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1. ABSTRACT 

The Decentralized Wastewater Treatment System (DEWATS) is valuable in developing countries 

since it allows impoverished people to handle sanitation locally. Since it is a primary treatment 

of wastewater, many studies have demonstrated the need to polish harmful nutrients, such as 

ammonia, nitrates, nitrites, and phosphates, from the effluent. Duckweed has been widely 

investigated for its capacity to remove these nutrients from surface water. This research 

investigated the effectiveness of duckweed, both Lemna minor and Wolffia arrhiza, as the 

polishing treatment for effluent in an operating, modularized wastewater treatment facility. 

Results were largely inconclusive. Ammonia removal was variable and generally ranged from 0-

26% removal. Nitrate and nitrite concentrations were often below detection limits (0.3 mg/L NO3 

and 2 mg/L NO2, respectively) or had very low concentrations. Phosphate concentrations in 

batch experiments showed an increase. While kinetics constants ranged greatly for most 

nutrients tested, ammonia uptake showed the most consistent uptake, ranging from -0.1174 to  

-0.0147 mg/L when natural logarithmic graphs were analyzed. The lack of nutrient removal over 

the short duration of these experiments suggests that longer residence times may be needed to 

determine kinetics for nutrient removal with duckweed. In addition, larger sample sizes might 

have yielded a trend which is absent from this study. 

2. INTRODUCTION 

A Decentralized Wastewater Treatment System (DEWATS) rather than a centralized system 

could be beneficial in developing countries, as it allow locals to handle sanitation locally. This is 

advantageous to communities where there is a lack of action or capacity by the main governing 

body to construct centralized sanitation sites. Additionally, a decentralized model is less harmful 

to the environment and offers economic incentive to the local community, providing jobs to 

community members and saving them money otherwise paid to a municipal sanitation service. 

This research addresses a gravity driven DEWATS system constructed by BORDA (Bremen 

Overseas Research & Development Association) in Durban, South Africa. DEWATS (Figure 1) 

uses a traditional settling chamber, an anaerobic baffled reactor (ABR), and an anaerobic filter 

(AF) as primary treatment for wastewater. 

In general, eutrophication is a phenomenon involving an increased concentration of nutrients in a 

water body that leads to oxygen depletion. Ammonia nitrogen is one of the primary substances of 

the various nutrients that can lead to eutrophication (Zhang et al. 2013). Excess ammonium 

accelerates eutrophication in open ponds and results in nitrate formation if released into 

groundwater (Zhang et al. 2013; Cheng et al. 2002). These conditions can lead to a rapid 

deterioration of water quality, detrimental to aquatic ecology and all water bodies. Since treated 

wastewater discharges to surface waters and groundwater, this presents a problem for those still 

dependent on groundwater and downstream users.  
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Figure 1  DEWAT system overview (http://www.ecoideaz.com/innovative-green-ideas/whats-a-

root-zone-waste-water-treatment) 

 

Unfortunately, most polishing systems, like aeration or planted gravel filters, are incredibly 

expensive or rely heavily on specialized technological solutions, both of which are limiting 

options for impoverished rural communities. While DEWATS anaerobic wastewater treatment is 

efficient in the removal of organic material and suspended solids, it cannot reduce nutrient 

concentrations in wastewater, and only partially removes pathogenic organisms (Collivignarelli 

et al. 1990). 

In Zimbabwe, algae-based waste stabilization ponds are used for wastewater treatment in most 

small urban areas. This is mainly because small urban centers lack the financial resources to 

build modern treatment systems and produce low volumes of mainly domestic wastewater (Dalu 

& Ndamba 2003).  

When faced with a similar problem in Egypt, Nasr et al. (2009) investigated the use of duckweed 

(Lemna minor and Wolffia arrhiza) as a polishing treatment for anaerobic baffled reactor (ABR) 

effluent. Duckweed has been the focus of many wastewater treatment studies due to its known 

ability to take up nutrients and contaminants, especially nitrogen and phosphates. This is mainly 

because as duckweed is harvested it removes trapped nutrients with it (Dalu & Ndamba 2003). 

Duckweed based WSP (Water and Sanitation Programs) are better than algae WSP due to 

duckweed’s high nutrient removal and biological oxygen demand (BOD) reduction.  

Duckweed is a small, non N-fixing, angiosperm with high reproduction rates that is naturally 

present in nutrient rich and brackish bodies of water. Species within this plant family, 

Lemnaceae, are tiny and simple, and use asexual reproduction to quickly increase their numbers.  

This research aims to further analyze duckweed nutrient uptake kinetics (Goopy & Murray 

2003). The purpose of these experiments was to construct systems in life-like conditions to 

http://www.ecoideaz.com/innovative-green-ideas/whats-a-root-zone-waste-water-treatment
http://www.ecoideaz.com/innovative-green-ideas/whats-a-root-zone-waste-water-treatment
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assess duckweed in a practical, applied wastewater treatment facility using simple and accessible 

biological methods to polish wastewater. 

3. SETUP AND METHODS 

This chapter describes the setup and methods of the experiments conducted during this study. 

These include batch sampling, continuous flow sampling, and nutrient analysis. 

3.1. Batch experimental setup 

Two different duckweed species were evaluated (Lemna minor and Wolffia arrhiza). Four 72 

hour batch experiments were conducted in opaque plastic containers with a surface area of 

0.06m2. Final anaerobic filter (AF 2) effluent was collected from the DEWATS (Figure 1). Three 

containers were filled to the 3 L mark then placed in a growing tunnel at Newlands Mashu 

UKZN site. Figure 2 shows the batch systems for control (duckweed free, C), Lemna minor (L), 

and Lemna minor and Wolffia arrhiza mix (M). In the first two experiments, approximately 

500g/m2 of duckweed was added to the treated containers. In the last two batch experiments 

600g/m2 of duckweed was added to each container to achieve ideal growing conditions. 

 

Figure 2 Batch experiment setup: Triplicate tubs of Control (no duckweed), Lemna, and Mix. 
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3.1.1. Duckweed mass measurements 

In the first two experiments, duckweed was placed in a salad spinner and spun at a steady rate of 

3 pumps per second for one minute. Then, approximately 30 grams were weighed on an 

analytical scale and added to containers with 3L of AF 2 effluent.  

In the last two batch and continuous flow experiments, the same process was used to measure out 

36 grams of duckweed in order to achieve optimal surface density.  

3.2. Batch sampling 

During the first two batch experiments, 55 mL samples were retrieved from each duckweed 

container at 11:00 AM using syringes. Samples were then transferred into falcon tubes for lab 

analysis.  

During the last two batch experiments, the same methods were used to retrieve samples twice per 

day then transferred into falcon tubes. 

After sampling, daily measurements of pH, electrical conductivity (EC), temperature, and 

turbidity were taken using handheld field probes. A handheld pH meter was used to measure pH; 

a YSI EC meter was used to test electrical conductivity (EC) and temperature; and method 8237 

in the Hach DR900 spectrophotometer was used to determine turbidity. The specific procedure 

for turbidity can be found in Appendix A. In order to account for daily evapotranspiration, 

deionized (DI) water was added to each container with a syringe during the first three 

experiments. The water level was set with masking tape on the set up day. Every day evaporated 

water was replenished with DI water before taking the samples and measuring water quality 

parameters. For the final experiment, initial and final experiment volumes were recorded instead 

of the masking tape method.  

3.3. Continuous flow experimental setup 

Two 72 hour continuous flow experiments were conducted using three 12 liter duckweed ponds 

(DWPs) setup in the growing tunnels of the Newlands Mashu DEWATS site (Figure 3). This 

model mimics the dimensions of lab-scale DWPS used in a study previously (Nasr et al. 2008). 

DWP 1 contained Lemna minor, DWP 2 contained a mixture of Lemna minor and Wolffia 

arrhiza, and DWP 3 established a control without the presence of any duckweed. To achieve 

ideal growing conditions 600g/m2 of duckweed was added to DWP1 and DWP2. This surface 

density provided a loose coverage that prevented algal growth while providing enough space for 

duckweed growth. Each DWP was fed AF2 effluent from a standard pump at a flow rate of 0.333 

L/hr from a 25 liters influent reservoir (IR). The IR was filled with AF2 effluent twice daily, at 

10:00 AM and 1:00 PM, in order to provide uninterrupted flow of effluent to continuous flow 

systems. A flowrate of 0.333 L/hr (8L/day) was reached in order to achieve a two day hydraulic 
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residence time (HRT). Evapotranspiration was not accounted for in this setup due to time 

constraints. 

 

Figure 3. Continuous flow setup: Mixed DWP, Lemna DWP, and Control pond. AF 2 influent 

reservoir feeds ponds using two pumps; effluent collected in buckets. 

