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ABSTRACT

In this study, the adsorption behaviour of some adsorbents; ACDMPA, ACDMZC, ACBAPA, ACBAZC and CAC
with respect toCr®" and Fe**has been investigated in order to consider its application for the removal of metal ions
in Hospital wastewater. The batch adsorption studies parameters such as adsorbent dosage, agitation time and pH
were employed. The influence of pH on Cr® and Fe** uptake by different adsorbents used were carried out between
pH 2-8. The optimum pH for the removal of Cr®" by all the adsorbents was 2, the optimum pH for the removal of
Fe* was 4 by ACDMPA and CAC. At pH 6, the maximum adsorption of Fe** occur when ACDMZC, ACBAPA and
ACBAZC was used. An equilibrium time of 30 minutes was required for the adsorption of Cr® and Fe** by CAC,
while 45minutes was the equilibrium time for the adsorption of the two metal ions onto ACDMPA, ACDMZC,
ACBAPA and ACBAZC. The optimum dosage for removal of Fe** was 0.4g when CAC and ACDMPA was used, and
0.6g when other adsorbents were used. For Cr® the optimum dosage for its removal was 0.4g when ACDMPA was
used, while 0.69 is the required optimum dosage for other adsorbents. Adsorption parameters for ACDMPA were
determined using both the Langmuir and Freundlich Isotherms, but the data for Fe* adsorption were well fitted
into the Langmuir equation, while the adsorption of Cr®* was well fitted into the Freundlich than the Langmuir
equation. The results proved that all the carbon produced has the ability to remove heavy metal specie in
wastewater.
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INTRODUCTION

Recently, the control of heavy metals pollutants baen a problem to man, especially in Nigéefige pollution of
water bodies due to the discharged of non-degradad®ardous compounds was causing worldwide contém
heavy metals are the most important constituentmgrtoxic compounds in the effluent [T]lhese heavy metals are
discharged into the environment through indust@ivities and also through Hospital wastewateesehmetals are
known to accumulate in our ecosystem once theyliaaharged; from very low level to a level above threshold
in the environment. Most of these metals such as, itead, cadmium, chromium, cobalt, nickel, meycuwand
arsenic are very toxic. They are carcinogenic dradvery high concentration may cause bad healtditon [2- 4].
Hospital effluent contains enormous quantities mdrganic and organic chemical wastes, which araddie
becoming more complex and difficult to treat by wemntional technologies. Adsorption onto activatadoon has
been found to be superior to other techniques cteveater treatment because of its capability feoding a broad
range of different types of absorbates efficierdlyd its simplicity of design [5,6].

Moreover, some of the conventional techniques eysuldfor treatment of wastewater include; coagutagmd

flocculation, reverse osmosis, chemical oxidatimembrane separation process, electrochemical m&thedobic
and anaerobic microbial degradations [7]. The almethod suffer from one or more limitations (E#twcy, cost ,
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effectiveness, availability and management, exé@pisorption” [7]. In addition, the world economioday is
focusing on better waste management policies $o @siuce waste and “to protect the environment” [8

The purpose of this research is to study the atisarpehaviour of heavy metal (Fand CP") ions from Hospital
wastewater, using activated carbon derived fromaepi of Detarium microcarpum andBalanitea egyptiaca shells.
This aim will be achieved by evaluating equilibri@dsorption using adsorbent dosage, agitation dingepH of the
solution in order to ascertain the optimum condiidor the adsorption of these heavy metal ione tre activated
carbon.

1.1. Sample Collection and Treatment

Detarium microcarpum and Balanitea egyptiaca fruits were collected from Dutsin-Ma Local Goveram area of
Katsina State. After collection, it was taken te tBepartment of Biological Science, Ahmadu Belloivégrsity

Zaria, where it was authenticated and identifieke Epicarp shells were removed and washed sevearas$ twith

tap water and then with distilled de-ionized wateremove impurities and salts. The precursors weredried and
later dried in an oven at 1% for 24 hrs. The dried shells were pulverised siaded to 850m particle size.

