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Abstract: Excessive wastage of water in the Reverse Osmosis (RO) treatment systems has always
been a concern for sustainable development planners. With the increasing demand for safe
drinking water, the usage of the reverse osmosis systems has increased over the past decade;
however, no sustainably feasible solution for RO reject has been identified. TDS, BOD, metals
and chloride are the major components of the reject which make it unsuitable for secondary
usage like irrigation. In order to address the problem of the disposal of the RO reject and reduce
the load on the existing treatment plants, the effect of phytoremediation of the effluent using
plants has been investigated in this review. This article discusses the background, concepts and
future trends for the use of phytoremediation of RO reject. It is a relatively recent technology
and is perceived as cost-effective, efficient, novel, eco-friendly, and solar-driven technology with
good public acceptance; however, it is not so popular for RO reject treatment.

This article proposes the use of phytoremediation of RO reject using different emergent plant
species like Typha sp., and floating plants like Lemna and Azolla. Various techniques to
enhance phytoextraction and utilization of by-products have also been elaborated. Since lot of
biomass is produced during this process, it needs proper disposal and management. Despite this
potential, phytoremediation is yet to become a commercially available and viable remedial
strategy for RO reject, for which there is a need to mitigate plant stress in contaminated soils.
There is also a need to establish reliable monitoring methods and evaluation criteria for
remediation in the field.
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1. INTRODUCTION
Reverse osmosis is the process of forcing a solvent from a region of high solute concentration

through a semi-permeable membrane to a region of low solute concentration by applying a pressure
in excess of the osmotic pressure. Residential and small-scale industrial reverse osmosis units
generate significant amount of waste water due to low back pressure difference across the
membrane in RO systems. As a result, they recover only 5 to 15% of the feed water entering the
system and the remaining 85-90% is discharged as waste water or RO reject. This RO reject
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contains lots of contaminants and pollutants in the form of heavy metals, organic and inorganic
compounds among others, energy-efficient and environmentally-sustainable methods to recover
this water need to be investigated.

The term ‘‘phytoremediation’” is a combination of two words: Greek phyto (meaning plant) and
Latin remedium (meaning to correct or remove an evil). The concept of phytoremediation (as
phytoextraction) was suggested by Chaney in 1983 [1]. Phytoremediation is the use of plants to
partially or substantially remediate selected contaminants in contaminated soil, sludge, sediment,
ground water, surface water, and waste water. It can be used for removal of heavy metals and
radionuclides as well as for organic pollutants (such as, polynuclear aromatic hydrocarbons,
polychlorinated biphenyls, and pesticides). It is a novel, cost-effective, efficient, environment- and
eco-friendly, in situ applicable and solar-driven remediation strategy.

Phytoremediation can remove pollutants and contaminates including leachate, TDS, heavy metals,
organic and inorganic compounds, hazardous materials etc from waste water and surface water
using different types of plant species and their application [2,3,4]. Thus, a methodology has been
proposed in this paper for the purification of RO reject to remove pollutants like TDS, heavy
metals, BOD and COD.

2. RO REJECT PROPERTIES
On an average, a RO unit which delivers twenty litres/day of purified water may discharge between

70-340 litres/day of RO reject [2]. Thus, it is essential to assess the constituents of the reject to
retard the effects of the present pollutants on the environment as well as human health. The
rejection rate of RO is the percent removal of a particular contaminant by the membrane present.
The rejection rate for various metals, organics, insecticides, BOD, COD, TDS, are very high
(approx 90%) for each of the constituents of the feed water [3]. The concentration of the
contaminants and pollutants in the RO reject will depend on the nature of the influent feed water
and the membranes used in RO systems along with the applied pressure.

3. TECHNIQUES/STRATEGIES OF PHYTOREMEDIATION
The pollutant that potentially can be managed using phytoremediation are quite diverse including

heavy metals, metalloid, salts, nutrients, organic chemicals and air pollutants. Metal contaminated
water with other impurities including TDS, BOD and COD can be remediated by chemical,
physical and biological techniques. Phytoremediation techniques includes following processes
which can be used in various stages of purification of RO reject:

Physical processes: Sedimentation, Filtration, Adsorption, Volatilization
Chemical processes: Precipitation, Hydrolysis reaction, Adsorption, Oxidation reaction
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Biological Process: Plant metabolism, Plant absorption, Bacterial metabolism, Natural die-off

The presented article studies on the various techniques of phytoremediation for the management of
pollutants and contaminants present in RO reject to remove different contaminants including TDS,
BOD, COD and salts in Table 1. Main phytoremediation techniques are:

1. Phytoextraction / phytoaccumulation. In this phenomena heavy metals and contaminates of
waste water or soil is up taken by plant root and converted into the harvestable biomass. Due to
less and slow degradation of up taken contaminates an accumulation of contaminates occurs in
the plant [4].

