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ABSTRACT

The increasing applications of constructed wetlfordsewage treatment coupled with increasinglycstnater
quality standards is an ever growing incentive tfer development of better process design toolss phper states the
pollution removal efficiency depend on the impatteasons on the sewage treatment. In the preshyt ssed surface
and subsurface flow types constructed wetlandsguBige floating and emergent types of macrophy&sface flow
e.g. E. crassipes and subsurface flow e.dglypha latifolia, Colocasia esculenta, Cana indica, Panicum maximum,
Pennisetum purpureium, and Control. Seasons are rainy, winter and sumneee welected for the investigations of the
impact on sewage treatment. Test samples beforafterdtreatment were analyzed through selectivamaters like pH,
EC, TSS, TDS, TS, COD, BGDNG;, PQ, and SQ using standard methods. Aim is to evaluate seweggtnent
effectiveness and seasonal performance of thersyfteesent study carried for one year and sampées wollected and
analyzed from 2011 to 2012. Results reveal thatetherassipes shows maximum pollution reduction in thgpe of the
surface flow CW. IrE. crassipes the maximum pollution reduction found in the ragsason and less pollution reduction
found in summer season. In the subsurface flowgoayePennisetum purpureium plant shows maximum removal
efficiency in the winter season less efficiencyrfdun the summer seasons.Tlypha latifolia shows maximum removal of
pollutants in rainy and less reduction in summerthie Colocasia esculenta shows maximum removal in rainy and less
removal in summer, i€ana indica maximum removal in winter and less removal in swemrn Panicum maximum shows
maximum removal and in control shows maximum rerhavaainy and less in removal in summer seasorhénoverall

study maximum pollutants removal found in the raamgl winter season and seems better for the piaowgth.

KEYWORDS: Seasonal Performance, Sewage Treatment, Angulazdttal Subsurface Flow, Constructed Wetland,
Aquatic Macrophytes

INTRODUCTION

Over the past two to three decades the Indian gavent has paid a great deal of attention to enmiental
protection. However, as economic development has#ased, water pollution has become a major envieoal issue.
In India, very less amount of municipal sewageéated. Although a few municipal sewage treatmacitifies have been
built in some large or metropolitan cities, sewagsmaller cities still drains directly into receig water bodies or pure
water bodies without treatment. The developmemfigictive sewage treatment facilities is cruciaimever, the economic

and social effects must be carefully considerethenchoice of an appropriate treatment system fowigg cities in a
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developing country. Certain technologies such agaced treatment technologies includes activatadgs! system,
membrane technology etc used widely in the treatm&émmunicipal wastewater in developed countriebisTtype of
treatment technologies may not be beneficial falidnespecially in smaller cities, because of thah construction and

operation costs (Solano et al., 2004; Song e2@02).

The increasing applications of constructed wetfandewage treatment which is coupled with incneglyi water
quality standards is an ever growing incentive tfer development of better process design toolss@arted wetlands
(CWs) have proven to be a promising treatment alernative treatment technology for developing does
(Denny, 1997; Kivaisi, 2001; Vymazal, 2002; Kase2804; Korkusuz et al., 2005). They have low investt and
operation costs, produce high quality of treatdlient with less dissipation of energy, and aratreély simple to operate
(Mantovi et al., 2003; Ayaz and Akca, 2001; Songakt 2002). Studies of constructed wetlands shiost temoval
percentages of solids, BOD, COD and pathogens emerglly high whereas removal percentages of mi&igN and P)
are often lower and more variable. Constructedamet are complex systems in terms of biology, hyldrs and water
chemistry. However, most of the commonly availaipi®rmation on constructed wetland treatments hesnbderived
from data gathered at either larger polishing weltaor smaller constructed wetlands used for seagntteatment.
There is a lack of quality data of sufficient dethioth temporally and spatially, on full-scale sbmcted wetlands for
wastewater treatment. This has forced CW desigoederive wetland system parameters by compilingopemance data

from a variety of wetlands, leading to uncertaimtdout the validity of these parameters (EPA, 1999

