Design, Operation and Optimization of Constructed Wetland for Removal of Pollutant
Manuscript ID: ijerph-958693
Thank you very much for the suggestions and comments made by individual reviewers. Following are the line by line responses to the reviewer 3. Here is noted that corrections are highlighted in main text in Green colour.

Response to the Comments of Reviewer 3 
[bookmark: _Hlk54588443]1) Original line no.: 19-32
Line no., after correction: 19-36 
Reviewer comments: This article shows a review provides a detailed review of the implementation of constructed wetlands, designs, operation, optimization, and yields and their relationship to plant varieties, substrates, bed depth, hydraulic head, to give a clearer picture of the operation and challenges faced by technology in wastewater management. Although it is an important documentary study, I consider it necessary to make some considerable changes before continuing with its processing and future publication, as described below, I would like to be able to see the document once I have the observations taken care of since I consider it important if you note to give a different perspective and punctual to the future scholar. 
[bookmark: _Hlk54586369]The abstract should integrate important findings from the desk research.
Corrections are made by Authors: We have already integrated the abstract with important findings from the desk research.

2) Original line no.: 35-83 and 50-57
Line no., after correction: 39-118 and 77-93
Reviewer comments: From page 35 to 83, although I consider the introduction good, it lacks new references, there are no references, new not even from 2018, 2019, and 2020, where technology has evolved, on the other hand, lines 50 to the 57, mentions that, in the last decade, and references dates much more distant from these than a decade, I consider that the document should review more recent studies, in general, strengthen this part with new references of key studies. 
Corrections are made by Authors: We have strengthened the Introduction Part with recent references, which is marked below in green color for your information.
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3) Original line no.: 116-117
Line no., after correction: 154-171
Reviewer comments: In section 4, lines 116 to 117, in the specific case of Mexico, some studies have used PET, porous stone from rivers, and mixtures of substrates in constructed wetlands that I consider should also be part of these new materials to be unblocked because they are recycled and have a different view of the studies and will give an overview of the use of these substrates in new designs.
Corrections are made by Authors: An overview of the use of those substrates in new designs are given as follows.
[bookmark: _Hlk54554876]According to CONAGUA (CONAGUA, 2019), of municipal collected wastewater in Mexico, only the 63% of this is treated, which shows the clear need for wastewater treatment plants; however, the implementation of this is not a common case due the high costs required for the construction and operation thereof. Therefore, the use of ecologically viable or sustainable alternatives to solve these problems is needed; for this purpose, constructed wetlands (CWs), or so-called artificial wetlands are examples of such an alternative (Mitsch and Gosselink, 2015; Wu et al., 2015; García-García, Ruelas-Monjardín and Marín-Muñíz 2016). Improving water quality is a relevant environmental aspect, and using constructed wetlands (CWs) is a sustainable option for this; both porous materials filled cells and plants that collectively remove contaminants must be readily available and inexpensive. This study evaluated CWs and their functionality by comparing two ornamental plants (Spathiphyllum wallisii and Hedychium coronarium) planted in experimental mesocosm units filled with layers of porous river rock, tepezil, and soil, or in mesocosms with layers of porous river rock, and tepezil, without the presence of soil. The findings during the experiments (180 days), showed that the removal of pollutants (chemical oxygen demand (COD), total solids suspended (TSS), nitrogen as ammonium (N-NH4), as nitrate (N-NO3), and phosphate (P-PO4) was 20–50% higher in mesocosms with vegetation that in the absence of this, and those mesocosms with the soil layer between 33–45% favored removal of P-PO4. Differences regarding of vegetation removal were only observed for N-NH4, being 25–45% higher in CWs with H. coronarium, compared with S. wallisii (Zamora et al., 2019).

