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INTRODUCTION

The three social, economic and environmental pillars constitute the platform for sustainable
development goals (Purvis et al. 2019), which are implemented through various approaches.
Sustainable city uses a paradigm as an efficient service place for residents’ activities (Vardoulakis
and Kinney 2019). The scope of city services at least includes integrated infrastructure and
a sustainable built environment including green building design (Eghbali and Didari 2018).
Green building refers to the creation of building structures that are functionally resource
efficient and environmentally friendly throughout the chain of design, construction, operation,
maintenance, renovation and deconstruction (USEPA 2016), thus green building is nothing less
than sustainable building.

Sustainable building requires renewable resources (Ddkmen and Giiltekdn 2011), which can
be met by plants as renewable natural resources. Thus, there is a phytoarchitecture, which is
defined as the provision of space for plants and empowering them for processing and managing
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the environmental quality of a building space, which includes indoor and outdoor within the
boundaries of the building area. Thus, phytoarchitecture is nothing less than onsite greenspace.
It is to encourage the empowerment of building plants for preventive measures (Samudro et al.
2022a) and remediation of polluted environment (Samudro and Mangkoedihardjo 2021).

Meanwhile, sanitation is an essential service for human life, which uses a sustainable
approach based on technical feasibility, economic viability, financial affordability, social
acceptance, institutional guidance and environmental protection (Schroeder 2022). With
reference to sustainable sanitation (Hutton and Chase 2016), for a building is closer to the
efficiency of clean water use which results in efficient wastewater discharge of good quality
for the environment. The building wastewater covered in domestic activity, which includes
waste from personal hygiene, kitchen work, washing goods and vehicles as well as cleaning of
buildings and courtyards (Ghawi 2018). Currently, building sanitation management can use an
onsite system, where wastewater is processed and disposed of within the building boundaries
(Ghangrekar 2022). Onsite systems usually place a septic tank as a wastewater treatment plant
below ground level, and the waste flows to the ground and/or drainage ditch (Shivendra and
Ramaraju 2015). Building sanitation can also be managed in the form of offsite system, where
septic tank effluent and/or wastewater from buildings flows directly in a network of conveyance
sewers to wastewater treatment outside the building boundaries with centralized, decentralized
and hybrid options (Manga et al. 2020). The main feature of wastewater disposal for all these
systems is releasing the quantity and quality of wastewater to the environment outside the
building area as much as it is generated at the source.

Thus, there is a gap in the implementation of wastewater disposal, resulting in resource
inefficiencies for all existing sanitation systems. This gap includes the distribution of the
quantity of wastewater disposal, the lack of utilization of environmental media for disposal,
and the treatment of wastewater quality. As a result, there is room to improve resource
efficiency for all existing sanitation systems. For this reason, this paper proposed a new
sanitation system intending to obtain specific features of efficient wastewater quantity to reduce
discharge, efficient wastewater quality to reduce pollution load, integrate building plants to gain
environmental-added value, and complete onsite management to encourage social participation
and reduce institutional engagement. These features lead to an efficient use of resources for
the provision of sanitation facilities, thereby bringing closer to the economic feasibility and
financial affordability for the implementation of construction, operation and maintenance.
These achievements are significant supports for sustainable building sanitation in particular
and sustainable development in general.

MATERIALS AND METHODS

This study is a literature review that reports on the performance of onsite sanitation, offsite
sanitation, domestic wastewater treatment, and the use of plants as biological media to improve
the quantity and quality of wastewater.

Literature selection criteria included current facts from the last 15 years, diversity of onsite
and offsite sanitation systems, diversity of environmental conditions in which sanitation
systems exist, experience using plants to treat wastewater, and literature sources from reference
platforms published in Scopus, Web of Science, and Google Scholars. Based on the selection
criteria, a total of 96 literatures were obtained for assessing the research results. Furthermore,
the assessment criteria include the simplicity of the system and its operation, the use of physical
and biological media in processing quantity and quality, as well as the flexibility of modifications
to adapt to other environmental conditions.

Based on this assessment, a new system is proposed to the integration of the phytoarchitecture
of a building as an onsite sanitation management unit. Building phytoarchitecture can
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significantly support the health of buildings and their occupants (Samudro et al. 2022b). Several
specific features of each sanitation system are presented to be considered for implementation
under local environmental conditions.

RESULTS AND DISCUSSION
Existing sanitation systems

The wastewater sanitation management (Savkovi¢-Stevanovic 2013) includes collection,
conveyance in sewers, treatment and disposal facilities. Wastewater management can separate
blackwater or human waste and greywater, as well as mixed.

For offsite sanitation systems, except for collection, other facilities are outside the building
boundaries (Safi etal. 2022). Offsite sanitation systems vary (Affam and Ezechi 2020) depending
on the type of wastewater being discharged, such as conventional and shallow sewers (Oberg
et al. 2020) that convey black and greywater, as well as small bore sewers for septic tank
effluent (Nawrot et al. 2018). On a service management scale, off-site sanitation can include
centralized system serving one service area, decentralized system serving a group of buildings,
which had been adapted as modular system (Gupta et al. 2022). In addition, there is a hybrid
system (Maurer 2022) when centralized and decentralized management scales exist within the
same service area. Offsite systems may use plant processing for resource recovery, such as
constructed wetlands (Capodaglio et al. 2021). In certain field conditions, the offsite wastewater
system uses rainwater drainage channels, known as a combined sewer system (Bachmann-
Machnik et al. 2021).

As for the onsite sanitation system, all management chains are within the boundaries of the
building area. Even if the existing onsite system provides a septic tank, the blackwater that is
deposited as a septage in the tank is emptied and treated outside the building (Bao et al. 2020),
hence the onsite system basically handles the greywater. Greywater and septic tank effluent are
usually discharged into local soil absorption (Hu et al. 2007), as well as into rainwater drainage
ditches around building boundaries (Alexander and Godrej 2015). Thus, onsite sanitation
system is generally susceptible to contamination of groundwater quality (Quamar et al. 2017),
and resuspension of contaminants during the rainy season (Gadhia et al. 2012).

Quantity distribution

The quantity of wastewater determines the design capacity of sanitation infrastructure. For
existing sanitation systems, design capacity is based on peak hourly discharge (Imam and
Elnakar 2014). The peak discharge is roughly the same as clean water usage at peak hours, and
estimated to be more than five times the daily average for serving up to ten people in a single
building (Balacco et al. 2017). In addition, sanitary facilities must be designed for long-term
service by adjusting the functional lifetime of the facilities (Poduska et al. 2019). Therefore, the
dimensions of the facility are designed for tens of years quantity.