In recent years, studies on design, constructiehpenformance of constructed wetlands in treatroédifferent
types of wastewater, such as sewage, storm watgustrial wastewater, agricultural runoff, acid eidrainage and
landfill leachate, have been conducted in worldwidgecently, China is majorly involved in these adpe
(Sun, 1997; Ji et al., 2002). However, the studiesorganic mater and nutrient removal from the esater through
constructed wetlands have been conducted mos#iant term, pilot-scale or lab-scale experimentenehs; there have
been very few long-term studies of full-scale camsted wetlands. The purpose of this study is taleate the treatment
efficiency and overall function of Angular HorizahtSubsurface flow constructed wetland system andssess the

seasonal and annual variations in removal of pH,&lids, BOR, COD, Nitrate, Phosphates and Sulphates.

In the constructed wetlands, evapotranspiration &asubstantial influence on the functioning of waet
ecosystem (Kadlec and Knight, 1996). In warm clasatnder tropical conditions, evapotranspiratiamfra CW can be
considerable (Heritage et al., 1995; Lim et alQ2Kyambadde et al., 2005), and accordingly masefelarge impact on
the water balance and thereby also on outflow @wntriconcentrations, and along with that treatmesrfopmance
(Heritage et al., 1995; Lim et al., 2001). Therefoas measures of the treatment efficiency of pidcab CW system,
mass balance estimations are better than diffesetegween inflow and outflow concentrations. Howevgome
investigators assess CW efficiency based solelydiffierences between inflow and outflow nutrient centrations
(Juwarkar et al., 1995; Perfler et al., 1999; Tald Khisa, 2000; Da Motta Marques et al., 2000; t\aeW2001;
Kyambadde et al., 2004, Chavan and Dhulap, 2012822 and 2012c). Furthermore, not all studies tateeaccount the
effects of evapotranspiration on pollutant mass ovah rates (Sekiranda and Kiwanuka, 1998; Gouletlgt 2001;

Lin et al., 2002; Jing et al., 2002; Diemont, 2Q@@hich may lead to underestimation of the treatrmesults.

The objective of the present study was to exantieeseasonal effect on the removal rates of someputing
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substances, toxicants and solids (TSS) from sewang AHSSF constructed wetlands dominated by tategories of
macrophyte species in comparison with control. Thass removal rates were compared on the basis asioisal
differences. In a tropical region the rainy seaswanrs be heavy and affect the hydrology of AHSSFstroted wetland,
which in turn can influence the treatment perforog(Diemont, 2006). Also, particular attention vpagd to the influence
of evapotranspiration from the CW system on the smasnoval rate of total phosphates. Researchercivasen the
Environmental Science Departmental laboratory d&@ar University (MH) India for fabrication and cstnuction of pilot
project, experimental sewage treatment and anadystly. The sewage was collected from Solapurdiggharged by city
residents.

MATERIAL AND METHODS

The constructed wetland for wastewater treatmestesy under investigation is situated at Environmiestience
Departmental laboratory, Solapur University SolapdH) India. Solapur city is the head quarter oflepair district.
The city has been spread approximately betweén367to 17 42’ N latitude and 7550’ to 75 58’ E longitude
(Figure 1a and b). It is thé"Aargest city in the state by population size hegdbwards 10 lakh, to be a metropolitan.
Solapur city is under the arid to semi arid climatondition and receives irregular, erratic scamatypfall, with annual
average of around 500 mm to 700 mm. It is inclueecin-shadow zone and drought prone region af glasouth central
India. Solapur experiences relatively higher terapee throughout the year, reaching highest up 8 -447 in
April-May months, and has relative humidity varyifigtween 20 to 90% (S. E. Report 2007, VadagbalRato,
Chavan and Dhulap, 2013). The treatment systemistedsof three types of tanks which are inlet d®hling tank for
sewage, plant bed and outlet tank for collectiotredited water (Figure 2 and 3). Domestic wastawads passed into the
inlet to plant bed to outlet chamber consist offee flow and subsurface flow using free floatingd aemergent
type plants.

