Nutrient Removal by Floating Wetland Technology in Stormwater Ponds: pilot study and field implementation
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ABSTRACT
Despite the technology advancement, degradation of stormwater quality continues to be a significant threat to the water bodies and ecosystems due to the exponential growth of industries and agricultural enterprises. These anthropogenic activities are the main sources of high nitrogen and phosphorus quantities in stormwater, which is responsible for most eutrophication phenomena and deterioration of public health. Stromwater management along the public road networks has been received wide attention and stormwater retention and detention ponds continuously play a critical role for the interception and removal of those nutrients. Floating Treatment Wetlands (FTWs) are an innovative variant and a possible solution to this problem where macrophytes remove pollutants by directly assimilating them into their tissue, providing a suitable environment for microorganisms to transform pollutants and reduce their concentrations. Water depth, percent area coverage of the vegetation and littoral zone emergent plants were varied in order to determine optimum nutrient removal efficiency and best combination before implementing in an actual pond which is also monitored on a regular basis to understand the hydrological cycle and average nutrient loading. Form the pilot study we can conclude that, varying water depth is not a concern in terms of treatment efficiency of nutrient removal in FTWs and from 5% to 10% increase did not significantly increase system efficiency. The current field implementation has already achieved 71% TP, 53% OP, 21% TN, 75% Nitrite + Nitrate and almost 28% Ammonia removal.
1. INTRODUCTION
Nutrients, such as ammonia, nitrite, nitrate, and phosphorus, in stormwater effluents are common contaminants in water bodies that affect public health and ecosystem integrity with acute and chronic harmful outcomes directly or indirectly measured. For example, without proper treatment, ammonia in the wastewater effluents can stimulate phytoplankton growth, exhibit toxicity to aquatic biota, and exert an oxygen demand in surface waters (Beutel, 2006). Undissociated ammonia is extremely volatile and in aqueous solution either ionizes or volatizes.  Ionized ammonia is very toxic for fish species (Tarazona et al., 2008). Fish mortality, health and reproduction can be affected by the presence of a minute amount of ammonia-N (Servizi and Gordon, 2005). Nitrate can cause human health problems such as liver damage and even cancers (Gabel et al, 1982; Huang et al., 1998). Nitrate can also bind with hemoglobin and create a situation of oxygen deficiency in an infant’s body called methemoglobinemia (Kim-Shapiro et al., 2005). Nitrite can react with amines chemically or enzymatically to form nitrosamines that are very potent carcinogens (Sawyer et al., 2003).

Use of constructed wetlands have significantly increased for remediating nutrient-rich surface and subsurface flow (White et al., 2009; Baldwin et al., 2009; Belmont and Metcalfe, 2003), where various aquatic plants are used to purify both stormwater and wastewater (Iamchaturapatra et al., 2007). FTWs (Figure 1) are one of the potential Best Management Practices (BMPs) where macrophytes remove pollutants by directly assimilating them into their tissue, providing a suitable environment for microorganisms to transform pollutants and reduce their concentrations (Breen, 1990; Billore and Sharma, 1996).
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Figure 1: Cross section of a typical Floating Treatment Wetland

Biologically, aquatic macrophyte-based wastewater treatment system is far more diverse than present-day mechanical treatment systems (Hammer, 1989; Moshiri, 1993). Free-floating macrophytes provide shading of the water column resulting in a cooler habitat for fish and macroinvertebrates (Nahlik and Mitsch, 2006). The hanging roots provide a large surface area for denitrifying bacteria creating an anaerobic environment, which can remove nitrate by denitrification process (Govindarajan, 2008), and these roots entrap fine suspended particulates that would otherwise remain in suspension in a conventional pond system (Headley and Tanner, 2006). Microbes that live on the surface of plant roots in a wetland remove ten times more nitrate than do the plants themselves (Adams, 1992). These microbes change nitrate nitrogen (NO3-N) to ammonia nitrogen (NH4-N) in a process called dissimilatory nitrate reduction to ammonium or DNRA. In floating wetlands, as the plants are not rooted in sediments, they are forced to acquire nutrition directly from the water column (Headley et al., 2006; Vymazal, 2007). Nutrient and other element uptake into biomass rate increase as physiological growth continues. Total nitrogen and phosphorus can be removed if the plants are harvested regularly. Finally, algal toxin can be avoided in the pond, as they cannot grow due to lack of nutrients.

