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Abstract : Cow hoof was exploited as an adsor-
bent for removing Cd(l1) and Cu(ll) from agueous
solution through batch experiments. The optimum
conditions established were applied to industrial
wastewater. The removal efficiencies of this low-
cost adsorbent recorded for agueous solution were
higher than those recorded for real industrial waste-
water. The data obtained were best described by
the pseudo-second-order kinetic equation. Equilib-
rium studies conducted at different temperatures
were best described by Langmuir (Cd) while data

INTRODUCTION

Metalsare extensivelyused in several industries,
including mining, metallurgical ,electronic, el ectro-
plating and metal finishing. The presence of metal
ionsinfinal industria effluentsis extremely unde-
sirable, asthey are toxic to both lower and higher
organisms¥. The presence of these metalsintheen-
vironment has become a matter of public concern
because of their pers stence and bioaccumul ation ten-

obtained for Cu obeyed both Freundlichmodel.
Eval uated thermodynamic parameters of the process
showed that Cd(I1) and Cu(ll) removal was sponta-
neous and endothermic. Therefore, the use of cow
hoof as alow-cost adsorbent to remove Cd(l1) and
Cu(I) from wastewater isfeasible.

© Global Scientificlnc.

K eywor ds: Equilibrium studies; Thermodynamic
parameters; Cow hoof powder; Cadmium.

dencies. Cadmium is one of the most toxic heavy
metals. It is chiefly generated and introduced into
the environment through industria activities like
metal plating,mining, manufacture of Cd-Ni batter-
ies, and production of phosphatefertilizer, pigments,
stabilizers and alloys2. Cd (1) has been implicated
in causing different human disorders like irritation
to the respiratory tract, rena dysfunction, bone de-
generation, liver damage, anemia, tooth decay, high
blood pressure, kidney damage and destruction of
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testicular tissue and redblood cells etc.%. The evi-
dence of carcinogenicity of cadmium and cadmium
compounds in humans has been reported®. Copper
is an essential trace metal which is not as toxic as
cadmium but itscontinuousindustria applicationand
accumulation in the environment could be detrimen-
tal to animal and human health. It has also been re-
ported that copper istoxicto avariety of aquatic or-
ganisms, even at very low concentration',

In view of the environmental and health impli-
cationsof heavy metals, most industrialisedcountries
have introduced strict environmental regulationsto
regul ate the amount of these metals and other con-
taminants being discharged into theenvironment from
industria activities. Thisdevelopment has made most
industries devel op/adopt some methods of treating
their wastewaters so asto reduce the concentrations
of metals in them to acceptable levels
beforedischarge into the environment. However,
most of these methods areinefficient, cumbersome,
not environmentally friendly or capital intensive.
Adsorption using low cost adsorbent has proved to
be a better alternative to this important industrial
demand. Some recently utilized |ow-cost adsorbents
with high metal removal efficiency include:
Opuntiaficusindical®, coconut tree sawdust”, egg-
shell”, sugarcane bagasse”,Chaetomor phalinum®,
cotton wastel®, acid treated cashew nut shell*,
modified oak saw dust!™, modified chitosan(*> 3,
alkali treated tea residuel'®, carbonaceous
adsorbentg®, etc.

Cow hoof, akeratin containing inedible by-prod-
uct from cows, can be obtained freely from local
abattoirsin Nigeria. The presence of COOH and NH,,
on the surface of cow hoof can enhance the capabil-
ity of cow hoof as alow-cost adsorbent.

This study was undertaken to investigate the fea-
sibility of using cow hoof as an adsorbent for remov-
ing cadmium and copper from agueous sol ution and
to determine the effect of different parameters (pH,
contact time, temperature) on the adsorption efficiency
of cow hoof. The optimum conditions obtained for
metal remova were also applied to treat wastewa
ters obtained from two industriesin Nigeria. Theki-
netic, equilibrium isotherm and thermodynamic pa
rameters of the process were also determined.
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MATERIALSAND METHODS

Materials

Cow hooves were obtained from alocal abat-
toir in Ado-EKkiti, dried, ground and sieved using a
sieve of mesh size 212um. The hooves were thor-
oughly washed with sponge. Thesewerelater rinsed
thoroughly with distilled water and sun dried for
one month. After sun drying, the hooveswere again
washed with distilledwater and dried in an oven
maintained at a temperature of 105° C. The oven
dried hooves were later ground and sieved using
sieveof meshsize212 um. The sieved samples were
stored in arefrigerator prior to analysis.