4) Original line no.: 122-137
Line no., after correction: 191-222 
Reviewer comments: From pages 122 to 137, they talk about plant substrate interaction, however, there is no new survey of ornamental plants in wetlands, which are more recent studies, consult these documents that have a description of plants in wetlands and their plant substrate interaction (Role of wetland plants and use of ornamental flowering plants in constructed wetlands for wastewater treatment: a review.) 
Corrections are made by Authors: We have enriched with the description of ornamental plants in wetlands and their plant substrate interaction which are as follows.
The current knowledge about the role terrestrial ornamental plants play in constructed wetlands (CWs) has scarcely been evaluated. Likewise, little attention has been given towards the use of new support or fill media for subsurface flow CWs, which may result in the reduction of costs when implemented on a large scale. This study evaluated, during nine months, the effect of three terrestrial ornamental plants and two substrates on the elimination of pollutants in wastewaters by using fill-and-drain vertical subsurface flow CWs (FD-CWs). Sixteen microcosms were used, nine filled with polyethylene terephthalate (PET) and nine with porous river stone (PRS). For each type of substrate, duplicates of microcosms were used, utilizing Anthurium sp., Zantedeschia aethiopica, and Spathiphyllum wallisii as vegetation and two other CWs without vegetation as controls. The environmental conditions, number of flowers, and height of the plants were registered. The results revealed that both substrates in the FD-CWs were efficient in removing pollutants. The average removal of pollutants in systems with vegetation revealed a positive effect on the reduction of the biochemical oxygen demand (55–70%), nitrates (28–44%), phosphates (25–45%), and fecal coliforms (52–65%). Meanwhile, in units without vegetation, the reduction of pollutants was nearly 40–50% less than in those with vegetation. The use of PET as a filling substrate in CWs did not affect the growth and/or the flowering of the species (Sandoval et al., 2019a).
The vegetation in constructed wetlands (CWs) plays an important role in wastewater treatment. Popularly, the common emergent plants in CWs have been vegetation of natural wetlands. However, there are ornamental flowering plants that have some physiological characteristics similar to the plants of natural wetlands that can stimulate the removal of pollutants in wastewater treatments; such importance in CWs is described here. A literature survey of 87 CWs from 21 countries showed that the four most commonly used flowering ornamental vegetation genera were Canna, Iris, Heliconia and Zantedeschia. In terms of geographical location, Canna spp. is commonly found in Asia, Zantedeschia spp. is frequent in Mexico (a country in North America), Iris is most commonly used in Asia, Europe and North America, and species of the Heliconia genus are commonly used in Asia and parts of the Americas (Mexico, Central and South America). This review also compares the use of ornamental plants versus natural wetland plants and systems without plants for removing pollutants (organic matter, nitrogen, nitrogen and phosphorous compounds). The removal efficiency was similar between flowering ornamental and natural wetland plants. However, pollutant removal was better when using ornamental plants than in unplanted CWs. The use of ornamental flowering plants in CWs is an excellent option, and efforts should be made to increase the adoption of these system types and use them in domiciliary, rural and urban areas (Sandoval et al., 2019b).

5) Original line no.: 145-157
Line no., after correction: 284-313
Reviewer comments: Section 6. It requires a definition of emerging countries according to who, and if it is possible to mention them, would be friendlier to the reader. On the other hand, stop when talking about these countries, it would be interesting to see some studies developed in them and analyze the latent need for water treatment in them where the constructed wetlands represent a high alternative for solving wastewater treatment problems.
Corrections are made by Authors: We have included the below text for correction.
[bookmark: _Hlk54484506][bookmark: _Hlk54484621]Inadequate access to clean water and sanitation has become one of the most pervasive problems affecting human health in developing countries, and problems with water are expected to worsen in coming decades (Hutton et al., 2007; Shannon et al., 2008). Developing countries are defined according to their Gross National Income (GNI) per capita per year. Countries with a GNI of US$ 12,615 and less are defined as developing (World Bank, 2012). List of developing countries gave in the Table-2 (According to World Bank, 2012).

Table-2: List of developing countries (According to World Bank, 2012).

	Upper middle income (between $4,086 and $12,615 GNI per capita)
	Lower middle income (between $1,036 and $4,085 GNI per capita)

	Low-income (less than $1,035 GNI per capita)

	Albaniab, Algeria, Angola, Argentina, Azerbaijan, Belarus, Bosnia and Herzegovina, Botswana, Brazil, Bulgaria, China, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, Gabon, Hungary, Iran Islamic Republic, Iraq, Jamaica, Jordan, Kazakhstan, Lebanon, Libya, Malaysia, Mauritius, Mexico, Montenegro, Namibia, Panama, Peru, Romania, Serbia, South Africa, Thailand, The former Yugoslav Republc of Macedonia, Tunisia, Turkey, Turkmenistan, Venezuela, RB.
	Armenia, Bolivia, Cameroon, Cape Verde, Congo, Côte d’Ivoire, Djibouti, Egypt, El Salvador, Georgia, Ghana, Guatemala, Guyana, Honduras, India, Indonesia, Lesotho, Mauritania, Moldova, Morocco, Nicaragua, Nigeria, Pakistan, Papua New Guinea, Paraguay, Philippines, São Tomé and Principe Senegal, Sri Lanka, Sudan, Syrian Arab Republic, Ukraine, Uzbekistan, Vietnam, Yemen Rep., Zambia.
	Bangladesh, Benin, Burkina Faso, Burundi, Central African Republic, Chad, Comoros, Democratic Republic of the Congo, Eritrea, Ethiopia, Gambia, The Guinea Guinea-Bissau, Haiti, Kenya, Kyrgyz Republic, Liberia, Madagascar, Malawi, Mali, Mozambique, Myanmar, Nepal, Niger, Rwanda, Sierra Leone, Somalia, Tajikistan, Tanzania, Togo, Uganda, Zimbabwe.