To date little information has been published on FTWs. To further the advancements of FTW technologies, the addition of sorption media that may increase water holding capacity is expected to significantly improve the nutrient removal (Chang et al., 2007) and the production of plant biomass (Figge et al., 1995). It also improves tissue culture responses including somatic embryogenesis, organogenesis, adventitious shoot production and growth, and the rooting of micro-propagated tissues (Van Winkle and Pullman, 2005). As there is no soil in the rhizospheric zone of FTWs, the incorporation of sorption media may promote the attraction of sorption surface between the pollutant and the sorption media that causes the pollutants to leave the aqueous solution and simply adhere to the sorption media (Hossain et al., 2010). Thus, phosphorus may be removed by both adsorption and absorption. Moreover, a biofilm can be formed on the surface of media particles to allow microbes to assimilate nitrogen species although nitrogen cannot be removed by sorption directly. It is indicative that sorption provides an amenable environment for subsequent nitrification and denitrification (Xuan, 2007). The use of these sorption media remove not only the nutrients, but also some other pollutants, such as heavy metals, pathogens, pesticides and toxins (Chang et al., 2010).

Pilot studies have been conducted in University of Central Florida (UCF). It helps taking engineering decisions and ecological consequences before implementation of FTWs in an actual pond. One-way ANOVA test will be able to show if water depth has any significant impact on nutrient removal efficiency or not. Effect of percent area coverage, littoral zone and sorption media can be understood by regular monitoring of water quality parameters. Finally, temporal observation and unwanted plant species identification can help elucidate ecological evolution and interactions.
2. METHOD
2.1 Pilot studies
2.1.1 Experimental Setup
Cylindrical reservoirs with the dimension of 5 m ( 1.2 m and 3 m ( 0.8 m and a water holding capacity of 18,000 L and 4,000 L respectively are used. Bottom soil was collected from an actual pond and placed (Figure 2a) under all the tanks for planting emergent littoral zone plants (Figure 2c). Littoral zone is the portion of a lake that is less than 15 feet in depth. It extends from the shoreline of a lake and continues to depth where sufficient light for plant growth reaches the sediments and Lake Bottom. Bulrush (Scirpus californicus) and Pickerelweed (Pontederia cordata) are selected as the emergent macrophytes of littoral zone in this pilot study as they are endemic in Florida. Even where there is no littoral zone, sediment is placed in order to mimic actual pond environment. For proper light, wind and seasonal variation, pilot studies are placed in the open field (Figure 2h). Sufficient aeration due to wind, rainfall events and evaporation ensured almost perfect imitation to actual pond.

Canna flaccida and Juncus effussus are selected as the floating plants. They are indigenous to the wetlands of south-eastern United States and these species have proven to be very effective at taking up nutrients (White et al. 2009; Cui et al. 2010). A unique recipe of sorption media (Bold and Gold Stormwater™) is applied to support the current floating wetland study which is effective in reducing nitrogen (up to 47%) and phosphorus (up to 87%). It does not become exhausted or saturated and thus can be used without frequent replacement. Bold and Gold Stormwater™ (B&G) is a tire crumb based media composition with varying mixture subject to different applications. 60% Expanded Clay is mixed with 40% Tire Crumb to create one scenario in this study.