Prepar ation of metal ionssolutions

A stocksolution containing 1000 mgL of each
metal was prepared separately by dissolving appro-
priate weight of analytical grade salt of each metal
(Cd(NO,),.4H20) and (CuSO,.5H,0) with distilled
water inal L standard flask. Thiswas madeto mark
with distilled water. Standard solutions of different
concentrations, asmight berequired, werelater pre-
pared from these stocks.

General procedurefor batch studies

Unless otherwise stated, batch adsorption stud-
ieswere carried out at room temperaturefor 1 h us-
ing 0.5g per 50mL of 50 mg/L metal solution. The
mixture of each metal solution and cow hoof pow-
der was agitated at a constant speed of 120 rpm.
The effect of pH on the removal of Cd and Cu was
conducted byvarying the initial solution pH from 2
to 6. The pH of each solution was adjusted using
0.1IM HCI or 0.1M NaOH. ThepH of maximum metal
remova was noted and other subsequent experiments
were performed at thispH. Theinfluence of contact
timewasinvestigated by agitating amixture of cow
hoof and metal solution for aperiod of time ranging
from zero to 150 minutes. The range of 0.1-1.0g of
cow hoof was used to investigate the effect of sor-
bent mass. Experiments on the effects of concentra-
tion and temperature were performed by varying the
initial concentration of the metal concernedfrom 15
to 100 ppm at four different temperatures of 298,
308, 318 and 328 K. Each experiment in this case
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was conducted for 2 h for attainability of equilib-
rium.

The resultant mixture wasfiltered at the end of
each agitation and the concentration metal present
intheresultant filtrate was determined using Atomic
Absorption Spectrophotometer.

RESULTSAND DISCUSSION

Figure 1 presents the results of the effect of pH
on theremoval efficiency of Cd**and Cu®*. Thefig-
urereveal sthat the percentage of metal removed in-
creased from 95.08- 99.48% for Cd** and from 66 —
95.92% for Cu?* when the pH wasincreased from 2
to 6. Thistrend can be explained based on the fact
that the surface of the adsorbent (cow hoof) is satu-
rated with hydrogen ions at low pH and with hy-
droxyl ionsat high pH. Theamount of Cd?* and Cu?*
adsorbed at low pH was |ow because of the compe-
tition that existedfor the available binding sites be-
tween hydrogen ions and the metal ions(Cd?
andCu?).

Similarly, repulsive forces between the metal
ions and hydrogen ions could have decreased the
amount of metal adsorbed at low pH. At high pH the
concentration of H* ions would be low. This en-
hanced the amount of Cd* and Cu?*adsorbed. The
percentage of cadmium and copper adsorbed in-
creased gradually with increase in pH until the pH
of 4 and 5 respectively whereincreasein pH seemed

120 4

100

not to give an appreciable increase in the percent-
age of metal adsorbed. These results are in close
agreement with literature reports*6 17, Thus, there-
moval of Cd and Cu by cow hoof can be maximized
at apH of 4 and 5 respectively. This pH of maxi-
mum removal of each metal was used for subsequent
experiments.

The results of the effect of contact time on the
removal of Cd?* and Cu?* are presented in Figure 2.
Thefigure clearly showsthat theamount of Cd*and
Cu?* adsorbed increased with increase in contact
time until equilibrium was established after agita-
tion time of 60 minutes. It isobviousfrom thefigure
that three distinct stages were involved in the re-
moval of these metalsfrom aqueous solution by cow
hoof. Thefirst five minutes of metal removal ineach
case was rapid. This can be basically explained by
thefact that the number of binding sitesavailable at
the beginning ishigher thanthose present at any other
stage of the process. Thiswasfollowed by aregion
of steady increase in the amount of metal adsorbed.
This occurred between the agitation time of 5 and
60 minutes (Figure 2). Thethird stage, agitation pe-
riod of 60 minutes and beyond, was characterized
with negligible or noincreasein theamount of metal
adsorbed. This occurred basically because there is
a limit to the amount of metal a given mass of an
adsorbent can adsorbed at a constant temperature.
In other words, at a period of time above 60 min-
utes, the surface of the adsorbent (cow hoof) has
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Figure 1 : Effect of pH on the removal of cadmium and copper by cow hoofcladodes: C = 50 mg/L, particle size 212
pm, sorbent mass = 0.5 g, contact time = 60 min, andtemperature = 298 K
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Figure 2 : Effect of agitation time on the adsorption of Cd and Cu by cow hoof:C_ = 50 mg/L, particle size 212 pm,
sorbent mass = 0.5 g, temperature = 298 K and pH = 4(Cd); 5 (Cu)
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Figure 3 : Effect of sorbent mass on the adsor ption of Cd and Cu by cow hoof: C = 50 mg/L, particle size 212 um,

contact time = 60 minutes, temperature = 298 K and pH =

been saturated with maximum amount of solute (Cu
and Cd in each case).