 

3.4. Continuous flow sampling 

For the first two days of each experiment, 90 mL samples were retrieved from the IR twice a 

day, after it had been filled with fresh AF2 effluent. At the end of the two-day HRT, 90mL 

samples were retrieved from each DWP effluent twice a day to account for variance of effluent 

water quality. All bottles with sample were stored in the Newlands refrigerator to await lab 

analysis.  

Similarly to the batch reactors studies, daily measurements of pH, electrical conductivity (EC), 

temperature, and turbidity were taken using handheld field probes. A handheld pH meter was 

used to measure pH; a YSI EC meter was used to test electrical conductivity (EC) and 

temperature; and method 8237 in the Hach DR900 spectrophotometer was used to determine 

turbidity. The specific procedure for turbidity can be found in Appendix A. Measurements were 

done at the IR and at the DWP effluent when filled up and after sampling.  
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3.5. Nutrient analysis 

All samples were filtered through .45 µm glass fiber filter before nutrient analysis was measured. 

3.5.1. Pillow packets 

Nutrient analysis was conducted in the lab at Newlands Mashu UKZN site using a Hach DR 900 

colorimeter/portable spectrophotometer, (Figure 4 and Figure 5). Samples were tested for 

concentrations of phosphate, ammonia, nitrate, and nitrite (methods 8048, 8155, 8153, and 8039, 

respectively). Powder pillows were used to test phosphate, ammonia, and nitrate in batch 

samples; nitrite was tested using this method in both batch and continuous flow systems. 

 

Figure 4. Nutrient testing methods: cuvettes setup for testing in DR 900 colorimeter 

(bottom). 

 

Both nitrite and nitrate tests required 20 mL of filtered sample; concentrations in undiluted 

samples were within the method ranges in the DR 900. 

In order to determine ammonia and phosphate concentrations within the ranges of the DR 900, 

dilutions were made in 100mL volumetric flasks pipetting 1mL of filtered sample and filling the 

rest with DI water. Then 10mL of that dilution were transferred to another 100mL volumetric 

flask and filled with DI water, making a total dilution of 1:1000. Ammonia and phosphate testing 

each used 20 mL of the final 1:1000 dilution. 
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The specific procedures for each nutrient can be found in Appendix B. 

 

 

Figure 5. Pillow packet methods: timers and cuvettes setup to test nitrate, nitrite, 

ammonia, and phosphate. DI water and a sample are used as blanks. 

 

3.5.2. AccuVac 

The Hach phosphate and nitrate methods using AccuVac Ampuls (methods 8048 and 8039, 

respectively) were used to test samples from both continuous flow experiments. 

In order to get phosphate concentrations within the instrument range, dilutions were made in 

100mL volumetric flasks pipetting 1mL of raw, filtered sample and filling the rest with DI water, 

making a total dilution of 1:100. Phosphate testing used 50 mL of the final 1:100 dilution. Nitrate 

testing did not require dilution. 

The specific procedures for nitrate and phosphate can be found in Appendix B 

3.5.3. AmVer- ammonia only 

In order to get ammonia concentrations within the instrument range, dilutions were made in 

10mL volumetric flasks pipetting 1mL of raw, filtered sample and filling the rest with DI water, 

making a total dilution of 1:10. Ammonia testing used 0.1mL of the final 1:10 dilution. 

The specific AmVer procedures for ammonia can be found in Appendix C. 
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3.6. Duckweed growth 

On the first day of each experiment, a majority of water was removed from the duckweed 

biomass using a salad spinner spun at a steady rate of 3 pumps per second for one minute. Then, 

approximately 30 grams were weighed on an analytical scale and added to containers with 3L of 

AF 2 effluent. 

An initial damp weight of approximately 36 grams was recorded before adding the duckweed to 

its respective container. On the final day of each experiment, pre-cut muslin cloth was soaked in 

water and then dewatered using a salad spinner. The damp weight of each muslin cloth was 

recorded. Duckweed was sieved from each container using a hand sieve and muslin cloth. This 

duckweed was then weighed using an analytical balance. The damp weight of the muslin cloth 

was subtracted from the total weight to compute the total damp duckweed weight. 

4. RESULTS1 

Biomass weight data for batch and then continuous flow findings are presented in Tables 1-5. 

Figures 6, 8, 10, 12, 13, and 15 present results for (a) PO4, (b) NH3, (c) NO2, and (d) NO3: 

natural log of nutrient concentration values graphed versus time. Slopes of these graphs 

approximate kinetic constants. Figures 7, 9, 11, and 14 present results for pH, turbidity, 

temperature, electrical conductivity, and dissolved oxygen: values graphed over time. 

Although results of the first two batch trials are included here, these results are suspect and 

should be disregarded. Appendices D through I list the raw data for batch and continuous trials. 

4.1. Batch Experiment 1 

Batch studies were used to evaluate the change of nutrient concentration in the water due to the 

treatment with duckweed. Controls were used to see the water quality changes undergoing in 

duckweed-free conditions. This trial used 30 grams of duckweed for the experiment. 

Water quality was not tested for the first batch experiment. Growth rate kinetics could not be 

determined for the first batch experiment. Appendix D contains raw nutrient concentration 

tables. 

Figure 6 graphs the natural log of nutrient concentrations for phosphate (a), ammonia (b), nitrate 

(c), and nitrite (d). Phosphate (a) kinetic constants varied from 0.0063/hr for control, -0.0008/hr 

for Lemna, and -0.0267/hr for mix.  There is a temporary spike on the second day, an indication 

of non-acclimated duckweed dying and releasing phosphate before the remaining duckweed 

absorbed it. Ammonia (b) kinetic constants varied from -0.0039/hr for control, -0.0047/hr for 

                                                 
1 Results are plotted as first-order reactions: natural log of nutrient concentrations. Some data points are 

missing in the graphs because some nutrient measurements were below detection levels, and were read as 

zero constants. 
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Lemna, and -0.0056/hr for mix. It seems that ammonia naturally decreased, an indication of 

nitrification, the biological oxidation of ammonia to nitrite. Nitrite (c) kinetic constants varied 

from -0.0116/hr for control, -0.0134/hr for Lemna, and -0.0127/hr for mix. Nitrite then oxides to 

nitrate. Nitrate (d) kinetic constants varied from -0.0355/hr for control, -0.0177/hr for Lemna, 

and -0.0034/hr for mix. 

 

Figure 6.  Duckweed batch experiment 1 results for (a) PO4, (b) NH3, (c) NO2, and (d) NO3: 

natural log of nutrient concentration values graphed versus time. 

 

4.2. Batch Experiment 2 

Figure 7 displays batch experiment setup 2 results for water quality. This trial used 30 grams of 

duckweed for the experiment. Appendix E contains raw nutrient concentration tables. 

PH showed an increase over the course of the experiment, which may have been caused by an 

increase in temperature or carbon dioxide released from dying duckweed (see Table 1 for 

evidence of negative duckweed growth). Despite an initial temperature drop, over the course of 

the experiment, the temperature increased again. Turbidity showed a declined over the course of 

the experiment on its own. Based on observation, duckweed seems to have sped up the process. 

EC dropped the first day, a sign of duckweed effectiveness, though perhaps such a drastic initial 

uptake caused duckweed to die, causing EC to increase again later.  



10 

Alexia Mackey  December 21, 2017 

 

 

Figure 7.  Duckweed batch experiment 2 water quality results for pH, turbidity, temperature, 

electrical conductivity, and dissolved oxygen: values graphed over time. 

 

Table 1 records biomass data for the first batch system. Negative growth was observed for the 

Lemna setup. Positive growth was observed for the mix setup.  

 

Table 1.  Duckweed batch experiment 2 biomass weight data. 

Batch 2 Initial DW (g) Cloth (g) Final total (g) Final DW (g) DW growth (g) 

Mix 1 30.069 19.343 51.841 32.498 2.43 

Mix 2 30.006 17.224 47.485 30.261 0.25 

Mix 3 30.021 17.157 42.585 25.428 -4.59 

Avg 30.032 17.908 47.304 29.396 -0.636 

St. Dev. 0.033 1.243 4.631 3.614 3.595 

Lemna 1 30.005 18.577 47.309 28.732 -1.27 

Lemna 2 30.057 13.493 42.145 28.652 -1.41 

Lemna 3 24.648 15.034 47.101 32.067 7.42 

Avg 28.237 15.701 45.518 29.817 1.580 
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Figure 8 displays batch experiment setup 2 nutrient results. Phosphate (a) kinetic constants 

varied from 0.0133/hr for control, -0.0073/hr for Lemna, and -0.0077/hr for mix. Ammonia (b) 

kinetic constants varied from -0.0039/hr for control, -0.0022/hr for Lemna, and -0.0042/hr for 

mix. Nitrite (c) kinetic constants varied from -0.0180/hr for control, -0.0210/hr for Lemna, and  

-0.0248/hr for mix. Not all nitrate (d) kinetic constants were analyzed, except for control with a k 

value of 0.0272/hr and mix with a zero k value for mix. Steadier levels for duckweed setups 

indicate duckweed also absorbed nitrite before nitrification.  