 
According to a recent report by World Health Organization (2012), more than one-tenth of the global population (780 million) still relied on sub-standard drinking water sources in 2010. Lack of sanitation is an even larger concern. An estimated 2.5 billion people are still without improved sanitation, and sanitation coverage is below 50% in many countries of Sub-Saharan Africa and Southern Asia. Consequently, millions of people die annually (3900 children per day) from diseases transmitted through unsafe water or human excreta (Shannon et al., 2008). With insufficient water resources to meet rising water demand, many sources of water (e.g., groundwater) that are considered easy to be developed geographically and technologically have been overexploited in many developing countries (Llamas and Martínez- Santos, 2005; Jiang, 2009). This short-term strategy is likely to have detrimental effects on the environment, such as ground subsidence, salinity intrusion, and ecosystem deterioration (Kivaisi, 2001). In addition, many cities in developing countries have also generally fallen behind in constructing and managing sewage treatment facilities. Among the various developments, treatment of wastewater is always considered one of the lowest priorities (Konnerup et al., 2011). The consequence of this is the common practice of discharging large amounts of untreated wastewater directly into streams and lakes in many developing countries (Senzia et al., 2003; Shrestha et al., 2001). Ecological technologies such as constructed wetlands for wastewater treatment represent innovative and emerging solutions for environmental protection and restoration, placing them in the overall context of the need for low-cost and sustainable wastewater treatment systems in developing countries (Babatunde et al., 2008; Vymazal, 2011).

6) Original line no.: 203-222 
Line no., after correction: 393-435
Reviewer comments: Jan section 7.1.2. I do not see information on ornamental plants that resist pollutant conditions, as well as mention the future direction of studies in this line of action. Reference must be made in the evolution of larger standing plants that can contribute more notably to the elimination of pollutants. In 266 to 269, review the document of ornamental plants referred to above in the recommendations to give a broader criterion of their use and potential in constructed wetlands (Role of wetland plants and use of ornamental flowering plants in constructed wetlands for wastewater treatment: a review)
Corrections are made by Authors: For improvement this jan section, We have included the following text.
7.1.2.1 Survey Results of the Use of Ornamental Flowering Plants in CWs

Many CWs around the world used OFP for the removal of various types of wastewater (Table 3). For example, in China, the most popular plants used is Canna sp., while in Mexico the ornamental plant used is more diverse, including plants with flowers of different colors, shapes and aromatic characteristics (Canna, Heliconia, Zantedeschia, Strelitzia spp).

Table 3. Ornamental flowering plants and removal of wastewater pollutants in CWs (constructed wetlands) around the globe.
 
	[bookmark: _Hlk54593975]Country
	Type of Wastewater
	Vegetation
	Removal Efficiency of Pollutants (%)
	Reference

	Brazil
	Domestic
	Heliconia psittacorum
	TSS: 88, COD: 95, BOD: 95
	Paulo et al., 2009

	
	Domestic
	Alpinia purpurata, Arundina bambusifolia, Canna spp., Heliconia psittacorum L.F.

	COD: 48-90, PO4 -P: 20, TKN: 31 and TSS: 34.
	Paulo et al., 2013

	
	Swine
	Hedychium coronarium, Heliconia rostrata
	COD: 59, TP: 44, TKN: 34 and NHx 35 
COD: 57, TP: 38, TKN: 34 and NHx: 37

	Sarmento et al., 2013

	Country
	Type of Wastewater
	Vegetation
	Removal Efficiency of Pollutants (%)
	Reference

	
	
	Hemerocallis flava
	COD: 72, BOD: 90, TN: 52, TP: 41 and SST: 72.
	Prata et al., 2013

	
	
	Heliconia psittacorum L.F
	
	Teodoro et al., 2014

	China
	Municipal
	Canna indica
	COD: 77, BOD: 86, TP: >82, TN: >45
	Shi et al., 2004

	
	Aquaculture ponds
	Canna indica mixed with other species
	BOD: 71, TSS: 82, chlorophyll-a: 91.9, NH4 -N: 62, NO3 -N: 68 and TP: 20.
	Li et al., 2007

	
	Domestic
	Canna indica Linn
	COD: 82.31, BOD: 88.6, TP: >80, TN: >85
	Yang et al., 2007