b

P

Source:Google Earth satellite image 2013

Figure la: Satellite Image of Sewage Discharged 8helgi Nala at Solapur City

Figure 1b: Sewage Sample Collection Point
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Figure 3: Design of Angular Horizontal Subsurface fow Constructed Wetland

Firstly Inlet tank (Vertical bucket) is placed aptlevel than the root zone bed, which will helmtjust the flow
rate of waste water sample. Secondly Tap fittedvabd cm from the bottom of the bucket. Thirdly, nilabed
(Rectangular tub) for the plant or weed bed. Fdyrtravels, sand and soil were collected and gedrin layers which
are as: (i) big size smooth gravels or pebbleséi)d (iii) soil. Fifthly, Plants were collectedapted and acclimatized in a
test plant tub or bed for one week for the surviauadl to adjust the climatic conditions. Same bedeevprepared each
plant and for control. Sixthly, the season wiseaetpand their pollution removal efficiencies in egdant bed and control
(without plants) were assessed. Finally the treaded untreated samples were collected at the ouctieimber
(rinsed plastic cans) after 4 days hydraulic rédentime. These collected samples were analyzethéndepartmental
laboratory (Chavan et al, 2012c, 2012d, 2013).

The present investigations were carried out at Bepent of Environmental Science; using AHFSS cantséd
wetland method and which was used for sewage tegdtthrough various plants such asEotrassipes, Typha latifolia,
Colocasia esculenta, Cana indica, Panicum maximum, Pennisetum purpureium, and Control (Figures 2 and 3).
These plants or macrophytes collection were follblg stabilization in specific environment and thgnacclimatization

with the minimum concentration of sewage. Here sgnsamples were tested or analyzed in season wise.

Examined the impacts of different seasons on sewsggment and calculated sewage treatment efti@en
using constructed wetlands by with or without u$eplants (Control) in bed of constructed wetlantis.this method
3 seasons were preferred viz. summer, rainy (mansand winter. In this seasonal study, the sewagepkes were
selected on the basis of their highest pollutantoneal efficiency obtained (Chavan and Dhulap, 2Q013#¢wage sample
was tested in once in the season for all plantasrophytes samples. Standard method of testingaraied in all seasons

for all plants using 4 days (96 hrs) HRTs and datedl pollution removal efficiencies
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RESULTS AND DISCUSSIONS

The list of plants which were studied under seasonpacts on treatment of sewage using Angular ttotal

Subsurface Constructed Wetland viEichhornia crassipes, Typha latifolia, Colocasia esculenta, Cana indica,

Panicum maximum, Pennisetum purpureium and Control (Without plant).

Table 1: Percentage Wise Removal of Pollutants UgjrEichhornia crassipesin
Angular Horizontal Surface Flow Constructed Wetland

Summer | 49.75 4166 35.66 36.34 59,63 6494 59.52.7038 41.17
Rainy 58.11| 44.24 4190 4217 64.63 7234 69.23 .938B§ 56.52
Winter 54.31| 47.66 3950 4043 62.88 67/14 6458 .3B4 52.63
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Figure 4: Percentage Wise Removal of Pollutants Usgj Eichhornia crassipesin
Angular Horizontal Surface Flow Constructed Wetland

Table 2: Percentage Wise Removal of Pollutants Ugimypha latifolia in
Angular Horizontal Subsurface Flow Constructed Wetand

Summer | 48.76| 37.2%5 33.58 34.00 43]11 5927 54.76.8425 35.29
Rainy 56.22| 42.47 39.88 40.14 52.00 6329 58.97.7482 47.82
Winter 53.01 | 40.18 38.84 39.00 44.00 6095 56.25.128 42.10