 

 

Figure 8.  Duckweed batch experiment 2 results for (a) PO4, (b) NH3, (c) NO2, and (d) NO3: 

natural log of nutrient concentration values graphed versus time. 

 

4.3. Batch Experiment 3 

Figure 9 displays batch experiment setup 3 water quality results. This trial used 36 grams of 

duckweed for the experiment.  

pH clearly increased over the course of the experiment when left unregulated. Literature does not 

explain why pH increases during duckweed growth. Turbidity clearly declined over the course of 

St. Dev. 3.108 2.607 2.923 1.949 5.057 
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the experiment on its own, though the duckweed seems to have sped up the process as nutrients 

were absorbed. Temperature could not be recorded on the third day. Temperature seems to have 

experienced an initial drop and recovered by the end of the experiment. EC was highest initially, 

due to recent agitation, followed by leveled out EC in calmer waters. 

 

 

Figure 9.  Duckweed batch experiment 3 water quality results for pH, turbidity, temperature, 

electrical conductivity, and dissolved oxygen: values graphed over time. 

 

The third experiment of the batch systems did not completely weigh final duckweed biomass for 

the mixed duckweed species, though as seen in Table 2, Lemna lost an average of 0.4 grams. 

Appendix F contains raw nutrient concentration tables. 

Table 2 shows inconclusive results for the mix setups, and uncertain results for Lemna. Other 

experiments show greater indications of duckweed growth.  

 

Table 2.  Duckweed batch experiment 3 biomass weight data. 

Batch 3 Initial DW (g) Cloth (g) Final total (g) Final DW (g) DW growth (g) 

Mix 1 36.222 18.777 NA NA NA 

Mix 2 36.020 19.828 NA NA NA 

Mix 3 36.177 18.012 NA NA NA 

Avg 36.140 18.872 NA NA NA 
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Figure 10 displays batch experiment setup 3 nutrient results. Control batches began to grow a 

white, filmy, slimy growth in the water on the edges of the tubs. If this issue came from the 

wastewater effluent, it could explain the increase in phosphate (a) concentrations. Phosphate 

kinetic constants varied from 0.0407/hr for control, 0.0281/hr for Lemna, and 0.0233/hr for mix. 

Duckweed continued to uptake ammonia (b), ranging from 30-40 mg/L of total removal. 

Ammonia kinetic constants varied from -0.0049/hr for control, -0.0025/hr for Lemna, and  

-0.0034/hr for mix. Negative constants indicate that the duckweed did uptake nitrite (c). Nitrite 

kinetic constants varied from 0.0095/hr for control, -0.0175/hr for Lemna, and -0.0131/hr for 

mix. The only kinetic constant found for nitrate (d) was -0.0136/hr for control. Duckweed setups 

had negligible concentrations since most nitrogen was absorbed by duckweed as ammonia or 

nitrite. 

 

Figure 10.  Duckweed batch experiment 3 results for (a) PO4, (b) NH3, (c) NO2, and (d) NO3: 

natural log of nutrient concentration values graphed versus time. 

St. Dev. 0.106 0.912 NA NA NA 

Lemna 1 36.170 17.394 58.765 41.371 5.201 

Lemna 2 36.232 16.823 NA NA NA 

Lemna 3 36.000 16.625 46.720 30.095 -5.905 

Avg 36.134 16.947 52.743 35.733 -0.352 

St. Dev. 0.120 0.399 8.517 7.973 7.853 
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4.4. Batch Experiment 4 

Figure 11 displays batch experiment setup 4 water quality results. This trial used 36 grams of 

duckweed for the experiment.  

pH clearly increased over the course of the experiment when left unregulated. Literature does not 

explain why pH increases during duckweed growth. Turbidity clearly declined over the course of 

the experiment, though the duckweed seems to have sped up the process as nutrients were 

absorbed. There is an initial temperature decline followed by an increase. EC was highest 

initially, due to recent agitation, followed by leveled out EC in calmer waters. This follows a 

similar trend to that of the previous experiment, Batch Experiment 3. 

During batch experiment 3, Lemna duckweed grew an average of 8.6 grams over four days, 

while the mixed Lemna and Wolffia grew 1.1 grams, as seen in Table 3. Inconsistency in results 

are due to human error. Appendix G also contains raw nutrient concentration tables. 

 

 

Figure 11.  Duckweed batch experiment 4 water quality results for pH, turbidity, temperature, 

electrical conductivity, and dissolved oxygen: values graphed over time. 

 

Table 3 shows positive average growth for both Lemna and mix setups. This indicates that 

duckweed is well suited for wastewater polishing in batch systems.  
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Table 3.  Duckweed batch experiment 4 biomass weight data. 

Batch 4 Initial DW (g) Cloth (g) Final total (g) Final DW (g) DW growth (g) 

Mix 1 36.060 18.177 60.845 42.668 6.608 

Mix 2 36.070 19.021 55.050 36.029 -0.041 

Mix 3 36.043 20.313 53.217 32.904 -3.139 

Avg 36.058 19.170 56.371 37.200 1.143 

St. Dev. 0.014 1.076 3.982 4.986 4.980 

Lemna 1 36.010 19.675 64.746 45.071 9.061 

Lemna 2 36.033 16.753 51.909 35.156 -0.877 

Lemna 3 36.017 17.268 70.931 53.663 17.646 

Avg 36.020 17.899 62.529 44.630 8.610 

St. Dev. 0.012 1.560 9.703 9.261 9.270 
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Figure 12 displays batch experiment setup 4 nutrient results. Control batches began to grow a 

white, filmy, slimy growth in the water on the edges of the tubs. If this issue came from the 

wastewater effluent, it could explain the strange phosphate (a) and ammonia (b) concentrations. 

Phosphate kinetic constants varied from -0.0054/hr for control, 0.0005/hr for Lemna, and 

0.0007/hr for mix. Ammonia kinetic constants varied from -0.0038/hr for control, -0.0012/hr for 

Lemna, and 0.0022/hr for mix. Lemna had the most stable results, while mixed duckweed and 

control were more susceptible to change from the effluent growth. The higher concentrations of 

nitrite (c) indicate an excess of nitrogen as ammonia. Nitrite kinetic constants varied from 

0.0154/hr for control, -0.0088/hr for Lemna, and 0.0139/hr for mix. As duckweed is not as 

effective at absorbing nitrate (d), the increase in concentrations is an indication of nitrification. 

Nitrate kinetic constants varied from 0.0078/hr for control, 0.0037/hr for Lemna, and 0.0121/hr 

for mix. 

 

 

Figure 12.  Duckweed batch experiment 4 results for (a) PO4, (b) NH3, (c) NO2, and (d) NO3: 

natural log of nutrient concentration values graphed versus time. 
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4.5. Continuous Flow Experiment 1  

Continuous flow experiments were conducted to mimic real life conditions in a wastewater 

treatment process, and should therefore be more beneficial for future use. Appendix H contains 

raw nutrient concentration tables. 

Water quality analyses for the first continuous flow experiment were not obtained. During 

continuous flow – experiment 1, Lemna duckweed grew 20.9 grams over four days, while the 

mixed Lemna and Wolffia lost 13 grams, as seen in Table 4.  

Table 4 indicates positive growth for the Lemna setup, but negative growth for the mixed setup. 

This could be a result of Wolffia not adapting well to wastewater conditions.  

 

Table 4.  Duckweed continuous flow experiment 1 biomass weight data. 

Continuous 1 Initial DW (g) Cloth (g) Final total (g) Final DW (g) DW growth (g) 

Mix 111 18.345 116.403 98.058 -12.942 

Lemna 111 19.512 151.384 131.872 20.872 
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Figure 13 displays continuous flow experiment setup 1 nutrient results. Phosphate (a) kinetic 

constants varied from 0.0121/hr for control, -0.0009/hr for Lemna, and 0.0033/hr for mix. While 

the control had an increase of phosphate concentration, setups with duckweed may have 

mitigated excess phosphate. The white filmy substance originated in this week (concurrent with 

Batch Experiment 3). The greater negative constants indicate that the duckweed did uptake 

ammonia (b). Ammonia kinetic constants varied from -0.0006/hr for control, -0.0021/hr for 

Lemna, and -0.0021/hr for mix. Nitrite (c) also experienced nitrification as well as some uptake 

by duckweed. Nitrite kinetic constants varied from 0.0085/hr for control, 0.0040/hr for Lemna, 

and -0.0036/hr for mix. Nitrate (d) kinetic constants varied from -0.0123/hr for control, 0.0130/hr 

for Lemna, and 0.0019/hr for mix. Nitrate concentrations were negligible. 