The consequence of long-term design is the presence of idle capacity (Kherbache and Oukaci
2020), as the available capacity of facilities that is not utilized by working capacity. Idle capacity
occurs from the start of operation to the end of the design period. In addition to investment
losses, internal material that has not been utilized can experience a decrease in material quality
due to the influence of wastewater quality (Sakson et al. 2022), thereby reducing the functional
lifetime of the facility. Moreover, idle capacity decreases the flow rate in the facility, which
accelerates the settling of solids wastewater and increases the frequency of flushing (Melville-
Shreeve et al. 2021), leading to wasteful use of water. In short, idle capacity results in wastage
of resources, as opposed to resource efficiency for sustainability. This is a common feature of
sanitation facilities designed for long-term service, such as onsite and offsite systems.

Efforts to reduce idle capacity consider the following three approaches. The first approach
1s quantity distribution by separating blackwater and greywater. Greywater is wastewater other
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than human waste from toilets (Oteng-Peprah et al. 2018) to be discharged into a septic tank
onsite. The quantity of greywater is around 75% of the amount of households wastewater
(Hernandez Leal et al. 2010), which is considered to reduce idle capacity.

The second approach, a sanitation system can use a decentralized modular sewerage to serve
a group of buildings (Massoud et al. 2009), where fluctuations in water use are uniform and
more even throughout the day. With this modular service, the peak hourly factor of water use
can be minimized, and the service design period is shortened (Wang 2014). As a result, the
dimensions of sanitary facilities can be reduced, the frequency of flushing is reduced, while the
service lifetime of materials is extended. An illustration of the significance of a decrease in idle
capacity, suppose a city with a population of one million people has a peak hourly wastewater
discharge of five times the daily average discharge (5Q). The modular system is applied to serve
a group of buildings with uniform fluctuations throughout the day, so the peak hourly discharge
is less than that of the city, take the example of 2Q.

Hybrid onsite phytosanitation

The third approach to decreasing idle capacity is the new option, called hybrid onsite
phytosanitation system. The main features are the distribution of quantities to various
environmental media (soil, water, air, plants) and the treatment of qualities involving plant
processes. This system works inside the building yard and the treated effluent can be discharged
into the drainage ditch at the building boundary. Introducing plants to onsite sanitation has
added value for the health of building occupants besides being very environmentally friendly.
Owing to this new system uses building plants, it is suitable for treating greywater, which
accounts for a large portion of the quantity of wastewater discharged from a building. Apart
from greywater, the new system can also be used to treat septic tank effluent, displacing soil
absorption, thereby reducing groundwater pollution.

As the definition of hybrid offsite, the hybrid onsite phytosanitation is the coexistence of
existing onsite system, which treats blackwater in septic tanks, and phytosanitation, which treats
greywater and septic tank effluent, within one service area. This hybrid onsite phytosanitation
system works on a source of wastewater, hence it can be managed independently. The existence
of idle capacity which characterizes the weakness of the offsite system can be eliminated by the
hybrid onsite system, thereby reducing the wastage of resources.

Overall sanitation management systems are presented in Figure 1, showing the position of
proposed hybrid onsite phytosanitation system.

The hybrid onsite phytosanitation system is flexible in its application both in rural and urban

Land area of a building Outside building area

Conventional (or
shallow) sewers

Offsite system

Wastewater
sources: e.g. Septic tank » Small bore sewers
(Greywater + Blackwater)—s| © soil absorption o Centralized, decentralized,
Onsite system and hybrid offsite systems
o Combined sewers and
Hybrid onsite phytosanitation system=— drainage channels

Fig. 1. Overall sanitation management systems
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areas. It can be designed and implemented for new buildings, and can also modify or replace
other existing systems with some necessary adjustments. Thus, its application does not require
a lot of resources, but supports the feasibility of sustainable sanitation.

Environmental media distribution

For the new hybrid onsite phytosanitation option, the method of distributing the quantity
of greywater is to various environmental media placed at the wastewater source. The various
environmental media are soil, water, air, and plants, in evaporation (Menon et al. 2020) and/
or evapotranspiration beds (Paulo et al. 2019). Figure 2 illustrates the distribution of greywater
quantity from source to environmental media for phytosanitation. Therefore, the significance
of the distribution of the quantity of phytosanitation is the number of environmental media into
which the discharge flows.

Evaporation beds that are practical for building contain granular soil media and the like, in
which a portion of the greywater is evaporated into the air. The quantity and rate of evaporation
of greywater through the soil surface is difficult to generalize, because it is influenced by the
physical and chemical characteristics of the soil, its transport processes and environmental
conditions (Han et al. 2017). Therefore, no matter how small the release of greywater into the air
results in a reduction in the amount of greywater released from the evaporation bed. When the
granular media is planted with plants, it acts as an evapotranspiration bed (Velychko and Dupliak
2021). The quantity and rate of evapotranspiration are also influenced by factors influencing
evaporation with the addition of plant species (Weiss et al. 2021). Owing to plants use water to
maintain their growth, the amount of greywater that is wasted outside the evapotranspiration
bed becomes less than that released from the evaporation bed.

With the use of these beds, the flow of greywater into the sanitation facilities, as well as the
design dimensions are smaller compared to the existing onsite and offsite sanitation systems. In
short, the reduced dimensions of sanitation facilities due to onsite phytosanitation interventions
are closer to economic feasibility and financial affordability for construction, operation and
maintenance.

Quality treatment

The quality of greywater can contain toxic organic compounds such as those derived from
chemical products (Bearth et al. 2020), various organic compounds (Noman et al. 2019), and
various inorganic materials, however, they can be treated biologically (Eriksson et al. 2010).
Several other inorganic substances, such as N and P have nutritional value for plants (Razaq
et al. 2017), which are not considered by the existing onsite and offsite sanitation systems.
With the use of evaporation beds, the concentration of biodegradable organic matter can be
reduced by soil microbes (Gnowe et al. 2020), thus improving the quality of greywater flowing

Air Plants

Greywater [ [ E E Greywater

Evaporation dry bed | | Evapotranspiration dry bed
wet bed (pond) wet bed (pond)

||

Soil

Fig. 2. Greywater quantity distribution by phytosanitation
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into sanitation facilities. Further improving the quality of greywater streams is the use of
evapotranspiration beds, which reduce the concentration of organic matter by soil microbes and
convert it to minerals, thus enriching inorganic matter for plant nutrients uptake (Chazarenc et
al. 2010). Figure 3 is a greywater quality treatment scheme for phytosanitation options.

