
 

 

 

Abstract—Reverse Osmosis (RO) plants are becoming most 

popular method of supplying potable water for chronic kidney 

disease of unknown aetiology affected areas in Sri Lanka. However, 

it releases large amount of wastewater (RO concentrate) to the 

environment without any beneficial use. Phytoremediation is a 

successful way of mitigating pollutant concentrations in 

contaminated soils and water by degradation, metabolism or 

accumulation of pollutants by plants. Canna indica (cannas) is an 

ornamental plant which can be used as a phytoremediation agent. A 

study was carried out in Kebithigollawa Central College in 

Anuradhapura district to determine the effect of RO concentrate on 

soil properties and plant growth of cannas. Further it was aimed to 

study the effectiveness of cannas as an agent for phytoremediation. 

Effect of RO concentrate on soil properties and plant growth were 

compared with groundwater. Effectiveness of phytoremediation of 

cannas was tested by comparing with the bare soil. Water quality of 

RO concentrate and groundwater were also measured. According to 

the results, RO concentrate is safer for irrigation, based on sodium 

percentage and sodium absorption ratio, and it is doubtful when 

considering the electrical conductivity. Plant growth parameters 

showed that there was a significant reduction of growth of cannas 

with RO concentrate compared to groundwater. Soil analysis 

revealed that cannas plants are effective in remediating of potassium, 

calcium, available nitrogen and electrical conductivity reduction 

while ineffective in magnesium, sodium, available phosphorus and 

pH reduction. This study concluded that cannas can be used as a 

phytoremediation agent to mitigate the higher pollution 

concentrations of RO concentrate. Although it has some growth 

penalty compared to the groundwater, cannas can be grown with RO 

concentrate with dual benefits as phytoremediation of pollutants 

while generating income. 
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I. INTRODUCTION 

N Sri Lanka, high concentrations of certain elements 

consists in drinking water is assumed as one of major reason 

to be causing Chronic Kidney Disease of unknown aetiology 

(CKDu). North Central Province (NCP) in Sri Lanka reports 
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the highest number of CKDu patients and mortality rates in 

recently [1]. Agricultural communities are the most 

predominantly affected; of which more than 90% live in rural 

areas mostly Madawachchiya, Kabithigollawa, Rambewa, 

Padaviya in Anuradhapura District and Dimbulagala, 

Medirigiriya in Polonnaruwa District. 

Groundwater is the main drinking water resource for those 

areas and  more  than  85%  of  the  drinking  water  

requirements  for  the  rural  communities fulfils from  shallow 

and deep wells [1]. Farmers in those areas use high amount of 

agro chemicals for their cultivation which can create high 

potential to accumulate these chemicals in the soil and 

groundwater. With the use of chemically polluted 

groundwater, there may be high risk of health hazards in the 

rural areas. 

RO plants are the most efficient and effective method for 

treating of water for CKDu affected areas. Due to high level of 

rejection rates of RO membranes, the RO systems can remove 

much smaller dissolved salts, ions and particles than do ultra-

filtration or any carbon filters. On the other hand, the RO 

systems remove more than of heavy metals, such as cadmium, 

arsenic, lead, and copper, and volatile organic compounds, 

sodium, nitrates, phosphate, fluoride, total dissolved solids 

(TDS), and agrochemicals. Therefore, the RO technology is an 

effective solution to treat chemically polluted groundwater [2]. 

In RO plants, water is pumped under high pressure through 

the semi permeable membrane, since water permeates through 

the membrane is collected as purified water called permeate 

water. Impurities in the water concentrated in the reject stream 

and flushed to the drain is called reject water.  These 

membranes are semi-permeable and separate the salt ions 

while letting the water molecules pass [3]. Normally permeates 

use for drinking and concentrate release to the environment. 

RO plant at A/Kebithigollawa Central Collage operates 

under delivering of purified water and waste water at 1:3 ratio. 