Figure 3 displaystheresults of the effect of sor-
bent mass on the removal of cadmium and copper
from agueous sol ution by cow hoof. The percentage
removal of both Cd*and Cu*increaseswith increase
inthe amount of cow hoof dosed. Thiscan beattrib-
uted to thefact that number of binding sitesincreases
asthe amount of cow hoof dosed increases. The per-
centage removal of Cd? increased from 97.08 -
98.48% when theamount of cow hoof dosed increase
from 0.1 -1 g (Figure 3a). For copper, the percent-
age removal increased from 85.28 — 95.88% (Fig-
ure 3b) within the same range of cow hoof dosage.
Conversely, the values of metal uptake obtained in

4(Cd); 5 (Cu)

mgg*for the two metals decreased with increasein
biosorbent dosage. The uptake capacity of Cd(Il)
and Cu (I1) decreased from 24.27-2.46mgg’! (Fig-
ure 3a) and 21.32 -2.39 mgg*(Figure 3b) when the
amount of adsorbent wasincreased from0.1to 1 g.
Thismay be dueto interferences among the binding
sites at high concentrations of adsorbent which can
be caused by over-crowding of the adsorbent par-
ticled®.

Adsor ption isotherms
Adsorption isotherms express the mathematical
relationship between thequantity of adsorbate and

equilibrium concentration of adsorbateremainingin
the solution at a constant temperature’®. The equi-
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librium datagenerated using different concentration
of meta solution at different temperaturesof 298, 308,
318 and 328 K were modelled using three isotherm
modelsnamely: Langmuir, Freundlich and Dubinin
Raduskevish (D-R).

The Langmuir equation assumes a monolayer
adsorption in which all adsorbed ions do not inter-
act with each other and once ametal ion occupies a
site, no further sorption can take place on that site.
Themodel can takethefollowing linear form!*el:
c_1.¢

g KiOn Om (1)
where, g_ (mgg™) is the maximum adsorption ca-
pacity, K (L/mg) isaconstant related to the affinity
of binding sites orbonding energy. Plots of Ce/ge
against Cewere madefor different temperaturesand
therespectivevaluesof g and K wereobtained from
the slope and intercept of the plots.

The empirical Freundlich isotherm,which is
based on adsorptionon a heterogeneous surface, can
be expressed linearly as followd:

logge = log Kr + % log Ce (2)
WhereK (L¥?’g'mg™") and n (dimensionless) arethe
Freundlichconstantsrelated to adsorption capacity
and affinity between the adsorbent and the metal,
respectively. Therespectivevalues of nand K were
obtained from the slope and intercept of the linear
plots of log ge versuslog Ce.

The Dubinin-Radushkevich (D-R) isotherm!??,
whichassumes a heterogeneous surface, isexpressed
as follows:

Ing, = Ing,-K & 3
Where ¢ isthe Polanyi potential = RT In(1 + 1/Ce),

q, is the DubininRaduskevich adsorption capacity
of the adsorbent (mgg™), K, is DubininRaduskevich
constant rel ating to the adsorption energy (mol2 kJF?),
Risthegas constant (kJK5' mol"), and T isthetem-
perature (K). Linear plots of In ge versus 2 were
obtained for different temperatures and the values
of K, and g,were evaluated from the slope and in-
tercept respectively. Thevalues of theisotherm con-
stants and the coefficient of determination(R?) val-
ues associated with each isotherm model are given
inTABLE 1. Itisobviousfrom thesetabl esthat equi-
librium datawere best fitted by Langmuir model for
Cd (1) while the data obtained for Cu (I1) were best
described by Freundlichmodel. The high values of
coefficient of determination (R? = 0.9943- 0.9975)
obtained from Langmuir model for Cd (I1) confirms
themonolayer adsorptionof Cd (I1) onto the cow hoof
surface. All the models revealed that the maximum
adsorption capacity of Cd?* adsorbed increased with
increase in temperature.

The values of the maximum adsorption capacity
obtained for cow hoof compare favourably with
those reported in literature for some low-cost
adsorbents (TABLES 2aand 2b).