Plant processes determine the improvement of greywater quality, especially phytostabilization
(Radziemska et al. 2017) as a process of immobilizing greywater contaminants in the plant
growth media. Collection of contaminants in the root zone is caused by transpiration carried
by plants (Pieruschka et al. 2010). In general, all types of contaminants undergo a process
of phytostabilization. The next process is rhizofiltration (Woraharn et al. 2021), which refers
to the process of adsorption or precipitation of contaminants on the roots or absorption into
the roots. Along with that is the process of rhizodegradation (Allamin et al. 2020), which
decomposes contaminants in the soil by microbial activity. Generally, contaminants that
undergo microbiological processes are organic contaminants that are easily decomposed
microbiologically (Dicen et al. 2020), and inorganic contaminants such as ammonium and
nitrite (Norton and Ouyang 2019), as well as heavy metals (Gonzalez Henao and Ghneim-
Herrera 2021).

Greywater can carry pathogenic microbes, which can be eliminated by plants through the
process of phytomicroremediation (Singh et al. 2016). A study (Samaddar et al. 2021) showed
that pathogenic microbes in plant media live shorter lives than in soil and in fresh and greywater.
The cause of the short duration of pathogenic microbes in plant media is the quality of the
exudate (Doornbos et al. 2012), which is able to eliminate pathogenic microbes but has no
effect on the microbes living in the roots (Farraji et al. 2020). Besides, pathogenic microbes
are external inputs into plant irrigation (Xue et al. 2020), so they are not adaptive to plant root
conditions. This fact strengthens the use of plants to treat greywater and remediation of the soil
environment contaminated with pathogenic microbes.

The above processes can run simultaneously, after which the plant carries out the
phytoextraction process (Hunt et al. 2014), absorbing contaminants from the growth medium.
Contaminants absorbed by plants are then distributed or translocated into various plant organs
(Limmer and Burken 2014). The contaminant absorption process takes place in line with

Air
s o
+ % ‘.

Phytovolatilization Phytodegradation

within fplant

Plant growth media (soil or water) | 38
Phytoextraction

Rhizofiltration Rhizodegradation Phytomicroremediation

Greywater ’\ T =

contaminants , Phytostabilization

Fig. 3. Greywater quality treatment by phytosanitation
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the transpiration flow when the transpiration process occurs (Winkler and Knoche 2021).
Contaminants absorbed into plants are generally water-soluble contaminants (Nedjimi 2021).
However, some substances that are difficult to dissolve in water can be absorbed by plants, for
example oil (Effendi et al. 2017), which is caused by dissolving plant exudate. Thus, the exudate
functions as an organic solvent and also determines the solubility of contaminants. In plants,
contaminants can be degraded through phytodegradation processes by means of metabolic
processes in plants (Orlanda 2019). The process of phytodegradation allows contaminants to be
converted into plant nutrients.

The final process of plants is phytovolatilization (Limmer and Burken 2016), which is
the process of releasing contaminants into the air after being absorbed by plants. Absorbed
contaminants can change their chemical structure before being released into the air (Q. Zhang
et al. 2020). All substances have different levels of vapor pressure, which determines the
degree of phytovolatilization. Volatile organic carbon, for example alcohol, undergoes more
phytovolatilization than heavy metals which have a very low vapor pressure for the same
concentration (Menezes et al. 2013). In the case of greywater treatment containing organic
matter or oil phytoremediation, there is little concern that oil accumulation in plants is small,
but caution is needed for its release into the air. Likewise, the treatment of greywater containing
heavy metals or phytoremediation of soil contaminated with heavy metals, the concern for
the release of heavy metals into the air is very small, but it is necessary to be aware of the
accumulation of heavy metals in plants (Uddin et al. 2021).

Phytoarchitecture design

The aforementioned definition of phytoarchitecture was formulated from the concept of
environmentally sound architecture, which is defined as the art of designing buildings that are
livable, resilient, healthy and comfortable (MCH 2019). The technical function of building
phytoarchitecture emphasizes the ability of plants to manage environmental quality, including
the ability to eliminate pollutants both for indoor (Apte and Apte 2010) and outdoor (Lee et al.
2021). This is the added value of using plants for the building environment and for the health
of occupants. Further development for buildings with limited or no open courtyard space, the
spatial arrangement of plants can be aerial and/or vertical, such as green roofs and green walls,
as well as skygarden forms (Tien et al. 2021).

Incorporating phytosanitation into phytoarchitecture can use evapotranspiration beds. There
are two types of evapotranspiration beds according to the type of plants used. Evapotranspiration
dry bed is mounds of water-unsaturated soil on which terrestrial plants grow (Velychko and
Dupliak 2021). While the evapotranspiration wet bed is water-saturated soil in the form of a
pond, where aquatic plants grow, such as constructed wetland (Milani et al. 2019).

The technical function of plants can be as facades for sun exposure barriers (Sheweka and
Mohamed 2012), which have the ability to control indoor air temperature. In addition, they
have the ability to capture and treat a variety of outdoor air pollutants (B. Zhang et al. 2020),
which in equilibrium indoor/outdoor concentrations contribute to improving indoor air quality
(Saxena and Sonwani 2020). As an alternative to the facade is a green fence, to position the
evapotranspiration beds on the boundaries of the building area. This green fence acts as a
roadside plant to attenuate contaminants from road traffic activity (Azhari et al. 2011). Figure 4
illustrates the green facade and fence as a greywater evapotranspiration dry bed.

The existence of evapotranspiration beds is improving the quality of greywater, and the
quality of surrounding air. The processes of plants that capture air are phytosequestration
(Jansson et al. 2010). This process is in line with the processes of photosynthesis and respiration,
which show the uptake of gases from the air into plants through the leaves. Phytosequestration
marks the important contribution of air pollution control for indoor and outdoor environments
of buildings.
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Fig. 4. Green fagade and fence for evapotranspiration dry bed

As a green facade option is the use of plants that are able to climb, such as Mitraria coccinea,
Cissus striata, Boquila trifoliolata, Hydrangea serratifolia, Elytropus chilensis and Luzuriaga
radicans (Valladares et al. 2011), as well as Parthenocissus tricuspidata, a common plant species
associated with buildings (Zhou et al. 2021). The plant medium for climbing can be a grid of any
material that is installed vertically up to the height of the building that requires sun protection.
Beneath the grid is a plant growth medium, which also functions as an evapotranspiration dry
bed, where greywater is channelled into the bed.

From a socio-economic perspective, the utilization of plants can use various types that can
have medicinal properties. The application of plant diversity takes into account local wisdom
that is unique and develops in certain conditions and geographical areas (Sukkho et al. 2022).
This local wisdom incorporates the experience, expertise and insight possessed by the local
community to maintain and improve livelihoods, so that it becomes an important factor in
sustainable development. There were many medicinal plants available and used in Asia (Sanusi
et al. 2017). The use of local wisdom plants also determines the adoption of phytosanitation
as an option for treating greywater according to people’s preferences (Mousavi Samimi and
Shahhosseini 2021).

