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ABSTRACT

Effluent ‘Coda’ originating from palmyrah toddy dikery units is the major source of environmenpallution in
the Jaffna district of Sri Lanka. Spent wash pratudrom distilleries is rich in organic material dn
characteristically less toxic. The study was ainedssess the potentiality of constructed wetldoddreating of
distillery spent wash in lab scale with various figarations treatments, before discharge to thedlaffluent was
collected from Thikkam distillery in Jaffna. Thdlefnt was diluted with groundwater as differentie® The
aquatic plants, Eichhormia sp, Lemna sp, Pistieasd Lemna minor sp were selected. Constructed avet was
designed and fabricated in lab scale. Initial paeters of the effluent were measured. Samples fitehdnd outlet
of the artificial wetland were collected on two dainterval for one week and analyzed for pH, BOQDC
Turbidity, NQ, PO,*, TDS, and EC using standard methods with replaigh hydraulic retention time of 2, 4,
and 6 days. Even diluted effluents were often abthee permissible standards specified by the Central
Environmental Authority for the discharge of indiadt effluents into land. The aquatic plants Eichimia sp,
Lemna sp, Pistia sp and Lemna minor were used ssftdly to treat the spent wash .Complete deatRisifa was
observed in dilution of five. Constructed wetlam@se successfully removed TDS, nitrate, phosph@0§), COD,
turbidity, EC, and change the pH. The maximum rexthmates of EC, TDS, COD, BOD, nitrate, and phogspha
constructed wetland were 50.14%, 48.42%, 45.58/3%, 35.3%, and 54% respectively. It was foundstranted
wetland shows highly significant removal efficierafyall tested components by Lemna minor . The aujir
retention time of six days was showed the highasbral efficiency and maximum reduction rate otfa! tested
components. But hydraulic retention time of fouyslavhich is more possibility to keep, because tiaeg of
constituents of distillery waste are moreover restthe permissible standards specified by the @Edischarge to
land or irrigation. After treated effluent througlkpnstruction of wetlands could be use as a lidfeidilizer for
cultivating field.
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INTRODUCTION

Waste is unwanted or discarded material resultioghfagricultural, commercial, and industrial adtas. Waste
generation rate in the society is increasing withicreasing population, technological developmemty the
changes in the life styles of the people [1]. Tleaeayation of waste has become an alarming envirotahand
public health problem all over the world, espegiali developing countries. The common practicealinost all
municipalities in Sri Lanka are open burning, Iditichg, and open dumping. These methods are nasicered as
environmental friendly since they create seriougirenmental problems. About 85 % of collected waisteSri

Lanka is subjected to open dumping. Sri Lanka facesimber of water and wastewater issues and welsged
health hazards [2]. The large cities such as Cotgntkalle, Jaffna and Kandy have serious problench sis
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disposal of sewerage, industrial effluents and stidal and domestic solid waste, as they geneeaie Iquantities,
but have no facilities for their treatment and pmogisposal [3].

A large and increasing volume of wastewater is poed globally by the winery and distillery indussi[4].
Considerable amount of waste water is coming frastilleéry units which are situated in Jaffna at [ddy and
Thikkam. In the Northern part of Sri Lanka, esplgia the Jaffna peninsula, the distilleries agng, naturally
fermented palmyrah and coconut sap called ‘palmiodbly’ and ‘coconut toddy’ respectively to obtaitmanol.

This distillery unit generates 1.3 million liter§ effluent annually and the principal waste is lbcaeferred as
“Coda’. The fresh acidic spent wash produced fréma tlistilleries are of high in temperature and haigh

Biological Oxygen Demand (BOD), large amount ofpmrxded solids and high turbidity. In a developiogrtry

like India, distillery industries have become a onagjource of pollution, as 88% of its raw materiale converted
into waste and discharged into the water bodiesioguwater pollution [5]. The disposal of large gtites of

biodegradable waste without adequate treatmenttseisusignificant environmental pollution. Moreath 90% of
wastewater in the developing countries is disctardieectly into rivers, lakes, and coastal watethaiit any
treatment. The values of constituents of distille/gste are often above the permissible standawtsfigul by the
Central Environmental Authority for the dischargeimdustrial effluents into inland water bodies.sBharge of
untreated acidic spent wash can destroy aquatenangms. As well as higher amount substances, heegls and
toxic compounds present in the waste water potheenatural fresh water which is the prime souareafjricultural
and animal production.