The separation factor,R , which isameasure of
adsorption favourability, was obtained from the
Langmuir constant K, using Equation 4 below:

1

1+ KiGo @
Where C_istheinitia concentration of metal (mgL-
1). Thevalues of R obtained for Cd (1) and Cu (11)
are presented in TABLE 3. The values of R ranged
from 0.004 to 0.035 for Cd (I1)and from 0.125 to

TABLE 1: Isotherm parameters for the removal of Cd* by cow hoof

Metal T (K) Langmuir Freunlich DR
K K E
g’ mg) R gmgy " R gy ) R

cd 298 863 183 09943 3.89 313 08375 734 29 09695

308 903 169 09975 4.44 305 08442 801 331 09857

318 9.30 238  0.9956 493 307 08645 820 379 0.9802

328 951 265 09945 5.26 304 08466 833 411 09316

Cu 208 930 002  0.8070 0.24 134 09784 35 021 08653

308 106 002 07188 0.28 124 09217 448 023 0.9089

318 913 004 08463 0.50 142 08868 476 035 0.8295

8 1513 003  0.9620 0.64 132 0993 546 025 0.8657
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0.711for Cu (I1). This confirmsthe favourability of
the adsorption of Cd (1) and Cu(ll) by cow hoof
since(0<RL <1). Similarly, thevauesof Freundlich
constant n, which fell within therange 1<n<10 also
shows that the affinity between the metal ions and
cow hoof was high.

The values of adsorption energy, E evaluated
from the D-R model (Equation 5) showsthat the ad-
sorption of both Cd (1) and Cu (I1) was dominated
by physical adsorption since E values are less than
8kJ(TABLE 1).

ORIGINAL ARTICLE

E = (-2K )™ (5)
Adsor ption kinetics

Theadsorption kineticsof Cd(I1) and Cu(Il) were
modelled using pseudo-first order (equation 6),
pseudo-second order (equation 7) and Elovich ki-
netic equations (equation 8). The linear forms of
these equations are presented below.

kat
Log(de—d) = L0g g~ 5=or (6)
LI N
O - |(2(]e2 Qe (7)

TABLE 2a: Comparison of maximum adsorption capacity (q,) estimated from Langmuir isotherm model for Cd

(1) with that of other biosorbents

: Temperature m
Biosor bent FzK) (mcé]g'l) Reference

Sea weeds: Padina sp. 295 84
Sargassum sp. 295 85.12 [4]
Ulva sp. 295 64.96
Gracillaria sp. 295 33.6
Acid treated cashew nut 303 436.7 [10]
Pseudomonas putida NA 8.0 [21]
Waste tea NA 1.63 [22]
Walnut shell NA 15 [22]
Nut shell NA 13 [22]
Exhausted coffee NA 1.48 [22]
Rice husk ash NA 20.24 [23]
Teafactory waste 298 20 [24]
Cow hoof 328 9.51 Current study

TABLE 2b : Comparison of maximum adsorption capacity (q,,) estimated from Langmuir isotherm model for Cu

(1) with that of other biosorbents

. Temperature m
Biosor bent F()K) (m%g‘l) Reference

Sea weeds:Padina sp. 295 72.39 [4]
Sargassum sp. 295 62.87

Ulva sp. 295 47.63

Gracillaria sp. 295 37.47

Coco nut tree saw dust NA 3.89 [7]
Egg shell NA 34.48 7N
Sugarcane bagasse NA 3.65 [7]
Modified chitosan 298 12.6 [12]
Modified chitosan NA 19.8 [13]
Pseudomonas putida NA 6.6 [21]
Teafactory waste 298 6.13 [24]
Enterobactersp. J1 298 325 [25]
Bacillus sp. (ATS-1) 298 16.6 [26]

CH 328 15.13 Current study
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TABLE 3 : Separation factor (RL) values for cadmium ion sorbed on modified and unmodified cow hoof