The use of plant diversity is recommended (Samudro and Mangkoedihardjo 2020) taking into
account the presence of various substances in the greywater, and the various protective functions
of the building (Gubb et al. 2020), as well as the preferences of the occupants (Behe et al. 2013).
The diversity of plants meets the balance of the three pillars of sustainable development.

Placement suitability

The green facade and fence are suitable for limited outdoor space. Placement of both is
prioritized on the side of the building which gets the longest exposure to sunlight throughout
the day, which can be the east or west part of the building. This placement supports as much
greywater evapotranspiration as possible. The arrangement of potted building plants in several
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parts of the building can actually function as evapotranspiration dry beds. Its placement is not
limited to building yards, but can also be applied to multi-storey buildings, for example on
balconies and corridors as shown in Figure 4. In conditions where sky gardens (Tian and Jim
2012) are available in the building, it can be integrated as a phytosanitation system to treat
greywater. For building aesthetics, phytoarchitecture experts are able to design aerial greywater
treatment operations. The main spirit of the evapotranspiration bed function in these conditions
is the greywater recovery resources.

For buildings with sufficient yard area and settlements in contoured landscapes (Samudro
2020), in addition to using evapotranspiration dry bed is evapotranspiration wet bed in the form
of pond. The evapotranspiration wet bed is nothing less than constructed wetland, which can be
small scale for a single building (Wallace 2006), where greywater is treated by aquatic plants.
Figure 5 illustrates the design of two types of evapotranspiration beds, which are applied in
combination.

The combined evapotranspiration beds can operate independently, as well as sequentially
(Samudro and Mangkoedihardjo 2020). Independent operations indicate the inflow of
greywater into each bed. The sequential operation shows the flow of greywater entering the
evapotranspiration wet bed, from which it continues capillary flow to the evapotranspiration dry
bed (Bin Zainal Abidin et al. 2014). Sequential operation is advantageous when the greywater
contains toxic organic matter. The media of evapotranspiration beds can detoxify toxic organic
matter microbially, further achieving quality stability, while not having a negative effect on
plant life (Das et al. 2022).

In practice, there is a sanitation system that discharges greywater into drainage ditches and
poses a risk to public health (Ali et al. 2021). However, in these two building conditions and
the amount of greywater that exceeds the disposal capacity at the site, the greywater treated by
plants can be channelled into drainage ditches around building boundaries. Plants are able to
detoxify chemicals contained in greywater (Widdup et al. 2015), hence it is safe enough to be
discharged into the drainage ditch.

Fence

QQ Aquatic plants
A

A

Evapotranspiration wet bed

Evapotranspiration dry bed

Fig. 5. Combination of evapotranspiration dry bed and wet bed
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Table 1. Sanitation features
Features Offsite system Onsite system Hybrid onsite phytosanitation system
Technical
. . Not applicable as is, but applicable to septic
Blackwater Applicable Applicable tank effluent
Greywater Applicable Applicable Applicable
o
Quantity (Q) 100%Q to single At. least 75 /(.’Q to At least 75%Q to multimedia (soil, water,
. . single medium .
distribution medium (sewer) (soil) air, plants)
Idle capacity of
sanitation facilities . .
(Kherbache & High potential Ignored Ignored
Oukaci, 2020)
It can be
Implementation Hybrid system channelled into It can replace soil absorption of septic tank
flexibili (Roefs et al., small bore sewer effluent, and channel to drainage ditch
ty 2017) (Barasa, Godfrey ’ &
Masinde 2020)
Economic
Resources recovery Offsite None Onsite
Economic value Offsite None Using decorative and medicinal plants
Financial
Investment Instltut'lonal Self-help Self-help
funding
Op.eratlon and Institution Self-help Self-help
maintenance management
Social
Con?rpun{ty Institutional Self-help Self-help
participation support
Private sector
involvement (Ndaw, Septage emptying Septage emptying Septage emptying, and plant selling
2016)
Institutional
Regulations . . .
(Hashimoto, 2021) Applicable Applicable Applicable
Applicable
Management agency (Hashimoto, Self-help Self-help
2021)

Environmental

. Urban for limited Rural.for Urban and rural without building area
Service area sufficient

limitations

Onsite with less pathogen flows due to

Quality treatment Offsite (Amin et al phytomicroremediation process (Singh et
2020) N al., 2016)

Phy'toa?chltecture None None Integrated

utilization

o . It is more supportive than offsite and onsite

Bul!dmg and . It 1s.less with an increase in air quality from the

environmental Supportive supportive than ) 4

health offsite sequestration process of airborne

contaminants (Jansson et al., 2010)
Sanitation features

In summary, the potential feasibility features of the existing and proposed sanitation systems
are presented in Table 1. Feasibility includes technical, economic, financial, social, institutional
and environmental aspects (Schroeder 2022). One may improve to this list of potential features
according to local conditions.
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CONCLUSIONS

Within the framework of sustainable building, a new hybrid onsite phytosanitation system in
phytoarchitecture is proposed to improve the efficiency of the sanitation system involving plants.
This system works with two forms of technical intervention simultaneously, which are fully
managed at the source of the greywater discharge. The first is the distribution of the quantity of
greywater to various environmental media, thereby minimizing discharge to the outside of the
building. The second is greywater quality treatment that is integrated with phytoarchitecture, in
which building plants deconcentrate various greywater chemicals. In addition, this integrated
system produces economic resources in the form of the plants themselves and environmental
resources that are beneficial to the health of the building and its occupants. Since management
is entirely at the source of the greywater, the integrated system encourages social participation
by occupants in the provision of facilities, operation and maintenance, thereby reducing
institutional involvement. This new system can meet the feasibility of provision of sanitation
infrastructure and sustainable development goals.

AUTHORS’ CONTRIBUTIONS

HS: conception, design, acquisition of data, analysis and interpretation of data, drafting the
manuscript, revising it, focusing on building phytoarchitecture; GS: as did HS’ contribution,
focusing on onsite phytosanitation; SM: as well as the contributions of HS and GS with the
addition of plant processes.

CONFLICT OF INTEREST

The authors declare that there is not any conflict of interests regarding the publication of this
manuscript. In addition, the ethical issues, including plagiarism, informed consent, misconduct,
data fabrication and/ or falsification, double publication and/or submission, and redundancy has
been completely observed by the authors.

LIFE SCIENCE REPORTING
No life science threat was practiced in this research.
ACKNOWLEDGMENTS

The authors would like to thank Universitas Islam Negeri Maulana Malik Ibrahim, Malang;
Universitas Diponegoro, Semarang; Institut Teknologi Sepuluh Nopember, Surabaya, by
providing facilities to carry out this work.

REFERENCES

Affam, A.C., & Ezechi, H.E. (2020). Sanitation Systems & Technology Options., in Clean Water &
Sanitation, Encyclopedia of the UN Sustainable Development Goals, W. Leal Filho, A.M. Azul, L.
Brandli, A. Lange Salvia, T. Wall, eds, Springer International Publishing, Cham, pp. 1-16.