	
	Municipal
	Canna indica
	NH4 -N: 99, PO4 -P: 87
	Zhang et al., 2007

	
	Drain of some factories
	R. carnea, I. pseudacorus, L. salicaria
	COD: 58-92, BOD: 60-90 TN: 60-92, TP: 50-97,
	Zhang et al., 2007

	
	River
	Canna sp
	COD: 95, N-NH4 : 100, N-NO3 : 76, TN: 72
	Sun et al., 2009

	
	Domestic
	Canna indica
	TP: 60, NH4 -N: 30-70, TN: ~25
	Cui et al., 2010

	
	Aquaculture ponds
	Canna indica mixed with other natural wetland plants
	BOD: 56, COD: 26, TSS: 58, TP: 17, TN: 48 and NH4 -N: 34.
	Zhang et al., 2010

	
	Wastewater from a student dormitory (University)
	Canna indica mixed with other natural wetland plants
	COD: 50–70, BOD: 60–80, N-NO3 : 65–75, TP: 50–80
	Qiu et al., 2011

	China
	Domestic
	Canna indica and Hedychium coronarium
	TP: 40–70
	Wen et al., 2011

	
	Polluted river
	Iris pseudacorus mixed with other natural wetland plants
	TN: 68, NH4 -N: 93, TP: 67
	Wu et al., 2011

	
	Sewage
	Iris pseudacorus, mixed with other plants of natural wetlands

	TN: 20 and TP: 44
	Xie et al., 2012

	
	Municipal
	Canna indica
	COD: 60, NO3 -N: 80, TN: 15, TP: 52
	Chang et al., 2012

	
	Simulated polluted river water
	Iris sibirica
	COD: 22, TN: 46, NH4 -N: 62, TP: 58
	Gao et al., 2014

	
	Synthetic
	Canna sp
	Fluoride: 51, Arsenic: 95

	Li et al., 2014

	
	Simulated polluted river water

	Iris sibirica
	Cd: 92
	Gao et al., 2015

	Country
	Type of Wastewater
	Vegetation
	Removal Efficiency of Pollutants (%)
	Reference

	
	Synthetic
	Canna indica L.
	N: 56–60
	Hu et al. 2016

	
	Synthetic (hydrophonic sol.)
	Canna indica L.
	TN: 40–60, N-NO3: 20–95, NH4 -N: 20–55
	Wang et al., 2016

	Chile
	Sewage
	Zantedeschia aethiopica, Canna spp. and Iris spp
	BOD: 82, TN: 53, TP: 60.
	Morales et al., 2013

	
	Sewage
	Tulbaghia violácea, and Iris pseudacorus.
	BOD: 57–88, COD: 45–72, TSS: 70–93, PO4 -P: 6–20.
	Burgos et al., 2017

	
	Ww rural community
	Zantedeschia aethiopica
	Organic matter: 60%, TSS: 90%
	Leyva et al., 2018

	Colombia
	Domestic
	Heliconia psíttacorum
	NH3 : 57 COD: 70
	Gutiérrez-Mosquera and Peña-Varón , 2011

	
	Synthetic landfill leachate
	Heliconia psittacorum
	COD, TKN and NH4 (all: 65–75)
	Madera-Parra et al., 2015

	
	Cattle bath
	Alpinia purpurata
	SST: 58, TP: 85, COD: 63
	Marrugo-Negrete et al., 2016

	
	Municipal
	Heliconia psitacorum
	Bisphenol A: 73, Nonylphenols: 63
	Toro-Vélez et al., 2016

	Costa Rica
	Dairy raw manure
	Ludwigia inucta, Zantedechia aetiopica, Hedychium coronarium and Canna generalis
	BOD: 62, NO3 -N: 93, PO4 -P: 91, TSS: 84
	León and Cháves, 2010

	Egypt
	Municipal
	Canna sp
	TSS: 92, COD: 88, BOD: 90
	Abou-Elela and Hellal , 2012

	
	Municipal
	Canna sp
	TSS: 92, COD: 92, BOD: 92
	Abou-Elela et al., 2013

	India
	Paper mill effluent
	Canna indica
	9,10,12,13-tetrachlor- ostearic acid: 92 and 9,10-dichlorostearic acid: 96
	Choudhary et al., 2010

	
	Synthetic
	Canna indica
	Dye: 70-90 COD: 75
	Yadav et al., 2012

	
	Synthetic greywater
	Heliconia angusta
	COD:40, BOD: 70, TSS: 62, TDS: 19
	Saumya et al., 2015

	
	Domestic
	Canna generalis
	TN: 52, T-PO3: 9
	Ojoawo et al., 2015

	
	
	
	
	