Sample Co(mgl/L) 298 K 308 K 318K 328 K
15 0.035 0.034 0.027 0.025
25 0.021 0.021 0.017 0.015
co? 50 0.012 0.010 0.008 0.007
75 0.007 0.007 0.006 0.005
100 0.005 0.005 0.004 0.004
15 0.488 0.690 0.649 0.711
25 0.364 0.571 0.526 0.597
cu? 50 0.222 0.400 0.357 0.425
75 0.160 0.308 0.270 0.330
100 0.125 0.250 0.217 0.270
TABLE 4 : Kinetic parameters for the removal of CdandCu?by cow hoof at 298 K
Pseudo-first- order Pseudo-second- order Elovich
K1 R* qe(cal) 2 21 B 2
Metal qo(exp) (mgfg) ad(cal) (MYQ) i1y (mg/g) ke R™al@m@) (noprn R
Cd** 4.85 117 0.09 0.8613 4.85-3.2770.9993 0.28 0.9993 18836636 4.72  0.7716
cu™ 4.78 2.03 0.12 0.9915 4.87 016 1 24255 327 0.81%
TABLE 5 : Thermodynamic parameters for the adsorption of Cd and Cu by cow hoof
Sample T (K) AG’ (kJ mol™) AH’ (kJ mol™) AS’(kJmol K ™)
298 -11.04
308 -12.42
Cd 19.59 0.104
318 -13.48
328 -14.52
298 -0.47
308 -1.68
Cu 318 201 35.89 0.122
328 -4.13

Where gis the metal uptake per unit weight of cow
hoof (mg g*) at timet, g, isthemetal uptake per unit
weight of ofcow hoof(mg g*) at equilibrium, and k;
(mint) and k, (g mg'min™)are the rate constants of
the pseudo-first-order and pseudo-second-order ki-
netic equations respectively. The values of k, and
its corresponding g, values were respectively de-
termined from the s ope and intercept ofthepl otof log
g,-q,versus time (Equation 8). While k,and its cor-
responding ge values were respectively determined
fromtheintercept and slope of the plot of t/q, versus
time(Equation9).

CII=%|n(XB+%|nt (8)

where,p (mg g* min?) istheinitial adsorption rate

ando (gmg?)is the desorption constant related to
the extent of the surface coverageand activation en-
ergy for chemisorption. Therespectivevauesof and
were obtained from the slope and intercept of the
plot between gtand Int.

The kinetic parameters obtained for the three
models and their corresponding coefficient of de-
termination (R?) values are presented in TABLE 4.
A close observation of the R?vaues in the table
shows that the adsorption of both metals was best
described by the pseudo-second order equation.
Similarly, the closeness of the estimated ge value
from the pseudo-second order equation and the ex-
perimental ge values for the two metals also sup-
portsthis assertion.
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Figure4B : FTIR spectra of (a) Cu? loaded CH and (b) unloaded CH

Adsor ption thermodynamics

thermodynamic parameters such as Gibbs free en-

The feasibility of the adsorption of Cd (1) and  €'9Y change (AG’), enthalpy change (AH°), and en-
Cu (I) was assessed through the evaluation of the

tropy change (AS°). These were cal culated using the
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following expressions:

CAe
Ke=
C. 9
InK —ﬂJrA—S 10
RT R (10)

Where, Keisthe equilibrium constant, Ceistheequi-
librium metal ion concentrationin solution (mgL?),
C,.istheamount of metal ions adsorbed on the ad-
sorbent at equilibrium (mgL™?), T istemperaturein
Kelvin and R is the gas constant (Jmol *K1). The
values of the standard enthalpy change (AH®) and
standard entropy change (AS°)were cal culated from
the slope and intercept of the linear plot ofInK
against /T whilethevaluesof AG°at different tem-
peratures were determined using the equation:
AG’=AH -TAS (11)
The results of the different parameters are pre-
sented in TABLE 5. The negative valuesof the Gibbs
free energy recorded for the two metals at all tem-
peratures show that the adsorption processwas spon-
taneous. It is glaring from TABLE 5 that the nega-
tive valuesof AG%for the two metalsincrease with
increase in temperature. This showsthat the degree
of spontaneityof the adsorption increases with in-
creaseintemperature. The enthal py changerecorded
for thetwo metal sreveal that the adsorption of both
Cd (I1) and Cu (1) by cow hoof was endothermicin
nature. Thisobservation further supportstheearlier
observation on isotherm parameters that revealed
that the maximum adsorption capacityof cow hoof
for the two metals increased with increase in tem-

perature. The value of AS obtained for each metal
shows that entropy increases as a result of adsorp-
tion. This impliesthat Cd (Il) and Cu (Il) ions
adsorbed onto the surface of the adsorbent were
moreloosely arranged than those that wereyet to be
adsorbed. This shows that the ions of these metals
adsorbed to the surface of cow hoof were weakly
bonded to the surface. Thisisanindication of physi-
cal adsorption.