Buoyant interlocked foam mats are used to keep the plants floating. Puzzle cut mats (60 cm ( 60 cm) (Figure 2d) joined together by nylon connectors so that they can be assembled in any size or shape. After the mats are connected, plants are inserted into pre-cut holes within perforated plastic pots (Figure 2d). Sorption media is added in an innovative way so that they can float along with the plants. Mirafi® N-Series Nonwoven Polypropylene Geotextile (Figure 2d) is wrapped around (Figure 2e) those perforated pots in order to hold the sorption media inside. With the plant inside each pot can hold about 60 g of media. For the control case, where there is no sorption media, inert coconut fiber is used to hold the plants upright.
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Figure 2: (a) Placement of bottom sediment (B) Reservoir filled with stormwater (C) Plantation in the littoral zone (D) Foam mat, perforated pot and geotextile (E) Geotextile wrapping (F) coconut fiber in the control case (G) Floating mats in the reservoir (H) Set of reservoirs
2.1.2 Experimental Design

Eleven scenarios have been created varying percent area coverage, littoral zone and water depth (Figure 3 and Table 1). Case-1 and Case-2 are without any floating macrophytes and performing as control cases. Sorption media has been used in all the cases except Case-7b which is control case in this regard. Considering feasibility of actual pond, percent area coverage has been limited to 10%. Two different water depths are 90 cm and 56 cm for which bottom sediment thickness is 50 cm and 30 cm respectively. A slope of 1:5 was maintained toward the center of the cylindrical reservoirs for the bottom sediment layer.
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Figure 3: A Schematic Diagram of the experimental Setup
Table 1 Component of the cylindrical reservoirs
	Scenario
	Area Coverage
	Littoral Zone
	Water Depth (cm)


	Reservoir Diameter (m)

	Case-1*
	0%
	No
	90
	5

	Case-2*
	0%
	Yes
	90
	5

	Case-3
	5%
	No
	56
	3

	Case-4
	5%
	No
	90
	5

	Case-5
	5%
	Yes
	56
	3

	Case-6
	5%
	Yes
	90
	5

	Case-7a
	10%
	No
	56
	3

	Case-7b
	10%
	No
	56
	3

	Case-8
	10%
	No
	90
	5

	Case-9
	10%
	Yes
	56
	3

	Case-10
	10%
	Yes
	90
	5


* Control Case

2.1.3 Sampling and Measurements

Water collected from an actual stormwater pond on the University of Central Florida campus has a very low background nutrient concentration. Therefore, nutrients (3 mg.L-1 of Nitrate and 1 mg.L-1 of Phosphate) were dosed for determining nutrient removal efficiency. Commonly used fertilizers Potassium Nitrate (KNO3) and Monopotassium Phosphate (KH2PO4) were used in this case. Dosing and addition of new stormwater were performed once in every 30 days which imitate natural rainfall event and consequent nutrient-rich surface runoff. Samples were collected on a bi-weekly basis over three months. Samples collected from five different points were mixed together in order to get a composite sample which is deemed as the representative sample over the whole reservoir.

DR 2800 Spectrophotometer was used to analyze nutrient concentrations. The methods used in chemical analyses can be summarized in Table 2. In order to maintain Quality Assurance/Quality Control (QA/QC) protocol, duplicate samples were analyzed in every ten samples. Preservation was done with acidification when necessary and percent recovery was ensured within 80% to 120% each time. All water sampling equipments were acid-rinsed followed by flushing in distilled water prior to sampling of each reservoir.
Table 2 Chemical Analysis Methods
	Parameter
	Method

	pH
	Hach sensION156 (Product #: 5465014)

	Conductivity
	Hach sensION156 (Product #: 5465014)

	Dissolved Oxygen
	Hach sensION156 (Product #: 5465014)

	Turbidity
	Turbidimeter

	Chl-A
	Aquafluor™ Handheld Fluorometer

	Total Nitrogen
	Persulfate digestion method (Hach Method 10071)

	NH4+
	Salicylate Method (Hach Method 8155)

	Nitrate
	Cadmium reduction method (Hach Method 8192, 8171)

	Total Phosphorus
	Acid persulfate digestion method (Hach Method 8190)

	Orthophosphate
	PhosVer 3 (Ascorbic Acid) Method  (Hach Method 8048)