 

 

Figure 13.  Duckweed continuous flow experiment 1 results for (a) PO4, (b) NH3, (c) NO2, and 

(d) NO3: natural log of nutrient concentration values graphed versus time. 

 

 

4.6. Continuous Flow Experiment 2 

Figure 14 displays continuous flow experiment setup 2 results for water quality. Appendix I 

contains raw nutrient concentration tables. Fortunately pH remained fairly regular, indicating a 

more stable system that batch experiments. Influent turbidity was more variable with fresh AF 2, 
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but the turbidity stabilized once the water entered the system, which is consistent with the 

settling theory. Temperature remained fairly constant throughout the experiment as steady flow 

maintained a uniform temperature. EC was greatest in the first influent reservoir (IR), as it 

experienced the most agitation. The following two days taken from the DWPs had calmer waters, 

and therefore less EC. 

 

 

Figure 14.  Duckweed continuous flow experiment 2 water quality results for pH, turbidity, 

temperature, electrical conductivity, and dissolved oxygen: values graphed over time. 

 

During continuous flow – experiment 2, Lemna duckweed lost 29.7 grams over four days, while 

the mixed Lemna and Wolffia lost 16.4 grams, as seen in Table 5.  

As seen in Table 5, both Lemna and mix trials did not shown duckweed growth, implying that 

some factor killed duckweed.  

Table 5.  Duckweed continuous flow experiment 2 biomass weight data. 

Continuous 2 Initial DW (g) Cloth (g) Final total (g) Final DW (g) DW growth (g) 

Mix 111 22.640 103.966 81.326 -29.674 

Lemna 111 19.100 113.683 94.583 -16.417 

 

Figure 15 displays continuous flow experiment setup 2 nutrient uptake results. The white filmy 

substance remained in the system during in this week (concurrent with Batch Experiment 4). 

This may explain the erratic phosphate (a) results. Phosphate kinetic constants varied from 
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0.0022/hr for control, -0.0020/hr for Lemna, and 0.0027/hr for mix. Ammonia (b) kinetic 

constants varied from -0.0033/hr for control, -0.0020/hr for Lemna, and -0.0025/hr for mix. Once 

again, negative constants indicate that the duckweed did uptake ammonia (b), even as ammonia 

in the control setup naturally declined, indication of nitrification. Nitrite (c) kinetic constants 

varied from 0.0085/hr for control, 0.0040/hr for Lemna, and -0.0036/hr for mix. Nitrite also 

experienced nitrification as well as some uptake by duckweed, indicated by deeper slope of 

duckweed setups. Nitrate (d) kinetic constants varied from -0.0123/hr for control, 0.0130/hr for 

Lemna, and 0.0019/hr for mix.  

 

 

Figure 15.  Duckweed continuous flow experiment 2 results for (a) PO4, (b) NH3, (c) NO2, and 

(d) NO3: natural log of nutrient concentration values graphed versus time. 

 

 

5. DISCUSSION 

Due to inconsistent procedures and a change in the amount of duckweed in the first two batch 

trials, the results from these two trials are suspect and not equivalent to the last two batch trials 

or the continuous flow trials. 
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In the last two weeks of batch setup, the controls developed a white, filmy, slimy growth in the 

water on the edges of the tubs. This may have affected nutrient concentrations, and may have 

been caused by improper cleaning, or simply an abnormality within the DEWATS system. 

5.1 Batch Experiments 

Kinetics constants shown in Table 6 were read from slopes of batch trial nutrient removal graphs. 

Ammonia had roughly similar kinetics constants, while all other nutrients seemed entirely 

random. Duckweed senescence may have contributed to higher nutrient concentrations and 

should be considered in future designs. Over the time intervals of experiments, decreased 

concentrations were only observed for ammonia. Phosphate concentrations increased in batch 

systems, indicating a lack of effectiveness by duckweed for removal.  

 

Table 6.  Average kinetics constants for nutrients tested during batch trials. 

PHOSPHATE Control Lemna Mix   NITRITE Control Lemna Mix 

Batch 1 0.0063 -0.0008 -0.0267 

 

Batch 1 -0.0116 -0.0134 -0.0127 

Batch 2 0.0133 -0.0073 -0.0077 

 

Batch 2 -0.0180 -0.0210 -0.0248 

Batch 3 0.0407 0.0281 0.0233 

 

Batch 3 0.0095 -0.0175 -0.0131 

Batch 4 -0.0054 0.0005 0.0007 

 

Batch 4 0.0154 -0.0088 0.0139 

AMMONIA Control Lemna Mix   NITRATE Control Lemna Mix 

Batch 1 -0.0039 -0.0047 -0.0056 

 

Batch 1 -0.0355 -0.0177 0.0034 

Batch 2 -0.0039 -0.0022 -0.0042 

 

Batch 2 0.0272 NA 0.0000 

Batch 3 -0.0049 -0.0025 -0.0034 

 

Batch 3 -0.0136 NA NA 

Batch 4 -0.0038 -0.0012 0.0022   Batch 4 0.0078 0.0037 0.0121 

 

 

 

5.2 Continuous Flow Experiments 

Kinetics constants shown in Table 7 were read from slopes of nutrient removal graphs. 

Ammonia, nitrate, and nitrite had roughly similar kinetics constants, while phosphate seemed 

entirely random.  
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Over the time intervals of experiments, Lemna generated negative kinetic constants for 

phosphate, both duckweed strains generated negative kinetic constants for ammonia, and the mix 

generated negative kinetic constants for nitrite. The nitrification process may explain the increase 

in nitrate concentration for controls.  

Nutrient concentrations for phosphate, ammonia, nitrite, and nitrate are shown in Appendices D-

I. Continuous flow systems showed little and irregular changes in nutrients concentrations. 

Table 7.  Average kinetics constants for nutrients tested during continuous flow trials. 

PHOSPHATE Control Lemna Mix   NITRITE Control Lemna Mix 

Cont. 1 0.0121 -0.0009 0.0033 

 

Cont. 1 0.0085 0.0040 -0.0036 

Cont. 2 0.0022 -0.0020 0.0027 

 

Cont. 2 0.0085 0.0040 -0.0036 

AMMONIA Control Lemna Mix   NITRATE Control Lemna Mix 

Cont. 1 -0.0006 -0.0021 -0.0021 

 

Cont. 1 -0.0123 0.0130 0.0019 

Cont. 2 -0.0033 -0.0020 -0.0025   Cont. 2 -0.0123 0.0130 0.0019 

 

Cedergreen and Madsen (2002) studied the nitrogen uptake by Lemna minor and found that the 

species grows in a source mixed with ammonium (NH4
+) and nitrate (NO3

+) at a 1:1 ratio. The 

duckweed preferentially took up NH4
+, particularly at low nitrogen availability. This may explain 

the relative persistence of ammonia constants. Zhang et al. (2013) also claims that duckweed 

preferentially absorbs ammonia rather than nitrate because nitrogen in ammonia form is 

transformed directly to plant protein, rather than being assimilated and subsequently reduced, as 

in the case of nitrate (El-Shafai et al. 2007). Results did support this hypothesis to some extent. 

As ammonia concentrations decreased, nitrite and nitrate concentrations increased, indicating 

that nitrification occurred. Changes in conditions throughout the day could explain variations, as 

conditions like temperature affect nitrification and denitrification processes.  

Electrical conductivity gives an indication of the mineral ion content of water. The parameter 

does not however give an indication as to which ions might be present. High levels of 

conductivity would indicate that there is a wide range of mineral ions in the wastewater that 

could be a problematic during treatment (Dalu & Ndamba 2003). In the present experiments, 

consistent procedures were established by batch trials 3 and 4, and those water quality 

measurements offer the most reliable data. EC levels between these trials are similar. However, 

EC tested in the second continuous flow trial had quite the opposite trend to those of batch trials. 

It is reasonable to conclude that a difference in system type affects EC, as one allows settlement 

while the other is constantly disturbed. There has been little prior research correlating EC with 

duckweed uptake of nutrients. Iqbal et al. (2017) conducted batch experiments correlating EC 
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with duckweed growth. They reported that after 25 days of retention time of duckweed on 

leachate, maximum removal of nutrients and COD and duckweed growth was observed at 1,000 

µS/cm EC of the leachate. Growth rate and nutrient & COD removal efficiency decreased with 

an increase or decrease in EC, and higher EC levels yielded greater reduction in growth rates and 

duckweed removal efficiency. 

