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Abstract 
 
Rainfall and surface water runoff are valuable resources, and this should be reflected in the way it is managed and used 
in our cities and towns in Romania. It can provide beauty, enhance biodiversity, improve buildings, places, and spaces. 
Also, it helps making them more adaptive and resilient to climate change, which is one of the biggest challenges in the world. 
The SuDS philosophy is about maximising the benefits and minimising the negative impacts of surface water runoff 
from developed areas. Moreover, SuDS are designed to manage the flood and pollution risks resulting from urban 
runoff but also to contribute wherever possible to environmental enhancement and place making. With this in mind, the 
multi-functionality and multiple benefits of SuDS should always be considered. Going forward, in most of the towns and 
cities there are opportunities to better manage surface water - replacing the old systems that discharge rain and runoff 
to the drains and sewers with new ones which capture rain, manage surface water runoff, and deliver multiple benefits.  
 
Key words: environmental, drainage, multiple benefits, rainfall, runoff.   
 
INTRODUCTION 
 
Rainfall and surface water runoff are valuable 
resources, and this should be reflected in the 
way they are managed and used in our cities 
and towns. Surface water must be managed for 
maximum benefit, now and in the future. By 
working together, we can integrate surface 
water management into the design of our towns 
and cities, protecting our environment and 
creating high quality places for future 
generations (Dickie, 2010; Uzen et al., 2013).  
The philosophy of sustainable drainage systems 
(SuDS) is primarily about maximising the 
benefits and minimising the negative impacts 
of surface water runoff from developed areas 
(Woods Ballard, 2015). SuDS can deliver and 
enhance the green space within developments 
and link them to wider green networks.  
Rain falls on a natural landscape and infiltrates 
into the ground, evaporates, is taken up by 
plants (evapotranspiration) and some of it finds 
its way into streams and rivers (Abbott, 2013).  
The natural water cycle maintains a balance 
water circulation so these stages of the water 
cycle can be impeded when land is covered by 
development (Minea et al., 2015; Sandu et al., 
2015). It is well known that the availability of 

the ground in urban areas tends to be less 
permeable for infiltration and less vegetation 
for evapotranspiration. When rain falls on 
impermeable surfaces, it turns into surface 
water runoff, which can cause pollution, 
flooding as well as erosion issues (Wood 
Ballard, 2007; Ivanescu, 2016).  
If we do not change the way we design our 
urban areas and manage surface water runoff 
more effectively, these issues will get worse.  
Moreover, climate change predictions show 
that heavy rainfall and flooding will become 
more frequent. Also, the continuing 
development will increase urbanisation which 
will reduce wildlife in urban areas. 
Urbanization will lead to develop new 
traditional systems to take away the water 
surface runoff which can have a significant 
impact for both environment and people such 
as erosion, disturbance to habitats and 
ecosystems, disappearance of green areas 
(Digman, 2012) (Figure 1). Managing surface 
water runoff by maximising its benefits can 
improve the aspects of towns and cities as well 
as keep safe the natural habitats and 
ecosystems. Also, it is beneficial for people 
lives who can have more green areas and an 
improved air quality (Dickie, 2010).  
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Figure 1. Impacts of urbanisation on a catchment (Woods Ballard et al., 2015) 

 
ASSESSING THE BENEFITS OF SuDS 
 
The benefits of using SuDS for both 
individuals and communities are enormous 
which include health improvements, well-
being, and quality of live.  
In order to maximise these benefits, surface 
water management must be considered from 
the start of the development planning process 
and throughout the process.  
SuDS may be applied to deliver effective 
surface water management which are both 
value of money and inspirational in various and 
different ways. Depending on the opportunities 
and constraints of the site, the type of 
development planned and the characteristics of 
the surrounding area, this can be through a 
combination of components such as open 
water, vegetated hard landscaped, above and 
below ground (Balmforth, 2006).  

Implementing SuDS to the towns and cities in 
Romania will come with a long list of benefits 
for both environment and people as these 
systems are designed to maximise the 
opportunities for managing the surface water 
(Wood Ballard, 2007).  
There are four categories of benefits which can 
be achieved by implementing SuDS such as:  
• Improving of water quality as managing the 

quality of the runoff to prevent pollution;  
• Controlling of water quantity by supporting 

the management of flood risk and 
maintaining, as well as, protecting the 
natural water cycle.  