1.2. Preparation of Activated carbon from the precursors

Activated carbon were produced using Zn&hd HPO, as activating agents. Standard methods were fetlofor
the carbon production as described by [6]. The @aroduced were ACDMPA (Activated carbon fraretarium
microcarpum, using HPQ, as activating agent), ACDMZC (Activated carbonnfr@®etarium microcarpum, using
ZnClas activating agent), ACBAPA (Activated carbon frBalanitea egyptiaca, using HPO, as activating agent)
and ACBAZC (Activated carbon produced frddalanitea egyptiaca, using ZnCj as activating agent). Commercial
activated carbon (CAC) was purchased, which seagestandard.

1.3. APPLICATION OF ACTIVATED CARBON TO RAW HOSPITAL WASTEWATER

Activated carbon produced from the EpicarpBafanitea egyptiaca and Detarium micropcarpum seed shell was
used for the removal of heavy metals ions from esmater. Samples of the wastewater (1¥)cwere mixed with
0.1g carbon, in 250cinErlenmeyer flasks, then Standard methods werevielll to ensure proper removal as
described by [9].

1.4. Batch Adsorption studies

1.4.1.Effect of adsorbent dosage on the adsorption of Cr®*and Fe™".

Effect of adsorbent mass was studies by usingrdiftemasses (0.2, 0.4, 0.6, 0.8, and 1.0 g) oatlserbent for the
batch experiment described above.

1.4.2. Effect of agitation time on adsorption of Cr®*and Fe*
The effect of agitation time on the removal effiwg of different heavy metal ions were investigaad5, 30, 45
and 60minutes time of contact.

2.4.3. Effect of initial solution pH on adsorption of Cr®*and Fe**.

The pH of solution is important in adsorption stugythat pH of a solution determines the speciatib the metal

ion in solution and also dictates the surface achafgadsorbents with variable charge charactesistising constant
concentration of 0.6 g adsorbent dose and agitditio® of 45 mins at ambient temperature, the plkhefsolution

was varied. The pH values, at which the adsorgismviour was investigated were 2, 4, 6 and 8.

2.5.1. Calculation
From the measured concentration of‘Gind Fé&* ions, amount of the metal adsorbed (qe) was it using
equations 1 [10].

Qe=V(Co —Ce)
100M 1)

where ge is the amount of adsorbate ion adsorbeahiligram per gram of the adsorbent, Co is thdiahi
concentration of the metal ion before the adsonptimcess, Ce is the equilibrium concentratiorhefrnetal ion in
the filtrate after adsorption process, M is the snasgram of the adsorbent and V is the volumehefdolution in
mL.
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RESULTSAND DISCUSSION

Preamble: Effect of Process Parameters
The effect of different process parameters suchdasrbent dosage, contact time and pH were straatgtlied on

the adsorption of ¢f and F&" onto the activated carbon produced.

3.1. Effect of adsorbent dosage on the adsorption of Cr®* and Fe*
Presented in Figures 3.1- 3.2 below, illustrated tariation of metal ions adsorbed at adsorberagmsf 0.2,0.4,

0.6, 0.8 and 1.0g.
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Figurel. Effect of dosage on adsor ption of Fe** by all the adsor bents
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Figure 2. Effect of adsor bent dosage on adsor ption of Cr®onto the carbons
DISCUSSION
Figures 1 and 2 shows the adsorption of Bad CF* onto all the prepared adsorbents at different giosd 0.2,