Each experiment applied an HRT of four days. This aligns with the recommendations of Körner 

and Vermaat (1998) based on their experiments, wherein Lemna gibba acclimated to undiluted 

wastewater (replaced once per week) in plastic trays (40×35×8 cm) for 3 months before starting 

batch trials. Trials lasted for 3 days because previous experiments had shown that approximately 

80% of the removal was already reached within this period in the applied systems. However, 

other researchers suggest that this may not have been sufficient time for duckweed to polish 

wastewater effluent. Nasr et al. (2009) operated duckweed ponds as post-treatment at 10 days 

and 15 days. They noted that a 15-day HRT gave the best results and removed 73.4% of nitrogen 

and 65% of phosphorus. El-Shafai et al. (2007) stated that while a duckweed treatment system is 

not strongly temperature dependent at high HRT, it may be affected by temperature at low HRT. 

It is reasonable to conclude that the scattered temperatures for the experiments in this study may 

have affected duckweed nutrient removal.  

The mixture of Lemna with Wolffia had little to no effect on the nutrient uptake. Many times the 

mix experiment had the same effect as the control or the pure Lemna. It seems that there was 

some nutrient uptake by duckweed in all experiments.  

The data indicate that high dilutions did not yield accurate results. Other methods with wider 

instrument ranges to measure nutrients are recommended for future studies. 

Additionally, experiments with longer hydraulic residence times (exceeding 96 hours) could 

yield better results, especially if more samples were consistently taken at the same time each day. 

Nutrient analysis of the duckweed biomass itself would also yield further insight into duckweed 

effectiveness. Further studies could also investigate duckweed polishing wastewater, and then 

being used as a fertilizer or stockfeed. Prior studies have noted the high protein content of such 

duckweed (Lasfar et al. 2007; Nasr et al. 2009; Zhang et al. 2013). 

6. CONCLUSION 

Over the time intervals of these experiments, decreased nutrient concentrations were only 

observed for ammonia. Phosphate concentrations increased in batch systems, indicating a lack of 

effectiveness by duckweed for removal. Continuous flow systems showed no change in nutrients 

concentrations. Overall, results were inconclusive and distinct trends could not be identified.  

The end results for the present studies demonstrated that duckweed did minimal, if any, polishing 

of wastewater. There should be further studies with longer hydraulic residence times and more 

frequent water quality and nutrient removal readings to further prove or disprove the hypothesis 

that duckweed is an effective polishing treatment for DEWATS effluent. The sample size should 
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increase from three to at least 20 in order to capture trends. The study should also be replicated at 

other DEWATS sites around the world to test duckweed effectiveness in different climate 

conditions and DEWATS efficiencies. If these results could be obtained, it would greatly 

contribute to effective sanitation for impoverished communities. 
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APPENDIX A. DR 900 TURBIDITY METHOD 
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APPENDIX B. DR 900 PILLOW PACKET AND ACCUVAC PROCEDURES 
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APPENDIX C. DR 900 AMMONIA AMVER PROCEDURE 
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APPENDIX D. BATCH SYSTEM- EXPERIMENT 1 TABLES 

 

Table 8.  Duckweed batch experiment 1 - raw nutrient concentration data. 

DR 900 Colorimeter- AF 2- Mladenov           

    July 10- Day 1 

Control   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 11 7 5 7.7 3.1 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0.0 

1:1,000 NH3 (mg/L) 0.2 0.1 0.1 0.15 0.0 

times dilution factor NH3 (mg/L) 180 130 130 146.7 28.9 

1:1,000 PO4 (mg/L) 0.1 0.1 0 0.04 0.0 

times dilution factor PO4 (mg/L) 50 50 20 40 17.3 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 12 6 12 10 3.5 

nD NO3 (mg/L) 1.5 0.3 0.0 0.6 0.8 

1:1,000 NH3 (mg/L) 0.2 0.1 0.1 0.14 0.0 

times dilution factor NH3 (mg/L) 150 140 140 143.33 5.8 

1:1,000 PO4 (mg/L) 0 0.00 0.1 0.03 0.0 

times dilution factor PO4 (mg/L) 40 0 60 33.33 30.6 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 9 8 6 7.7 1.5 

nD NO3 (mg/L) 0.0 0.0 0.5 0.17 0.3 

1:1,000 NH3 (mg/L) 0.2 0.1 0.1 0.16 0.0 

times dilution factor NH3 (mg/L) 200 140 130 156.67 37.9 

1:1,000 PO4 (mg/L) 0.1 0.00 0.00 0.023 0.0 
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times dilution factor PO4 (mg/L) 70 0 0 23.33 40.4 

    July 11- Day 2 

Control   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 35 35 35 35 0 

nD NO3 (mg/L) 1.1 1.1 1.0 1.1 0.058 

1:1,000 NH3 (mg/L) 0.29 0.3 0.26 0.26 0.019 

times dilution factor NH3 (mg/L) 285 250 255 263.3 18.930 

1:1,000 PO4 (mg/L) 0.1 0.1 0.1 0.092 0.006 

times dilution factor PO4 (mg/L) 95 85 95 91.7 5.774 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 6 6 6 6.00 0 

nD NO3 (mg/L) 0.0 0.0 0.0 0.00 0 

1:1,000 NH3 (mg/L) 0.3 0.3 0.3 0.26 0 

times dilution factor NH3 (mg/L) 260 260 260 260.00 0 

1:1,000 PO4 (mg/L) 0.1 0.1 0.2 0.08 0.058 

times dilution factor PO4 (mg/L) 50 50 150 83.33 57.735 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 11 11 11 11 0 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0 

1:1,000 NH3 (mg/L) 0.26 0.26 0.3 0.27 0.020 

times dilution factor NH3 (mg/L) 255 255 290 267 20.207 

1:1,000 PO4 (mg/L) 0.08 0.1 0.1 0.10 0.023 

times dilution factor PO4 (mg/L) 75 90 120 95 22.913 

    July 12- Day 3 

Control   1 2 3 Avg St. Dev.  
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nD NO2 (mg/L) 0.5 4 27 10.5 14.40 

nD NO3 (mg/L) 7.6 50 0.3 19.3 26.84 

1:1,000 NH3 (mg/L) 0.2 0.2 0.2 0.18 0.04 

times dilution factor NH3 (mg/L) 220 150 160 177 37.86 

1:1,000 PO4 (mg/L) 0 0.1 0 0.05 0.03 

times dilution factor PO4 (mg/L) 40 80 20 47 30.55 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 6 0 8 4.7 4.16 

nD NO3 (mg/L) 0.0 0.1 4.0 1.4 2.28 

1:1,000 NH3 (mg/L) 0.1 0.1 0.2 0.14 0.03 

times dilution factor NH3 (mg/L) 120 140 170 143 25.17 

1:1,000 PO4 (mg/L) 0.1 0.00 0.10 0.05 0.05 

times dilution factor PO4 (mg/L) 50 0 100 50 50 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 20 5 10 12 7.64 

nD NO3 (mg/L) 0.3 0.3 0.0 0.2 0.17 

1:1,000 NH3 (mg/L) 0.1 0.2 0.1 0.14 0.01 

times dilution factor NH3 (mg/L) 140 150 140 143 5.77 

1:1,000 PO4 (mg/L) 0.00 0 0 0.01 0.01 

times dilution factor PO4 (mg/L) 0 10 10 6.7 5.77 

    July 13- Day 4 

Control   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 3.0 3.0 2.0 2.7 0.577 

nD NO3 (mg/L) 0.3 0.1 0.2 0.2 0.1 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.12 0.006 
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times dilution factor NH3 (mg/L) 120 130 120 123 5.774 

1:1,000 PO4 (mg/L) 0.2 0 0 0.08 0.093 

times dilution factor PO4 (mg/L) 190 20 40 83 92.916 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 3.0 5.0 3.0 3.7 1.155 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.12 0.01 

times dilution factor NH3 (mg/L) 110 130 120 120 10 

1:1,000 PO4 (mg/L) 0.1 0.1 0.00 0.037 0.032 

times dilution factor PO4 (mg/L) 60 50 0 37 32.146 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 2.0 3.0 3.0 2.7 0.577 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.12 0.006 

times dilution factor NH3 (mg/L) 120 130 120 123 5.774 

1:1,000 PO4 (mg/L) 0 0.00 0.00 0.007 0.012 

times dilution factor PO4 (mg/L) 20 0 0 6.667 11.547 
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APPENDIX E. BATCH SYSTEM- EXPERIMENT 2 TABLES 

 

Table 9.  Duckweed batch experiment 2 - raw nutrient concentration data. 