Alexander, K.A., & Godrej, A. (2015). Greywater Disposal Practices in Northern Botswana—The Silent
Spring? Int. J. Environ. Res. Public. Health 12 (11):14529—-14540. doi:10.3390/ijerph121114529.

Ali, M.D.M., Husseini, M., & Khudhair, N.A. (2021). Impact of Wastewater on Ditches of Rainwater
Drain in Al-Hilla City. IOP Conf. Ser. Earth Environ. Sci. 877 (1):012007. doi:10.1088/1755-
1315/877/1/012007.

Allamin, LLA., Halmi, M.LLE., Yasid, N.A., Ahmad, S.A., Abdullah, S.R.S., & Shukor, Y. (2020).



1185 Samudro, H. et al.

Rhizodegradation of Petroleum Oily Sludge-contaminated Soil Using Cajanus cajan Increases the
Diversity of Soil Microbial Community. Sci. Rep. 10 (1):4094. doi:10.1038/s41598-020-60668-1.
Apte, M.G., & Apte, J.S. (2010). A Pilot Study of the Effectiveness of Indoor Plants for Removal of
Volatile Organic Compounds in Indoor Air in a Seven-Story Office Building (No. LBNL-3368E).

Lawrence Berkeley National Lab. (LBNL), Berkeley, CA (United States).

Azhari, A., Dalimin, M.N., & Wee, S.T. (2011). Polycyclic Aromatic Hydrocarbons (PAHs) from Vehicle
Emission in the Vegetation of Highway Roadside in Johor, Malaysia. Int. J. Environ. Sci. Dev. 2
(6):465—-468. doi:10.7763/1JESD.2011.V2.170.

Bachmann-Machnik, A., Briining, Y., Ebrahim Bakhshipour, A., Krauss, M., & Dittmer, U. (2021).
Evaluation of Combined Sewer System Operation Strategies Based on Highly Resolved Online Data.
Water 13 (6):751. doi:10.3390/w13060751.

Balacco, G., Carbonara, A., Gioia, A., lacobellis, V., & Piccinni, A.F. (2017). Evaluation of Peak Water
Demand Factors in Puglia (Southern Italy). Water 9 (2):96. doi:10.3390/w9020096.

Bao, P.N., Abfertiawan, M.S., Kumar, P., & Hakim, M.F. (2020). Challenges & Opportunities for Septage
Management in the Urban Areas of Indonesia — Case Study in Bandung City. J. Eng. Technol. Sci. 52
(4):481-500. doi:10.5614/j.eng.technol.sci.2020.52.4.3.

Bearth, A., Buchmiiller, K., Biirgy, H., & Siegrist, M. (2020). Barriers to the safe use of chemical
household products: A comparison across European countries. Environ. Res. 180:108859.
doi:10.1016/j.envres.2019.108859.

Behe, B.K., Campbell, B.L., Hall, C.R., Khachatryan, H., Dennis, J.H., & Yue, C. (2013). Consumer
Preferences for Local & Sustainable Plant Production Characteristics. HortScience 48 (2):200-208.
doi:10.21273/HORTSCI.48.2.200.

Bin Zainal Abidin, M.S., Shibusawa, S., Ohaba, M., Li, Q., & Bin Khalid, M. (2014). Capillary flow
responses in a soil-plant system for modified subsurface precision irrigation. Precis. Agric. 15
(1):17-30. doi:10.1007/s11119-013-9309-6.

Capodaglio, A.G., Bolognesi, S., & Cecconet, D. (2021). Sustainable, Decentralized Sanitation & Reuse
with Hybrid Nature-Based Systems. Water 13 (11):1583. d0i:10.3390/w13111583.

Chazarenc, F., Naylor, S., Comeau, Y., Merlin, G., & Brisson, J. (2010). Modeling the Effect of
Plants & Peat on Evapotranspiration in Constructed Wetlands. Int. J. Chem. Eng. 2010:e¢412734.
doi:10.1155/2010/412734.

Das, A K., Anik, T.R., Rahman, M.M., Keya, S.S., Islam, M.R., Rahman, M.A., Sultana, S., Ghosh,
PK., Khan, S., Ahamed, T., Ghosh, T.K., Tran, L.S.-P., & Mostofa, M.G. (2022). Ethanol Treatment
Enhances Physiological & Biochemical Responses to Mitigate Saline Toxicity in Soybean. Plants 11
(3):272. doi:10.3390/plants11030272.

Ddkmen, C.B., & Giiltekdn, A.B. (2011). Usage Of Renewable Energy Resources In Buildings in The
Context Of Sustainability. Miihendis. Bilim. Ve Tasar. Derg. 1 (3).

Dicen, G.P., Rallos, R.V., Labides, J.L.R., & Navarrete, [.A. (2020). Vulnerability of soil organic
matter to microbial decomposition as a consequence of burning. Biogeochemistry 150 (2):123-137.
d0i:10.1007/s10533-020-00688-1.

Doornbos, R.F., van Loon, L.C., & Bakker, P.A.H.M. (2012). Impact of root exudates & plant defense
signaling on bacterial communities in the rhizosphere. A review. Agron. Sustain. Dev. 32 (1):227—
243. doi:10.1007/s13593-011-0028-y.

Effendi, H., Munawaroh, A., & Puspa Ayu, 1. (2017). Crude oil spilled water treatment with Vetiveria
zizanioides in floating wetland. Egypt. J. Aquat. Res. 43 (3):185-193. d0i:10.1016/j.¢jar.2017.08.003.

Eghbali, Z., & Didari, A. (2018). Green Building Design & Construction Using Concept of Sustainability.
Presented at the International Conference on Civil, Structural & Transportation Engineering.

Eriksson, E., Srigirisetty, S., & Eilersen, A.M. (2010). Organic matter & heavy metals in grey-water
sludge. Water S4 36 (1). doi:10.4314/wsa.v36i1.50921.

Farraji, H., Robinson, B., Mohajeri, P., & Abedi, T. (2020). Phytoremediation: green technology for
improving aquatic & terrestrial environments. Nippon J. Environ. Sci. 1 (1). doi:10.46266/njes.1002.

Gadhia, M., Surana, R., & Ansari, E. (2012). Seasonal Variations in Physico-Chemical Characterstics of
Tapi Estuary in Hazira Industrial Area. Our Nat. 10 (1):249-257. d0i:10.3126/on.v10i1.7811.

Ghangrekar, M.M. (2022). Onsite Sanitation Systems., in Wastewater to Water: Principles, Technologies
& Engineering Design, M.M. Ghangrekar, ed, Springer Nature, Singapore, pp. 833—-858.