• Amenity by creating and sustaining better 
places for people; 

• Biodiversity by creating and sustaining 
better places for environment.  

Moreover, SuDS will provide beauty, enhance 
biodiversity, improve air quality, improve 

 

 

buildings, places, and spaces. Also, it helps 
making them more adaptive and resilient to 
climate change, which is one of the biggest 
challenges in the world (Woods Ballard, 2015). 
 
SuDS USAGE 
 
SuDS may be used anywhere either for new 
developments or redevelopments as well as it 
can be retrofitted into existing developments. 
Also, it can be implemented in the smallest 

spaces as a good design of SuDS will maximise 
the use of the available space by delivering 
effective drainage and other facilities to help to 
achieve the objectives of the site.  
As examples: previous pavements can be 
reused for parking areas, rain gardens can be 
incorporated into traffic, detention basin may 
have recreational usage, tree and garden roof 
can balance the buildings temperature (Dickie, 
2010) (Figure 2).    

 
Figure 2. Examples of commonly used SuDS for different development types  

(Woods Ballard et al., 2015) 
 

Moreover, SuDS schemes can be delivered for 
all developments which include the following 
areas: high density development, steeply 
sloping, flat, contaminated land, sites with high 
groundwater levels, with floodplains, with low 
infiltration capacity and with unstable soils 
(Wood Ballard, 2007).  
To have a good SuDS design and a successful 
implementation, it should be considered the 
following aspects: 
• Considering how surface water runoff is 

going to be manage on the site from the start 
and integrate it in the design process; 

• Put the right team together from the start of 
the process in order to collect all it is needed 

such as urban planning, landscape 
architecture, architecture, drainage design 
and environmental aspects; 

• Consult with relevant stakeholders at the 
start of the process, as well as the local 
planning authority, environmental regulator 
and those which have the responsibility for 
approving and maintaining the SuDS.  

 
SuDS DESIGN STAGE  
 
There is a SuDS Manual (Wood Ballard, 2015) 
which can be followed as a guidance for 
implementing SuDS as well as a national or 
local regulatory requirement. 



255

 

 

 
Figure 1. Impacts of urbanisation on a catchment (Woods Ballard et al., 2015) 

 
ASSESSING THE BENEFITS OF SuDS 
 
The benefits of using SuDS for both 
individuals and communities are enormous 
which include health improvements, well-
being, and quality of live.  
In order to maximise these benefits, surface 
water management must be considered from 
the start of the development planning process 
and throughout the process.  
SuDS may be applied to deliver effective 
surface water management which are both 
value of money and inspirational in various and 
different ways. Depending on the opportunities 
and constraints of the site, the type of 
development planned and the characteristics of 
the surrounding area, this can be through a 
combination of components such as open 
water, vegetated hard landscaped, above and 
below ground (Balmforth, 2006).  

Implementing SuDS to the towns and cities in 
Romania will come with a long list of benefits 
for both environment and people as these 
systems are designed to maximise the 
opportunities for managing the surface water 
(Wood Ballard, 2007).  
There are four categories of benefits which can 
be achieved by implementing SuDS such as:  
• Improving of water quality as managing the 

quality of the runoff to prevent pollution;  
• Controlling of water quantity by supporting 

the management of flood risk and 
maintaining, as well as, protecting the 
natural water cycle.  

• Amenity by creating and sustaining better 
places for people; 

• Biodiversity by creating and sustaining 
better places for environment.  

Moreover, SuDS will provide beauty, enhance 
biodiversity, improve air quality, improve 

 

 

buildings, places, and spaces. Also, it helps 
making them more adaptive and resilient to 
climate change, which is one of the biggest 
challenges in the world (Woods Ballard, 2015). 
 
SuDS USAGE 
 
SuDS may be used anywhere either for new 
developments or redevelopments as well as it 
can be retrofitted into existing developments. 
Also, it can be implemented in the smallest 

spaces as a good design of SuDS will maximise 
the use of the available space by delivering 
effective drainage and other facilities to help to 
achieve the objectives of the site.  
As examples: previous pavements can be 
reused for parking areas, rain gardens can be 
incorporated into traffic, detention basin may 
have recreational usage, tree and garden roof 
can balance the buildings temperature (Dickie, 
2010) (Figure 2).    

