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Abstract: In this paper, we present color, solids and orgematter removal from Electrochemical coagulation
(ECC) followed by Sequential batch reactor (SBR)coffee wastewater. Sacrificial electrode (Alummiju
dissolutions controlled by the cell voltage wasrnfduas key factor. Electrocoagulation is used astgatment
which is then followed by sequential batch readiectrochemical coagulation is conducted in widege of
voltages from 5 to 40 volts to find optimum voltaige a time period of 60 minutes. Samples wereectdd at
a time interval of 15 minutes each and were andlyEdficiency obtained were ~97 % for removal ofarp
~60 % of solids and ~64 % for removal of organidterain electrochemical coagulation. After electremical
coagulation wastewater is passed to sequentiah lbasxtor for further treatment. Sequential bagdctor is a
biological treatment process, where wastewater trggted in a batch by adding cow dung slurry aslisge
innoculum. Whole process is divided into five plsagéth total time period of eight hours. Overalli@éncy
obtained after both the processes was ~93 % imettm@val of color, ~62 % removal in solids and ~84rf%
removal of organic matter
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INTRODUCTION

India is one of the leading producers of good dualoffee since from decades, which is grown intilsetn
states of India like Karnataka, Tamil Nadu and K&raThe coffee industry uses large quantities of wate
during the various stages of the production prdcédse wet processing of coffee cherries is an radiive,
however generates a large amount of wastewatdr,imicsuspended organic matter, organic and inocgani
compounds in solution, with high polluting potehtrehich must be necessarily treated before itsassento
receiver water bodiésThe macromolecules contain mainly lignins, taspimumic acid, which are all highly
structured compounds. Such macromolecules arewliffio degrade using conventional biological tneet
processes and are responsible for the color ofviistewater In Karnataka state the coffee pulping wastewater
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is disposed into unlined kutcha pits and major diiaatages associated with it are odour problemsguoito
breeding and low loading rates, unsatisfactorytineat and loss of cultivable afea

Electrocoagulation is an electrochemical methodrexdting industrial wastewaters whereby sacrifieiabdes
dissolve to produce active coagulant precursosssotutioni. Electrochemical oxidation is one of the advanced
oxidation processes, potentially a powerful metbbgollution control ”. ® have reported the effectiveness of
electrochemical technology using iron electrodesri@ating paper and pulp mill wastewater removi®d. %
COD and 100 % .colou? studied the removal of color and organic compourats biologically treated coffee
curing wastewater by an electrochemical oxidati@thod.

Sequencing batch reactors (SBR) have become agamealans of providing activated sludge treatmerith W
proper design and configuration, SBRs will provigey low effluent nutrient level§ The cycle for each tank
in a typical SBR is divided into five discrete tirperiods: Fill, React, Settle, Draw and fdiNlitrogen and
phosphorus are not toxic chemicals; however, theyimiting nutrients for algal growth. As a resudince the
input of these elements to aquatic environmentglaces eutrophication, nitrogen and phosphorust ine
removed from discharged wastewater effluEn8BRs are often operated under high total solidseuatnation
conditions, compared with operating conditions aesged with conventional wastewater treatment glahhis
enables a reduction in SBR reactor volumes, thagedsing investment costs for the treatment plant

MATERIALSAND METHODS

The coffee wastewater used for both Sequential BBd&eactor (SBR) and Electrocoagulation (ECC)
experiments was collected from Ballupet Estatek@iagalur, India. Raw wastewater samples wereatetle

in polymer containers, characterized and used astte laboratory batch scale experiments. Chariaeation
for physico-chemical parameters were carried opeastandard methods

As treatment of coffee wastewater using SBR aldmewved less efficiency due to higher organic loading
electrocoagulation is used as pretreatment. There®agulation was carried out using aluminiuncteteles

and for different voltages from 5 to 40 volts amde duration of 60 minutes and samples was colleatevery

