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Efficacy of Treatment of Rice Mill Wastewater using Canna Indica
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Abstract
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This experiment was carried out to assess the efficiency of the ornamental plant Canna indicafor the removal of pollutants from the rice mill wastewater especially for suspended and dissolved solids, organics and nutrients in a pilot scale vertical subsurface flow constructed wetlands (VSSFCWs). Th'0 units of constructed wetlands were established using two sets of cylindrical buckets with same size and dimensions and with growing media comprised of three layers (soil-sand-gravel), one as control (without Canna indica) and the second as experimental unit with Canna indica. The inlet and outlet wastewater samples were collected from November 2016 to January 2017 with retention time of 4 days and were analyzed for various water quality parameters to study the significance of Canna indica in treating wastewater. The results revealed that the removal efficiency of Canna indicafor suspended solids (26.3% ± 12.1), dissolved solids (18.4% ± 10.1), BOD5 (45.8% ± 6.9), COD (41.1% ± 9.8), nitrate (48.6% ± 17.9) and for phosphate (81.5% ± 21.2)from the wastewater while the growing media too reduced the suspended solids, dissolved solids, BOD5, COD, nitrate, phosphate by 18%, 11%, 21%, 24%, 26% and 36% respectively through sedimentation. It could be concluded that Canna indica reduced the pollutants significantly [image: image2.jpg]


from the rice mill wastewater. Hence, this model could be recommended to treat wastewater in the polluted sites of the rice mills. [image: image3.jpg]
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economic sŒial effects must be care [image: image18.jpg]fully
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Phytoremediaion is a bicranediation p-ocess that uses varias types of plants to remove contaminants in the and wagewatcr. It is a simple, sustainaHe and cost-effective method of Wa§tewatct trtatrnznt f« developing countries. The treatment ot wastewater using Constructed
Wcdand (09 is of the suitable treatment systems. Among thediffcrent types ofCWs, Vertical Sub-Sur(ace tlow Constrvctcd Wetland (VSSFCW) was establiehed in this study. Based on the literature by tci'crt et al. (2007) cannas are well suited for subs:rface flow constructed wetlands because of ability to process high volumes ofnutrient-rich watr. Hence, it was sclectcd for this study. [image: image21.jpg]


ofthis study was to assess the pollutant removal potential of Canna indica from the rice mill thrcwgh VSSFCW.
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Litcraturt Rtvicw
Surface substrface flowongnxted were used t) treat agricultural wastewater. [image: image23.jpg]


Subsurfxe flew-consnKtcd consistd ofa lined or impeneable basin filled with a coarse [image: image24.jpg]


medium having a high hy&aulic [image: image25.jpg]conductivity,



 typically gravel, and wetland plants (Kadlec and Knight, 1990 or transformation of Nitrogen (N) and Phosphorus (P) occurs through miaobial [image: image26.jpg]asimilatontransformation,



 decomposition, plant uptake, adsorption—fixation, s«jimcntatiog and volatilization (Brix, 1994).
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Plants had beth &uninaM and ;upportive roles in N and P recovery. Plant roots and rhizomes [image: image28.jpg]


 rnëtobial activity and 
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wetlands in addition to the direct assimilation of N and P from wastewater (Gersberg et al., 1986). According to Huett et al., (2005), plant nufrient uptake accounted for most of the Nitrogen and [image: image31.jpg]


Phosphorus removal. In Carbon limited low nuffient nursery runoff, plants were essential to a gavelbased wetland to achieve efficient nutrient removal. Their roots offered colonizing sites and exuded carbohydrates, sugars, amino acids, enzymes, and many other compounds. Consffilcted wetlands with plant species were the sustainable alternative to traditional wetlands, thriving in waterlogged environments and offering the potential benefits of phytoremediation and economical value. They provided aesthetic value to subsurface flow treated wetlands, which were important to nurseries and greenhouses located in highly populated urban areas (Fraser et al., 2004; Wood et al., 1999).
Cannas were best suited near the inflow end of constructed wetlands because they assimilated high N and P concenfrations. The ability of the cannas plants, processing high volumes ofnufrient-rich water, reduced the amount of effluent to be discarded made them suitable for subsurface flow constructed wetlands. The reduction in the availability of recycled wetland-treated water for irrigation was an important water conservation practice.
Methodolow
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Feed water: Wastewater produced by a rice mill was used as feed water for this experiment.
Ornamentalplant: Nine healthy young plants of Canna indica were used in the [image: image32.jpg]


wetland [image: image33.jpg]


for this experiment. This is an ornamental plant in Sri Lanka, native from tropical and subfropical regions of India and South America typically found in moist habitats with mild climate. The abundance of fine root system ofthis ornamental plant and the qualities such as tolerance to polluted [image: image34.jpg]