 
Figure 2. Examples of commonly used SuDS for different development types  

(Woods Ballard et al., 2015) 
 

Moreover, SuDS schemes can be delivered for 
all developments which include the following 
areas: high density development, steeply 
sloping, flat, contaminated land, sites with high 
groundwater levels, with floodplains, with low 
infiltration capacity and with unstable soils 
(Wood Ballard, 2007).  
To have a good SuDS design and a successful 
implementation, it should be considered the 
following aspects: 
• Considering how surface water runoff is 

going to be manage on the site from the start 
and integrate it in the design process; 

• Put the right team together from the start of 
the process in order to collect all it is needed 

such as urban planning, landscape 
architecture, architecture, drainage design 
and environmental aspects; 

• Consult with relevant stakeholders at the 
start of the process, as well as the local 
planning authority, environmental regulator 
and those which have the responsibility for 
approving and maintaining the SuDS.  

 
SuDS DESIGN STAGE  
 
There is a SuDS Manual (Wood Ballard, 2015) 
which can be followed as a guidance for 
implementing SuDS as well as a national or 
local regulatory requirement. 



256

 

 

SuDS should be designed based on the below 
aspects:  

• Surface water runoff will be used as a 
resource; 

• Rainwater will be managed close its fall; 
• Runoff will be managed on the surface;  
• Rainwater will be allowed to soak into 

the ground; 
• Evapotranspiration will be promoted;  
• Runoff will be slowed and stored to 

mimic natural runoff characteristics; 
• Contamination of runoff will be reduced 

based on pollution prevention and 
controlling the runoff at the source; 

• Runoff will be treated to reduce the risk 
of urban contaminants causing 
environmental pollution. 

 
ASSESSING THE BENEFITS OF SuDS 
FOR ROMANIA 
 
There is evidence that earth’s climate is 
changing due to human activities, and therefore 
we need to action sooner rather than later and 
assess all the opportunities we have (Abbott, 
2013).  
Romania has a temperate-continental climate, 
but climate predictions suggest that winters 
become milder and drier and springs, autumns, 
summers may become much wetter than usual. 
Following these weather predictions, rainfall 
events will be more frequent and higher 
intensity, so it is expected to increase runoff 
from urban and agriculture land. This will 
increase the risk of flooding, diffuse pollution, 
and soil erosion, with potentially negative 
impacts for the natural environment as well as 
the human population.  
Moreover, these impacts may increase runoff 
from urban intensification/creep: increasing 
density of development that increases the 
impermeability of developed areas, causing 
rates and volumes of runoff to rise, such as 
paving over gardens, extending buildings, or 
adding roads (Digman, 2014).  
SuDS will offer an approach to manage the 
rainfall events that exceed design conditions, so 
the excess runoff may be conveyed from within 
the drainage system into defined safe 
exceedance conveyance pathways and storage 
zones. This will enable communities to 
understand and prepare for flooding more 

effectively than when served by the traditional 
drainage surface water runoff systems, when 
flooding may occur suddenly, when the design 
capacity is exceeded (Dickie, 2010).  
Moreover, SuDS will offer a more adaptable 
way of draining surfaces under the threat of 
both climate change and urban intensification. 
SuDS can be designed to offer more flexible 
capacity and they tend to have greater potential 
for enhancement in the future at a reasonable 
cost compared to traditional surface water 
network. 
During the dryness, SuDS can help by 
supplementing water supplies through 
rainwater harvesting and reducing pollutant 
discharges into receiving watercourses.   
Also, SuDS can help to provide urban cooling 
as hard surfaces tend to heat up during high 
temperature (Figure 3). This will be useful for 
people well-being and keep a balance in 
temperature for buildings.  
 

Figure 3. SuDS providing urban cooling based on case 
study from The SuDS Manual 2015  

(Wood Ballard, 2015) 
 
MAKING DEVELOPMENTS MORE 
SUSTAINABLE  
 
Sustainable development aims to ensure a 
better quality of life for us and our next 
generations. Surface water runoff can be 
managed in a sustainable way through SuDS 
which can come with:  
• Managing the flood risk using the control of 

both flow rates and volume; 

 

 

• Preventing and supporting the habitats and 
biodiversity using the control of flow and 
contaminants to protect ecology and 
morphology; 

• Creating sustainable habitats using vegetated 
SuDS; 

• Implementing rainwater harvesting systems 
to use the water resources in a prudent 
manner;  

• Safeguarding the water resources by 
protecting the ground and surface water 
quality; 

• Minimising the negative effects of natural 
resources during SuDS development; 

• Reducing the embodied and operational 
carbon in drainage systems within 
manufacture.  