Distillery wastewaters vary throughout the world,aresult of the different raw materials usedrdpce ethanol
[6]. Generally, distillery wastewaters are highoiganic load and low in pH. Several criteria shooddconsidered
when selecting a treatment system for wastewaltémsse include an eco-friendly process that is lflexenough to
handle variable organic and volumetric loads, loapital and operating costs, and minimal maintenaaue
footprint, while still providing the desired degreé degradation without the need for wastewateutidih with

potable water [7].

Since there is no any well sound management teabniyailable up to now in distilleries, potentidflieent is
discharged into the deep sea without treatmenthdtkdm. Construction of wet land to treat effluésitthe best
approach practiced in developed countries. Moreogenstructed wetlands can also be a cost-effecive
technically feasible approach for treating wastewatVetlands are often less expensive to build tnaditional
wastewater treatment options, have low operating) @aintenance expenses and can handle fluctuatatgrw
levels. Hence the objective of the study was segkiie solution through construction of low cost \&nds to
remove pollutants from distillery spent wash.

MATERIALSAND METHODS

2.1 Collection of toddy distillery spent wash

Effluent was collected from Thikkam distillery iaffna. Fresh effluent samples were collected dirdim the out
let without accumulating in aerobic tank into 2tediplastic containers for further analysis. Theperature of
distillery spent wash was at ®while discharging to the out let point.

2.2 Determination of optimal dilution factor

Important chemical properties such as pH, dissotwedyen (DO), Electrical conductivity (EC) and todiissolved
solid (TDS) of fresh effluent were measured by eesipe meters to identify the problematic parameted to
determine the dilution factor. The effluent wasutild with groundwater and got different dilutiorcttar. The
following aquatic plantsEichhormia sp, Lemna sp, Pistia sp and Lemna mivere selected for research study on
the basis of their fast growing habit in waste wated high nutrient feeding. Then selected fowratig plants of
same age group were cleaned, and placed to grewacin dilution series in opened plastic water batilewas kept
at natural environment.

2.3 Experimental set up

The artificial wet land was designed [8]. Propenelisions of rectangular fiber glass tank (Figurgwére used.
The effluent was allowed for the sedimentationha sediment tank for one day. After that effluemtsveollected
from the upper region of the sediment tank. Thewvei$ aerated by using air compressor for one Wgain effluent

was adjusted to the pH 6 by using lime. After tmpliovement by aeration and lime application, tHetidin factor

was decreased to ten times from twenty times. Aftat in proper designed wet land, further dilutafrfive times

was satisfied to the aquatic plants. All the resleavas continued with five times dilution factoel&cted aquatic
plants were randomly assigned into five treatmé€hts- T,) as follows:
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To Control

T, Eicchormia
T, Lemna minor
T; Lemna

T, Pistia

At the same time control was maintained as treattdent and fresh effluent were kept as withowatrplto get the
effect of plant on the removal of substances. Sasifspbm inlet and outlet of the artificial wetlan@re collected on
two days interval for one week with hydraulic réten time of 2, 4 and 6 days and analyzed in repdis for pH,
BOD, COD, Turbidity, Nitrate (N@), Phosphate (P®), TDS, and EC using standard methods. The expatime
was done in CRD and analysized with SAS package.méan separation was done by using Dunnett anddbun
method.

Inlet
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Figure 1. Schematic diagram of designed artificial wet land

2.4 Selection of aquatic plants

All wetland species are not suitable for wastewatmtment since plants for treatment of wetlandstrbe able to
tolerate the combination of continuous flooding angbosure to wastewater or storm water containatatively

high and often variable concentrations of pollwarnthoosing the species of vegetation is very itambrin

constructed wetlands. Ideally, constructed wetlafadstreating wastewater need to be as versatild eawsily

maintained as possiblEichhorniaSp can withstand with water depths up to 45 cmfaetigrowing plant in fresh
water and also it holdup high nutrients levels &molérate drought conditions for several weeks [Rjerefore,

Eichhornia sp was included with other sp dfemnasp, Pistia sp andLimnocharis sp. Floating plants is
distinguished by the ability of these plants toivkeitheir carbondioxide and oxygen needs from timeoaphere
directly. The plants receive their mineral nutrgefiom the wastewater.

RESULTSAND DISCUSSION

3.1Phosphate Removal in constructed wet land

Nitrogen and phosphorous are two main nutrienteadan wastewater in high quantities. High levelgphbsphorus
in effluent can also cause eutrophication in waiedies. Phosphorus is present in the wastewattreirform of
orthophosphate and organic phosphorous, whichuisdian the wetlands as part of sediments [10]. Aoksan is the
most important phosphorus removal process in théanas. Adsorption of phosphorus occurs due toti@as with

calcium present in sediments. constructed wetlandscapable of removing N and P by treating wadtewal].