area with high concerfrations of C12 and S02 favored the use of it in constructed wetlands (Yang et al., 2007).
Experimental setup: Pilot scale vertical sub-surface flow consfructed wetland with and without ornamental plants were studied. As shown in Figure 1, the experimental setup was established using a clean cylindrical plastic bucket where an outlet was placed at the wall of the bucket at six cm from the bottom using a 'T' shaped PVC pipe. The consfructed wetland growing media was prepared in three layers consist of gavel, sand and garden soil from the bottom respectively, each placed for 10 cm height, This media was thoroughly washed with water to remove contaminants prior to its usage in the wetland system. Then, the ornamental plant Canna indica was planted in the gowing media with the plant density of nine plants per square meter. A unit of control system was established with same features without Canna indica The Canna indica was acclimatized with the feed water for two weeks for its better survival in the new environment. The experiments were conducted under
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controlled conditions in natural emimnment exposd to sunlight. Once the ornamental plant Canna indica was ecclimatized with the feed water, they fed with 15 L ofwastewater with the hydraulic retention time (IIRT) Of fotr days Panrarc et al (2015) that the wastewater treatment efficiency was [image: image35.jpg]


with IIRT with four days. This experiment was conducted continuously for
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Water sampling and analysis: A samptin: tec,hrique was used to collect wastewater sample from wa'cwatct Storage (mk3 where they store wxstontet prior to final discharge. Before sampling, wa.aosatcr thoroughly mixd *ith spade to nake sure a homogenous mixture. Samples were collected in regula intervals of Ciery days and analyzed for various physico —chemical rvarnctcrS such pH, Electric conducftity (EC), Total solids O), Total suspended solids (TSS), Total 'lissolvcd [image: image36.jpg]olids (TDS),



Biolcgical oxygen det.and (BOD), Chemical oxygen demand (COD),
Ji,trate, phosphate, and Sulphate.
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and EC were anatyz£d using handhcld meters Cutech instruments, Ecoscan); the TS, TSS and It'S wcrc measured by gravimetric mcthcd; BOD by Winkler's method of titration; COD was dc(tmincd by oxidation (kŽCtO,) and titrimetric method. Phosphate, Nitrate and Sulphate were measured by colorimetric at spectrophotoneter wavelength 840 nm, 420 nm, and 420 nm respectively. The standard analytical methods rcconmended by APHA (1989) were adapted.
The laboratory data were analyzed on Statistical pækage Minitab version 17 where 'Two sample t[image: image38.jpg]


 test' was employed to stuðy•the significant difference between the means of two groups at significance level of 5%.
Routts and Discussion
ChraaÖi:ariM [image: image39.jpg]f wastewater:



The wagewater sanple collected from a rice mill was characterized f« water quality [image: image40.jpg]arameicrs



and are illustnted in Table I. The pH of the wastewater was
nearly neutral. Based on the organic content, the wtste water was characterized as 'high strength' as
the [image: image41.jpg]paramciers were above



 the critical level (TSS >400; IS > 1230; BODs> 350; COD >[image: image42.jpg]S00).




Further, the BOD/COD ratio isO.42 ± 0.04 indicates the wastewater could be moderately biologically treatable as it lies in between — 0.5 (Metcaffand Eddy, 2004).
Table 1. Characterization of wastewater
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Parameters Unit Values 
[image: image44]pH
60 ± 0.8
	EC
	mS/cm
	1.8 ± 0.3

	TS
	ppm
	551 ± 320

	TSS
	ppm
	55 ± 129

	TDS
	ppm
	1796 ± 229

	BOD5
	ppm
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	COD
	ppm
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± 490

	nitrate
	ppm
	12 ± 0.2

	phosphate
	ppm
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 1.5

	sulphate
	ppm
	44.8 ± 10.3
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Removal of Solids
The wastewater consisted of large amount of organic and inorganics in the firm of settleable, suspended and dissolved solids which was represented by TS in the range of 2058 - 3015 ppm during the period of study. TSS detelmined in this study both settleable and suspended solids was in the range of 613 — 1105 ppm while TDS in the range of 1345 —2063 ppm. (Table l). As shown in Figure 2, though the combined effect of C. indica and the gowing media was not found 10 be reducing the TSS level significantly, the cmtrol, only with the growing media reduced signiftantly (P value < 0.05) from the wastewater. The similar result was reported by Manios et al., (2003) The insignificant removal may be due to the insufficient development of fine root system in C.indica plant. Considering the removal of IDS, the both the corffil and the treatnent with C.indica failed to remove significantly (Figure 3). However the combined effect of C.indica and the growing media reduced dissolved solids by narly 18% from the wastewater. This may be due to short duration of experimental period as the cmstituents in TDS generally removed by plant uptake and microbial transformation.
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Figure 2. Presence of TSS in Feed water, Treated water and Control
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Figure 3. Presence of TDS in Feed water, Treated water and Control
Reduction of Oxygen Demanding Wastes
High load of organics present in the rice mill wastewater was oxygen demanding and this increased the level of BOD5 and COD in wastewater. The fraction ofbiodegradable organics was Indicated by BOD5, and the sum of biodegradable and non-biodegradable were indicated by COD. Since the BOD/COD ratio was less than 0.5, the wastewater was moderately biodegradable as such it might contain both biodegradable and non-biodegradable compounds in certain level.
As shown in the Figure 4 and 5, there was a reduction in both BOD and COD level in the effluent after treating with C. indica and with the corffil. It was statistically proven, that both C.indica (Pvalue < 0.05) and control (P-value < 0.05) had a significant impact on reducing BOD5 from the wastewater. Plants removed oxygen demanding wastes via uptake, increasing aeration and sequent aerobic degradation of organics, and by attached microbial community while the control reduced such wastes by sedimentation and interception. The reduction of BOD by macrophytes were also reported in previous studies (Shah et al., 2014 ; Mazumder, 2013).
The COD also showed the similar trend (Figure 5) and both C.indica (P-value < 0.05) and control (P-value < 0.05) had a significant impact on reducing COD level from the wastewater. As the BOD/COD ratio was less than 0.5, the wastewater may contain certain amount ofnon-biodegradables which could be taken up by C.indica, and it was supported by (Abdelhakeem et al., 2016) Further, the compounds corfributed to COD might have been removed by gowing media via sedimentation.
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Figure 4. Presence of BOD5 in Feed water, Treated water and Control
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Figure 5. Presence 'f COD in Feed water, Treated water and Control
Removal of Nutrients
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The removal of nutrients was important in water treatment as it might cause algal blooms and associated [image: image63.jpg]utrophication