In comparison with traditional drainage 
systems, most of SuDS will use less energy and 
few resources which lead to low greenhouse 
gas emissions by using vegetation which can 
act as carbon sinks when in use (Balmforth 
2006).  
 
COMPLYING WITH LEGISLATION AND 
REGULATIONS  
 
There are regulations and legal instruments 
which can be related to the management of 
surface water runoff. The European Union 
Water Framework Directive (Commission 
2000) takes account of all different objectives 
for which the aquatic environment is protected 
(ecology, drinking water, health, and habitats), 
and ensures that measures taken to achieve the 
objectives and co-ordinated properly.  
The Water Framework Directive encourages a 
more sustainable approach to drainage by: 
• Initiating a holistic approach to manage the 

water environment, based on river basins, 
integrating water quantity with water quality 
considerations;  

• Initiating quality objectives for all receiving 
waters to achieve good status; 

• Initiating a quality classification system for 
surface water which includes chemical, 
hydro-morphological and ecological 
parameters; 

• Initiating a quality classification system for 
groundwater status and a requirement for the 
quality of groundwater not to result in any 
significant damage to terrestrial ecosystems; 

• Initiating controls in relation to pollution of 
receiving watercourses from point and 
diffuse sources; 

• Preventing deterioration in the status of 
receiving watercourses; 

• Promoting sustainable water use based on 
long-term protection of water resources;  

• Achieving environmental objectives in a 
cost-effective way. 

SuDS provide a means of addressing many of 
the requirements above.  
SuDS also provide the means to simultaneously 
support the delivery of a board range of 
national and European requirements and 
strategies which include those relating to: 

• Flood risk management; 
• Water resource management; 
• Climate change resilience; 
• Green infrastructure;  
• Wetland creation;  
• Biodiversity and wildlife; 
• Carbon reduction. 

 
CONCLUSIONS  
 
In many towns and cities from the UK, the 
traditional method of drainage surface water 
runoff through underground pipe and tank 
storage systems is drained to a combined sewer 
overflow (CSO) where it mixed with sewage. 
In such systems, this can place a significant and 
unpredictable burden on wastewater treatment 
works (Digman, 2014).  
However, in the new developments, separate 
sewerage networks systems for foul and surface 
water have been provided, where foul water is 
piped to wastewater treatment works and the 
surface water is piped to the nearest 
watercourse. These separate surface water 
sewers reduce the risk of CSO spills but will 
transfer the pollutants present in urban runoff 
from the urban surface directly to receiving 
watercourse (Balmforth 2006).  
In Romania, according to the legislation in 
force, a sewage system can be designed as a 
separative system, unitary system or mixed 
(separative and unitary). After joining the EU, 
there is a recommendation that new sewer 
systems to be designed and executed as 
separative systems, so having a separate system 
for the urban wastewater and a separate system 
for the rainwater. 
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• Promoting sustainable water use based on 
long-term protection of water resources;  

• Achieving environmental objectives in a 
cost-effective way. 

SuDS provide a means of addressing many of 
the requirements above.  
SuDS also provide the means to simultaneously 
support the delivery of a board range of 
national and European requirements and 
strategies which include those relating to: 

• Flood risk management; 
• Water resource management; 
• Climate change resilience; 
• Green infrastructure;  
• Wetland creation;  
• Biodiversity and wildlife; 
• Carbon reduction. 