Growing plants take up nutrients like phosphorhsreby reducing levels in the wetland.

Phosphate values were measured at the in inlebatiet of the constructed wetland with the diffdreeatments
and removal efficiency was estimated and showlitet1. It was found thatemna minorshows higher removal
efficiency compared to others. After two days teenoval rates of P§ in constructed wetland were 0.90%,
25.34%, 43.25%, and 28.03 %, respectively for adnEichhorniasp, Lemnaminor andLemnarespectively
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Table (1) Removal efficiency of Phosphate

Treatment Phosphate removal rate (%)
After 2 days| After 4 days| After 6 days
Control (T0) 0.99 2.10 3.453
Eicchornia(T1) 25.347 28.33 36.24
Lemna minor2) | 43.257 51.03 53.44
Lemna sp (T3) 28.03 33.87 39.26

The means with the same letter were not signifigaliffer ato. = 0.05 level

Removal efficiency of phosphate was significaniljed (p< 0.05) inLemna minorLemnaandEicchorniacompare
from control after six days. The highest removdicafncy was observed ihemna minoffollowed by Lemnaand
Eicchornia. Complete deaths distia plants were observed after two days for the ditlutf five due to the lower
pH and dissolved oxygen value. It couldn’t toleréttés unfavorable condition. Phosphate ions of dilation
effluent were increased PRistia placed in wetland due to denature of the protdirckvwas found ifPistia.

3.2 Removal efficiency of nitrate.

In wetlands, the nitrogen removal process startth whe nitrification. Denitrification occurs undemnaerobic
conditions and in the presence of organic matthe N formed from denitrification is released inthe atmosphere
in the form of nitrous oxide, thereby removing ogen from the wetland system. Denitrification ifeefed by

factors like absence of oxygen, temperature, phdjlahility of carbon source, nitrate availabilityydraulic load

and hydraulic retention time [12].Nitrogen in weilis can also be removed by nutrient uptake of gldrite plants
uptake nitrogen in the form of ammonium or nitratdich is then stored in the plant in the orgamionf. The

uptake capacity of nitrate can vary with plant $ggin constructed wetlands.

Table 2 shows the nitrate removal efficiency witlrious retention times to different types of pfariEicchornia,
Lemna minorand Lemnawere influenced on nitrate removal from the effluérable 2 illustrate that removal of
nitrate was statistically significant (p<0.05) caangd to control. Removal of nitrate was highedtémna minor,
LemnaandEicchorniarespectively. In this dilution the highest reduntiaf PQ*> and NQ™ was achieved byemna
minor.

Table (2) Removal efficiency of nitrate

Treatment Nitrate removal rate (%)

After 2 days  After 4 days After 6 days
Control (T0) 2.22% 3.5476 3.670
Eicchornia(T1) 10.748 15.05% 15.6173
Lemna minorT2) 19.11%2 33.0893 34.3148
Lemna sp (T3) 11.870 18.5417 19.2284

The means with the same letter were not signifigaliffer ato. = 0.05 level

3.3 Reduction rate of BOD

Organic pollutants include biological and chemicadygen demand and are interrelated with the amafint
Dissolved Oxygen (DO). DO is an important paramétewater quality assessment and reflects the physind
biological processes prevailing in the water bodie&j.The concentration of DO in raw effluent samplas very
low as less than one. An important improvementhia guality of effluent was observed in terms of @@h
subsequent increase in hydraulic retention timd itreached the maximum up to 5 mg/l in the fit@atment of
hydraulic retention time of six days. One of thasens for increased DO in the vegetative unithefdonstructed
wetland might be the biodegradation of compoundsemt in wastewater that previously used dissobveden for
various oxidation reduction reactions and thusréhease of oxygen through roots.

Table (3) Changesin BOD.

Treatment Changes in BOD

After 2 days| After 4 dayg After 6 days
Control (T0) 41.08 54.02 65.23
Eicchornia(T1) 477.33 692.00 887.13
Lemna minorT2) 859.33 1012.38 1546.32
Lemna sp (T3) 490.66 669.33 865.37

The means with the same letter were not signifigaliffer ata = 0.05 level.

The untreated (raw) wastewater had high range dd @@d BODR 17540 and 25576@ng/l respectively. These high
values were due to the presence of large amouwntrgsnic compounds in the distillery wastewater. Maxn
activity was observed with six day hydraulic retenttime where both COD and BOD values were redugedb
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1350 —1500 and 1800-2240mg/l. It also found COD &@Dsremovals of 45 and 56.3%, respectively, with
retention time of six days.