DR 900 Colorimeter- AF 2- Mladenov           

    July 17- Day 1 

Control   1 2 3 Avg St. Dev. 

nD NO2 (mg/L) 8 11 9 9.3 1.5 

nD NO3 (mg/L) 0.2 0.0 0.2 0.13 0.1 

1:1,000 NH3 (mg/L) 0.2 0.2 0.2 0.18 0.0 

times dilution factor NH3 (mg/L) 190 170 180 180 10.0 

1:1,000 PO4 (mg/L) 0 0 0 0.02 0.0 

times dilution factor PO4 (mg/L) 20 20 10 17 5.8 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 5 8 6 6.3 1.5 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.0 

1:1,000 NH3 (mg/L) 0.1 0.2 0.1 0.14 0.0 

times dilution factor NH3 (mg/L) 140 150 140 143 5.8 

1:1,000 PO4 (mg/L) 0.1 0.03 0.09 0.083 0.1 

times dilution factor PO4 (mg/L) 130 30 90 83.3 50.3 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 8 8 12 9.3 2.3 

nD NO3 (mg/L) 0.2 0.1 0.0 0.1 0.1 

1:1,000 NH3 (mg/L) 0.2 0.2 0.2 0.18 0.0 

times dilution factor NH3 (mg/L) 150 220 160 176.7 37.9 

1:1,000 PO4 (mg/L) 0.1 0.2 0.1 0.1 0.1 
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times dilution factor PO4 (mg/L) 90 160 50 100 55.7 

    July 18- Day 2 

Control   1 2 3 Avg St. Dev. 

nD NO2 (mg/L) 12 7 17 12 5 

nD NO3 (mg/L) 0.6 0.2 0.3 0.37 0.208 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.13 0.01 

times dilution factor NH3 (mg/L) 120 130 140 130 10 

1:1,000 PO4 (mg/L) 0.2 0 0.1 0.10 0.067 

times dilution factor PO4 (mg/L) 160 30 120 103 66.583 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 5 4 6 5.0 1 

nD NO3 (mg/L) 0.0 0.2 0.2 0.1 0.115 

1:1,000 NH3 (mg/L) 0.2 0.2 0.2 0.15 0.006 

times dilution factor NH3 (mg/L) 160 150 150 153 5.774 

1:1,000 PO4 (mg/L) 0.1 0.35 0.07 0.163 0.162 

times dilution factor PO4 (mg/L) 70 350 70 163.3 161.658 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 4 3 4 3.7 0.577 

nD NO3 (mg/L) 0.0 0.2 0.2 0.13 0.115 

1:1,000 NH3 (mg/L) 0.1 0.2 0.1 0.14 0.006 

times dilution factor NH3 (mg/L) 140 150 140 143.3 5.774 

1:1,000 PO4 (mg/L) 0.1 0.00 0 0.03 0.026 

times dilution factor PO4 (mg/L) 50 0 40 30 26.458 

    July 19- Day 3 

Control   1 2 3 Avg St. Dev. 
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nD NO2 (mg/L) 7 7 6 6.67 0.58 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0.00 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.13 0.01 

times dilution factor NH3 (mg/L) 120 120 140 127 11.55 

1:1,000 PO4 (mg/L) 0 0 0.00 0.02 0.02 

times dilution factor PO4 (mg/L) 10 40 0 17 20.82 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 3 4 4 3.7 0.58 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.00 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.12 0.01 

times dilution factor NH3 (mg/L) 130 110 120 120 10.00 

1:1,000 PO4 (mg/L) 0 0.01 0.08 0.03 0.04 

times dilution factor PO4 (mg/L) 0 10 80 30 43.59 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 6 12 5 7.67 3.79 

nD NO3 (mg/L) 0.0 0.0 0.3 0.1 0.17 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.13 0.00 

times dilution factor NH3 (mg/L) 130 130 130 130 0.00 

1:1,000 PO4 (mg/L) 0.00 0 0 0.0167 0.02 

times dilution factor PO4 (mg/L) 0 40 10 16.67 20.82 

    July 20- Day 4 

Control   1 2 3 Avg St. Dev. 

nD NO2 (mg/L) 1 3 4 2.67 1.528 

nD NO3 (mg/L) 1.2 1.6 0.2 1 0.721 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.13 0.006 
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times dilution factor NH3 (mg/L) 130 130 140 133 5.774 

1:1,000 PO4 (mg/L) 0.1 0.1 0.1 0.09 0.02 

times dilution factor PO4 (mg/L) 110 90 70 90 20 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 2 0 2 1.3 1.155 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0 

1:1,000 NH3 (mg/L) 0.1 0.1 0.1 0.13 0.017 

times dilution factor NH3 (mg/L) 110 140 140 130 17.321 

1:1,000 PO4 (mg/L) 0.1 0.06 0.08 0.0633 0.015 

times dilution factor PO4 (mg/L) 50 60 80 63.33 15.275 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 3 0 0 1 1.732 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0 

1:1,000 NH3 (mg/L) 0.1 0.1 0.2 0.13 0.017 

times dilution factor NH3 (mg/L) 120 120 150 130 17.321 

1:1,000 PO4 (mg/L) 0.1 0.1 0 0.067 0.050 

times dilution factor PO4 (mg/L) 60 120 20 66.67 50.332 
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APPENDIX F. BATCH SYSTEM- EXPERIMENT 3 TABLES 

 

Table 10. Duckweed batch experiment 3 - raw nutrient concentration data. 

DR 900 Colorimeter- AF 2- Mladenov     

    July 24- Day 1- 1PM 

Control   1 2 3 Avg St. Dev. 

nD NO2 (mg/L) 2 3 3 2.7 0.6 

nD NO3 (mg/L) 0.3 0.2 0.2 0.23 0.1 

1:1,000 NH3 (mg/L) 0.17 0.17 0.17 0.17 0.0 

times dilution factor NH3 (mg/L) 170 170 170 170 0.0 

1:1,000 PO4 (mg/L) 0.02 0.01 0.02 0.02 0.0 

times dilution factor PO4 (mg/L) 20 10 20 17 5.8 

Lemna   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 5 3 4 4.0 1.0 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.0 

1:1,000 NH3 (mg/L) 0.15 0.14 0.13 0.14 0.0 

times dilution factor NH3 (mg/L) 150 140 130 140 10.0 

1:1,000 PO4 (mg/L) 0.05 0.05 0.05 0.050 0.0 

times dilution factor PO4 (mg/L) 50 50 50 50.0 0.0 

Mix   1 2 3 Avg St. Dev.  

nD NO2 (mg/L) 3 3 3 3.0 0.0 

nD NO3 (mg/L) 0 0.0 0.0 0 0.0 

1:1,000 NH3 (mg/L) 0.14 0.15 0.13 0.14 0.0 

times dilution factor NH3 (mg/L) 140 150 130 140.0 10.0 

1:1,000 PO4 (mg/L) 0.03 0.03 0.03 0.03 0.0 

times dilution factor PO4 (mg/L) 30 30 30 30 0.0 
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    July 25- Day 2- 11AM 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 6 8 6.7 6.9 1.015 

nD NO3 (mg/L) 0.4 0.2 0.6 0.40 0.2 

1:1,000 NH3 (mg/L) 0.17 0.26 0.18 0.20 0.049 

times dilution factor NH3 (mg/L) 170 260 180 203 49.329 

1:1,000 PO4 (mg/L) 0.00 0.05 0.02 0.02 0.025 

times dilution factor PO4 (mg/L) 0 50 20 23 25.166 

Lemna   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 6 6 4 5.3 1.155 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.000 

1:1,000 NH3 (mg/L) 0.18 0.16 0.12 0.15 0.031 

times dilution factor NH3 (mg/L) 180 160 120 153 30.551 

1:1,000 PO4 (mg/L) 0.03 0.00 0.00 0.01 0.017 

times dilution factor PO4 (mg/L) 30 0 0 10 17.321 

Mix   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 2 6 6 4.7 2.309 

nD NO3 (mg/L) 0.0 0.0 0.3 0.10 0.173 

1:1,000 NH3 (mg/L) 0.22 0.14 0.14 0.17 0.046 

times dilution factor NH3 (mg/L) 220 140 140 166.7 46.188 

1:1,000 PO4 (mg/L) 0.02 0.00 0.04 0.02 0.02 

times dilution factor PO4 (mg/L) 20 0 40 20 20 
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    July 25- Day 2- 1:45PM 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 6 5 7 6 1 

nD NO3 (mg/L) 0.0 0.4 0.0 0.13 0.231 

1:1,000 NH3 (mg/L) 0.25 0.21 0.27 0.24 0.031 

times dilution factor NH3 (mg/L) 250 210 270 243 30.551 

1:1,000 PO4 (mg/L) 0.02 0.00 0.02 0.01 0.012 

times dilution factor PO4 (mg/L) 20 0 20 13 11.547 

Lemna   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 6 5 5 5.3 0.577 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0 

1:1,000 NH3 (mg/L) 0.13 0.12 0.11 0.12 0.01 

times dilution factor NH3 (mg/L) 130 120 110 120 10 

1:1,000 PO4 (mg/L) 0.02 0.00 0.00 0.0067 0.012 

times dilution factor PO4 (mg/L) 20 0 0 6.67 11.547 

Mix   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 4 5 0 3.0 2.646 

nD NO3 (mg/L) 0.0 0.9 0.0 0.30 0.520 

1:1,000 NH3 (mg/L) 0.12 0.12 0.12 0.12 0 

times dilution factor NH3 (mg/L) 120 120 120 120.0 0 

1:1,000 PO4 (mg/L) 0.00 0.00 0.00 0 0 

times dilution factor PO4 (mg/L) 0 0 0 0 0 
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    July 26- Day 3- 2:45PM 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 4 0 0 1.33 2.31 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0.00 