2.2 Field implementation 
2.2.1 Experimental Setup
Adjacent to the pilot studies site (0.3 mile West), pond 4M with the area of 0.63 acres was selected as our actual pond for field study. A concrete structure was constructed at the outlet of the 4M pond. Its inner dimension is 54-inch long, 36-in wide and 86-in deep. Electronic equipments like flow rate meter (Georg Fischer Signet 2551 Magmeter Flow Sensor), water level sensor (Global Water WL400) along with common rain gage, evaporation pan were used to collect and monitor the hydrological data for the pond 4M. Data logger (Global Water GL500-2-1) was connected with the water level sensor and set to record the water level data at intervals of 15 minutes. The floating wetlands were deployed in Pond 4M on Apr 8th, 2011 with the coverage about 6.8 %. Since Pond 4M is a kidney-shaped pond, algae species will probably aggregate at the two ends of the pond. Thus, two pieces of floating mats were deployed at both ends of the pond. And the third one was deployed close to the outlet to achieve a better outflow quality (Figure 4). Thousands of seedling including Canna, Juncus along with the flower and grass were planted on three integrated floating mats (Figure 4). The sorption media was added in each seedling container. The floating islands are expected to work as a kidney of nature, providing a beautiful and peaceful habitat for birds and animals. 
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Figure 4 Field Pond Implementation

2.2.2 Sampling and Measurements of the Water Quality

Table 3 shows sampling summary for water quality analysis before the floating wetland deployment (Phase 1). For each storm event, pond water samples were collected about 5 inches below the water surface right after the storm, from inlet and outlet of the pond 4M. For each point, 6 evenly distributed sub-samples were collected at the intervals of about 15 minutes (depending on rain amount) and finally composited to a half-gallon polypropylene bottle. The whole sampling campaign was normally finished within 3 hours after the storm. All the composite samples were stored and transported at 4 Celsius degree to ERD for future analysis. The methods ERD lab used in chemical analyses can be summarized in Table 4.
Table 3 Sampling Summary for Pre-analysis

	Storm Event
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8

	Parameter
	12/12/10
	12/18/10
	1/6/11
	1/21/11
	2/6/11
	3/1/11
	3/10/11
	3/31/11

	Total Nitrogen
	2
	2
	2
	2
	2
	2
	2
	2

	Nitrite+Nitrate
	2
	2
	2
	2
	2
	2
	2
	2

	Ammonia
	2
	2
	2
	2
	2
	2
	2
	2

	Total Phosphorus
	2
	2
	2
	2
	2
	2
	2
	2

	Orthophosphate
	2
	2
	2
	2
	2
	2
	2
	2


Table 4 Outline of analysis methods 
	Parameter
	Analytical Method 

	TN
	SM21 4500-N C 

	NO2+NO3
	 EPA 353.2 / SM21 4500-NO3 F 

	NH3
	EPA 350.1 / SM21 4500-NH3 G 

	TP
	EPA 365.1 / SM21 4500-P B 

	OP
	EPA 365.1 / SM21 4500-P F 


To explore the seasonal nutrients removal efficiency after floating wetland deployment, the floating wetland study at pond 4M will be carried out within a one-year time frame (phase 2). 5 sampling points were selected to picture the nutrients pattern throughout the pond (Figure 5). Point 1 and 5 were located at the inlet and the outlet of the pond 4M, respectively.  Point 4 was picked at the other end of the pond. Point 2 was at the middle point between Point 1 and 5. Point 3 was at the middle point between Point 1 and 4.  The Table 5 & 6 shows a sampling plan for one-year experimental period after floating wetland deployment. The sampling plan can be roughly divided into two parts: monthly-based and event-based. For monthly-based sampling, grab samples will be collected from 5 sampling points once a month. For event-based sampling, in addition to the composite samples collected from 5 sampling locations by following the previous sampling protocol, the sub-samples collected from inlet will be saved individually to see the variability of the influent over time during or immediately after a runoff event. Thus, for each storm event, total eleven samples will be transported to ERD lab at 4 Celsius degree for analysis and for quality control. Seven event-based sampling efforts will be carried out homogeneously over the year in parallel with the monthly sampling campaign. In addition to the essential sampling and analysis of nutrient removal efficiency of ortho-phosphate, total phosphate, ammonia, nitrite + nitrate and total nitrogen, water quality parameters such as pH, total alkalinity, dissolved oxygen, water temperature, total suspended solid (TSS), Chl-a, and turbidity will be monitored to support the assessment. 
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Figure 5 Sampling Locations
Table 5 Sampling Plan for Monthly-based Analysis