Pollutant removal Efficiency %
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Pollutants removal in percentage wise using Typha latifolia in Angular Horizontal

Flow Subsurface Constructed Wetland using Typha latifolia
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Figure 5: Percentage Wise Removal of Pollutants Usj Typha latifolia in
Angular Horizontal Subsurface Flow Constructed Wetand



Table 3: Percentage Wise Removal of Pollutants UgjrColocasia esculenta in
Angular Horizontal Subsurface Flow Constructed Wetand

Summer | 45320 35.29 33.08 33.33 38.53 5515 40.47.5923 35.29

Rainy 53.58| 40.70 39.49 39.3 46.3% 60J63 51|28 .080 39.13
Winter 50.86| 40.65 37.82 38.15 40.20 57)61 45/83 .0£¢ 36.84
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Figure 6: Percentage Wise Removal of Pollutants Ugj Colocasia esculentain
Angular Horizontal Subsurface Flow Constructed Wetand

Table 4: Percentage Wise Removal of Pollutants UgirCana indicain
Angular Horizontal Subsurface Flow Constructed Wetand

Summer | 4482 55.8 34.34 36.79 41.28 5309 45.23.2129 29.41
Rainy 50.56] 49.1] 38.74 39.93 50.00 59/57 48.71.831 39.13
b

Winter 53.01| 57.94 39.32 4144 56.70 6238 56.25.48B% 42.10

Pollutants removal in percentage wise using Cana indica in Angular Horizontal Flow
Subsurface Constructed Wetland
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Figure 7: Percentage Wise Removal of Pollutants Ugj Cana indicain
Angular Horizontal Subsurface Flow Constructed Wetand

Table 5: Percentage Wise Removal of Pollutants UgirPannicum maximum in
Angular Horizontal Subsurface Flow Constructed Wetand

Summer | 46.30] 55.8 3459 37.01 43]11 5463 52.38.5832 29.41
Rainy 52.07| 48.67 39.08 40.14 5243 60/63 53.84.5134 34.78
Winter 54.31 | 53.27 40.52 4250 57.13 6380 60.41.588 47.36
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Figure 8: Percentage Wise Removal of Pollutants Usgj Pannicum maximum in
Angular Horizontal Subsurface Flow Constructed Wetand

Table 6: Percentage Wise Removal of Pollutants UsirPennisetum purpureium in
Angular Horizontal Subsurface Flow Constructed Wetand

Summer| 47.78 5490 3566 37 !5 4587 5721 5476 .0737 47.05
P 0 56. 29 61
]

Rainy 53.58| 48.67 40.1 41.3 D9 63 53 .89 52.17
Winter 56.03| 59.34 41.12 43.19 59.79 65[7/1 64/58 .66l]1 57.89

Pollutants removal in percentage wise using Pennisetum purpureium in
Angular Horizontal Flow Subsurface Constructed Wetland
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Figure 9: Percentage Wise Removal of Pollutants Usgj Pennisetum purpureium in
Angular Horizontal Subsurface Flow Constructed Wetand

Table 7: Percentage Wise Removal of Pollutants withut Using Plants Bed i.e. Control in
Angular Horizontal Subsurface Flow Constructed Wetand

Summer | 30.04 40.19 30.87 31.93 2935 31,95 !.19.342123.52
b
b

2
Rainy 38.49| 50.44 353 37.09 35386 37|76 33.33.4327 30.43
Winter 34.48| 44.85 34.6% 3581 30.92 3238 2916.922 26.31
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Pollutants removal in percentage wise without using plants i.e. Control in Angular
Horizontal Flow Subsurface Constructed Wetland
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Figure 10: Percentage Wise Removal of Pollutants thiout Using Plants Bed i.e. Control in
Angular Horizontal Subsurface Flow Constructed Wetand