0.4, 0.6, 0.8 and 1g respectively. A trend of ineeat in adsorption capacity of Fe3+ occur with ément in
adsorbent of 0.4g for ACDMPA and CAC, while ACDMZ@CBAPA and ACBAZC recorded the highest
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adsorption when the dose was 0.6g. The adsorbe®BMPA and CAC recorded a maximum adsorption capacit
of 0.066 mg/g and 0.061mg/g for Fe(lll) respectvdlhe adsorbents ACDMZC, ACBAPA and ACBAZC recatde
a maximum adsorption capacity of 0.056, 0.054 afddmg/g F& respectively. On the other hand Figure 2 shows
the maximum adsorption capacity of®Cas 0.025, 0.012, 0.011, 0.010 and 0.009mg/g foDMEA, CAC,
ACDMZC, ACBAPA and ACBAZC respectively at carbonsdge of 0.6g, with the exception of ACDMPA at 0.4g.
Further increment of adsorbent above 0.6 g resiteddecline in adsorption capacity for botfiFend CF*. The
initial increment in adsorption capacity with inase in adsorbent dosage was expected, since thbenuwh
adsorbent sites increased and thus more surfaceveas available for metal attachment. Same trersd bleeen
reported by earlier researchers [11,12].

3.2.Effect of agitation time (contact time) on the adsor ption of Cr®" and Fe**
Figures 3.3 and 3.4 represented the effect of cotitae on the adsorption of €rand F&'onto the adsorbents. The
contact time of 15, 30, 45 and 60 minutes was ts@donitor the adsorption pattern.
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Figure 3. Effect of agitation time on adsor ption of Cr® by all the adsor bents
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Figure 4. Effect of agitation time on adsor ption of Fe** by all the adsor bents

The effect of contact time on the adsorption effitiy of the adsorbents foRCiand Fe3+ were studied. The results
were presented in Figures 3 and 4. The rate of Inmta uptake was rapid in the first 30 minutes dilythe
adsorbents. The removal efficiency of CAC for bimths decreases as the contact time exceeded 3@sirwhile
the other adsorbents adsorbed optimally at coribaet of 45mimutes. The results is in agreement i one
obtained by Sharma et al., [13] for the removattmbmium in wastewater by fly ash.
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3.3. Effect of pH on the adsor ption of Cr®" and Fe**
The pH of the solution that contains the adsorpégs a vital role on the adsorption of adsorbBigures 3.5 and
3.6 illustrated the adsorption behaviour of theahiemns, at pH 2, 4,6 and 8.
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Figure5. Effect of pH on the adsorption of Cr® by all the adsor bents
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Figure 6. Effect of pH on the adsorption of Fe** by all the adsor bents

The pH of a solution plays a vital role on the agtion of heavy metals since it estimate the s@rfeltarge of the
adsorbent and the extent of ionization and speciaif the adsorbate. Presented in Figure 5, iefteet of pH on
the adsorption of €f at various pH values. It was observed that theormtion of CP* on all the carbon
continuously decreases with increase in pH andrtiieimum adsorption was observed at pH 2. The siecpease

in the removal of G with increase in pH of the solution may be du¢h®fact that, low pH leads to an increase in
H" ions on the carbon surface, which results in §icantly strong electrostatic attraction betweenr8gand the
positively charged carbon surface, which is in agrent with research carried out earlier [14,15Jifjilar results
were also obtained by [17] and[18].The level ofagdton by the adsorbents followed this order; ACBM>
ACDMZC > CAC > ACBAPA > ACBAZC, which may be attiitted to large BET surface area that favours
adsorption. At pH greater than 6 and up to 8, theae no significant increase on the adsorption St By all the
adsorbents.

On the other hand, Figure 6 shows the effect obptihe adsorption of Beat various pH levels. The adsorption of
Fe* increases with increase in pH range of 4-6. Andase of pH above 6 resulted in poor adsorptidredtby all
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the adsorbents. It can be deduced that at lowevaltie, the surface of the adsorbent is surroungebydrogen
ions (H), thereby preventing metal ions ¢Féon) from approaching the binding sites of theaatdsnts. At higher

H* concentration, the adsorbent surface becomes mositively charged such that the attraction between
adsorbents and metal cations is reduced. In cantiaghe pH increases, lesser which facilitate greater metal
removal due to no availability of H+ at the surfaxfehe adsorbent. The results is in agreement wilk carried
out earlier by Oladunni et al., [9].