Normally this ratio depends on the quality of the water and RO 

plant design. There are four RO plants were installed in this 

school. Currently, one plant is operating under 1900 liters/day 

capacity as 570 liters/day of permeate for drinking and 1330 

liters/day of concentrate release to the environment. Therefore, 

high amount of concentrate about 5300 liters/day is directly 

release to the soil. 
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There are some researches conducted on the reuses of RO 

concentrate as irrigation source. A study on identifying 

possible options for reuse or safe disposal of brine solution 

generated from RO plants, reported that irrigation for high salt 

tolerant plants can be considered as the most suitable disposal 

method. Basilicum (Ocimum basilicum L.) was selected as the 

test crop for this study. Plant growth parameters of Basilicum 

irrigated with brine and fresh water have shown insignificant 

difference between them and noticed that it can grow in brine 

which generated from the RO system with high tolerance and 

good yield [4]. 

In a study which was conducted to identify the posibility of 

reusing RO concentrate for irrigating vegetable crops, results 

revealed that there is no significant difference (p>0.05) of 

growth parameters and yield between irrigation treatments as 

RO concentrate and groundwater. Chilli and brinjal were 

selected as the test crop of this study and it was concluded that 

the possibility of using of concentrate of RO plant as an 

irrigation source for both brinjal and chili crops. Soil analysis 

reported that, both irrigation treatments significantly enhance 

the EC of soil compared prior to the cultivation in both crops 

[5]. 

Phytoremediation is the use of plants and plant processes to 

remove, degrade, or render harmless hazardous materials 

present in the soil or water. It includes the use of plants to 

mitigate, transfer, stabilize or degrade pollutants in soil, 

sediments and water [6]. The plants absorb these heavy metals 

along with other essential elements from the soil. This 

absorption by plants will be facilitated for removal of 

excessive ions from the soil. About 450 plants were identified 

absorb excessive concentrations of ions and accumulate these 

absorbed ions in their parts such as roots, stems and leaves. 

Recent studies on biomass of some selected plants, particularly 

macrophytes and rhizomes, provide leading clues on means of 

improving the quality of wastewater [7]. The Canna indica 

(cannas) effectively translocate lead and chromium to aerial 

parts while the roots retain high quantities of cadmium, nickel 

and zinc [8]. 

Therefore it is vital to study the behaviour of cannas as 

phytoremediation agent in mitigating high pollution 

concentrations in RO concentrate. 

II.  MATERIALS AND METHODS 

A.  Experimental setup 

A research was carried out at the A/Kebithigollawa Central 

College which is located in Kebithigollawa Divisional 

Secretariat of Anuradhapura district in tropical Sri Lanka. 

Sixteen plots (1 m x 2 m) were prepared according to the field 

layout. Each plot was dug 45 cm depth and a polythene layer 

was laid in order to prevent the percolation. Bund was 

prepared surrounding each plot. Finally healthy and uniform 

cannas plants were selected for field establishment. One plant 

was established in one hole at the spacing of 30 cm × 60 cm. 

There were 15 plants in each plot. 

 
Fig. 1: Preparation of planting beds 

 
Fig. 2: Field establishment of cannas plants 

B.  Irrigation 

There were two separate 500 liters tanks used to store water 

for delivering the concentrate of the RO plant and agro well 

water. Watering was done according to the crop water 

requirement and measured amount of water was applied with 

buckets. Water requirement was calculated based on prevailing 

climatic data and available crop factors. Assuming irrigation 

efficiency is 50%, 20 liters of water per plot was added daily.  

C.  Sampling and Laboratory analysis 

Soil samples were collected using a soil auger at two depths 

(15 cm and 30 cm) from randomly selected three places of 

each plot. One composite sample was prepared by using those 

samples relevant to each plot, and it was represented 0 – 45 cm 

layer. Collected samples were packed and labelled separately. 

