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ABSTRACT

An experimental investigation was carried out toe treatment of diary wastewater using low cosbausnts. The
peels of orange and banana were used as adsorbretitss study by carbonization and dehydration foigotion)

methods and the effect of pH, contact time, adsdresage, and adsorbent particle size in removadadlutants

present in diary wastewater was evaluated. Theistushowed that the orange peels are more effethiae the

banana peels in the removal of pollutants fromdhey wastewater. The carbonization method is ébtmbe more
efficient than the de-hydration method for bottargge and banana peels, the orange peel found todve efficient
in both methods with the highest percentage remo¥&l0.1% and 14.3% respectively compared to theaba

peels where the percentage removal are found t@hé&% and 8.2% for the carbonization and de-hydwati
methods respectively. The optimum pH for both nisthorange and banana peels found to be in a rdegeeen
6-8. The optimum contact time for de-hydration méthf orange peel and carbonization method of banaeel is

120 min and for de-hydration of banana peels amb@aization of orange peel is 150 min. The optinagsorbent
dosage for the dehydration method of orange pe@l15 g and for banana peel is 0.25g. The optimdsoebent
dosage for carbonization of orange and banana 6l3g and the optimum particle size for methadange and
banana peels are 300um. The results were validasedy Langmuir and Freundlich equations.

Keywords. Adsorbent, Orange peel, Banana peel, Dairy wasterw@e-hydration method, Carbonization method.

INTRODUCTION

Worldwide water demand is increasing day by day tueapid population and industrial growth, andtbe other
hand there is continuous decline in ground andaserfvater levels due to over exploitation. Effams being made
to find the alternatives for water supply and oneninent solution is treatment and re-use of indaistvastewater.
The dairy industry involve processing of raw mitia products such as milk, yogurt, cheese etc.gamérates lot
of wastewater which contains very high concentratié organic substances such as proteins, carbategland
lipids. Many technologies are in practice to tris@t dairy wastewater and in the present studyitemat was made
to investigate the application of low cost adsotbdrom orange and banana peels for the treatmeobbsidering
the wastewater from local dairy form in Oman. Toléorange and banana peels were discarded andtsend
garbage as useless materials and it is very signifiand even essential to find applications aed for these peels,
as the management of wastes nowadays is becomiegy aerious environmental issue. These waste jeelbw
cost, non-hazardous and environment friendly bitenils which can be used as adsorbents in wastewat
treatment. Dehydration and carbonization methodsewsed to prepare the adsorbents from these padlshe
effect of contact time, pH, dosage and particlee siz removal of pollutants from the dairy wastewateas
evaluated.
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2.0 Literature Review

These literature reviews outlined gives an idegherresearch work chosen and are usually similapotinuing the
work done. Nikolaevagt al, (2013) conducted a study on dairy wastewatetdéreby anearobic fixed bed reactor
from laboratory to pilot-scale plant using hybricaterial composed of tier rubber and zeolite. Thieoefof
hydraulic retention time was evaluated from 1-5&ysd It was concluded that, in the laboratory sc&éebD
(Chemical Oxygen Demand) removal efficiencies vhfimm 28.3% to 82.1% respectively. Whereas, pslate
plant, COD removal efficiency achieved at 63.6% inydraulic retention time of three days. AbduhRan,et al,
(2013) studied the removal of dyes from textile iwasater using orange peels as adsorbent. The stalyated
the effect of different pH, contact time, and amooiadsorbent. The experiment showed that thegp¢nemoval
was 60-70% at pH 7, retention time of 120 minuted amount of adsorbent of 1.5 grams. Karéikal, (2012)
studied the adsorption of Congo red onto carbopae from Neem leaf litter and Raw Neem leaf andas
discovered that the adsorption of Neem leaf liti@ron is showed to have higher adsorption capacitf Congo
Red compared to Raw Neem leaf litter adsorbents.

Velmurugan. Pet al, (2011) conducted a study on dye removal (Melthyg) from aqueous solution using low cost
adsorbent. The adsorbent were prepared from ordragena, and neem leaves. The effects of pH, dotihae,
adsorbent dosage were experimented. It was corttlinde the orange peel is very effective compacedtiters, as
the maximum removal found to be 99%.It was alscchated that the optimum pH, time and adsorbentgmseaas

at 6.5 pH, 45 min, and 1 grams respectively. Kamganand Gaikwad, (2011) studied the removal of dyesd
orange—Ill) from dye effluent by using sugarcaneasag ash as an adsorbent. The effects of contaet bed
height, column diameter and pH were investigated.tke effect of pH, it was concluded that the @fteemoval of
acid orange-lIl is very high at pH 7 because ahitseutral medium. For the effect of time, it wamcluded that the
removal of acid orange-Il decreases due to themnuim time of contact between adsorbent and adsorbate