1:1,000 NH3 (mg/L) 0.21 0.15 0.14 0.17 0.04 

times dilution factor NH3 (mg/L) 210 150 140 167 37.86 

1:1,000 PO4 (mg/L) 0.09 0.21 0.19 0.16 0.06 

times dilution factor PO4 (mg/L) 90 210 190 163 64.29 

Lemna   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 1 9 11 7.0 5.29 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.00 

1:1,000 NH3 (mg/L) 0.15 0.14 0.16 0.15 0.01 

times dilution factor NH3 (mg/L) 150 140 160 150 10.00 

1:1,000 PO4 (mg/L) 0.28 0.06 0.08 0.14 0.12 

times dilution factor PO4 (mg/L) 280 60 80 140 121.66 

Mix   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 1 2 3 2.00 1.00 

nD NO3 (mg/L) 0.0 0.0 0.0 0 0.00 

1:1,000 NH3 (mg/L) 0.13 0.13 0.12 0.127 0.01 

times dilution factor NH3 (mg/L) 130 130 120 126.67 5.77 

1:1,000 PO4 (mg/L) 0.12 0.16 0.06 0.113 0.05 

times dilution factor PO4 (mg/L) 120 160 60 113.33 50.33 
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    July 27- Day 4- 11:30AM 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 15 0 2 5.67 8.14 

nD NO3 (mg/L) 0 0.1 0.2 0.1 0.10 

1:1,000 NH3 (mg/L) 0.16 0.12 0.18 0.15 0.03 

times dilution factor NH3 (mg/L) 160 120 180 153 30.55 

1:1,000 PO4 (mg/L) 0.26 0.10 0.12 0.16 0.09 

times dilution factor PO4 (mg/L) 260 100 120 160 87.18 

Lemna   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 0 1 2 1.0 1.00 

nD NO3 (mg/L) 0.0 0.0 0.2 0.1 0.12 

1:1,000 NH3 (mg/L) 0.17 0.10 0.10 0.12 0.04 

times dilution factor NH3 (mg/L) 170 100 100 123 40.41 

1:1,000 PO4 (mg/L) 0.11 0.12 0.09 0.1067 0.02 

times dilution factor PO4 (mg/L) 110 120 90 106.67 15.28 

Mix   1 2 3 Avg St. Dev.  

tested in batch Initial mass (g)           

nD NO2 (mg/L) 2 3 2 2.33 0.58 

nD NO3 (mg/L) 0.0 0.0 0.0 0.00 0.00 

1:1,000 NH3 (mg/L) 0.14 0.11 0.10 0.1167 0.02 

times dilution factor NH3 (mg/L) 140 110 100 116.67 20.82 

1:1,000 PO4 (mg/L) 0.09 0.09 0.08 0.0867 0.01 

times dilution factor PO4 (mg/L) 90 90 80 86.67 5.77 
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APPENDIX G. BATCH SYSTEM- EXPERIMENT 4 TABLES 

 

Table 11. Duckweed batch experiment 4 - raw nutrient concentration data. 

DR 900 Colorimeter- AF 2- Mladenov           

    July 31- Day 1- 11am 

Control   1 2 3 Avg St. Dev. 

nD NO2 (mg/L) 0 10 0 3.3 5.8 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.0 

1:1,000 NH3 (mg/L) 0.11 0.12 0.13 0.12 0.0 

times dilution factor NH3 (mg/L) 110 120 130 120 10.0 

1:1,000 PO4 (mg/L) 0.19 0.09 0.07 0.12 0.1 

times dilution factor PO4 (mg/L) 190 90 70 117 64.3 

Lemna   1 2 3 Avg St. Dev. 

nD NO2 (mg/L) 3 0 0 1.0 1.7 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.0 

1:1,000 NH3 (mg/L) 0.13 0.16 0.15 0.15 0.0 

times dilution factor NH3 (mg/L) 130 160 150 147 15.3 

1:1,000 PO4 (mg/L) 0.06 0.08 0.05 0.063 0.0 

times dilution factor PO4 (mg/L) 60 80 50 63.3 15.3 

Mix   1 2 3 Avg St. Dev. 

nD NO2 (mg/L) 0 0 1 0.3 0.6 

nD NO3 (mg/L) 0.0 0.0 0.0 0.0 0.0 

1:1,000 NH3 (mg/L) 0.14 0.14   0.14 0.0 

times dilution factor NH3 (mg/L) 140 140 0 93.3 80.8 

1:1,000 PO4 (mg/L) 0.12 0.06 0.04 0.073 0.0 

times dilution factor PO4 (mg/L) 120 60 40 73.3 41.6 
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    August 1- Day 2- 10am 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 13 18 10 13.67 4.041 

nD NO3 (mg/L) 1.9 2.2 1.5 1.87 0.351 

1:1,000 NH3 (mg/L) 0.22 0.15 0.18 0.18 0.035 

times dilution factor NH3 (mg/L) 220 150 180 183 35.119 

1:1,000 PO4 (mg/L) 0.20 0.20 0.18 0.19 0.012 

times dilution factor PO4 (mg/L) 200 200 180 193 11.547 

Lemna   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 7 11 8 8.7 2.082 

nD NO3 (mg/L) 1.2 0 0.9 0.7 0.624 

1:1,000 NH3 (mg/L) 0.11 0.13 0.12 0.12 0.01 

times dilution factor NH3 (mg/L) 110 130 120 120 10 

1:1,000 PO4 (mg/L) 0.11 0.13 0.11 0.117 0.012 

times dilution factor PO4 (mg/L) 110 130 110 116.67 11.547 

Mix   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 10 8 5 7.7 2.517 

nD NO3 (mg/L) 1.6 0.9 0.0 0.83 0.802 

1:1,000 NH3 (mg/L) 0.16 0.13 0.14 0.14 0.015 

times dilution factor NH3 (mg/L) 160 130 140 143.3 15.275 

1:1,000 PO4 (mg/L) 0.12 0.07 0.08 0.09 0.026 

times dilution factor PO4 (mg/L) 120 70 80 90 26.458 
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    August 1- Day 2- 1:30pm 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 14 12 10 12 2 

nD NO3 (mg/L) 2.2 1.4 0.5 1.37 0.850 

1:1,000 NH3 (mg/L) 0.2 0.27 0.16 0.21 0.056 

times dilution factor NH3 (mg/L) 200 270 160 210 55.678 

1:1,000 PO4 (mg/L) 0.08 0.06 0.07 0.07 0.01 

times dilution factor PO4 (mg/L) 80 60 70 70 10 

Lemna   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 8 8 7 7.7 0.577 

nD NO3 (mg/L) 1.4 1.2 0.7 1.1 0.361 

1:1,000 NH3 (mg/L) 0.14 0.12 0.11 0.12 0.015 

times dilution factor NH3 (mg/L) 140 120 110 123 15.275 

1:1,000 PO4 (mg/L) 0.13 0.10 0.08 0.103 0.025 

times dilution factor PO4 (mg/L) 130 100 80 103.3 25.166 

Mix   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 6 8 7 7.0 1 

nD NO3 (mg/L) 1.0 0.9 0.4 0.77 0.321 

1:1,000 NH3 (mg/L) 0.12 0.11 0.11 0.11 0.006 

times dilution factor NH3 (mg/L) 120 110 110 113.3 5.774 

1:1,000 PO4 (mg/L) 0.1 0.09 0.08 0.09 0.01 

times dilution factor PO4 (mg/L) 100 90 80 90 10 
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    August 2- Day 3- 10:30am 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 12 17 10 13.00 3.61 

nD NO3 (mg/L) 3.3 2.5 2.1 2.633 0.61 

1:1,000 NH3 (mg/L) 0.13 0.13 0.11 0.12 0.01 

times dilution factor NH3 (mg/L) 130 130 110 123 11.55 

1:1,000 PO4 (mg/L) 0.41 0.06 0.09 0.19 0.19 

times dilution factor PO4 (mg/L) 410 60 90 187 193.99 

Lemna   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 5 4 6 5.0 1 

nD NO3 (mg/L) 1.2 0.6 1.3 1.0 0.379 

1:1,000 NH3 (mg/L) 0.16 0.12 0.12 0.13 0.023 

times dilution factor NH3 (mg/L) 160 120 120 133 23.094 

1:1,000 PO4 (mg/L) 0.04 0.04 0.16 0.08 0.069 

times dilution factor PO4 (mg/L) 40 40 160 80 69.282 

Mix   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 7 5 5 5.67 1.15 

nD NO3 (mg/L) 1.8 1.1 1.2 1.367 0.38 

1:1,000 NH3 (mg/L) 0.11 0.12 0.13 0.12 0.01 

times dilution factor NH3 (mg/L) 110 120 130 120 10.00 

1:1,000 PO4 (mg/L) 0.08 0.02 0.13 0.0767 0.06 

times dilution factor PO4 (mg/L) 80 20 130 76.67 55.08 
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    August 2- Day 3- 1:45pm 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 16 19 12 15.67 3.512 