Soil chemical parameters of collected soil samples; pH, 

Electrical Conductivity (EC), calcium (Ca
+2

), magnesium 

(Mg
+2

), sodium (Na
+
), potassium (K

+
), available phosphorus 

and nitrate nitrogen (NO3
-
) were assessed using standard 

methods mentioned in Table I. 
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TABLE I 

METHODS AND INSTRUMENTS OF THE MEASURED SOIL PARAMETERS 

 

Water quality parameters of pH, electrical conductivity 

(EC), total dissolved solids (TDS), calcium (Ca
+2

), magnesium 

(Mg
+2

), sodium (Na
+
), potassium (K

+
), total hardness, total 

phosphate (PO4
3-

), fluoride (F
-
), chloride (Cl

-
), sulphate (SO4

2-
) 

were assessed in collected water samples. Those parameters 

were analyzed by the Regional Laboratory (NC), national 

water supply and drainage board (NWS & DB) in 

Anuradhapura. Salinity, Sodium Adsorption Ratio (SAR) and 

Sodium percentage (Na %) were calculated both in RO 

concentrate and groundwater using measured quality 

parameters and those calculated parameters were used to 

assess the suitability of both water for irrigation. 

Plant height, number of leaves, number of tillers, number of 

flowers, average leaf area and total biomass of the plant were 

assessed in randomly selected three plants from each plot and 

mean of those was taken. 

D.  Statistical analyses 

Collected data were represented using descriptive methods. 

The effect of planting on RO concentrate was tested by 

ANACOVA method using initial values of corresponding 

variables as covariate. Two sample pooled T- test was used to 

compare growth parameters. Significant variables at 0.05 level 

of significance (α) was used in both tests. 

III. RESULTS AND DISCUSSION 

A. Soil Parameters 

TABLE II 

MEAN VALUES AND STANDARD DEVIATIONS OF MEASURED SOIL PARAMETERS 

PRIOR TO CULTIVATION AND AT THE END OF THE EXPERIMENT 

parameters Prior to cultivation 
At the end of the 

experiment 

pH 7.48±0.21 7.94±0.20 

EC (μS/cm) 64.0±12.9 137.1±43.2 

Magnesium (mg/l) 88.2±21.7 134.7±18.8 

Sodium (mg/l) 31.1±5.4 92.0±11.5 

Calcium (mg/l) 478.9±40.4 1053.9±99.6 

Available phosphorus (mg/l) 8.85±1.45 13.65±1.44 

Nitrate nitrogen (mg/l) 5.60±0.53 5.28±0.86 

Potassium (mg/l) 203.5±45.6 447.7±188.4 

 
Fig. 3: Comparison of EC values in planted soil and bare soil treated 

with RO concentrate 

 
Fig. 4: Comparison of calcium concentrations in planted soil and bare 

soil treated with RO concentrate 

 
Fig. 5: Comparison of potassium concentrations in planted soil and 

bare soil treated with RO concentrate 

 
Fig. 6: Comparison of available nitrogen in planted soil and bare soil 

treated with RO concentrate 

 

The mean values and standard deviations of results from the 

measured soil parameters in the samples are presented in Table 

II. It is observed that, all means values of measured parameters 

increase at the end of the experiment compared to prior to 

cultivation. 

Parameter Method/Instrument with model 

pH Multiparameter Analyzer, HACH HQ40d  

EC Multiparameter Analyzer, HACH HQ40d  

Magnesium 

Atomic Absorption Spectrometer, BUCK 210 

VGP 

Sodium Flam photometer, Sherwood M360 

Calcium Flam photometer, Sherwood M360 

Available phosphorus 

Olsen Method, Spectrophotometer UVD-2960 

double beam PC 

Nitrate nitrogen 

Kjeldhal procedure, VELP UDK132 Semi-

automatic Distillation Unit 

Potassium Flam photometer, Sherwood M360 
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Soil analysis during the end of the season revealed that, 

electrical conductivity, potassium, calcium and available 

nitrogen were significantly higher (p<0.05) in bare soil 

compared to the cannas planted soil. pH, magnesium, sodium 

and available phosphorus insignificantly higher (p>0.05) in 

bare soil compared to the cannas planted soil at end of the 

season. Nitrate nitrogen level of final results significantly 

(p<0.05) decreased compared to the initial conditions. The 

present study is also agreed with the previous results 

published. A study conducted using a constructed wetland at 

NMAM Institute of Technology reported that, Canna x. 