	
	04/11 
	05/11
	06/11 
	07/11
	08/11 
	09/11
	10/11 
	11/11
	12/11
	01/12
	02/12
	03/12

	Total Nitrogen 
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Nitrite + Nitrate 
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Ammonia 
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Total Phosphorus 
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Orthophosphate 
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5


Table 6 Sampling Plan for Event-based Analysis

	Storm Event
	#1
	#2
	#3
	#4
	#5
	#6
	#7

	Total Nitrogen 
	6+5*
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5

	Nitrite + Nitrate 
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5

	Ammonia 
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5

	Total Phosphorus
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5

	Orthophosphate 
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5
	6+5


* 6+5 : 6 individual sub-samples of inflow and composite samples from 5 sampling locations
3. RESULTS and DISCUSSION
3.1 Pilot studies

Both influent and effluent concentrations over three months of observation period for various parameters are shown in Table 7, 8 and 9 which indicate the efficacy of the FTW system. Although control case (Case-1) was supposed to show very little amount of nutrient removal, growth of undesirable plant species like duckweed (Lemna minor) and algae hampered our comparison. In other cases, effluent concentrations were satisfactorily low. Actually, the absence of plants in the control case allowed them to grow and cover the whole surface resulting in significant amount of nutrient removal. Duckweeds require a lot of nutrients to grow, so typically they are found in nutrient-rich environments. A surface layer of duckweeds will prevent sunlight from reaching the deeper parts of the water column. This means that underwater plants and algae can no longer photosynthesize and produce oxygen which can greatly stress or even kill fishes.
Table 7 GroupWise effluent concentration after 30 days of floating wetland treatment (Month-1)

	
	Total Phosphorus
	Orthophosphate
	Total Nitrogen
	Nitrate-Nitrogen

	Scenario
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)

	Case-1
	1.523
	0.556
	1.183
	0.061
	4.161
	1.251
	0.778
	0.072

	Case-2
	2.858
	1.476
	2.560
	1.386
	4.300
	0.768
	0.896
	0.099

	Case-3
	3.156
	0.589
	2.215
	0.345
	5.567
	0.768
	0.942
	0.072

	Case-4
	2.189
	0.909
	1.379
	0.063
	3.885
	2.072
	1.119
	0.099

	Case-5
	3.649
	0.909
	2.413
	0.336
	3.724
	1.348
	0.642
	0.072

	Case-6
	3.361
	0.692
	2.086
	0.559
	3.217
	0.092
	0.815
	0.079

	Case-7a
	2.313
	0.742
	2.001
	0.462
	3.447
	1.348
	0.916
	0.065

	Case-7b
	2.807
	0.398
	2.253
	0.210
	4.253
	0.816
	1.030
	0.057

	Case-8
	2.846
	0.692
	2.528
	0.728
	3.516
	0.913
	0.522
	0.079

	Case-9
	3.034
	0.409
	2.403
	0.338
	2.594
	0.961
	0.754
	0.072

	Case-10
	2.327
	0.809
	2.270
	0.781
	4.000
	1.106
	1.312
	0.099


Table 8 GroupWise effluent concentration after 30 days of floating wetland treatment (Month-2)

	
	Total Phosphorus
	Orthophosphate
	Total Nitrogen
	Nitrate-Nitrogen

	Scenario
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)