15 minutes interval. Aluminium plates were usedebectrodes (anode and cathode) and were arranged in
bipolar configurationReactor for both SBR and ECC were made up of gled§s and of cubical shape. Total
volume of reactor is 3.3 L with a SA/V ratio of 4.8F/m>. A tap is fixed on a side wall of the reactor at a
height of 3 cm from the bottom to withdraw the tesbeffluent. Three liters of wastewater was tréatea time

and top 0.3 L of volume is left as sludge margiigure 1)

Figure 1: Laboratory bench scale ECC experimental set-up
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In sequential batch reactor also the volume ofl3v8as used, wastewater is added to a single batattar,

treated to remove undesirable components, anddiseharged. Each operating cycle of SBR comprisése

distinct phases. The total run for the SBR systexs kept for eight hours. Out of these, three heach for fill

and react phase, one hour each to settle and tiwadstewater after treatment. Finally idle stagesed to
remove the settled sludge and to clean the reaktdlition of seeding increases the efficiency olRSBo cow
dung slurry is used for the purpose. Slurry is greg using cow dung and domestic wastewater slodged

together in equal amount. The slurry is kept fpedod of 10 days with periodic stirring beforeduld be used
as seeding Innoculum. The wastewater was allowdidwointo the reactor with the help of a perisajpump.

An aerating pump of capacity 2.5 L/min was usedufaform aeration.

RESULTSAND DISCUSSIONS

Untreated raw coffee wastewater used in the studidshe characteristics of pH 3.92; BOD 3600 m@OD
9000 mg/L; color 3900 Pt-Co: Total dissolved solf@® mg/L:Nitrate 120 mg/L: Phosphorous 118 mgpH
change was observed and a slight increase in lollitien temperature during ECC. pH was seen to ghan
from 3.92 before ECC to 4.25 just after ECC.

Electrochemical coagulation (ECC)

Coffee wastewater is usually rich in color duehe presence of flavanoids which induces dark gogdarown
color. Although these are harmless in every settsey ought to be removed as they are aesthetically
unacceptable. Coffee wastewater had initial cofaBaD0 Pt-Co unitsFigure 2 shows the variation in color,
electrocoagulation proved to be very much effectind the effluent was almost removed at electrolyze 45
minutes, 35 V with the value of 221 Pt-Co unitdhiaging the efficiency of ~95 %.

Total dissolved solids are used as an indicatioaesthetic characteristics and as an aggregateatodiof the
presence of a broad array of chemical contaminditts.initial TDS concentration of coffee wastewakers
found to be 780 mg/L and after treating with electragulation (Figure 3), the concentration deci@&se300
mg/L (~61 % removal).

Coffee wastewater is usually rich in organic cohtemd thus BOD was very high. Initial BOD was 3608/L
which indicates that dissolved oxygen concentrati@s almost nil. But as the experiment proceedéa) B
decreased and final concentration obtained was a6 (Figure 4).

Figure 5 shows COD removal during ECC of coffeetesater for aluminium electrode at different reasiv
applied cell voltages. As can be seen in the figyr@n applied cell voltage of 35 V provides as imas ~65 %
COD removal (3160 mg/L) from its initial value oD@ mg/L. Electrolyze times of 45 min was found
sufficient to remove COD.

All ECC experiments that followed were carried aud0V, 60 min ET, with a set of aluminium electsdat
an electrode spacing of 1cm. Due to high orgaradilug, treatment of coffee effluent using only EQI@ not
yield good results. Electrochemical coagulatiomalgave an overall efficiency of more than 65 %eimoval
of organic matter. Hence electrocoagulation wasl @ésepretreatment for SBR and ECC optimum voltage a
time was proved to be 35V and ET 45 min respegtivel

Sequential Batch Reactor (SBR)

Color of coffee wastewater considerably decreases andergoing electrocoagulation (~97%). Figure 6
showed that SBR proved useful in removing coloa 8mall extent. Even though color appears to beased
after adding innoculum, after settling, the colaslibeen found to have decreased by about maximuw®&5o%o

for the innoculum dosage of 2 %.