2. Phytofiltration. Phytofiltration is the process of removal of pollutants from contaminated
surface water or waste water by plants. Phytofiltration may be rhizofiltration (use of plant
roots) or blastofiltration (use of seedlings) or caulofiltration (use of excised plant shoots)
[5].This process involves filtering water through a mass of roots to remove toxic substances or
excess nutrients.

3. Phytostabilization. Phytostabilization focuses on long-term stabilization and immobilization
of the pollutants and contaminants in soil through absorption and accumulation through nearby
roots. Pollutants become less bio available for wildlife and human exposure [6].

4. Phytovolatilization. Phytovolatilization is the process of absorbing of pollutants and
contaminants from soil by plants, and converting them into volatile form and subsequent
release into the atmosphere. This technique can be used for organic pollutants and some heavy
metals like Hg and Se.

5. Phytodegradation. Phytodegradation is the biological breakdown of organic pollutants in soil
and water through microbial activity that is enhanced by the presence of the root zone. Yeast,
fungi, bacteria and other microorganisms consume and digest organic substances like fuels and
solvents [7].

6. Phytohydraulics. Phytohydraulics is a mechanism to control or minimize of migration of
contaminants in groundwater. In this phenomenon plants behave as organic ‘pumps’ to pull-in
large volumes of the contaminated water. The result is reduced migration of the contaminant in
ground water [7].

7. Vegetative Cover Systems. Vegetative Cover Systems is a long-term and self sustaining
process which can be used to retard the environmental risk of hazardous material by growing
plants in and/or over the hazardous material. It controls the leaching of hazardous compounds
from landfills and other storage
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8. Riparian Corridors/Buffer Strips. Riparian corridors/buffer strips are generally applied along
with streams and river banks to control and remediate surface runoff and groundwater
contamination moving into the river. In other words it is a non point source control technique.

This technique is mainly used for ground water and surface water.

Table 1: An overview of phytoremediation techniques

Technique Process Involved Media Contaminants Plants
Contaminant, extraction | Soil, Ag, Cd, Co, Cr, | Hyper Accumulators
Phyto-extraction | and capture sediment, | Cu, Hg, Mn, Mo, | Indian Mustard,
sludges Ni, Pb, Zn, OC, | Pennycress, Alyssum
radionuclides Sunflowers
Sorption of contaminants Metals, Water Hyacinth,
Phyto-filtration | from aqueous solution into | GW, SW | radionuclides & | Duckweed,
the roots.  Filtration& hydrophobic OC | Pennywort, Indian
absorption Mustard, Sunflowers
Phyto- Stabilization of pollutants | Soil, Metals As, Cd, | Plants with deep and
stabilization by binding, holding in soils | sediment, | Cr, Cu, Hs, Pb & | fibrous root Indian
or decreased leaching sludge oC Mustard, Hybrid
Poplars, Grasses
Phyto- Contaminant extraction | GW, soil, | Volatile OC, | Brassica, Grasses,
volatilization from media and release to | sediment, | Chlorinated Poplars, Alfalfa,
air sludge solvents Black Locust
Phyto- Microbial degradation of | Soil, OC, Chlorinated | Algae, Stonewort,
degradation pollutants sludge, solvents, phenols, | Hybrid Poplar, Black
GW, SW | herbicides, Willow, Bald Cypress
munitions
Phyto- Removal of large volume Water-soluble Hybrid Poplar,
hydraulics of water from aquifers by | GW, SW | organics and | Cottonwood, Willow
plants inorganics
Vegetative Erosion control, to retard | Soil, Organic and | Poplars, Alfalfa,
Cover Systems leaching of hazardous | sludge, inorganic Grasses
compound using plant sediments | compounds
Riparian Contaminant uptake and Water-soluble Poplars
Corridors/Buffer | plant metabolism SW, GW | organics and
Strips inorganics
SW- Surface Water, GW- Ground Water, OC- Organic Compounds
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4. METHODOLOGY
From the techniques and processes discussed in Table 1, it is evident that various phytoremediation

techniques can be used to remove pollutants and contaminates from different types of waste water
and effluents by the application of various plant species. These techniques involve basic
purification processes of waste water like sedimentation, filtration, adsorption, volatilization,
bacterial metabolism, precipitation, oxidation reaction. In case of RO reject, it has been observed
that the pollutants are similar to other wastewater and industrial effluent, therefore,
phytoremediation techniques can also be applied in case of RO reject treatment. Varieties of
species, their removal capacity and time required to remove contaminants like TDS, BOD, and
COD from different effluents have been elaborated in Table 2.