Table 4 shows that reduction of BOD was statidijcsignificant (p<0.05) inLemna minorcompared to control.
BOD reduction was highest ilremna minowithin retention time of six days. Becauseemna mino{Duckweed)
is all particularly well suited to taking up antisng nutrients and duckweed can more-than-doitblbiomass in
two days.

Reduction rate of COD.

Reductions of COD on effluent were varied with tygfetreatment. Results revealed that reduction ©DCwvere
statistically significant irEicchornia, Lemna minognd LemnaThis decrease in COD values might be due to high
biodegradation of organic contaminants of wastewdteing constant biological activities in the pkahaving
dense root hair structure .

Table(4) Changes in COD

Treatment Reduction of COD

After 2 days| After 4 days| After 6 days
Control (T0) 63.1% 99.36 140.5
Eicchornia(T1) 735.09 1273.28 1907.8
Lemna minorT2) 1323.37 1862.69 3324.6
Lemna sp (T3) 755.62 1231.57 1861.2

The means with the same letter were not signifigaliffer ato. = 0.05 level

Changesof TDS and EC.

900 4
800
7004
600 4
5004
400
3004
200+
1004

Changesin EC

B e 8
B e e i

control Eicchornia Lemna minor Lemna

O 2day after B 4 days after B 6 days after

Figure (2) changesin EC with different treatments

The value of EC and TDS were found to be 3.5:8/6m and 1800-1950mg/L, respectively, in dilutethwvater as
five times. It was found that EC value of dilutefflileent was decreased gradually during treatmer tuthe
decrease in TDS .EC is directly dependent on tepended and dissolved solids [14]. This decrea&&€imight be
related to the conversion of NGnto diatomic molecular nitrogen ¢N which also decreases EC levels of effluent,
which was 854mS/cm (50.14%) with hydraulic retemtiimne of 4 days. Figure 4.3 and 4.4 show the EC EDS
concentration reduced with hydraulic retention tiofi@, 4, and 6 days in different treatments.
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Figure (3) changesin TDSwith different treatments

Odour and pH.

Among physical parameters, odour is very importanthe determination of water quality. In the messtudy, the
effluent had unpleasant and penetrating smell. Aling to WHO standards, the clean water shouldrée 6f any
type of odour. The notable mineralization of theamic substances and removal of microbes duringpusr
treatments in the constructed wetland resultedhe reduction of odour. In addition, pH value of swacted
wetland should be above 6 in order to achieve fciazit denitrification activity [15]. Throughouhé experimental
period the pH of the treated wastewater remaingkinva range of 7.05—-7.91.

400 -

350

300

250

200 +

150

changes in turbidity

100

50

0 F===EE;§

control Eicchornia

B2 2 days after

0O 4 days after

lemna minor

® 6 days after

Figure( 4 )Changesin turbidity with different treatments

Table: 5 Value of parameter s changing with different hydraulic retention time fdemna minor

Parameters | Environmental Hydraulic retention time
recommended Two days| Four days Six days
pH 55-9.0 6.26 6.45 6.74
BOD (mg/l) | 250 2451 1847 1325
COD (mg/l) | 400 5324 2845 2214
TDS (mg/l) | 2100 2758 2089 1965
EC (mS/icm)| 2.25 2.453 2.345 2.18
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Table 5 shows value of parameters changing wittergifit hydraulic retention time féemna minor The hydraulic
retention time of six days was showed the highestoval efficiency and maximum reduction rate ofthé tested
components. But hydraulic retention time of fouyslavhich is more possibility to keep, because thkies of
constituents of distillery waste are moreover redclthe permissible standards specified by the @lentr
Environmental Authority to discharge to land origation. Further the designed constructed wetlamd with
stagnation wastewater but actual wetland in thiel fie running wastewater condition. In the partézusituation
inflow and outflow could be controlled by inlet andtlet valve respectively.

CONCLUSION

Recent research has focused on using constructdande to treat distillery wastewater. The contamis being
removed include suspended solids, nitrate, phosgh®&OD, COD, turbidity, EC, and change the pH.dResh has
found that wastewater wetlands are successfulmmvéng contaminants but sometimes may not be tlse dygtion
for primary treatment standards. Constructed wddamake a good secondary method for treating ldistil
wastewater. Constructed wastewater wetlands ofésthatic pleasing environments which function ossle
complicated technologies that are successful irovémg many different types of contaminants.
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