3.4. Adsorption M odelling

The estimation of the adsorption capacity of thévated carbon with large surface area (ACDMPA) wiarsher
carried out by analysing the isotherm data usinguidlich and Langmuir adsorption isotherm modelse T
Langmuir and Freundlich models are the most comynoséd for solid - liquid phase isotherms.

Langmuir isotherm is given as

Qe=_QmaxbCe (2)

1 + bce
Which can be rewritten as follows
1/ge= l/gmax + 1/bCe 3)

where ge is the amount of adsorbate adsorbed per gf dried adsorbent at equilibrium (mg adsorlgaté/dried
adsorbent), gmax is the constant relating to thgimmam amount of adsorbate ion bound per g of adsurfor a
monolayer (mg/g), b is Langmuir constant or adsomptoefficient or the adsorption affinity (L/mg)rfbinding of
adsorbate on the adsorbent sites, and Ce is efuilil{residual) adsorbate concentration in solutifter sorption
(mg/L). A plot of 1/ge against 1/Ce (Figs. 5 and giyes intercept (1/gmax) and slope (1/gmaxb) [IFje
coefficient of determination, Rvas used for comparison with that of Freundlich.

The Freundlich isotherm model which describe norideal sorption onto heterogeneous surfaces invglvin
multilayer sorption is defined as follows [19]

1
logge=log KF +n log Ce

where ge is the amount of adsorbate adsorbed pewaight of adsorbent, KF is Freundlich constargasuring
adsorption capacity (L/mg), Ce is equilibrium comtation of the adsorbent in solution (mg/L), rdmstant related
to adsorption efficiency and energy of adsorptionadsorption intensity of the adsorbent. The céigffit of

determination Rwas used to compare with that of Langmuir
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Figure 7. Langmuir adsor ption isotherm of Fe** using ACDMPA
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Iron
0 T T T 1
(l) 0.2 0.4 0.6 0.8
-0.1 -
2
0.2 - y=1.4375x - 1.2218
2 _
© -03 - R*=0.6261
o
§° -0.4 - @ lron
-0.5 - 2
-0.6 -
-0.7 -
log Ce
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Figure 10.Freundlich adsor ption isotherm of Cr6+ using ACDMPA
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CONCLUSION

The adsorbents produced frddalanitea egyptiaca andDetarium microcarpum were effective and efficient for the
removal of Ct* and Fé&" from Hospital wastewater. The batch method of gutgm were employed by varying
parameters such as adsorbent dosage, agitationatimiepH of wastewater solution at room temperatiifee
optimum pH corresponding to the maximum removaCof was 2 for all the adsorbents, while that of'Reas 4
for ACDMPA and CAC. At pH 6, ACDMZC, ACBAPA and ACBZC shows maximum adsorption of ¥&he
removal efficiency of CAC for both ions decreasastlhe contact time exceeded 30minutes, while timerot
adsorbents adsorbed optimally at contact time ohidfutes. The optimum adsorption of ®Cby ACDMPA
occurred when the dosage was 0.4g, while that dDMMZC, ACBAPA, ACBAZC and CAC adsorbed optimally
when the adsorbent dosage was 0.6g. The optimuagddsr removal of Féwas 0.4g when CAC and ACDMPA
were used, and 0.6g when other adsorbents were Adsdrption Isotherm for ACDMPA were determinedngs
both the Langmuir and Freundlich models. The @tatae** adsorption were well fitted into the Langmuir mbde
than the Freudlich with Rvalues of 0.8492 and 0.6261 respectively, whike aldsorption of Cf was well fitted
into the Freundlich model than the Langmuir withvRlues of 0.9542 and 0.9400 respectively. Theltegpuoved
that all the carbon produced has the ability toaeerheavy metal specie in Hospital wastewater.
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