Ghawi, A.H. (2018). Study on the Development of Household Wastewater Treatment Unit. J. Ecol. Eng.
19 (2):63-71. doi:10.12911/22998993/81780.



1186 Pollution 2023, 9(3): 1174-1189

Gnowe, W.D., Noubissié, E., & Noumi, G.B. (2020). Influence of time & oxygenation on the degradation
of organic matter, nitrogen & phosphates during the biological treatment of slaughterhouse effluent.
Case Stud. Chem. Environ. Eng. 2:100048. doi:10.1016/j.cscee.2020.100048.

Gonzalez Henao, S., & Ghneim-Herrera, T. (2021). Heavy Metals in Soils & the Remediation Potential
of Bacteria Associated With the Plant Microbiome. Front. Environ. Sci. 9.

Gubb, C., Blanusa, T., Griffiths, A., & Pfrang, C. (2020). Can plants be considered a building service?
Build. Serv. Eng. Res. Technol. 41 (3):374-384. do0i:10.1177/0143624419899519.

Gupta, A.K., Majumder, A., & Ghosal, P.S. (2022). Chapter 10 - A review on advanced biological systems
for modular wastewater treatment plants: process, application, & future in developing countries., in
Modular Treatment Approach for Drinking Water & Wastewater, S. Kaur Brar, P. Kumar, A. Cuprys,
eds, Elsevier, pp. 171-186.

Han, J., Lin, J., & Dai, Y. (2017). Numerical Modeling of Soil Evaporation Process & Its Stages Dividing
during a Drying Cycle. Geofluids 2017:¢5892867. doi:10.1155/2017/5892867.

Hernandez Leal, L., Temmink, H., Zeeman, G., & Buisman, C.J.N. (2010). Comparison of Three
Systems for Biological Greywater Treatment. Water 2 (2):155-169. doi:10.3390/w2020155.

Hu, H.-Y., Cheng, Y.-L., & Lin, J.-Y. (2007). On-Site Treatment of Septic Tank Effluent by Using a
Soil Adsorption System. Pract. Period. Hazard. Toxic Radioact. Waste Manag. 11 (3):197-206.
doi:10.1061/(ASCE)1090-025X(2007)11:3(197).

Hunt, A.J., Anderson, C.W.N., Bruce, N., Garcia, A.M., Graedel, T.E., Hodson, M., Meech, J.A., Nassar,
N.T., Parker, H.L., Rylott, E.L., Sotiriou, K., Zhang, Q., & Clark, J.H. (2014). Phytoextraction as a
tool for green chemistry. Green Process. Synth. 3 (1):3-22. doi:10.1515/gps-2013-0103.

Hutton, G., & Chase, C. (2016). The Knowledge Base for Achieving the Sustainable Development Goal
Targets on Water Supply, Sanitation & Hygiene. Int. J. Environ. Res. Public. Health 13 (6):536.
doi:10.3390/ijerph13060536.

Imam, E.H., & Elnakar, H.Y. (2014). Design flow factors for sewerage systems in small arid communities.
J. Adv. Res. 5 (5):537-542. doi:10.1016/j.jare.2013.06.011.

Jansson, C., Wullschleger, S.D., Kalluri, U.C., & Tuskan, G.A. (2010). Phytosequestration: Carbon
Biosequestration by Plants & the Prospects of Genetic Engineering. BioScience 60 (9):685-696.
doi:10.1525/bi0.2010.60.9.6.

Kherbache, N., & Oukaci, K. (2020). Assessment of capital expenditure in achieving sanitation-related
MDG targets & the uncertainties of the SDG targets in Algeria. World Dev. Perspect. 19:100236.
doi:10.1016/j.wdp.2020.100236.

Lee, H., Jun, Z., & Zahra, Z. (2021). Phytoremediation: The Sustainable Strategy for Improving Indoor
& Outdoor Air Quality. Environments 8 (11):118. doi:10.3390/environments8110118.

Limmer, M., & Burken, J. (2016). Phytovolatilization of Organic Contaminants. Environ. Sci. Technol.
50 (13):6632—-6643. doi:10.1021/acs.est.5b04113.

Limmer, M.A., & Burken, J.G. (2014). Plant Translocation of Organic Compounds: Molecular &
Physicochemical Predictors. Environ. Sci. Technol. Lett. 1 (2):156—-161. doi:10.1021/ez400214q.
Manga, M., Bartram, J., & Evans, B.E. (2020). Economic cost analysis of low-cost sanitation technology
options in informal settlement areas (case study: Soweto, Johannesburg). Int. J. Hyg. Environ. Health

223 (1):289-298. doi:10.1016/j.ijheh.2019.06.012.

Massoud, M.A., Tarhini, A., & Nasr, J.A. (2009). Decentralized approaches to wastewater treatment
& management: Applicability in developing countries. J. Environ. Manage. 90 (1):652—659.
doi:10.1016/j.jenvman.2008.07.001.

Maurer, M. (2022). Are hybrid systems sustainable or does winner takes all?, in Routledge Handbook of
Urban Water Governance, Routledge.

MCH (2019). The definition of Architecture by architects & experts. Available at https://www.mchmaster.
com/news/definition-of-architecture-by-architects/ (Accessed 17 November 2022).

Melville-Shreeve, P., Cotterill, S., Newman, A., & Butler, D. (2021). Campus Study of the Impact of
Ultra-Low Flush Toilets on Sewerage Networks & Water Usage. Water 13 (4):419. do0i:10.3390/
w13040419.

Menezes, H.C., Amorim, L.C.A., & Cardeal, Z.L. (2013). Sampling & Analytical Methods for
Determining VOC in Air by Biomonitoring Human Exposure. Crit. Rev. Environ. Sci. Technol. 43
(1):1-39. doi:10.1080/10643389.2011.604239.

Menon, A K., Haechler, 1., Kaur, S., Lubner, S., & Prasher, R.S. (2020). Enhanced solar evaporation using
a photo-thermal umbrella for wastewater management. Nat. Sustain. 3 (2):144—-151. doi:10.1038/



1187 Samudro, H. et al.

s41893-019-0445-5.

Milani, M., Marzo, A., Toscano, A., Consoli, S., Cirelli, G.L., Ventura, D., & Barbagallo, S. (2019).
Evapotranspiration from Horizontal Subsurface Flow Constructed Wetlands Planted with Different
Perennial Plant Species. Water 11 (10):2159. doi:10.3390/w11102159.

Mousavi Samimi, P., & Shahhosseini, H. (2021). Evaluation of resident’s indoor green space preferences
in residential complexes based on plants’ characteristics. Indoor Built Environ. 30 (6):859-868.
doi:10.1177/1420326X20917436.