* Plant Growth

All of these test plant species showed positivemjnan the sewage water without obvious symptomtogicity
or nutrient deficiency. After 365 days (1 year) wt of plant species were increased up to 6 toeB (Eigures 4-9).
Eichhornia crassipes, Cana indica, Pennisetum purpureium, Panicum maximum and Typha latifolia shows maximum
growth and increased their total biomass. Howewerassociation with observations made during fisampling,
researcher suggested relatively deeper root peioetifar Pennisetum purpureium and Panicum maximum than that of the
other test plant species. Plant productivity argbuece allocation varied widely for the 6 test plapecies grown in the
same sewage and culture conditions. Observationegdplant establishment showed that new growttiaithy emerged

mainly from rhizomes or rootstocks, with old shogéserally dying back during the first few weekgodwth.

» Plants Uptakes Nutrients

The nutrients such as Nitrogen and Phosphorus whilgrgely present in the sewage. In the consttlietetland
treatment these nutrients were absorbed by plantsigh phytoremediation process. The free floafitagt E. crassipes
and emergent planfennisetum purpureium, Panicum maximum and Cana indica removed maximum nutrients in winter
and rainy season from the sewage than the congéiahl Actually plant uptake rates during the perioal ttreatment was
monitored (near the end of the trial) were not madly measured and may have differed signifitaftom these values.
The differences in N removal associated with plainmass could also have been due in part, to icdsgmulation of

nitrification through root-zone oxygen release hwdtibsequent gaseous loss via denitrification (Retldl., 1989a, b).

e Sewage Treatment Performance

In the study of seasonal impact on sewage treatrerttied treatment performances in the seasong warious
plants in the constructed wetland. In tBe crassipes maximum pollutant removed in rainy season and nimmin
summer, Typha latifolia maximum pollutant removed in rainy season and minimum immer, Colocasia esculenta
maximum pollutant removed in rainy season and mimmnin summerCana indica maximum pollutant removed in winter
season and minimum in summ&anicum maximum pollutant removed maximum in winter season andimum in
summer, Pennisetum purpureium maximum pollutant removed in winter season and mum in summer and in the

control (without plant) maximum pollutant removedrainy season and minimum in summer (Table 1 to 7)
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In the E. crassipes plant, all the pollution parameters show maximurmmaeal in rainy and less removal in
summer. TS removed in the rainy season by 42.17%tewseason removed by 40.43% and in summer 36.34%
BOD removed in the rainy season by 64.63%, wirgasen removed by 63.88% and in summer 59.63%. @@Dved in
the rainy season by 72.34%, winter season remoye&&¥ 1 4% and in summer 64.94%. Nf@moved in the rainy season
by 69.23%, winter season removed by 64.58% andrmser 59.52%. P{removed in the rainy season by 56.52%, winter
season removed by 52.63% and in summer 41.17%atdsgg (Figure 4). TheE.crassipes growing in the experimental

tanks this reaches to the flowering stage.

In Typha latifolia plant all the pollution parameters show maximumaeah in rainy and less removal in summer.
TS removed in the rainy season by 40.14%, wintas@e removed by 39% and in summer 34%. BOD remavele
rainy season by 52%, winter season removed by 4&¥%rasummer 43%. COD removed in the rainy seaso83129%,
winter season removed by 60.95% and in summer %@.2N0; removed in the rainy season by 58.97%, winter @eas
removed by 56.25% and in summer 54.76%, P&noved in the rainy season by 47.82%, winter seasmoved by
42.10% and in summer 35.29% respectively (FigureéTB)s plant growing in the experimental bed anckaches to the
flowering stage.

Colocasia esculenta all the pollution parameters show maximum remamalainy and less removal in summer.
TS removed in the rainy season by 39.63%, wintas@e removed by 38.15% and in summer 33.33%. B@idved in
the rainy season by 46.34%, winter season remoyei20% and in summer 38.53%. COD removed in &eyrseason
by 60.63%, winter season removed by 57.61% anduimnger 55.15%. N@removed in the rainy season by 51.28%,
winter season removed by 45.83% and in summer 28.4#0Q, removed in the rainy season by 39.13%, winter @eas
removed by 36.84% and in summer 35.29% respect{dyre 6).