	
	Collection pond
	Canna Lily
	BOD: 70-96, COD: 64–99
	Haritash et al., 2015

	
	Hostel greywater
	Canna indica
	COD, TKN and Pathogen all up 70
	Patil and Munavalli, 2016

	
	Domestic
	Polianthus tuberosa L.
	Heavy metals (Pb and Fe: 73–87), (Cu and Zn: 31–34) and Ni and Al: 20–26

	Singh and Srivastava, 2016

	Ireland
	Domestic
	Iris pseudacorus
	TN: 30, TP:28
	Gill and O’Luanaigh, 2011


	Country
	Type of Wastewater
	Vegetation
	Removal Efficiency of Pollutants (%)
	Reference

	Italy
	Synthetic
	Zantedeschia aethiopica, Canna indica
	N: 65–67, P: 63–74, Zn and Cu: 98–99, Carbamazepine: 25–51, LAS: 60–72
	Macci et al., 2015

	Kenya
	Flower farm
	Canna spp.
	BOD: 87, COD: 67, TSS: 90, TN: 61
	Kimani et al., 2012

	Mexico
	Municipal
	Zantedeschia aethiopoca
	COD: 35, TN: 45.6
	Belmont and Metcalfe, 2003

	
	Domestic
	Zantedeschia Aethiopica and Canna flaccid
	SST: 85.9, COD: 85.8, NO3 -N: 81.7, NH4 -N: 65.5, NT: 72.6
	Belmont et al., 2004

	
	Coffee processing
	Heliconia psittacorum
	COD: 91, Coliformes: 93
	Orozco et al., 2006

	
	Domestic
	Strelitzia reginae, Zantedeschia esthiopica, Canna hybrids, Anthurium andreanum, Hemerocallis Dumortieri
	COD: >75, P: >66, Coliforms: 99
	Zurita et al., 2006

	
	Domestic
	Zantedeschia aethiopica
	BOD: 79, TN: 55, PT: 50
	Zurita et al., 2008

	
	Wastewater form canals
	Zantedeschia aethiopica
	COD: 92, N-NH4: 85, P-PO4 : 80

	Ramírez-Carrillo et al., 2009

	
	Municipal
	Strelitzia reginae, Anthurium, andreanum.

	TSS: 62, COD: 80, BOD: 82, TP: >50, TN: >49

	Zurita et al., 2009

	
	Groundwater
	Zantedeschia aethiopica and Anemopsis californica

	As: 75-78
	Zurita et al., 2009

	
	Domestic
	Gladiolus spp
	BOD: 33, TN: 53, TP: 75
	Castañeda and Flores, 2013


	[bookmark: _Hlk54593466]Mexico
	Mixture of greywater (from a cafeteria and research laboratories)

	Zantedeschia aethiopica and Canna indica
	COD: 65, NT: 22.4, PT: 5.
	Zurita and White, 2014

	
	Domestic
	Zantedeschia aethiopica
	BOD: 70

	Hallack et al., 2018

	
	Domestic
	Heliconia stricta, Heliconia psittacorum and Alpinia purpurata

	BOD: 48, COD: 64, TP: 39, TN: 39
	Méndez-Mendoza et al., 2015

	
	Municipal
	Canna hybrids and Strelitzia reginae

	DQO: 86, NT: 30-33, PT: 24–44
	Merino-Solís et al., 2015

	Country
	Type of Wastewater
	Vegetation
	Removal Efficiency of Pollutants (%)
	Reference

	
	Municipal
	Zantedeschia aethiopica and Strelitzia reginae
	COD: 75, TN: 18, TP: 2, TSS: 88.
	Zurita and Carreón-Álvarez, 2015

	
	Domiciliar
	Spathiphyllum wallisii, Zantedechia aethiopica, Iris japonica, Hedychium coronarium, Alocasia sp, Heliconia sp. and Strelitzia reginae
	N-NH4 : 64–93 BOD: 22–96 COD: 25–64
	Garzón et al., 2016

	
	Community
	Zantedeschia aethiopica, Lilium sp, Anturium spp and Hedychium coronarium
	NT: 47, PT: 33, COD: 67
	Hernández, 2016

	
	Stillage Treatment
	Canna indica
	BOD: 87, COD: 70
	López-Rivera et al., 2016

	
	Artificial
	Iris sibirica and Zantedeschia aethiopica
	Carbamazepine: 50–65
	Tejeda et al., 2017

	
	Community
	Alpinia purpurata and Zantedeschia aethiopica
	---
	Marín-Muñiz et al., 2018

	
	Polluted river
	Zantedeschia aethiopica
	NO3 -N: 45, NH4 -N: 70, PO4 -P: 30
	Hernández et al., 2018