Mohapatragt al, (2010) discusses about the usefulness and ¢thestics of banana peel, and it was concluded that
banana peels are strong antioxidant and color bbsdfieira, et al, (2010 studied the treatment of wastewater
using Moringaoleifera seed as natural adsorberg.rfiin objective of the study is to use the MO (gaoleifera)
seeds as natural adsorbent for the treatment of deistewater. He evaluated the effect of time, bl biomass
dose and concentration. The MO seed keeps its @titsopower under pH range between 5-8 and hapdtential

to be used in the dairy wastewater treatment irffoient way with low cost. Adsorption of heavy taks from
water using banana and orange peels was studidshibgdurai, et al., (2002). The effect of pH waserikpented

for both orange and banana peels on different sidtaias concluded that the maximum adsorptiomiscat pH 6-

8 for orange and banana peels. Taiuddirgl, studied the removal of carcinogenic substancgaste cooking oil
using banana peels. The banana peels was prepsiregl different methods, de-hydrated banana peehooca
banana peel, activated carbon banana peel, shallotommercial activated banana peel. It was cdedthat the
de-hydrated banana peel is the best compared & oththods, because de-hydrated banana peel hagebabt
potentiality and high absorption capacities assalteof absorbing high amount of peroxide from wastoking oil.
Ademiluyi, et al, (2009) studied the adsorption of organic conteatgs from refinery waste using activated carbon
from waste Nigerian bamboo. The effect of variouset (1,2,3,4 and 5 hours) on the removal of COD was
investigated. It was concluded that as the timmdseased the percent removal decreases. The aptipgucent
removal was in the first hour with percentage o#i6%.

Jatto, et al., (2010) studied the treatment of wastewater fromdféndustry using snail shell. The parameters
turbidity, COD(Chemical Oxygen Demand), BOD (Biaice Oxygen Demand), TSS (Total Suspended Solidd) a
TDS (Total Dissolved Solids) was studied before afigr treatment was studied before and after rireat,
turbidity, COD, BOD, TSS and TDS. It was concludedt snail shell is effective in the treatment afstewater as
the turbidity decreases from 332 to 133 NTU, CObrdased from 872 to 215 mg/L and the BOD decrefised
29.27 to 19.77.El Zayat and Smith, (2007) studieel temoval of heavy metals contaminates from watet
wastewater using activated carbon from cotton stallhe effect of pH on the removal of heavy metais
investigated. It was concluded that, the high reshao¥ heavy metals at pH values greater than 5Srbasvated by
the electrostatic interaction between the activatatbon with its high negative charge and the heagtal element
with their positive charge (+2). However, in sonases a notable removal has occurred at lower ptiesalhich
may be due to surface complexation.

EXPERIMENTAL SECTION
Orange and banana peels wastes were collected Hmrses and diary wastewater was collected fromaSult
Qaboos University dairy form, Sultanate of Omarhe Totatory shaker model Rotaterm (P Selecta ma&s)used

to stir the samples at 100 rpm. The pH of the samplas measured using digital pH meter MK VI maated
turbidity was measured by turbidity meter. Chemi©alygen Demand (COD) was measured using COD digeste
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model Orion COD 125 and photometer model Orion A@DG! and Biological Oxygen Demand (BOD) was
measured using Dissolved Oxygen meter.

4 sets of conical flasks labelled with respectiaameters (pH, contact time, adsorbent dosage dsarlzent
particle size) were taken at a time and 20 ml ofige is added to each conical flask. The flasksewept in a
rotary orbital shaker at 100 rpm and then sampke® withdrawn from the shaker, filtered using tefilpaper and
COD was measured at respective time intervals.

3.1 De-hydrated M ethod:

The collected peels were cut into small pieceshedswith distill water to remove dirt and suspendegurities
and then dried for 48 hours in an oven at°@@ remove the moisture content from the peelserAthe drying
process, the peels were removed from the oven epdik the desiccators for 30 minutes. The desicsatontains
calcium chloride (CaG) which is used to cool and maintain a dry envirentrand then the peels are ground to fine
powder and sieve through 600um, 425um, 300um féerdnt particle size. These dehydrated peels wasztly
used as biosorbents in the experimental investigsti

3.2 Carbonization M ethod:

The collected peels were cut into small pieceshedswith distil water to remove dirt and suspenueplurities and
then dried for 48 hours in an oven at 4@ remove the moisture content from the peelfterAhe drying process,
the peels were removed from the oven and keptam#siccators for 30 minutes and then the driets pegt in the
furnace for 3 hours at 280 to convert it into carbon. After that the peelsr&removed, cooled and ground to fine
powder and sieve through 600um, 425um, 300um ftardnt particle size.