Cana indica all the pollution parameters show maximum remoivalwinter and less removal in summer.
TS removed in the rainy season by 39.93%, wintas@e removed by 41.44% and in summer 36.79%. B@idved in
the rainy season by 50 %, winter season removesbi0% and in summer 41.28%. COD removed in theyreg¢ason by
59.57%, winter season removed by 62.38% and in 2mu3.09%. N@removed in the rainy season by 48.71%, winter
season removed by 56.25% and in summer 45.23%réMbved in the rainy season by 39.13%, winteraeasmoved
by 42.10% and in summer 29.41% respectively (FigQteThis plant growing in the experimental bedcohstructed

wetland and finally it reaches to the floweringgeta

Panicum maximum all the pollution parameters show maximum remowalvinter and less removal in summer.
TS removed in the rainy season by 40.14%, wintas@e removed by 42.50% and in summer 37.01%. B@idved in
the rainy season by 52.43 %, winter season rembyé¥.73% and in summer 43.11%. COD removed irdhgy season
by 60.63%, winter season removed by 63.80% andumnger 54.63%. N@removed in the rainy season by 53.84%,
winter season removed by 60.41% and in summer %2.38) removed in the rainy season by 34.78%, winter @eas
removed by 47.36% and in summer 29.41% respect{#dyre 8).

Pennisetum purpureium all the pollution parameters show maximum remadwalinter and less removal in
summer. TS removed in the rainy season by 41.10%tewseason removed by 43.19% and in summer 37.85%
BOD removed in the rainy season by 56.09 %, wisgarson removed by 59.79% and in summer 45.87%. e@®bved

in the rainy season by 63.29%, winter season rethéwye65.71% and in summer 57.21%. N@moved in the rainy
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season by 61.53%, winter season removed by 64.58%irasummer 54.76%. RQemoved in the rainy season by
52.17%, winter season removed by 57.89% and in =mv.05% respectively (Figure 9). This plant gmogvin the

experimental bed of constructed wetland and finialtgaches to the flowering stage.

In the control (without plant) bed, all the polluti parameters show maximum removal in rainy ansl lesoval
in summer. TS removed in the rainy season by 37,00Fter season removed by 35.81% and in summe¥334..
BOD removed in the rainy season by 35.36%, wirgasen removed by 30.92% and in summer 29.35%. @@Dved in
the rainy season by 37.76%, winter season remoye32188% and in summer 31.95%. Nf@moved in the rainy season
by 33.33%, winter season removed by 29.16% anduimnger 26.19%. POremoved in the rainy season by 30.43%,

winter season removed by 26.31% and in summer 28r&3pectively (Figure 10)

In the overall observational study thennisetum purpureium and E. crassipes shows maximum pollution

removal efficiency than the other plant beds androbbed in all the three seasons.
CONCLUSIONS

Analysis of the constructed wetland database itelicghat domestic constructed wetland systems ocaatlg
improve water quality. In this study, work carried impact of seasons on the treatment of sewagrighrangular
horizontal subsurface constructed wetland using@éejyplants. The maximum pollutants removal andypioin removal
efficiency found 99.7% irPennisetum purpureium as compare to control and other plant beds usedberconstructed
wetland study. This plant shows maximum removapaifutants in winter and less removal in summer.ré®oved by
43.19%, and BOD removed by 59.79%, COD removed3y®B%b, NQ removed by 64.58%, B@emoved by 57.89% and
SO, removed by 41.66% respectively. There is a sigaiftly seasonal factor to this wetland for BQDOD, Nitrate and
Phosphates when measured on a percentage redbetsisy BOI, COD, nitrate, phosphates, and Sulphates removal
efficiencies displayed seasonal variations compavrigd the control and which removals being moraceédht in winter

and rainy compared to those in summer.
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