	
	Municipal
	Spathiphyllum wallisii, and Zantedeschia aethiopica
	---
	Sandoval-Herazo et al., 2018

	
	University
	Strelitzia reginae
	---
	Martínez et al., 2018

	Nepal
	Municipal
	Canna latifolia
	TSS: 97, COD: 97, BOD: 89, TP: >30
	Sigh et al., 2009

	Portugal
	Tannery
	Canna indica mixed with other plants
	COD: 41–73, BOD: 41–58
	Calheiros et al., 2007

	
	Community
	Canna flaccida, Zantedeschia aethiopica, Canna indica, Agapanthus africanus and Watsonia borbonica
	BOD, COD, P-PO4 , NH4 and total coliform bacteria (all up to 84)
	Calheiros et al., 2015

	Spain
	Domestic
	Iris spp
	Bacteria: 37
	García et al., 2008

	
	Municipal
	Iris pseudacorus
	Bacteria: 43
	Ansola et al., 2003

	Sri Lanka
	Municipal
	Canna iridiflora
	BOD: 66, TP: 89, NH4 -N: 82, N-NO3 : 50

	Weragoda et al., 2012

	Taiwan
	Domestic
	Canna indica
	N-NH4 : 73, BOD: 11

	Chyan et al., 2016

	
	
	Canna indica
	N-NH4 : 57, N-NO3 : 57

	Chyan et al., 2016

	Thailand
	Domestic
	Canna spp
	COD: 92, BOD: 93, TSS: 84, NH4 -N: 88, TP: 90

	Sirianuntapiboon and Jitvimolnimit, 2007

	Country
	Type of Wastewater
	Vegetation
	Removal Efficiency of Pollutants (%)
	Reference

	
	Seafood
	Canna siamensis, Heliconia spp and Hymenocallis littoralis

	BOD: 91–99, SS: 52–90, TN: 72–92 and TP: 72–77
	Sohsalam et al., 2008

	
	Domestic
	Heliconia psittacorum L.f. and Canna generalis L. Bailey
	TSS: Both > 88, COD: 42–83
	Konnerup et al., 2009

	
	Fermented fish production
	Canna hybrid
	BOD, COD, TKN: ~ 97
	Kantawanichkul et al., 2009

	
	Collection system for business and hotel
	Cannae lilies, Heliconia
	BOD: 92, TSS: 90, NO3 -N: 50, TP: 46
	Brix et al., 2011

	
	Domestic
	Crinum asiaticum, Spathiphyllum clevelandii Schott
	PO4 -P: ~20
	Torit et al., 2012

	Turkey
	Municipal
	Iris australis
	NH4 -N: 91, NO3 -N: 89, TN: 91
	Tunçsiper, 2009

	USA
	Domestic
	Canna flaccida, Gladiolus sp., Iris sp.
	Baceria: ~50
	Neralla et al., 2000

	
	Nursery
	Canna· generalis, Eleocharis dulcis, Iris Peltandravirginica.
	N: ~50, P: ~60
	Palomsky et al., 2007

	
	Domestic
	Iris pseudacorus L., Canna x. generalis L.H. Bail., Hemerocallis fulva L. and Hibiscus moscheutos L
	BOD > 75, TSS > 88, Fecal baceteria > 93
	Karathanasis et al., 2003

	
	Tilapia production
	Canna sp.
	TSS: 90, NO2 -N: 91, NO3 -N: 76, COD: 12.5 and NH3 -N: 7.5
	Zachritz et al., 2008

	
	Stormwater runoff
	Canna x generalis Bailey, Iris pseudacorus L., Zantedeschia aethiopica (L.)
	N and P Canna (>90), Iris (>30) Zantedeschia (>90)
	Chen et al., 2009

	
	Residential
	Aeonium purpureum and Crassula ovate, Equisetum hyemale, Nasturtium, Narcissus impatiens, and Anigozanthos
	TSS: 95 BOD: 97
	Yu et al., 2015

	Vietnam
	Fishpond
	Canna generalis
	BOD: 50, COD: 25–55
	Konnerup et al., 2011

	United Kingdom
	Herbicide polluted water
	Iris pseudacorus
	Atrazine: 90–100
	McKinlay and Kasperek, 1999