nD NO3 (mg/L) 3.6 3.6 1.8 3.0 1.039 

1:1,000 NH3 (mg/L) 0.10 0.12 0.14 0.12 0.02 

times dilution factor NH3 (mg/L) 100 120 140 120 20 

1:1,000 PO4 (mg/L) 0.10 0.03 0.13 0.09 0.051 

times dilution factor PO4 (mg/L) 100 30 130 87 51.316 

Lemna   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 3 3 4 3.3 0.577 

nD NO3 (mg/L) 1.2 1.1 0.7 1.0 0.265 

1:1,000 NH3 (mg/L) 0.12 0.12 0.14 0.13 0.012 

times dilution factor NH3 (mg/L) 120 120 140 127 11.547 

1:1,000 PO4 (mg/L) 0.07 0.09 0.07 0.0767 0.012 

times dilution factor PO4 (mg/L) 70 90 70 76.67 11.547 

Mix   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 4 3 4 3.67 0.577 

nD NO3 (mg/L) 1.6 1.0 0.8 1.133 0.416 

1:1,000 NH3 (mg/L) 0.12 0.12 0.11 0.1167 0.006 

times dilution factor NH3 (mg/L) 120 120 110 116.67 5.774 

1:1,000 PO4 (mg/L) 0.08 0.07 0.08 0.0767 0.006 

times dilution factor PO4 (mg/L) 80 70 80 76.67 5.774 
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    August 3- Day 4- 10:45am 

Control   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g)           

nD NO2 (mg/L) 14 13 8 11.67 3.215 

nD NO3 (mg/L) 3.1 1.2 1.8 2.033 0.971 

1:1,000 NH3 (mg/L) 0.12 0.12 0.11 0.12 0.006 

times dilution factor NH3 (mg/L) 120 120 110 117 5.774 

1:1,000 PO4 (mg/L) 0.15 0.03 0.04 0.07 0.067 

times dilution factor PO4 (mg/L) 150 30 40 73 66.583 

Lemna   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g) 45.07 35.16 52.75 44.327 8.82 

nD NO2 (mg/L) 1 1 0 0.7 0.577 

nD NO3 (mg/L) 0.7 0.9 1.5 1.0 0.416 

1:1,000 NH3 (mg/L) 0.15 0.11 0.12 0.13 0.021 

times dilution factor NH3 (mg/L) 150 110 120 127 20.817 

1:1,000 PO4 (mg/L) 0.00 0.24 0.01 0.083 0.136 

times dilution factor PO4 (mg/L) 0 240 10 83.3 135.769 

Mix   1 2 3 Avg St. Dev. 

tested in batch Initial mass (g) 42.67 36.03 32.9 37.200 4.99 

nD NO2 (mg/L) 2 0 2 1.33 1.155 

nD NO3 (mg/L) 1.5 1.3 1.3 1.367 0.115 

1:1,000 NH3 (mg/L) 0.13 0.12 0.11 0.12 0.01 

times dilution factor NH3 (mg/L) 130 120 110 120 10 

1:1,000 PO4 (mg/L) 0.17 0.01 0.05 0.0767 0.083 

times dilution factor PO4 (mg/L) 170 10 50 76.67 83.267 
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APPENDIX H. CONTINUOUS FLOW- EXPERIMENT 1 TABLES 

Table 12. Duckweed continuous flow experiment 1 - raw nutrient concentration data. 

DR 900 Colorimeter- AF 2- Mladenov Day 1 Day 2 Day 2 Day 4 Day 4 

  

July 24- 

1PM 

July 25- 

10AM 

July 25- 

1PM 

July 27- 

11:11am 

July 27- 

1:46pm 

Control   influent influent influent effluent effluent 

nD NO2 (mg/L) 4 4 2 7 5 

nD NO3 (mg/L) 0.4 0.6 0.5 0.5 0.1 

1:10 NH3 (mg/L) 6 7 6 6 6 

times dilution factor NH3 (mg/L) 60 70 60 60 60 

1:100 PO4 (mg/L) 0.15 0.25 0.20 0.17 0.8 

times dilution factor PO4 (mg/L) 15 25 20 17 80 

Lemna   influent influent influent effluent effluent 

nD NO2 (mg/L) 4 4 2 5 4 

nD NO3 (mg/L) 0.4 0.6 0.5 0.0 0.0 

1:10 NH3 (mg/L) 6 7 6 6 5 

times dilution factor NH3 (mg/L) 60 70 60 60 50 

1:100 PO4 (mg/L) 0.15 0.25 0.20 0.21 0.14 

times dilution factor PO4 (mg/L) 15 25 20 21 14 

Mix   influent influent influent effluent effluent 

nD NO2 (mg/L) 4 4 2 4 2 

nD NO3 (mg/L) 0.4 0.6 0.5 0.5 0.0 

1:10 NH3 (mg/L) 6 7 6 6 5 

times dilution factor NH3 (mg/L) 60 70 60 60 50 

1:100 PO4 (mg/L) 0.15 0.25 0.20 0.26 0.19 

times dilution factor PO4 (mg/L) 15 25 20 26 19 
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APPENDIX I. CONTINUOUS FLOW- EXPERIMENT 2 TABLES 

 

Table 13. Duckweed continuous flow experiment 2 - raw nutrient concentration data. 

DR 900 Colorimeter- AF 2- Mladenov Day 1 Day 1 Day 2 Day 2 

  

July 31- 

10:45AM 

July 31- 

1PM 

Aug. 1- 

10:05AM 

Aug. 1- 

1:05PM 

Control   influent influent influent influent 

nD NO2 (mg/L) 5 8 5 7 

nD NO3 (mg/L) 0.6 0.0 0.0 0.6 

1:10 NH3 (mg/L) 5 6 5 6 

times dilution factor NH3 (mg/L) 50 60 50 60 

1:100 PO4 (mg/L) 0.17 0.18 0.22 0.17 

times dilution factor PO4 (mg/L) 17 18 22 17 

Lemna   influent influent influent influent 

nD NO2 (mg/L) 5 8 5 7 

nD NO3 (mg/L) 0.6 0.0 0.0 0.6 

1:10 NH3 (mg/L) 5 6 5 6 

times dilution factor NH3 (mg/L) 50 60 50 60 

1:100 PO4 (mg/L) 0.17 0.18 0.22 0.17 

times dilution factor PO4 (mg/L) 17 18 22 17 

Mix   influent influent influent influent 

nD NO2 (mg/L) 5 8 5 7 

nD NO3 (mg/L) 0.6 0.0 0.0 0.6 

1:10 NH3 (mg/L) 5 6 5 6 

times dilution factor NH3 (mg/L) 50 60 50 60 

1:100 PO4 (mg/L) 0.17 0.18 0.22 0.17 
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times dilution factor PO4 (mg/L) 17 18 22 17 

  

Day 3 Day 3 Day 4 Day 4 

  

Aug. 2- 

11am 

Aug. 2- 

1:10pm 

Aug. 3- 

10:05am 

Aug. 3- 

1:30pm 

Control   effluent effluent effluent effluent 

nD NO2 (mg/L) 6 NT NT NT 

nD NO3 (mg/L) 0.0 NT NT NT 

1:10 NH3 (mg/L) 5 4 4 5 

times dilution factor NH3 (mg/L) 50 40 40 50 

1:100 PO4 (mg/L) 0.21 0.18 0.20 0.22 

times dilution factor PO4 (mg/L) 21 18 20 22 

Lemna   effluent effluent effluent effluent 

nD NO2 (mg/L) 4 NT NT NT 

nD NO3 (mg/L) 0.5 NT NT NT 

1:10 NH3 (mg/L) 5 4 5 5 

times dilution factor NH3 (mg/L) 50 40 50 50 

1:100 PO4 (mg/L) 0.14 0.18 0.15 0.17 

times dilution factor PO4 (mg/L) 14 18 15 17 

Mix   effluent effluent effluent effluent 

nD NO2 (mg/L) 4 NT NT NT 

nD NO3 (mg/L) 0.0 NT NT NT 

1:10 NH3 (mg/L) 6 5 5 4 

times dilution factor NH3 (mg/L) 60 50 50 40 

1:100 PO4 (mg/L) 0.22 0.13 0.22 0.24 

times dilution factor PO4 (mg/L) 22 13 22 24 

 