Figure 7 shows SBR does not prove to be effectivd DS removal. In fact for some innoculum dosagps
was found to be increased. Minimum TDS concentnatit300 mg/L was found at 2 % innoculum dosage. So
it can be concluded that SBR is not effective fDxSTremoval.

BOD is the amount of oxygen required by microorgars to degrade organic matter. Like other bioldgica
processes, SBR is efficient in removal of orgamntent. Overall removal efficiency was around ~85th
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minimum BOD of 525 mg/L at 2 % innoculum dosageudIESBR can be effectively used for the removal of
BOD. Figure 8 shows BOD concentrations at differenbculum dosages.

As in the case of BOD, COD has also been obsewvetktrease consistently with the increase in iniocu
dosages up to 2 %, which is shown in figure 9. Munn COD concentration was obtained at 2 % innoculum
dosage. Removal efficiency obtained was more ti&&n%.

In the study, as the SBR alone proved to be lefisiesft, the combination of SBR process with electr
coagulation as the pretreatment method has been 86rvolts and 45minute was the optimum voltage and
time respectively for electrocoagulation and 2 ¥oitulum dosage as the optimum dosage for SBR. nem
Table 1, we can conclude that combining electrooladipn with SBR has more efficiency in treatingfee
wastewater than SBR alone.

Figure 2; Variation in color with respect to different time and voltages
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Figure 3: TDS degradation curves as a function of different applied voltages
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Figure4: Degradation curvesfor BOD using aluminium electrodesin operating conditions
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Figure5: COD degradation curves asa function of electrolyze timefor different applied cell voltages
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Figure 6: Color variationswith respect to innoculum dosages
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Figure7: Variation in TDS after adding inoculums
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Figure 8: BOD variations after seeding inoculums
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Figure 9: COD dosage variations
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Table 1. Comparison of ECC vs SBR for different operating parameters

Parameter Initial concentration | ECC (35V and 45 minutes) | SBR after ECC
Color (Pt-Co) 3900 121 240
TDS(mg/L) 780 315 300

BOD (mg/L) 3600 1256 525

COD (mg/L) 9000 3140 1313

CONCLUSIONS

>

Due to high organic loading, treatment of coffetueht using only SBR did not yield good result.rnde
electrocoagulation was used as pretreatment amsapt voltage and electrolyze time was found oueo

35 volts and 45 minutes respectively. Similarly, SBR process 2 % innoculum dosage was found to be
optimum.

Coffee wastewater is rich in color and initial aoleas 3900 Pt-Co units. After electrocoagulatite, ¢olor
decreased to 121 Pt-Co units with a removal of %92\fter adding innoculum the color again increated
240 Pt-Co units. Hence it can be concluded thatreleoagulation is very effective in the removalcofor
and SBR is not an option.

Initial TDS concentration of coffee wastewater W& mg/L. After undergoing electrocoagulation psxe
the concentration decreased to 300 mg/L and ewen 8BR the concentration remained same. It can be
observed that electrocoagulation and SBR had &iesfty of around ~62 %. Hence both the processes a
not the ideal options for removal of TDS in caseaffee wastewater.

Due to presence of abundant organic content, if#@D in coffee wastewater was 3600 mg/L. Both
electrocoagulation and SBR were effective in dessirggBOD and final concentrations obtained were4126
mg/L and 525 mg/L respectively. That marks an div&@D removal of around ~85 %. Hence it could be
concluded that both electrocoagulation and SBRrang much useful in removing BOD.

As in the case of BOD, both the processes were @fegtive in decreasing COD and the concentration
decreased to 3160 mg/L after electrocoagulatiom fiiaitial concentration of 9000 mg/L. The final
concentration obtained after SBR was 1313 mg/L aithoverall efficiency of above ~85 %. Hence both
the processes could be approved to be useful in fE@Dval.
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