A review of the available literature showed that ornamental plants are used to remove pollutants from domestic, municipal, aquaculture ponds, industrial or farm wastewater. The removal efficiency of ornamental plants was also evaluated for the following parameters: biochemical oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS), total nitrogen (TN), total phosphorous (TP), ammonium (NH4-N), nitrates (NO3-N), coliforms and some metals (Cu, Zn, Ni and Al). There is no clear pattern in the use of certain species of ornamental plants for certain types of wastewater. However, it is important to keep in mind that CWs using ornamental plants are usually utilized as secondary or tertiary treatments, due to the reported toxic effects that high organic/inorganic loading has on plants in systems that use them for primary treatment (in the absence of other complementary treatment options) (Gersberg et al., 1986; Duarte et al., 2010). The use of OFP in CWs generates an esthetic appearance in the systems. In CWs with high plant production, OFP harvesting can be an economic entity for CW operators, providing social and economic benefits, such as the improvement of system landscapes and a better habitat quality. Some authors have reported that polyculture systems enhanced the CW resistance to environmental stress and disease (Karathanasis, Potter and Coyne 2003; Prata et al., 2013).
7.1.2.2 Common Ornamental Plants Used in CWs
Limited quantities of ornamental flowering plants (OFP) have been used in CWs. These types of plants are typical of subtropical and tropical regions. Our survey showed that the four most frequently used genera are, in order of most to least frequently used: Canna spp, Iris spp, Heliconia spp, Zantedeschia spp (Table 4). Species of the Canna genus are used in all continents, with Asia using them the most frequently. The Iris genus is also used in Asia, along with Europe and North America. Species of the Heliconia genus are commonly used in Asia and America, including Mexico, Central and South America. While Zantedeschia is most frequently used in Mexico (a country in North America), they are found with less frequency in Europe, Africa, and Central and South America. The use of OFP in CWs is most popular in tropical and subtropical regions, due to the warm temperatures and the extensive sunlight hours. Such environmental features stimulate a richer biodiversity than in other regions.
Table 4. Four most commonly genera plants used in CWs around the globe, identified during the 87 survey studies in 21 countries, grouped by continents.
	
	America

	
	Asia
	Europe
	North America
	Central and South America
	Africa
	Total

	
	
	
	USA
	Mexico
	
	
	

	Canna
	22
	4
	5
	4
	2
	2
	39

	Iris
	5
	5
	4
	2
	2
	
	18

	Heliconia
	4
	
	
	4
	4
	
	12

	Zantedeschia
	
	2
	1
	13
	3
	1
	20
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 Table 5. Substrates typically chosen for management of wastewater in CW.
	Kinds of Substrates
	Source

	Natural Material

	Sand
	Saeed and Sun, 2013

	Gravel
	Calheiros et al., 2008

	Clay
	Calheiros et al., 2008

	Calcite
	Ann et al.,1999

	Marble
	Arias et al., 2001

	Vermiculite
	Arias et al., 2001

	Bentonite
	Xu et al., 2006

	Dolomite
	Ann et al.,1999

	Limestone
	Tao and Wang, 2009

	Shell
	Seo et al., 2005

	Shale
	Saeed and Sun., 2012

	Peat
	Saeed and Sun., 2012

	Wollastonite
	Brooks et al., 2000

	Maerl
	Saeed and Sun., 2012

	Zeolite
	Bruch et al., 2011

	Industrial by-product

	Slag
	Cui et al., 2010

	Fly ash
	Xu et al., 2006

	Coal cinder
	Ren et al., 2007

	Alum sludge
	Babatunde et al., 2010

	Hollow brick crumbs
	Ren et al.,2007

	Moleanos limestone
	Mateus et al., 2012

	Wollastonite tailings
	Hill et al.,1997

	Oil palm shell
	Chong et al., 2013

	Artiﬁcial products

	Activated carbon
	Ren et al., 2007

	Light weight aggregates
	Saeed and Sun., 2012

	Compost
	Saeed and Sun., 2012

	Calcium silicate hydrate
	Li et al., 2011a

	Ceramsite
	Li et al., 2011a

	                                   Others
	 

	Alum sludge
	Liu et al., 2016

	Apatite material
	Harouiya et al., 2011 

	Biochar
	Zhou et al., 2018b

	Bauxite
	Cherukumilli et al., 2017

	Construction wastes
	Shi et al., 2017

	Tire chips
	Reddy et al., 2017

	Polyethylene terephthalate
(PET)
	Tatoulis et al., 2017

	Filtralite
	Albuquerque et al., 2009

	Oyster shell
	Park and Polprasert, 2008

	PHBV and PLA blend
Wood mulch
	Yang et al., 2018
Saeed and Sun, 2011a

	Rice straw
	Cao et al., 2016
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[bookmark: _Hlk47623434]10. Direction for future research, challenges and overcomes
It has been broadly acknowledged that after decades of research as well as application, CWs are an effective management system for different wastewaters. The present analysis demonstrates that improvements in the design as well as operation of CWs, have significantly enhanced the efficiencies in the elimination of pollutants, and have enhanced the renewable implementation of this management process. For instance, a reasonable modification of the hydraulic design, mode of operation, contaminant loading rate, along with likely choice of plants including substrates may attain the outstanding efficiency in CWs for curing max intensity of wastewater or during winter.
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Table 6. Direction for future research on design and operation of CWs.
	Parameter
	Design Criteria