 
CONCLUSIONS  
 
In many towns and cities from the UK, the 
traditional method of drainage surface water 
runoff through underground pipe and tank 
storage systems is drained to a combined sewer 
overflow (CSO) where it mixed with sewage. 
In such systems, this can place a significant and 
unpredictable burden on wastewater treatment 
works (Digman, 2014).  
However, in the new developments, separate 
sewerage networks systems for foul and surface 
water have been provided, where foul water is 
piped to wastewater treatment works and the 
surface water is piped to the nearest 
watercourse. These separate surface water 
sewers reduce the risk of CSO spills but will 
transfer the pollutants present in urban runoff 
from the urban surface directly to receiving 
watercourse (Balmforth 2006).  
In Romania, according to the legislation in 
force, a sewage system can be designed as a 
separative system, unitary system or mixed 
(separative and unitary). After joining the EU, 
there is a recommendation that new sewer 
systems to be designed and executed as 
separative systems, so having a separate system 
for the urban wastewater and a separate system 
for the rainwater. 
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SuDS features in new developments and 
existing urban spaces can aid mental wellbeing, 
deliver health benefits, add real economic value 
to a place, absorb carbon dioxide, provide 
urban cooling in summer, and encourage 
infiltration, reducing the burden on public 
sewerage networks (Woods Ballard 2015). 
The key message is that SuDS should be 
designed to maximise the opportunities and 
benefits which can secured from water 
management.  
Implementing SuDS in Romania will come 
with a long list of opportunities and benefits for 
both environment and humans’ lives. SuDS 
also will improve the quality of life for 
communities and will keep safe the natural 
habitats.  
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Abstract 
 
In this preliminary screening, we assessed the antibacterial activity of in vitro obtained plant material, namely shoots of  
Artemisia eriantha (Asteraceae) and callus of Ocimum basilicum L. var. ʻSpicy globeʼ, against two bacteria strains, the 
Gram-positive ones including Staphylococcus aureus ATCC 25923, and Gram-negative, Escherichia coli ATCC 25922 
by the plate-counting method. Artemisia sprouted on the Murashige-Skoog medium added with 1.5 mg/L 
benzylaminopurine and ʻSpicy globeʼ basil developed callus on Murashige - Skook basal medium supplemented with             
2.5 mg/L naphtylacetic acid (NAA). The method of using small pieces of vegetal material inoculated in Erlenmeyer 
flasks on liquid Luria-Bertani medium added with standardized microbial cell suspension was not effective against the 
pathogenic bacteria in the case of the Artemisia species, but the same method was efficient for basil cultivar ʻSpicy globeʼ.  
 
Key words: in vitro Ocimum basilicum L. culture, Artemisia in vitro culture, the antioxidant activity of basil, the 
antibacterial and antioxidant activity of Artemisia.  
 
INTRODUCTION  
 
It is a high commercial demand regarding 
medicinal plants. Plant tissue culture technique 
prevents the inconvenience of susceptibility to 
infestation with bacteria, fungi, and insects, 
which can influence the properties of the 
preparations by growing them to a large extent 
in controlled conditions in a limited time 

(Monga et al., 2017). Also, natural extinction due 
to the different natural and anthropogenic fac-
tors can be avoided by tissue culture of special 
genotypes and chemotypes. By cloning these, 
all the cells will have the same genetic heritage.  
 
Introducing in in vitro culture and 
antimicrobial activity of cultivar basil ʻSpicy 
globeʼ (Ocimum basilicum) 
At least 18 different cultivars of O. basilicum 
are mentioned by the Herb Society of America 

(Majdi et al., 2020), intraspecific variability 
being a specific characteristic for basil related 
to certain parameters (Attia et al., 2011). A 
wide range of studies have been conducted on 
the biotechnological potential of basil, 
correlated with cultivar type and developmental 
stage (Voicu et al., 2020), morphogenetic 
response in vitro from different basil lines 

(Dănăilă-Guidea et al., 2020), selection, and 
micropropagation of germplasm lines with high 
content in antioxidant phytohormones as 
melatonin and serotonin (Ferrarezi & Bailey, 
2019) rapid multiplication in vitro by multiple 
shoot formation (Monga et al., 2014; Pattnaik et 
al., 1996).  
ʻSpicy globeʼ is an intraspecific form of Bush 
or Greek Basil (common name) or Ocimum 
basilicum minimum (Latin name), after Makri 
and Kintzios (2007), beside ‘Fine Green’ and 
ʻGreen Bouquetʼ, adapted to tropical warm 
conditions (Simon et al., 1999). On the other 
hand, Attia et al. (2011) mention the variety 
characterization of Simon (1999) as a popular 
hybrid between O. americanum and                     
O. basilicum, with a compact little bush 
densely covered with small leaves containing 
aroma compounds linalool, 1.8 - cineole and 
methylchavicol. Essential oils containing 
linalool and eugenol (Verma et al., 2011; 
Taechowisan et al., 2018) increase the 
antibacterial potential of basil (Silva et al., 
2016).  
The significant antioxidant effect of linalool 
contained in Ocimum basilicum L. increases 
antibacterial activity, having a synergistic 
activity with the existing standard antibiotics 