	Case-1
	1.713
	0.502
	1.014
	0.228
	2.073
	0.000
	0.974
	0.029

	Case-2
	4.298
	1.048
	3.028
	0.635
	2.798
	0.000
	2.578
	0.095

	Case-3
	1.819
	0.484
	0.888
	0.103
	1.554
	0.000
	1.034
	0.057

	Case-4
	2.037
	0.648
	1.875
	0.017
	2.798
	0.000
	1.696
	0.000

	Case-5
	2.552
	0.676
	0.846
	0.187
	1.658
	0.000
	0.557
	0.057

	Case-6
	2.725
	0.526
	2.312
	0.274
	2.176
	0.000
	1.975
	0.000

	Case-7a
	1.668
	0.264
	0.767
	0.137
	1.969
	0.000
	0.661
	0.133

	Case-7b
	1.841
	0.664
	0.844
	0.214
	1.244
	0.000
	0.840
	0.010

	Case-8
	5.912
	1.536
	3.596
	0.722
	1.917
	0.000
	1.351
	0.095

	Case-9
	1.360
	0.426
	0.998
	0.125
	1.917
	0.000
	1.036
	0.237

	Case-10
	3.941
	0.664
	2.673
	0.817
	3.679
	0.000
	2.092
	0.000


Table 9 GroupWise effluent concentration after 30 days of floating wetland treatment (Month-3)

	
	Total Phosphorus
	Orthophosphate
	Total Nitrogen
	Nitrate-Nitrogen

	Scenario
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)

	Case-1
	1.561
	1.061
	0.983
	0.283
	3.186
	0.828
	0.919
	0.004

	Case-2
	1.909
	0.793
	1.399
	0.489
	1.953
	0.000
	0.640
	0.000

	Case-3
	0.911
	0.466
	0.765
	0.112
	2.547
	0.000
	0.867
	0.015

	Case-4
	3.076
	0.000
	1.154
	0.000
	4.860
	0.000
	0.799
	0.015

	Case-5
	2.744
	0.034
	0.835
	0.028
	1.744
	0.000
	0.506
	0.010

	Case-6
	1.296
	0.063
	0.759
	0.010
	2.400
	0.077
	0.431
	0.033

	Case-7a
	3.538
	1.228
	1.127
	0.100
	2.895
	0.316
	0.565
	0.034

	Case-7b
	3.816
	0.849
	1.347
	0.567
	2.889
	0.122
	0.464
	0.065

	Case-8
	2.590
	0.094
	0.919
	0.056
	1.500
	0.000
	0.593
	0.067

	Case-9
	3.100
	0.091
	1.057
	0.067
	3.023
	0.000
	0.505
	0.098

	Case-10
	1.588
	0.850
	0.968
	0.457
	2.863
	0.000
	0.460
	0.000


3.1.1 Effect of Water Depths
Several mesocosms were set up with varying depth of water column under the floating mat. One-way ANOVA test was performed by Minitab software to check if there is significant impact of water depth on the removal efficiency. It was seen that although for Total Nitrogen and Nitrate, removal efficiency increased with larger water column depth, Total Phosphorus and Orthophosphate decreased. ANOVA test p-values (for Total Nitrogen 0.459, Total Phosphorus 0.114, Nitrate 0.464 and Orthophosphate 0.377) indicate that the distinction of water column depth is not statistically significant across the relevant mesocosms.

3.1.2 Effect of % Area Coverage
Excluding control case, nutrient removal efficiency was not significantly different (Figure 6 & 7) with 5% and 10% floating macrophyte coverage. It can be inferred that, even without the presence of littoral zone 5% coverage is enough for significant amount (53.82% TP, 48.06% OP, 31.84% TN and 48.21% Nitrate) of nutrient removal in just 15 days. Moreover, in actual pond it might not be feasible to go over 5% floating mat coverage for the requirement of large surface area which will also inhibit sunlight to reach the bottom of the pond.