FTIR spectral characteristicsof theadsor bent

The FTIR spectra (Figures 4A and 4B) of cow
hoof before and after adsorption of metalswere ob-
tained todetermine the possible involvement of the
functional groups present on its surface
ontheadsorption process. The spectroscopic char-
acteristics of these spectra are shown in TABLE 5.
The spectrarevea the presence of certain functional
groups on the surface of the adsorbent before and
after adsorption. It can be observed that many peaks
were shifted after adsorption of both metals. The
peaksat 1239.11 (corresponding to C-N stretch) and
2365.71 (corresponding to S-H stretching) werere-
tained after the adsorption of Cd and Cu respectively
(Figures 4A and 4B). These observations can make
one suggest that those functional groups (e.g. OH,
C-Oand C=0) that had their absorption bands shifted
after metal adsorption might be directly involved
while functional groupslike C-N and S-H were not
directly involved in the adsorption of Cd (II) and
Cu (1) by cow hoof.

TABLE 6 : FTIR spectral characteristics of cow hoof before and after adsor ption of Cd?* and Cu?

1 -1
IR peak Frequency (C”.‘ ) Metal Ion Frequency (cm ) Difference Assignment
before adsorption after adsorption
Cd™* 3423.00 -109
1 3314.00 U 3432 00 118 Bonded -OH group
Cd* 2371.42 -5.71 .
2 2365.71 cu 2365.71 0 S-H stretching
Cd*™* 1655.56 3.04 _ :
3 1658.60 U 1654.00 4.60 C=0 of anamide
Cd*™* 1526.94 3.64 .
4 1530.58 CU 1529.00 158 Amino group
2+
5 1239.631239.11 gﬂz+ ppsng goc  CNstretching
Cd* 1056.73 -17.1 :
6 1039.63 CU 1042.48 285 C-O stretching
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TABLE 7 : Some physicochemical characteristics of industrial wastewater collected

M etal Real Industrial wastewater
Conductivity 956+0.02
Ph 7.84+0.11
Temperature (° C) 25.7+0.20
TS (mg/L) 2773+£5.12
TSS (mg/L) 2200+3.01
TDS (mg/L) 573+2.23
Total hardness as CaCOz;(mg/L) 250.70+0.3
Cadmium(mg/L) 0.15+0.02
Chromium(mg/L) 0.10+0.01
Copper (mg/L) 0.15+0.05
Nickel(mg/L) 0.35+0.03
Lead(mg/L) 0.13+0.02
Zinc(mg/L) 0.85+0.01
Iron (mg/L) 0.10+0.03

TABLE 8 : Efficiencies of cow hooffor metal removal from ssmulated and Industrial wastewater

Simulated Wastewater

Industrial Wastewater

Metal ge (mgg™) %R ge (mgg™) %R
Cd 4.68 99.49 3.75 75.00
Cu 4.79 95.92 275 55.01

Biosor ption studiesusing industrial wastewater

The effect of competing ions on the removal of
Cd(I1) and Cu(ll) by cow hoof was studied by col-
lecting wastewater sample from a company which
specialisesin the production of colour coated roof-
ing sheets. The physico-chemical characteristics of
these samples, which were determined by standard
anaytical methods, are presented in TABLE 7. The
wastewater samplewasfiltered and 50 mL portions
were measured into 150 mL conical flasks. The pH
of each wasadjusted to the pH of maximum removal
of each metal. Then 0.5 g of cow hoof powder was
weighed into each flask and the mixture was agi-
tated at constant speed of 120 rpm for120 minutes
and the mixture was filtered. The filtrate was ana-
lyzed for metal concentration using AtomicAbsorp-
tion Spectrometer AAS. The results obtained are
presented in TABLE 8.

Theresultspresented in TABLE 8 show that both
percent removal and uptake capacity recorded for
real industrial wastewaterwere lower than the cor-
responding values obtained for simulated wastewa-
ter sample. The decrease in the amount of metal

biosorbed by cow hoof from the industrial waste-
water compared to the amount biosorbed from the
aqueous solution can be attributed to the presence
of other ionsand impuritieswhich may competewith
Cd or Cu or even block the available binding sites
present on the surface of the biosorbent.

CONCLUSION

This study revealed that powdered cow hooves
can be utilized to remove Cd?*and Cu?*under the
optimum condition of pH4 (Cd), pH5 (Cu) and con-
tact time of 60 minutes. The processis a so thermo-
dynamically feasible under an endothermic condi-
tion. It was observed that the presence of co-ions
and other impurities in rea industria wastewater
decreased the efficiency of cow hoof for Cd (1) and
Cu (Il) removal
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