effects in adjacent water bodies. Nitrogen and phosphorus were important plant nutrients hence vegetation could uptake nutrients through their root system and stored in tissues. In this experiment though the Ninte level was not reduced significantly (P-value > 005) by both systems C. indica and by the contrd individually(Figure 6), the combined effect of C.i'dica and the [image: image64.jpg]


growing media had reduced the lwel of Nitrate by 48% which is significant P-value <0.05). The [image: image65.jpg]


 nitrate removal mechanism could be manifold, however in this context, the primary removal of Nitrate may have been due to plat uptake as it had short experimental duration to develop more microbial community. The similar phenomenon had been reported by Bindu et al., (2008).[image: image66.jpg]
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The removal of Phosphorus (Figure 7) was found to be sigiificant by C. indica (P-value< 0.05), this reduction might have been primaily due to plant uptake and the similar phenomenan had been reported by Vymazal (2004). The æmoval efficiency of phosphate was in the range of 600/0 - 103% which was the highest among otherparameters studied. The removal ofphosphate by thecontrol also found to be significant (P-value < 0.05). This phenomenon had been reported b} biat1W-a and [image: image67.jpg]


Heinonen-Tanski (2016), however, the basic idea on the antagonistic effect of Phosth)rus against aluminum (Al), calcium (Ca) and iron (Fe) in wastewater need to be explained in-the Phosphorus [image: image68.jpg]


 removal mechanism (Karczmarczyk & Renman 2011).[image: image69.jpg]
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Figure 6. Presence of Nitrate in Feed water, Treated water and Control
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Figure 7. Presence of Nitrate in Feed water, Treaéd water and Control
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Table 2. Rem val efficiencies (0/0) of experimental (Canna indica in constructed wetlands) and control
Experimental
Paramú•s
Control
(Canna indica in wetland)
TS
21.9 ± 9.5
13.8±5
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TSS26.3±12.1
17.7 ± 7.8 TDS18.4±10.1
11.5 ± 7.7
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COD
24.0 ± 9.7
Nitrate[image: image70.jpg]


25.8 ± 11.7
comprised of soil-sand-gravel also significantly reducing total suspended solids and oxygen demanding wastes through the processes of sedimentation and interception. As in Table 2, the removal efficiencies ofwater quality parameters by Canna indica was in the range of 18 — 81 % while the - gowing media was ranging I I — 36%. This indicates that Canna indica was found to be a better option than having only the growing media.
Conclusion
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The wastewater discharged by the rice mill was characterized as 'high strength' primarily in terms of the presence of high load of organics. The ornamental plant Canna indica was found to be significantly reducing organics especially oxygen demanding wastes, and phosphorus from the rice mill effluent. The Canna indica in consnlcted wetlands reduced the levels of TSS, BOD5, COD, Niü•ate and Phosphate and their removal efficiencies were in the range of 9-49%, 33 — 55%, 2156%, 18-84% and 37 — 99.8% respectively. However, the control also observed to be significantly reduced TSS. (represents settleable and suspended particles), BOD5, COD and Phosphate from the wastewater and the removal efficiencies were in the ranges of 8 —29%, 15 — 31%, Il —39%, and I I - 56% respectively. In this context, the gowing media comprised of soil-sand-gavel function as 'sand filter' and reduced solids, settleable inorganics and inorganics, nutrients from the wastewater through sedimentation and interception. Therefore, it can be concluded the consnlcted wetlands and Bowing media reduced some constituents from the rice mill wastewater and Canna indica has added advantage over the [image: image71.jpg]sonstructed



wetlands in rice mill wastewater. Therefore, treating wåste water effluents from the rice mill using Canna indica would be an environmental friendly solufion for the polluted sites with the rice mill waste water.
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