generalis is very efficient in remediating Nitrogen 

contaminants while fairly effective on Phosphorus [7]. Another 

study reported that cannas effectively translocate lead and 

chromium to aerial parts while the roots retain high quantities 

of cadmium, nickel and zinc. The total absorption was high for 

zinc followed by chromium. Based on the translocation factor 

values, cannas can be considered as an effective accumulator 

of the heavy metals and some other pollutants. The perennial 

nature of the plants with robust rhizomes ensures effective 

removal by repeated harvests of the aerial portions for 15 to 20 

generations. Hence, cannas is effective for reclamation of 

heavy metal contaminated soils [8]. 

B. Plant growth parameters 

The mean values and standard deviations of results from the 

measured plant growth parameters of RO concentrate and 

groundwater are presented in Table III. It is observed that, all 

means values of measured parameters decrease in RO 

concentrate treated cannas plants at the end of the experiment.  

 
TABLE III 

MEAN VALUES AND STANDARD DEVIATIONS OF MEASURED PLANT GROWTH 

PARAMETERS AT THE END OF THE EXPERIMENT 

Parameter 
Cannas with 

groundwater 

Cannas with RO 

concentrate 

Number of tillers 2.5 ± 1.1 1.8 ± 0.8 

Number of 

flowers 17.6 ± 3.6 10.2 ± 6.0 

Number of leaves 6.2 ± 1.3 5.6 ± 0.7 

Leaf area (cm2) 212.4  ± 20.4 163.9  ± 25.1 

Plant height (cm) 71.4 ± 7.0 56.3 ± 5.9 

Total biomass (g) 59.4 ± 42.3 29.2 ± 4.5 

 

According to the Table III, RO concentrate treated plants 

significantly reduce plant growth parameters such as number 

of flowers, plant height, leaf area and total biomass compared 

to the groundwater treated plants. This results disagree with 

some research findings. A study reported that, no significant 

variation of plant height, total biomass, number of tillers and 

numbers of leaves on growth parameters of sweet basil 

(Ocimum basilicum) [4]. Further, no significant variation of 

growth and yield parameters of chili and brinjal was recorded 

with RO concentrate when compared to groundwater as an 

irrigation water source. And there were insignificantly 

reduction of in RO concentrate treated plants [5]. 

C. Water quality parameters 

According to the Table IV, Electrical Conductivity of the 

RO concentrate doubtful to use as irrigation water. 

Nevertheless when consider the SAR values of both water can 

be used as safe water for irrigation. Other water quality 

parameters of RO concentrate comparatively higher than the 

groundwater. 

 
TABLE IV 

MEAN VALUES OF MEASURED WATER QUALITY PARAMETERS COMPARED WITH 

THE IRRIGATION STANDARDS 

 Parameter RO concentrate Groundwater 

Irrigation 

Standards 

Na% 0.37 0.36 - 

SAR 1.20 1.17 0 - 15 

EC (dS/m) 0.64 0.30 0 - 3 

 

TABLE V 

MEAN VALUES OF OTHER MEASURED WATER QUALITY PARAMETERS 

parameter RO concentrate Groundwater 

pH 7.29 6.82 

Calcium (mg/l) 4.7 4.1 

Magnesium (mg/l) 22.4 20.0 

Sodium (mg/l) 28.3 26.0 

Potassium (mg/l) 4.17 3.47 

Total alkalinity (mg/l) 270 100 

Sulphate (mg/l) 13.0 1.0 

Fluoride (mg/l) 0.7 0.28 

Chloride (mg/l) 55 40 

Total Dissolved solids (mg/l) 397 192 

Total phosphate (mg/l) 0.73 0.42 

IV. CONCLUSION 

Canna indica can be used as a phytoremediation agent to 

mitigate the higher pollution concentrations of RO 

concentrate. Although it has some growth penalty compared to 

the groundwater, cannas can be grown with RO concentrate 

with dual benefits as phytoremediation of pollutants while 

generating income as an ornamental plant. 
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