equilibrium, K and n are constants relating to
adsorption capacity and intensity. This equation is
only applicable to batch adsorber systems where
sufficient time is provided to allow equilibrium
between the pollutant in solution and the pollutant
adsorbed on the media to occur. During the flow
through the adsorbent, many of the pollutants are
expected to come into contact with active surface
sites and thus be retained on the surface of the

adsorbing media.
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RESULTS AND DISCUSSION
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Figure 1: Effect of variation of contact time
on Amarantius hybridus L and Carica papay,

on the adsorption of 7
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Figure 5. Variation of % rem

oval of Zn*'ions with Carica papaya seed.
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Figure 7: Freundlich adsorption isotherm plot of Log (x/m) against
Log C for Zn (II) and Cu(TI) ions , where x is the mass of the adsorbate.; m is the mass-
of adsorbent and C is the residual concentration( for Amaranthus hybridus stalk).
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Figure 8: Fr'eundlich adsorption isotherm plot of Log (x/m) against Log C for Zn(II)
and Cu (II) ions , where x is the mass of the adsorbate; m is the mass of adsorbent

and C is the residual concentration( for Carica papaya seeds)
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Effect of Contact Time
In the adsorption system,
role, irrespective 0
parameters that affect t :
effect of variation of contact t1

of Zn (11} ion and Cu (11) ic‘i’“ o ? ir;flreastigated at the
. wa
[ and Carica papaya S€€ 5

. Fi 3and 4. It
and the data are represented in Flgur.es e
was found that the remo

val of meta t
. e extent.
ith increase in contact time to som
i ment reac

ital
contact time playsa v;tal
; experimel

i he
he adsorption Kinetics- T1

tion
¢ on the adsorP’
¥ nthus hybridus

imum
; hes maximul
removal of metal ion mcres o - increase

value and then decrease

. due tO deso
contact time. This may be du the extent of
process.

al of metal i m ahoriag
1;:‘80‘;5 negligible and hence 1t 15; the op
contact time. The trend %b;e;':;d u::der i
i i two subs
metal ions In the e ep i
iti ealed tha p
:mental conditions rev "
e?l:;?;‘pﬁon is a function of the substrateas wella
o

i ie, 2002, Egila
tal jons (Egila and Okorie, .
| :l: 2; O;éfllg)fn'fiﬂs difference could also be explained

in terms of difference in the ioni.c size of metals, :;1:
nature and distribution of ac.ttve grt?upi on
biosorbent, and the mode of interaction etweeg
the metal ions and the biosorbent (Igbal an

Edvean, 2004).

Effect of Initial Metal Ion Concentration

The percentage removal and uptake level of C%I(H)
and Zn(l) ions from solutions containing various
amounts of the metal ions by Amaranthus hybridus
stalk waste and Carica papaya seeds are shown in
Figures 3 and 4 respectively as the metal ion
concentrations increased from 10 to 50
mg/100cm’. The results showed that the amount of
the metal ions bound by the cellulosic substrates
depended on the metal jons type and the
concentration of the metal ions. The level of metal

* dons removal was higher in Cu than Zn. The

percentage metal ions removal increased as the
initial metal ions concentration increase from 10 to
30 mg/100cm’ for both substrates and later
declined. The initial faster rate of removal of each
metal jon could be due to the availability of the
uncover_ed surface area of the adsorbents, since
adsorption kinetics depends on the surface area of
the adsorbent (Qadeer and Akhtar, 2005).The trend
could also be explained in terms of the progressive

; . the electrostatic interacy
111crelasi‘301;ls and the absorbent ac;:ebe{'\,v%n
n the adsorption capacity ang Sltes_
recovery despi'te increase in- the_ - tial ercem
concentration 15 due to the avallabi]ity Oetalj
number of surface sites on the dsort, n,
relatively larger Ijlumber of. adsorbip, snt )
higher concentrations (Khalid et 4 2000p9§ie
results were observed by Han et 4 2005 on
adsorption of copper (II) and lead (I1) on o )ffur
the results obtained from this rESEar; 4
conformed to the findings by Obokh and "
(2008) that worked on sour sop seeds asbic "
to remove heavy metals ions g Sor}
solution. The trend of adsorption wag Cu\f’gue
difference among the metal ions op th;a_ n
adsorption was ascribed to the slight diffe
the ionic radii. Metals with smaller ionic s izenc‘
the greater affinity to active groups of th, CEIIE];
materials. Competition among the mety] iou(
adsorption sites obviously affected the adsons
capacity (Igweetal., 2005). Tpt
Further more, a comparison of the twq Sl
clearly showed that at any given metal |
concentration, Carica papaya seeds could bind ml‘
of the metal ions than Amaranthus hybridys talk,
confirmed that the nature of the cellulosjc Mate,
had a uniquerole in the adsorption mechanisy,

metal 1
decline 1

TatE

Sorption Kinetics

Krishnan and Anirudhan (2003) reporteq ¢
kinetics of metal sorption is controlled by ther
which determines the residence time, which is,
of the important characteristics defining |
efficiency of an adsorbent. Sorption kinetics can
controlled by several independent processes !
could act in series or in parallel such as b
diffusion, external mass transfer (film diffusio
chemical reaction (chemisorption) and intraparti
diffusion (Hoetal., 2000).

Based on the above, the sorption data of the me
ions investigated on Carica papaya seeds 2
Amaranthus hybridus stalk substrate were plof
logarithmically as shown in Figures 7 and 8t

- fitted the Freundlich adsorption isotherm. The

value of Cu™ was (0.70) which is greater thant
value obtained for Zn* in pawpaw seeds. Thf-’"
value of Cu® in the second sample was 03"
Zn" still having the least value of 0.19. Agallv
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Seed and Amaran thus Hybridus
o ions (0.73A) might be
adsorptivity. This means

that Ccu’ ions with smaller jonic radius diffused
faster through the adsorbent pores faster than the
pulkier 7n’ ions (O.74A). This is in agreement with
reported by Oboh and Aluyor (2008), that
tion of metal ions, the ions with smaller
i tend to mOVe faster to potential
Jdsorption- The value of 1/1 which is less than 1in
poth substrates is an indication of favourable
4dsorption A smaller value of 1/n indicates better

of relatively

adsorption mechanism and formation
er bond between adsorbate and adsorbent

sorptio
papay’ L Stalk
Smaller jonic radius of C

responsible for its greater

CONCLUSION

This investi gationrev

and Amaranthus hybri
otential and have proved ca

and zinc(1) removal from aqueou

Freundlich sorption process indicated favourable

adsorption of copper(ll) and zinc(Il) by these two

wastes. This showed a new trend for using Carica
d Amaranthus hybridus in removing

toxic heavy metals. Thus, the use of Carica papaya

seeds and Amaranthus hybridus

the sustainability of the surrount
as well as a means of wastes

environmental pollution control.
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