Nawrot, T., Matz, R., Btazejewski, R., & Spychata, M. (2018). A Case Study of a Small Diameter Gravity
Sewerage System in Zolkiewka Commune, Poland. Water 10 (10):1358. doi:10.3390/w10101358.

Nedjimi, B. (2021). Phytoremediation: a sustainable environmental technology for heavy metals
decontamination. SN Appl. Sci. 3 (3):286. doi:10.1007/s42452-021-04301-4.

Noman, E.A., Al-Gheethi, A.A.S., Talip, B.A., Radin Mohamed, R.M.S., Nagao, H., & Mohd Kassim,
A.H. (2019). Xenobiotic Organic Compounds in Greywater & Environmental Health Impacts., in
Management of Greywater in Developing Countries: Alternative Practices, Treatment & Potential
for Reuse & Recycling, Water Science & Technology Library, R.M.S. Radin Mohamed, A.A.S. Al-
Gheethi, A.H. Mohd Kassim, eds, Springer International Publishing, Cham, pp. 89—108.

Norton, J., & Ouyang, Y. (2019). Controls & Adaptive Management of Nitrification in Agricultural
Soils. Front. Microbiol. 10.

Oberg, G., Metson, G.S., Kuwayama, Y., & A. Conrad, S. (2020). Conventional Sewer Systems Are Too
Time-Consuming, Costly & Inflexible to Meet the Challenges of the 21st Century. Sustainability 12
(16):6518. do0i:10.3390/sul2166518.

Orlanda, K. (2019). The Phytodegradation Effect of Pincushion Moss(Leucobryum glaucum) in a
Source of Wastewater. Ascendens Asia J. Multidiscip. Res. Abstr. 3 (5).

Oteng-Peprah, M., Acheampong, M.A., & deVries, N.K. (2018). Greywater Characteristics, Treatment
Systems, Reuse Strategies & User Perception—a Review. Water. Air. Soil Pollut. 229 (8):255.
doi:10.1007/s11270-018-3909-8.

Paulo, P.L., Galbiati, A.F., Magalhdes Filho, F.J.C., Bernardes, F.S., Carvalho, G.A., & Boncz, M.A.
(2019). Evapotranspiration tank for the treatment, disposal & resource recovery of blackwater.
Resour. Conserv. Recycl. 147:61-66. doi:10.1016/j.resconrec.2019.04.025.

Pieruschka, R., Huber, G., & Berry, J.A. (2010). Control of transpiration by radiation. Proc. Natl. Acad.
Sci. 107 (30):13372-13377. d0i:10.1073/pnas.0913177107.

Poduska, J., Hutaf, P., Frank, A., Kucera, J., Sadilek, J., Pinter, G., & Nahlik, L. (2019). Soil Load
on Plastic Pipe & its Influence on Lifetime. Strojnicky Casopis - J. Mech. Eng. 69 (3):101-106.
doi:10.2478/scjme-2019-0036.

Purvis, B., Mao, Y., & Robinson, D. (2019). Three pillars of sustainability: in search of conceptual
origins. Sustain. Sci. 14 (3):681-695. doi:10.1007/s11625-018-0627-5.

Quamar, R., Jangam, C., Veligeti, J., Chintalapudi, P., & Janipella, R. (2017). Assessment of On-site
sanitation system on local groundwater regime in an alluvial aquifer. Appl. Water Sci. 7 (8):4375—
4386. doi:10.1007/s13201-017-0583-8.

Radziemska, M., Vaverkova, M.D., & Baryta, A. (2017). Phytostabilization—Management Strategy for
Stabilizing Trace Elements in Contaminated Soils. Int. J. Environ. Res. Public. Health 14 (9):958.
doi:10.3390/ijerph14090958.

Razaq, M., Zhang, P., Shen, H., & Salahuddin (2017). Influence of nitrogen & phosphorous on the growth
& root morphology of Acer mono. PLOS ONE 12 (2):¢0171321. doi:10.1371/journal.pone.0171321.

Safi, F., Furlong, C., Luthra, B., Rohilla, S.K., & Brdjanovic, D. (2022). Monitoring Progress in Citywide
Sanitation. Front. Environ. Sci. 9.

Sakson, G., Brzezinska, A., Bandzierz, D., Olejnik, D., Jedrzejczak, M., Gryglik, D., & Badowska, E.
(2022). Monitoring of wastewater quality in Lodz sewage system (Poland)—do the current solutions
enable the protection of WWTP & receiving water? Int. J. Energy Environ. Eng. 13 (2):713-727.
doi:10.1007/s40095-021-00455-4.

Samaddar, S., Karp, D.S., Schmidt, R., Devarajan, N., McGarvey, J.A., Pires, A.F.A., & Scow, K.
(2021). Role of soil in the regulation of human & plant pathogens: soils’ contributions to people.
Philos. Trans. R. Soc. B Biol. Sci. 376 (1834):20200179. doi:10.1098/rstb.2020.0179.

Samudro, G., & Mangkoedihardjo, S. (2020). Mixed plant operations for phytoremediation in polluted
environments — a critical review. J. Phytol. 12:99-103. do0i:10.25081/jp.2020.v12.6454.

Samudro, H. (2020). Landscape intervention design strategy with application of Islamic ornamentation



1188 Pollution 2023, 9(3): 1174-1189

at Trunojoyo Park Malang, Jawa Timur, Indonesia. J. Islam. Archit. 6 (1):41-47. doi:10.18860/jia.
v6i1.4383.

Samudro, H., & Mangkoedihardjo, S. (2021). Indoor phytoremediation using decorative plants: An
overview of application principles. J. Phytol. 13:28-32. doi:10.25081/jp.2021.v13.6866.

Samudro, H., Samudro, G., & Mangkoedihardjo, S. (2022a). Prevention of indoor air pollution through
design & construction certification: A review of the sick building syndrome conditions. J. Air Pollut.
Health 7 (1):81-94. doi:10.18502/JAPH.V711.8922.

Samudro, H., Samudro, G., & Mangkoedihardjo, S. (2022b). Overview of Indoor Plants: Phytoarchitecture
as A Building Health Platform. J. Des. Built Environ. 22 (3):69-87.

Sanusi, S.B., Abu Bakar, M.F., Mohamed, M., Sabran, S.F., & Mainasara, M.M. (2017). Southeast Asian
Medicinal Plants as a Potential Source of Antituberculosis Agent. Evid. Based Complement. Alternat.
Med. 2017:€7185649. doi:10.1155/2017/7185649.

Savkovi¢-Stevanovic, J. (2013). Waste Water Management Systems, Waste Water - Treatment
Technologies & Recent Analytical Developments. IntechOpen.

Saxena, P., & Sonwani, S. (2020). Remediation of ozone pollution by ornamental plants in indoor
environment. Glob. J. Environ. Sci. Manag. 6 (4):497-508. doi:10.22034/gjesm.2020.04.06.