	
	FWS CWs
	SSF CWs

	Bed size (m2)
	Larger if available
	                           <2500

	Length to width ratio
	3:1–5:1
	                           <3:1

	Water depth (m)
	0.3–0.5
	                           0.4–1.6

	Hydraulic slope (%)
	<0.5
	                           0.5–1

	Hydraulic loading rate (m/day)
	<0.1
	                           <0.5

	Hydraulic retention time (day)
	5–30
	                           2–5

	Media
	Natural media and industrial by-product preferred, porosity 0.3–0.5, particle size <20 mm (50–200 mm for the inﬂow and outﬂow)

	Vegetation
	Native species preferred, plant density 80% coverage



Challenges and overcome
Provided the progressively stringent water safety requirements for wastewater management and water recycle globally, moreover, CWs also has few challenges, as well as more study and innovation work are needed. To sum it up (Figure 3):
Figure 3. Summary of Assumptions for achieving sustainable development of CWs.

1. Choice of plants and substrates shows that wetland phytoplankton including substrates are already key to the effective elimination of pollutants from wastewater in CW. Careful choice of macrophyte varieties should be given much emphasis (such as broad formation of vegetation, abundant) delivery of O2 and C substances, greater absorption of toxins, particularly evolving toxins, like heavy metals and medical devices, strong contaminant overload resistance) implemented in CWs in warm and cool environments for the management of wastewater, complex and expensive assessment of varieties and seasonal variations is further required. In conjunction, certain non - traditional wetland materials should be produced and utilized for CWs (manufacturing by product, farm garbage, and so on.) that has excellent adsorption potential and is advantageous for removing techniques. 

2. The analysis of design and operational parameters reveals that the optimum efficiency of the treatment depends fundamentally on ecological, hydraulic and operational situations. Consequently, in future research, improving these situations requires comprehensive and detailed examination. In addition, attention should also be given to researching the main pathway and technique relating to stronger contaminant elimination.

3. Considering the ongoing progress of study and functional implementation in conventional CWs, in future experiments, innovative techniques and approaches for improving wastewater implemented in CWs are urgently needed to augment the effective water freshness. Such techniques and approaches usually includes: artificial ventilation, tidal activity, phase feeding, extrinsic incorporation of C, microorganisms increase, distribution of different plants, mixture of different substrates, CWs and hybrid CWs, respectively. 
4. Vitamins and minerals as well as other contaminants integrated by wetland plants are recorded to be able to discharge into water whenever plants die and decompose however during snowy weather, that may contribute to the low elimination efficiency in CWs. Experiment and modernization on effective techniques for plant harvesting, and purification and regeneration of plant materials in CWs are therefore important.
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11. Conclusions
This review-based study illustrates that the factors for CW design and operation such as plant selection, substrate selection, water depth, loading rate, hydraulic retention time, and feeding mode are crucial to achieve the sustainable treatment performance. Wetland macrophytes and substrates represent two factors that influence the efficiency of pollutant removal in CWs. More attention should be given to appropriate plant species selection for CWs. An intensive evaluation of differences between species and season is also needed. In addition, some non-conventional wetland media, characterized by high sorption capacity, should be studied and used for CWs. Moreover, the review of the design and operating parameters shows that the optimal treatment performance is vitally dependent on environmental, hydraulic and operating conditions. Therefore, understanding how to manage and optimize these conditions warrants more investigation. Additional research on the critical pathways and mechanisms corresponding to higher pollutant removal should be taken into consideration. The review of design and operation parameters (plant and substrate selection, and hydraulic conditions) shows that the optimal treatment performance is crucially dependent on hydraulic, environmental, and operating conditions. Therefore, if an optimization of the design and management of these systems wants to be accomplished, further studies on the aspects above mentioned would be needed. For the sake of clarification, it is worth mentioning that as well as studies on design and operation parameters, additional research on maintenance processes and new strategies and technologies is necessary for sustainable CW systems and water quality improvement. Taking into account the efficient and sustainable implementation of full-scale CWs, future studies should focus on a comprehensive assessment of plants and substrates in field trials under real conditions, optimization of environmental and operational parameters, exploration of novel enhancement technologies and maintenance strategies. New studies will provide information that will increase the successful application and sustainability of CWs.
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