Although algae are big nutrient consumers in the aquatic ecosystem, they cannot grow much competing with floating plants. With the increase of percent area coverage of floating macrophytes, a decrease in Chl-a value was observed (Figure 6), which is an indicator of decreased algae. Without littoral zone, however, this relationship is not salient.
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Figure 6: Effect of % Area Coverage with Littoral Zone (15 Days Removal Efficiency)
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Figure 7: Effect of % Area Coverage without Littoral Zone (15 Days Removal Efficiency)

3.1.3 Effect of Littoral Zone
Wetland littoral zones involve an interaction of aquatic plants, microorganisms, and physical/chemical processes, such as adsorption, precipitation, and sedimentation (Gersberg et al. 1986). This area may act as either a sink for pollutants, removing them from incoming water, or as a source, adding them to the water (Mickle & Wetzel 1978a, b; van der Valk et al. 1979; Carpenter & Lodge 1986). Comparing Case-3 and Case-5, we see the effect of littoral zone is prominent on Chl-a and turbidity (Figure 8) - both of them decreased significantly due to the presence of littoral zone. However, nutrient removal efficiency is almost the same in both cases. Comparison of other specific cases also show the effect of littoral zone, but for aforementioned reason, it is not possible to decide the value of littoral zones in terms of nutrient removal efficiency in these experiments.


[image: image17]
Figure 8: Effect of Littoral Zone on Removal Efficiencies (15 Days Removal Efficiency)

3.1.4 Effect of Sorption Media
Total Phosphorus and Orthophosphate removal was much better (Figure 9) with sorption media. However, Total Nitrogen and Nitrate removal was better in the mesocosm without any media. Phosphorus might be removed by both adsorption and absorption. Moreover, a biofilm formation is possible on the surface of the sorption media particles to allow microbes to assimilate.

[image: image18]
Figure 9: Effect of sorption media on removal efficiencies
3.1.5 Tissue Nutrient Concentrations
After three months of observation on water quality, representative plant samples (floating macrophyte) from each mesocosm were analyzed to determine their tissue nutrient concentrations in the roots and shoots. Results are expressed (Figure 10) as the percentage of their dry weights. It is seen that, roots and shoots have taken almost equal amount of nutrient. Nitrogen uptake was much higher than that of Phosphorus which is commensurate with the amount of dosing. Considering plant species, Canna was better than Juncus in both shoots and roots. Assuming all the plants in a mesocosm have taken the same amount of nutrient as the representative sample, daily nutrient uptake per unit area of floating mat has been calculated for each mesocosm. On an average nitrogen uptake rate was 36.39 mg/m2/day and phosphorus uptake rate was 1.48 mg/m2/day for the FWT systems.




[image: image19]
Figure 10: Average Tissue Nutrient Concentrations (% of Dry Weight)

3.2 Field implementation 
3.2.1 Pre-analysis
Both hydrological and water quality parameters were monitored over 4 months before the floating wetland deployment. The data of water level, the information of captured storm-event are shown in Figure 11.
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Figure 11 Hydrological data before deployment 
(The level of concrete structure inner bottom was set as 0 ft)
Figure 12 shows the ERD results about the nutrients level of the influent and effluent during the pre-analysis. It can be seen that after each storm event, inflow and runoff mixed with the pond water rapidly in Pond 4M, which caused almost the same nutrients concentration at inlet and outlet (Table 10). Very low concentration of NH3 and NO2+NO3 indicates that the dominant N form is organic nitrogen. The 4th (1-21-11) and 5th (2-6-11) storm events introduced more TN to the pond. The leaching from dead plant detritus and soils in late winter could be the main reason that caused the peak of N. 
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Figure 12 Water quality data before deployment
Table 10 Water quality summary of pre-analysis
	
	Average
	Standard deviation

	
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)