Schroeder, E. (2022). Sustainable sanitation - Sustainable Sanitation Alliance (SuSanA). Available at
https://www.susana.org/en/about/vision-mission/sustainable-sanitation (Accessed 19 December
2022).

Sheweka, S.M., & Mohamed, N.M. (2012). Green Facades as a New Sustainable Approach Towards
Climate Change. Energy Procedia, Terragreen 2012: Clean Energy Solutions for Sustainable
Environment (CESSE) 18:507-520. doi:10.1016/j.egypro.2012.05.062.

Shivendra, B.T., & Ramaraju, H.K. (2015). Impact of Onsite Sanitation System on Groundwater in
Different Geological Settings of Peri Urban Areas. Aquat. Procedia, International Conference on
Water Resources, Coastal & Ocean Engineering (ICWRCOE’15) 4:1162—-1172. doi:10.1016/j.
aqpro.2015.02.148.

Singh, A., Vyas, D., & Malaviya, P. (2016). Two-stage phyto-microremediation of tannery effluent by
Spirodela polyrrhiza (L.) Schleid., & chromium resistant bacteria. Bioresour. Technol. 216:883—893.
doi:10.1016/j.biortech.2016.06.025.

Sukkho, T., Khanongnuch, C., Lumyong, S., Ruangsuriya, J., Pattananandecha, T., Apichai, S., Ogata, F.,
Kawasaki, N., & Saenjum, C. (2022). Local Wisdom & Diversity of Medicinal Plants in Cha Miang
Forest in Mae Kampong Village, Chiang Mai, Thailand, & Their Potential for Use as Osteoprotective
Products. Plants Basel Switz. 11 (11):1492. doi:10.3390/plants11111492.

Tian, Y., & Jim, C.Y. (2012). Development potential of sky gardens in the compact city of Hong Kong.
Urban For. Urban Green. 11 (3):223-233. doi:10.1016/j.ufug.2012.03.003.

Tien, P.W., Mohammadi, M., & Calautit, J.K. (2021). Providing Comfortable Environment in Skygardens
Within High-Rise Buildings: Analysis of the Impact of Vegetation on Wind & Thermal Comfort. J.
Sustain. Dev. Energy Water Environ. Syst. 9 (2):1-28.

Uddin, M.M., Zakeel, M.C.M., Zavahir, J.S., Marikar, FM.M.T., & Jahan, 1. (2021). Heavy Metal
Accumulation in Rice & Aquatic Plants Used as Human Food: A General Review. Toxics 9 (12):360.
doi:10.3390/toxics9120360.

USEPA (2016). Basic Information | Green Building [US EPA. Available at https://archive.epa.gov/
greenbuilding/web/html/about.html#1 (Accessed 17 December 2022).

Valladares, F., Gianoli, E., & Saldafa, A. (2011). Climbing plants in a temperate rainforest understorey:
searching for high light or coping with deep shade? Ann. Bot. 108 (2):231-239. do0i:10.1093/a0b/
mcrl32.

Vardoulakis, S., & Kinney, P. (2019). Grand Challenges in Sustainable Cities & Health. Front. Sustain.
Cities 1.

Velychko, S., & Dupliak, O. (2021). Assessment of the Influence of Evaporation & Evapotranspiration
on the Volume of Sludge Accumulation in The Sludge Drying Beds. J. Ecol. Eng. 22 (2):63-69.
doi:10.12911/22998993/130896.

Wallace, S. (2006). Feasibility, Design Criteria, & O&M Requirements for Small Scale Constructed
Wetland Wastewater Treatment Systems.

Wang, S. (2014). Values of decentralized systems that avoid investments in idle capacity within the
wastewater sector: A theoretical justification. J. Environ. Manage. 136:68-75. doi:10.1016/j.
jenvman.2014.01.038.



1189 Samudro, H. et al.

Weiss, O., Minixhofer, P., Scharf, B., & Pitha, U. (2021). Equation for Calculating Evapotranspiration
of Technical Soils for Urban Planting. Land 10 (6):622. doi:10.3390/1and10060622.

Widdup, E.E., Chatfield-Reed, K., Henry, D., Chua, G., Samuel, M.A., & Muench, D.G. (2015).
Identification of detoxification pathways in plants that are regulated in response to treatment with
organic compounds isolated from oil sands process-affected water. Chemosphere 139:47-53.
doi:10.1016/j.chemosphere.2015.05.048.

Winkler, A., & Knoche, M. (2021). Xylem, phloem & transpiration flows in developing European plums.
PLOS ONE 16 (5):0252085. doi:10.1371/journal.pone.0252085.

Woraharn, S., Meeinkuirt, W., Phusantisampan, T., & Chayapan, P. (2021). Rhizofiltration of Cadmium
& Zinc in Hydroponic Systems. Water. Air. Soil Pollut. 232 (5):204. doi:10.1007/s11270-021-05156-
6.

Xue, H., Lozano-Duran, R., & Macho, A.P. (2020). Insights into the Root Invasion by the Plant
Pathogenic Bacterium Ralstonia solanacearum. Plants 9 (4):516. doi:10.3390/plants9040516.

Zhang, B., Cao, D., & Zhu, S. (2020). Use of plants to clean polluted air: A potentially effective & low-
cost phytoremediation technology. BioResources 15 (3):4650—4654.

Zhang, Q., Kong, W., Wei, L., Wang, Y., Luo, Y., Wang, P.,, Liu, J., Schnoor, J.L., & Jiang, G. (2020).
Uptake, phytovolatilization, & interconversion of 2,4-dibromophenol & 2,4-dibromoanisole in rice
plants. Environ. Int. 142:105888. do0i:10.1016/j.envint.2020.105888.

Zhou, S.-Y.-D., Zhang, Q., Neilson, R., Giles, M., Li, H., Yang, X.-R., Su, J.-Q., & Zhu, Y.-G. (2021).
Vertical distribution of antibiotic resistance genes in an urban green facade. Environ. Int. 152:106502.
doi:10.1016/j.envint.2021.106502.



	Phytoarchitecture Integrates Hybrid Onsite Phytosanitation to Suppress Building Environmental Pollut
	ABSTRACT
	Keywords
	INTRODUCTION
	MATERIALS & METHODS 
	RESULTS AND DISCUSSION 
	Existing sanitation systems 
	Quantity distribution 
	Hybrid onsite phytosanitation 
	Environmental media distribution 
	Quality treatment  
	Phytoarchitecture design 
	Placement suitability 
	Sanitation features 

	CONCLUSIONS 
	AUTHORS’ CONTRIBUTIONS 
	CONFLICT OF INTEREST 
	LIFE SCIENCE REPORTING 
	ACKNOWLEDGMENTS 
	REFERENCES