RESULTSAND DISCUSSION

4.1 Effect of pH:

pH was adjusted according to the label value uSiig\ NaOH and 0.05N HCI. 0.1g of 300 um adsorbdet (
hydrated orange / banana peel or Orange / BanalaCpebon) was weighed using electronic balanceaalu®d to
each of the samples. Figure 1 shows that the mawimdsorption occurs between pH 6-8 in both mettiods
orange and banana peels.
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Fig 1 Effect of pH on percentage removal of COD

4.2 Effect of Contact Time

The optimum contact time was studied at optimum @H,g of 300 um of adsorbent (de-hydrated orarzgnAna
peel or Orange / Banana peel Carbon) at differentact times of 30,60,90,120, and 150 minutes smy. The

Figure 2 shows that, the percent removal incregsmdually as the time is increased. It can bebaited to the fact
that more time becomes available for the organiistsunces to stick with the adsorbent surface, disawesurface
adsorption increases with time. However, a sliddétrease on the percent removal at 150 min inydeated

orange peel and banana peel carbon, this may bédiesorption of pollutants from the adsorbenfemia due to
continue stirring process.
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Fig 2 Effect of Time on percentage removal of COD

4.3 Effect of Adsorbent Dosage:

The optimum adsorbent dosage was studied at optiptd0.1 g of 300 um of adsorbent (de-hydrated gean
banana peel or Orange / Banana peel Carbon) atetitf dosages of 0.05, 0.1, 0.15, 0.2, 0.25, &8gi@spectively.
Figure 3 shows that the percent removal increaseth@ mass of adsorbent dosage was increased.r&hik
indicates that more surface area was made dueteaised mass of adsorbent. In some cases, thenpezogoval
started to decrease which indicates that the adsbreach its optimum adsorption and desorptiotheforganic
substances form the surface of adsorbent occurs.
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Fig 3 Effect of Adsorbent dosage on per centage removal of COD

4.4 Effect of Particle Size:

The optimum adsorbent particle was studied at aptinpH, 0.1 g of 300 um of adsorbent (de-hydratethge /
banana peel or Orange / Banana peel Carbon) atdiff particle size 300, 425, and 600 um respégtiFegure 4
shows that, decrease in adsorbent particle sizétsean increase of percent removal of COD arslriiy be due to
the increase in the available surface area foatlserption process
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Fig 4 Effect of Particle size on percentage removal of COD
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5.0 Adsorption isotherms

The adsorption isotherms, over small concentratjeadients, particularly for dilute solutions can fbequently
represented by Freundlich equatiqrK{C.]*", where Ce is the equilibrium concentration anchid a are constants
and the Langmuir equation is=¢bC)/(1+a G), where ‘a’ and ‘b’ are the Langmuir constants.eTddsorption
isotherms of De-hydration and Carbonization meth@atsorange peel were shown in the figures 5 ton8.0
regression analysis, the entire data covered iprsent study is represented by the following gqns:

1.De-hydration method (orange peel)
Freundlich isothermdg (6.4565 x10?)(Co) /%547
Langmuir isotherm & (-1.4183)@/(1-2.318GC)

2.De-hydration method (banana peel)
Freundlich isothermgg (1.4454 x1G%(C,)™Y/*612x103
Langmuir isotherm g (0.0212)@/(1+1.0843 @)

3.Carbonization method (orange peel)
Freundlich isothermd (0.9885)(Q) >4
Langmuir isotherm g (5.102)G/(1+2.097 Q)

4.Carbonization method (banana peel)
Freundlich isothermd (4.027x10°)(Co)**#*°
Langmuir isotherm & (1.1695)@/(1+1.4456 @)
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Fig 6 Langmuir isothermsfor orange peel by De-hydration method
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Fig 8 Langmuir isothermsfor orange peel by carbanization method
CONCLUSION

The removal of organic substance from dairy wasitemwusing de-hydration and carbonization methodefange
and banana peels was studied by investigating tleeteof pH, time, adsorbent dosage and particie.sThe

carbonization method is found to be more efficignatn the de-hydration method for both, orange amhba peels
with highest percentage removal of 50.1 % and 44r@8pectively. The carbonization method is consideo be
better since carbon is a strong oxidant and hasicue pores structure which adsorbs the organistanbes to its
surface easily. The orange peel found to be mdieiaft in both methods with the highest percentegyaoval of

50.1% and 14.3% respectively compared to the bapaeks where the percentage removal is found @4bE% and
8.2% respectively for the de-hydration and carbatiin methods. This is due to the characteristiczrange peels
in its content fiber which contain more hydroxytiegals, hence more adsorption capacity. The optinpid for

both methods, orange and banana peels are foubd to a range between pH 6-8. The optimum timedfer

hydration method of orange peel and carbonizatiethod of banana peel is at 120 min. The optimune fion de-

hydration of banana peels and carbonization ofgggreel is at 150 min. The optimum adsorbent dofagthe

dehydration method of orange peel is at 0.15 gfantdanana peel is at 0.25g. The optimum adsorthesage for
carbonization method of orange and banana pe¢llis8g. The optimum particle size for both methamsnge and
banana peels are at 300um. Experimental dataat@didvith Freundlich and Langmuir isotherms equmtio
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