Table 2: List of plant species and techniques to remove
RO reject contaminants by phytoremediation

. . . % Removal
Influent type | Species used Techniques |Time taken Reference
BOD |[COD |TDS

Zinc-plating

effluent Azolla a 10 14.7 20.5 334 [8]
Sewage Water Hyacinth - 4-9 days 3791 |72.6 21-92  |[9]
Petunia grandiflora |e 36 hours 44 58 - [10]
Simulated Gailardia grandiflora | e 36 hours 31 37 - [10]
dyes mixture g ;ani;‘l’::zﬂ”m’ “le 36hours |69 |73 |- [10]
sv(;ltle”rted Hver 2/2; ’Z‘;’Z ZZ lum - 30days  |754 674 |- [11]
Textile ind. |\ er Hyacinth a 3 days 10 25 624 |[12]
Waste
R. carnea a, c 10 days 80.66 |78.72 |- [6]
Acorus gramneus a, c 10 days 84.08 |84 - [6]
A. orientale a,d 10 days 80.88 |78.95 |- [6]
Domestic A. calamus b,d 10 days 81.73 |79.51 |- [6]
wastewater Iris pseudacorus a,c 10 days 8476 |84.61 |- (6]
L. salicaria a,d 10 days 82.37 |80.58 |- [6]
Lotus b,c 5.4 days 63 - 67 [13]
Hydrilla b,c 5.4 days 21 - 33 [13]
Lemon peel b,d 20 minutes |- - 42 [14]
Hard water
Peanut husk b,d 20 minutes |- - 41.14 |[14]
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Ind. Gooseberry bark |b,d 20 minutes

- 4214 |[14]

Vetiver root b,d 20 minutes

- 55.93  |[14]

a- Phytoextraction, b- Phytofiltration, c- Phytostabilization, d- Phytovolatilization, e-
Phytodegradation

It has been observed that the techniques required for efficient removal of BOD ad COD are quite
similar, i.e., Phytoextraction, Phytofiltration, and Phytovolatilization. Thus, the application of these
techniques can result in control of both BOD and COD. The most efficient species required for all
three contaminants have been selected based on their percentage removal capacities which are
given in Table 2.

A methodology using different species for different contaminants has been proposed in Figure 1.
The purpose of phytoremediation can be in three stages: (a) risk control (phytostabilization); (b)
phytoextraction of metals such as Ni, Ti and Au; (c) robust land management by which soil quality
is improved gradually by phytoextraction [15]. The species selected in the proposed methodology
can remove the contaminants in the range of 80-90%.

RO reject

Phytoextraction, Phytoextraction, Phytostabilization,
— Phytofiltration, — Phytofiltration, — Phytofiltration,
phytovolatilization phytovolatilization phytovolatilization

Species | _|Acorus gramneus, Iris| | | /ris pseudacorus, L. | | Water Hyacinth,
pseudacorus salicaria Lotus

Approx. Time — 10 days - 10 days | Y 3-6 days
| 1 I

Treated water

Figure 1: Proposed Methodology for treatment of RO reject using Phytoremediation

Strategic Technologies of Complex
Environmental Issues-A Sustainable Approach - ISBN: 978-93-83083-85-5 207



Shivali Chourasia, Isha Khanna, Nidhi Gera and Sumanth Chinthala

5. POTENTIAL AND CHALLENGES
The process of phytoremediation is relatively new technique but it has a lot of potential due to its

environmentally sustainable nature and low maintenance alternative to more active and intrusive
remedial methods. It is a low-cost technology as compared to other techniques which makes it all
the more preferable, especially in developing countries, like India. A significant advantage is that a
variety of organic (like Chlorinated solvents, pesticides, explosives, PCP and other PAHs) and
inorganic compounds (like metals, radionuclides, etc.) are acquiescent to the phytoremediation
process for RO reject [8,9,12]. This process would not have the destructive impact on soil fertility
and structure that some more vigorous conventional technologies may have, such as acid extraction
and soil washing. Instead, the presence of plants is likely to improve the overall condition of the
soil, regardless of the degree of contaminant reduction.

However, there are a few challenges in this process which need to be taken care of like a longer
time period, dependence on plant growth rates, affected food chain, lower effectiveness during
winter or other changes in weather, disease, or pests. High initial contaminant concentrations can
be phytotoxic, and prevent plant growth. These conditions need to be monitored while planning the
phytoremediation of RO reject for a better functioning model.

6. CONCLUSION
This article discusses the background, concepts and future trends for the use of phytoremediation of

RO reject. It is perceived as cost-effective, efficient, novel, eco-friendly, and solar-driven
technology; however, it is not so popular for RO reject treatment. For the purification of RO reject,
a methodology has been proposed to use phytoextraction, phytofiltration, phytodegradation and
phytostabilization techniques to remove pollutants like TDS, BOD, and COD in desired time and
domain. Despite this potential, phytoremediation is yet to become a commercially available and
viable remedial strategy for RO reject, for which there is a need to mitigate plant stress in
contaminated soils.
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