	TN
	0.669
	0.620
	0.231
	0.220

	NO2+NO3
	0.040
	0.019
	0.042
	0.024

	NH3
	0.051
	0.044
	0.020
	0.017

	TP
	0.029
	0.040
	0.015
	0.039

	OP
	0.004
	0.006
	0.004
	0.009


3.2.2 Post-analysis
Seen from the first monthly-base sampling result (Figure 13: Apr-15), much higher nutrients concentration at inlet means that the floating wetland close to the inlet successfully performed as a barrier to isolate the nutrients-rich inflow near the inlet, which no longer disperses throughout the whole pond as quickly as usual. About 90% TP was removed probably by the adsorption of sorption media in the floating wetland while 30% of TN was removed. Both ammonia and nitrite + nitrate concentrations look unified between different sampling points. Organic nitrogen accounting for 90% of TN was still the dominant N form. Our sorption media had been proved efficient to treat the ammonia-rich water. Therefore, in this case, ammonification (i.e. convert organic N to ammonia) should be promoted for a better N removal. After one month, the plants had been accommodated to the new environment, leading to a stable performance in May. In June, after a long-term drought, concentrations of TN and TP increased due to the volume loss. Average nutrients concentrations of effluent are compared between pre-analysis and post-analysis to demonstrate the long-term efficacy of floating wetland in Figure 14. The removal efficiency reaches 71% TP, 53% OP, 21% TN, 75% NO2+ NO3 and 28% NH3 respectively.
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Figure 13 Monthly-based nutrients results
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Figure 14 Comparison of effluent concentrations between pre-analysis and post-analysis
Table 11 Comparison between pre-analysis and post-analysis, mean ( s.d
	
	pre-analysis (n = 8)
	post-analysis (n = 3)

	
	Influent (mg.L-1)
	Effluent (mg.L-1)
	Influent (mg.L-1)
	Effluent (mg.L-1)

	TN
	0.669 ( 0.231
	0.620 ( 0.220
	0.615 ( 0.286
	0.492 ( 0.220

	NO2+NO3
	0.040 ( 0.042
	0.019 ( 0.024
	0.008 ( 0.010
	0.005 ( 0.005

	NH3
	0.051 ( 0.020
	0.044 ( 0.017
	0.050 ( 0.026
	0.032 ( 0.010

	TP
	0.029 ( 0.015
	0.040 ( 0.039
	0.051 ( 0.060
	0.012 ( 0.006

	OP
	0.004 ( 0.004
	0.006 ( 0.009
	0.021 ( 0.028
	0.003 ( 0.001


4. CONCLUSIONS 
From the pilot study, we can conclude that, varying water depth is not a concern in terms of treatment efficiency of nutrient removal in FTWs, which might be affected by fluctuations in seasonal water levels. For this reason, it is envisioned that even during excessive rainfall, the FTW systems will be still working although the sediment rooted plants might be inactive. Within the feasible limit of floating mat coverage, from 5% to 10% increase did not significantly increase system efficiency. Rather it is clear that only with 5% coverage of the floating mat it is possible to achieve 53% TP, 79% OP, 61% TN, 73% Nitrate and almost 100% Ammonia removal within 15 days time span when the initial concentration is approximately 1 mg.L-1 Phosphate and 3 mg.L-1 Nitrate. More area coverage will not be suitable from engineering perspective and might inhibit the sunlight to reach the bottom of the actual pond. Existence of littoral zone increased transparency of water column by reducing turbidity and Chl-a. However, in our experiment, it was not clearly understood whether they helped removing pollutants or acted as a source or simply played the role of the neutral site for attachment. This led us toward the long-standing controversy in aquatic ecology. Total Phosphorus and Orthophosphate removed better in the reservoir with sorption media, whereas, Nitrate removal was almost the same and Total Nitrogen removal was not significant with the addition of sorption media. 
As for the field implementation, the performance of FTWs for removing nutrients was restricted by the very low background nutrients concentration in pond water. However, in such cases, FTWs still displayed its remarkable ability on nutrients control. About 90% TP was blacked by FTWs, while 30% of TN was removed. After the FTWs deployment, the removal efficiency of OP and NO2+NO3 reaches 53% and 75%, respectively. The field test is now under way, and additional studies are needed to better understand the seasonal nutrients removal efficacy of the FTWs.
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